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ABSTRACT  

Only 4–7% of people aged 65–74 are considered frail. However, this 
youngest-old subgroup may live for several decades with chronic 
diseases and reduced quality of life. Therefore, it is essential to identify 
how life-course factors contribute to the manifestation of individual 
frailty components in order to design interventions that could prevent or 
mitigate their adverse effects in community-dwelling youngest-old. This 
study explored whether lifestyle habits (tobacco/alcohol consumption, 
sleep quality), geographic location (metropolitan/urban/semi-rural), and 
type of work increase the risk of exhibiting frailty components at a 
younger age. Using a cross-sectional design involving 1643 community-
dwelling older adults (65+), logistic regression models showed that 
current but not past smoking was strongly related to low physical activity 
earlier in life (OR: 3.08; CI: 1.12–8.44). Lifetime number of cigarettes 
smoked also significantly increased the risk of exhibiting this frailty 
component in the youngest-old subgroup only. Poor sleep contributed to 
another frailty component (exhaustion) (OR: 2.52; CI: 1.46–4.37), while 
moderate alcohol consumption was a protective factor against three 
frailty components. However, these relationships were not found 
exclusively in the youngest-old. Living in an urban area was the only 
factor that contributed significantly less to individual frailty components 
(slowness) with advancing age, when compared to semi-rural areas. This 
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study expands on previous work by exploring the contribution of life-
course factors pertaining to lifestyle, geographic location and type of 
work to the manifestation of specific frailty components in the youngest-
old. Our findings may support the adaptation of public policy programs 
(e.g., stop smoking program for young older adults) to prevent the early 
manifestation of frailty.  

KEYWORDS: frailty components; life-course factors; youngest-old 

INTRODUCTION 

Frail older adults are at increased risk of disability, hospitalization 
and institutionalization [1–4]. They often exhibit a combination of the 
following components: involuntary weight loss, decreased walking speed, 
muscle weakness, fatigue and low physical activity [2]. A conceptual 
model of frailty [5] suggested that life-course factors, such as lifestyle 
habits and living environments, contribute to a decline in physiological 
reserves which, combined with health problems, may lead to the 
manifestation of frailty, sometimes early in the aging process. Although 
only 4% to 7% of people aged 65 to 74 are considered “frail” [6–8], this 
youngest-old subgroup may live for several decades with chronic 
diseases, leading them to become major consumers of health services, 
and with reduced quality of life [6,9–11]. Because frailty is a potentially 
reversible state [12], there is a need to act upstream, even in the 
youngest-old. Based on the above model of frailty as well as theories of 
healthy aging using a life-course approach [13], there is reason to believe 
that the frail oldest-old, compared to the youngest-old, have physiological 
reserves that helped them cope with health problems earlier in life. Their 
ability to survive for a longer time may further suggest that different life-
course factors contribute to frailty in different age groups. A better 
understanding of these factors, especially those that could be modified, 
may help to prevent or at least delay the early manifestation of frailty 
components in the youngest-old and potentially reduce the risk of 
adverse outcomes later in life. 

The body of knowledge about how modifiable life-course factors, such 
as lifestyle habits, may contribute to frailty has been growing in recent 
years. Systematic reviews found that, throughout the aging process, 
frailty was associated with smoking [14] and sleep disorders [15] while, 
surprisingly, high alcohol consumption has been reported to have a 
protective effect [16]. However, recent studies did not reach similar 
conclusions as they did not find a significant relationship between frailty 
and smoking [17] or suggest that heavy drinkers are at higher risk of 
frailty [18]. Moreover, the contribution of other life-course factors to 
frailty such as geographic location and type of work remains unclear. A 
few studies maintained that living in a rural area and being a blue-collar 
worker during one’s active life may be associated with frailty [19,20], but 
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others did not support this conclusion [21,22]. It has been suggested that 
the discrepancy in these findings may be attributable to a lack of control 
over potential confounders and the way variables were measured. 
However, because little is known about the contribution of lifestyle 
habits, geographic location and type of work to the manifestation of 
frailty in the youngest-old in particular, we hypothesized that analyzing 
the data to identify differences between age groups might also shed light 
on these mixed results. 

The lack of agreement between previous studies may also be related 
to differences in how current or past lifestyle, geographic location and 
type of work affect individual components of frailty. For example, it is 
possible that hard physical work (e.g., farmer) has a positive effect on 
grip strength [23] but induces more fatigue with aging. Similarly, 
descriptive data from a Korean study [24] indicated that rural older 
adults were less physically active, while those living in urban areas 
tended to show weight loss more often. Therefore, different programs 
(exercise or nutritional) designed to reduce frailty components may be 
offered to subgroups of older adults, according to where they live.  

Furthermore, to our knowledge, the question of whether the relative 
contribution to frailty of each of these factors decreases with age has not 
been explored. For example, smoking—a risk factor for premature death 
[25] could be expected to contribute less to frailty over time. It is thus 
essential to identify how life-course factors contribute to the 
manifestation of frailty components in the youngest-old in order to 
design interventions that could prevent or mitigate their adverse effects. 
This knowledge could guide future public health policies and help to 
reduce the economic burden of care in an understudied subgroup of frail 
older adults.  

This study aimed to evaluate the contribution of (a) lifestyle habits 
(tobacco and alcohol consumption, quality of sleep), (b) geographic 
location (semi-rural, urban or metropolitan area), and (c) type of work to 
the manifestation of individual frailty components in community-
dwelling youngest-old (65–74 years). More specifically, we explored, first, 
(1) which of these potential life-course factors increase the risk of 
exhibiting components of frailty at a younger age, after controlling for 
confounders; and second, (2) whether the contribution of these possible 
life-course risk factors decreases with advancing age.  

METHODS 

Study Design and Participants 

This cross-sectional study used data from the first wave of a 
multicenter longitudinal panel study called FRéLE. The FRéLE sample (n 
= 1643) consists of community-dwelling men and women aged 65 years 
and older living in the province of Québec, Canada. Participants were 
recruited from three different areas: metropolitan (Montreal), urban 
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(Sherbrooke) and semi-rural (Victoriaville). They were randomly selected 
from a list generated by the Québec health insurance board (Régie de 
l’assurance-maladie du Québec). To be included, participants had to be 
able to answer the interview questions and be fluent in French or 
English. Exclusion criteria were (1) being hospitalized or living in a 
nursing home, or (2) exhibiting significant hearing impairments. Six 
strata (men and women in three age groups: 65–74; 75–84; 85+), each 
composed of at least 270 participants, were created. Details of the 
recruitment process and sample size calculation have been published 
elsewhere [26,27]. The research protocol was approved by the Jewish 
General Hospital Research Ethics Committee (05-2019-1457) and 
informed consent was obtained from all participants.  

VARIABLES AND MEASURES  

Independent Variables: Lifestyle Habits, Geographic Location and 
Type of Work 

Questions pertaining to the following independent variables were 
taken from the National Population Health Survey questionnaire [28].  

(1) Tobacco consumption. The main question participants were asked 
aimed to document past and current smoking habits. To further 
capture the potential impact of lifetime tobacco consumption, 
participants were also asked to indicate how many cigarettes they 
smoked per year and for how many years.  

(2) Alcohol consumption. The main question participants were asked 
aimed to assess the quantity of alcohol (number of drinks of wine, 
beer or hard liquor) consumed in the previous month. To further 
capture the potential impact of alcohol consumption from a lifespan 
perspective, participants were also questioned about the age they 
started to drink.  

(3) Quality of sleep. A question was asked to assess the frequency of 
insomnia (defined as problems falling or remaining asleep) based on 
nights per week.  

(4) Geographic location. The postal code was used to determine if the 
participant lived in a metropolitan (Montreal: >100,000 habitants, at 
least 50,000 in the central zone), urban (Sherbrooke: >1000 habitants, 
with at least 400 habitants per km2), or semi-rural (Victoriaville: 
>1000 habitants, but less than 400 habitants per km2) area. The 
classification used was based on the Standard Geographical 
Classification [28]. 

(5) Type of work. A question was asked to evaluate the participant’s type 
of work, defined as the last paid job the participant had. Because this 
was an open-ended question, variables pertaining to type of work 
were grouped in the following categories: blue-collar workers and 
manual laborers (such as farmers, machine operators, factory 
workers), businesspeople and professionals (such as managers, doctors, 
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lawyers, engineers), less skilled white-collar workers (such as 
salespeople and merchants), technicians/highly skilled workers (nurses, 
teachers, electricians), no paid job (never worked, homemaker). The 
classification (9 categories merged into 5) was based on the National 
Occupational Classification [28]. 

Dependent Variables: Individual Frailty Components 

Frailty components were assessed using cutoff points to identify 
vulnerable respondents based on a five-component phenotype of frailty, 
i.e., weight loss, exhaustion, low physical activity, slowness, and 
weakness.  

(1) Weight loss was identified as self-reported unintentional weight loss 
of 10% of usual weight or 4.5 kg or more during the previous year.  

(2) Exhaustion was assessed using four questions from the “Vitality” 
section of the SF-36 Health Survey to capture the participant’s energy 
level in the preceding four weeks [29]. The Vitality scale has 
demonstrated good test-retest reliability (Cronbach’s alpha coefficient 
α > 0.80). The questions asked were as follows: “How much of the 
time during the past 4 weeks did you feel: full of pep? very energetic? 
worn out? or tired?” Questions carried equal weight and the total 
computed score ranged from 0 to 100, where the cutoff point was set 
at ≤46.9 for the total sample.  

(3) Low physical activity was assessed by the Physical Activity Scale for 
the Elderly (PASE) [30,31]. The PASE is a brief, valid instrument with 
a test-retest reliability coefficient of 0.75 (95% CI = 0.69–0.80). 
Participants were asked how often they engaged in 12 leisure, 
household and occupational activities during the previous week. 
Each activity has a specific weight on the scale according to its 
intensity (high, moderate, or low). Weight is combined with the 
frequency of each activity per week, and the resulting score ranges 
from 0 to 400 (or more). Low physical activity cutoff point was set at 
≤28.2 for women and ≤33.5 for men, based on the first quintile of 
each distribution stratified by gender. 

(4) Slowness was assessed with gait speed, a component of Guralnik’s 
mobility performance tests [32]. Participants were instructed to walk 
at their usual speed, starting from a stationary position, for a distance 
of 2.44 (8 feet), 3 (9.84 feet) or 4 (13.12 feet) meters according to the 
space available at the participant’s home. Participants were timed for 
two walks. The time for the fastest of the two walks was then 
adjusted for a distance of 4.57 m (15 feet), and threshold values were 
established according to the participant’s age and gender (cutoffs 
varied from 47 to 80 cm for women and 56 to 82 cm for men).  

(5) Weakness was measured, with grip strength as an indicator, using a 
Martin vigorimeter following the procedure of the American Society 
of Hand Therapists [33]. The score (in kilopascal [kPa]) was calculated 
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based on the mean of three measurements for each hand. Threshold 
values were then established according to the participants’ gender 
(<45.00 kPa for men and <30.33 kPa for women).  

Control variables. Control variables (gender, education, income and 
comorbidity) were selected because of their potential impact on frailty 
[19,34–36] and according to other life-course factors included in the 
conceptual model of frailty [5]. Comorbidities were self-reported and 
measured using the Functional Comorbidity Index (FCI) [37] (comprising 
18 diagnoses). Scores were recoded into three categories (0–1, 2–4, 5+ 
chronic diseases).  

STATISTICAL ANALYSES 

Descriptive analyses (frequency and percentage; mean and standard 
deviation) were conducted to describe the participants’ main 
characteristics. Survey analysis procedures (SAS version 9.4) were used 
to consider the survey sample design. Since dependent variables 
(individual frailty components) were binary (yes/no), logistic regression 
models were calculated to explore their relationship with each 
independent variable (selected life-course factors), by age group (65–74; 
75–84; 85+) (objective 1). Univariate logistic regression analyses were first 
performed to reveal any unadjusted effect between the main variables. 
To adjust the effect for age, education, income and comorbidities, 
multivariate logistic regression models were then computed. For alcohol 
and tobacco consumption, further analyses were conducted to determine 
to what extent the type of drink, age at which the participant started 
drinking, and lifetime number of cigarettes smoked increased the risk of 
exhibiting frailty components.  

Interaction effects were explored to determine whether the 
contribution of each life-course risk factor to frailty components 
decreases with advancing age by comparing the models created (OR) 
across age groups (65–74 vs 75–84 vs 85+) (objective 2). 

RESULTS 

Table 1 presents the main participants’ baseline characteristics. 
Frequencies were weighted to apply the results to the general population 
from which the participants were drawn. The proportion of women 
(57.8%) was slightly higher than that for men. The participants’ mean age 
was 75.4 years (SEM = 0.08) and more than one third reported living 
alone (35.2%). A majority (73.3%) of participants had completed a high 
school education degree (≥13 school years) and about one quarter 
(25.6%) reported a yearly income of $20,000 or less. Over half (52.1%) the 
participants reported 2 to 4 comorbidities. Based on the descriptive data, 
slowness was the most prevalent frailty component (20.0%), closely 
followed by exhaustion (19.2%). Almost half (47.6%) the participants 
were past smokers and a majority (59.2%) were moderate alcohol 
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drinkers. Among drinkers, a large proportion reported consuming wine 
(64.8%) and, to a lesser extent, beer (43.3%) and hard liquor (24.8%); 
about a quarter of the sample (24.5%) started drinking before the age of 
18. Nearly one quarter (22.4%) reported poor sleep. The majority of 
participants had been technicians or highly skilled workers (59.5%).  

Table 1. Sociodemographic and clinical characteristics of the participants (N = 1643). 

Variable 
 

Weighted 
% 

Variable 
  

Weighted 
% 

Sociodemographic characteristics  Clinical characteristics   

Gender  Number of chronic diseases 
 Women 57.8 0–1 26.5 

Age (years)  2–4 52.1 

65–69 27.1 5+ 21.5 

70–74 23.9 Frailty phenotype  

75–79 20.8 Frail 12.9 

80–84 12.6 Pre-Frail 40.6 

85+ 15.5 Non-Frail 46.5 

Years of schooling  Frailty components  

None 0.2 Weight loss 10.3 

Primary school attendee or graduate 26.5 Exhaustion 19.2 

High school attendee or graduate 32.2 Low physical activity 15.6 

Pre-university attendee or graduate 23.4 Slowness 20.0 

University attendee or graduate 17.5 Weakness 14.0 

No answer 0.2 Tobacco consumption  

Household income (Canadian dollars)  Never smoked 43.8 

None 6.6 Past smoker 47.6 

≤$5000  0.1 Current smoker 8.6 

$5001–$10,000  0.7 Alcohol consumption in the previous month  

$10,001–$20,000  18.2 None 27.5 

$20,001–$30,000  22.6 1–29 drinks 59.2 

$30,001–$40,000  16.7 30 or more drinks  13.3 

$40,001–$50,000  10.6 Sleep quality  

$50,001–$60,000  8.6 3 or more days of insomnia per week 22.4 

$60,001–$80,000  9.1 2 or more days of insomnia per week 77.6 

$80,001–$100,000  3.7 Geographic location  

>$100,000 3.1 Metropolitan 33.0 

Living alone 35.2 Urban 33.0 

  Semi-rural 34.0 

  Type of work  

  Blue-collar workers & manual laborers 5.4% 

  Less skilled white-collar workers 6.8% 

  Technicians/highly skilled workers  59.5% 

  Businesspeople & professionals  22.2% 
  No paid job 6.1% 
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The main results for the youngest-old group from univariate and 
multivariate logistic regression analyses are presented in Tables 2–6. 
Univariate regression analysis revealed that living in an urban area was 
significantly associated (p = 0.036) with higher risk of slowness (OR: 2.31, 
CI: 1.06–5.08) compared to living in a semi-rural area. Unadjusted results 
also indicate that poorer sleep (3 or more nights of insomnia per week 
vs 2 or less) was significantly associated with exhaustion (p < 0.0001) 
and smoking (current vs never) with low physical activity (p = 0.026). 
These two relationships remained significant after adjusting for 
confounding variables (exhaustion: OR: 2.52, CI: 1.46–4.37; low physical 
activity: OR: 3.08, CI: 1.12–8.44). In other words, older adults with poor 
sleep were twice as likely to show exhaustion, while being a current 
smoker increased the risk of low physical activity by about 200%. 
However, the contribution of poor sleep to exhaustion was found across 
all age groups, while the relationship between current smoking and low 
physical activity disappeared in the oldest participants. Further analysis 
also confirmed a relationship between tobacco consumption and low 
physical activity in the youngest-old. More specifically, every 10,000 
cigarettes smoked significantly increased the risk of exhibiting this frailty 
component in the subgroup (65–74: OR: 1.018; p < 0.01) but not in the 
other age groups (75–85: OR: 1.009, p = 0.11; 85+: OR: 1.007, p = 0.16). 
Interestingly, moderate alcohol consumption (1–29 drinks per month) 
was revealed to be a significant protective factor (p < 0.05) for all three of 
these frailty components (exhaustion: OR: 0.54, CI: 0.31–0.95; slowness: 
OR: 0.25, CI: 0.13–0.51; physical activity: OR: 0.44, CI: 0.22–0.87), as was 
high alcohol consumption (30+ drinks per month) in relation to low 
physical activity (OR: 0.20, CI: 0.05–0.76). Further analyses concerning the 
type of drink revealed that wine and, to a lesser extent, beer were 
significant protective factors for slowness (OR: 0. 573, p < 0.01; OR: 0.69, p 
= 0.049). Similarly, starting to drink later in life proved to be a protective 
factor for low physical activity since every year significantly reduced the 
risk of exhibiting this frailty component in the youngest-old only (OR: 
0.906, p < 0.03). None of the contributing life-course factors studied were 
significantly associated with weight loss or grip strength at a younger 
age, except for hard liquor, which proved to be a risk factor for weakness 
in the youngest-old only (OR: 1.762, p < 0.01). Type of work (business & 
professional) was found to be significantly associated with some 
individual frailty components, but only in the oldest-old, showing a 
higher risk of weakness (OR: 2.905, p = 0.04) and lower risk of exhaustion 
(OR: 0.275, p = 0.03) compared to blue-collar & manual laborers. Detailed 
odds ratios (OR) and confidence intervals (95% CI) are shown for the 
main variables in Tables 2–6.  

Our analyses also revealed that the interaction between geographic 
location and slowness was the only relationship that significantly decreased 
with age (p = 0.006) (see Table 5). This result suggested that living in an 
urban, as compared to a semi-rural, area increased the risk of exhibiting 
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this frailty component in the youngest-old while decreasing the risk in the 
oldest-old. 

DISCUSSION  

Studies on contributing factors such as lifestyle habits, geographic 
location and type of work to the early manifestation of frailty remain 
scarce. The present study expands on previous work by exploring the 
relative contribution of these life-course factors to the manifestation of 
specific frailty components in the youngest-old. More specifically, the 
results showed that current smoking, but not past smoking, as well as 
lifetime number of cigarettes smoked were strongly related to the 
manifestation of one frailty component (low physical activity) earlier in 
life. Another important finding was the contribution of poor sleep to 
another frailty component (exhaustion), even though the relationship 
was not found exclusively in the youngest-old. Our study also confirmed 
moderate consumption of alcohol and, to a lesser extent, high 
consumption as a protective factor for three frailty components, and this 
relationship was found across all age groups. None of the life-course 
factors contributed significantly less to individual frailty components 
with advancing age, except for geographic location.  

Our results are logically what one would expect, as smoking may 
increase the risk of being out of breath during physical activity, while 
poor sleep can lead to exhaustion. These findings are in agreement with 
recent studies [18,38], which identified current smoking but not past 
smoking as a predictor of frailty, compared to never smoking. Our results 
are also in line with Peterson [17], who did not find any relationship 
between smoking and a proxy measure of slowness (Short Physical 
Performance Battery), suggesting that smoking is related to some but not 
all frailty components. As for poor sleep, its association with frailty at all 
ages is consistent with conclusions from recent studies [15,17,39].  
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Table 2. Association of Weight loss criteria with contributing factors by age group. 

Life-course factors  

  

65–74 years 75–84 years 85+ years 

OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value 

Tobacco consumption (reference = never smoked) 

     Unadjusted-Current smoker  2.235 [0.755–6.62] 0.147 2.191 [0.884–5.433] 0.09 0.928 [0.263–3.275] 0.907 

Unadjusted-Past smoker   1.855 [0.836–4.115] 0.128 1.165 [0.653–2.079] 0.604 0.718 [0.435–1.186] 0.196 

Adjusted ** Current smoker  1.887 [0.561–6.341] 0.305 1.754 [0.690–4.460] 0.238 1.028 [0.308–3.429] 0.964 

Adjusted ** Past smoker  1.446 [0.603–3.465] 0.408 1.114 [0.558–2.225] 0.76 0.639 [0.335–1.218] 0.173 

Alcohol consumption (reference = none) 

     Unadjusted-30 drinks or more per month  0.371 [0.097–1.419] 0.147 0.470 [0.179–1.234] 0.125 0.170 [0.051–0.559] 0.004 

Unadjusted-1–29 drinks per month 0.836 [0.388–1.805] 0.649 0.519 [0.292–0.924] 0.026 0.481 [0.291–0.794] 0.004 

Adjusted **-30 drinks or more per month  0.374 [0.097–1.448] 0.155 0.746 [0.258–2.156] 0.589 0.223 [0.067–0.745] 0.015 

Adjusted **-1–29 drinks per month  0.935 [0.425–2.056] 0.867 0.671 [0.364–1.237] 0.201 0.565 [0.329–0.971] 0.039 

Sleep quality (reference = 2 nights or less insomnia per week) 

     Unadjusted-3 nights or more insomnia per week 0.785 [0.336–1.837] 0.577 1.796 [0.986–3.27] 0.056 1.367 [0.81–2.309] 0.242 

Adjusted **3 nights or more insomnia per week 0.624 [0.274–1.423] 0.262 1.522 [0.801–2.891] 0.199 1.024 [0.583–1.798] 0.935 

Geographic location (reference = semi-rural) 

    Unadjusted-Metropolitan  0.877 [0.393–1.959] 0.749 0.916 [0.475–1.769] 0.795 0.722 [0.396–1.318] 0.289 

Unadjusted-Urban  0.909 [0.413–1.997] 0.811 0.945 [0.495–1.805] 0.865 1.056 [0.604–1.848] 0.848 

Adjusted**-Metropolitan  0.767 [0.303–1.937] 0.574 1.420 [0.693–2.907] 0.338 0.715 [0.361–1.413] 0.334 

Adjusted**-Urban  0.735 [0.312–1.729] 0.480 1.152 [0.590–2.247] 0.678 0.882 [0.492–1.584] 0.675 
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Table 2. Cont. 

Life-course factors  

  

65–74 years 75–84 years 85+ years 

OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value 

Type of work (reference = blue-collar & manual laborers) 

     Unadjusted-No paid job   1.322 [0.107–16.259] 0.8275 0.593 [0.176–2.003] 0.4005 1.073 [0.339–3.398] 0.9044 

Unadjusted-Less skilled white-collar workers 1.550 [0.241–9.962] 0.6443 0.448 [0.117–1.718] 0.2416 2.436 [0.732–8.102] 0.1465 

Unadjusted-Technicians/highly skilled workers 1.094 [0.243–4.916] 0.9070 0.464 [0.186–1.160] 0.1003 1.788 [0.706–4.533] 0.2205 

Unadjusted – Businesspeople and professionals 1.452 [0.307–6.865] 0.6381 0.173 [0.052–0.574] 0.0041 1.442 [0.501–4.147] 0.4972 

Adjusted **-No paid job 1.840 [0.143–23.609] 0.6395 0.624 [0.171–2.273] 0.4745 0.959 [0.281–3.272] 0.9471 

Adjusted **-Less skilled white-collar workers  1.795 [0.287–11.219] 0.5313 0.480 [0.123–1.872] 0.2906 2.280 [0.657–7.913] 0.1942 

Adjusted **-Technicians/highly skilled workers 1.194 [0.261–5.473] 0.8191 0.543 [0.207–1.426] 0.2151 1.685 [0.644–4.408] 0.2873 

Adjusted **-Businesspeople and professionals 1.563 [0.340–7.171] 0.5659 0.326 [0.083–1.284] 0.1090 1.719 [0.584–5.060] 0.3250 

Notes: Significant coefficients at the p < 0.05 level are shown in bold; OR = odds ratio; CI = confidence interval; **Adjusted for sex, comorbidities, education, income. 

Table 3. Association of Exhaustion criteria with contributing factors by age group. 

Life-course factors  65–74 years 75–84 years 85+ years 

  OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value 

Tobacco consumption (reference = Never smoked) 

 
  

    Unadjusted-Current smoker 1.193 [0.554–2.571] 0.652 2.226 [1.041–4.758] 0.039 0.992 [0.326–3.019] 0.989 

Unadjusted-Past smoker  0.93 [0.554–1.562] 0.785 0.951 [0.609–1.485] 0.824 0.725 [0.467–1.125] 0.151 

Adjusted ** Current smoker  1.307 [0.582–2.934] 0.517 2.677 [1.132–6.326] 0.025 1.521 [0.416–5.557] 0.526 

Adjusted ** Past smoker vs Never smoked 0.843 [0.473–1.501] 0.561 1.117 [0.646–1.931] 0.692 0.839 [0.482–1.462] 0.536 
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Table 3. Cont. 

Life-course  factors  65–74 years 75–84 years 85+ years 

  OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value 

Alcohol consumption (reference = none) 

 
  

    Unadjusted-30 drinks or more per month  0.372 [0.164–0.846] 0.018 0.451 [0.219–0.932] 0.032 0.373 [0.173–0.807] 0.012 

Unadjusted-1–29 drinks per month  0.426 [0.25–0.726] 0.002 0.523 [0.33–0.828] 0.006 0.551 [0.354–0.857] 0.008 

Adjusted **-30 drinks or more per month  0.491 [0.208–1.159] 0.105 0.885 [0.377–2.080] 0.779 0.608 [0.258–1.432] 0.254 

Adjusted **-1–29 drinks per month  0.538 [0.305–0.949] 0.033 0.728 [0.435–1.219] 0.227 0.705 [0.435–1.143] 0.156 

Sleep quality (reference = 2 nights or less insomnia per week) 

Unadjusted-3 nights or more insomnia per week 3.271 [1.973–5.422] <0.0001 3.913 [2.455–6.236] <0.0001 2.04 [1.3–3.202] 0.002 

Adjusted **3 nights or more insomnia per week  2.524 [1.457–4.374] 0.001 3.425 [2.018–5.814] <0.0001 1.574 [0.958–2.585] 0.073 

Geographic location (reference = semi-rural) 

 
  

    Unadjusted-Metropolitan 1.228 [0.677–2.228] 0.499 0.799 [0.473–1.349] 0.401 0.64 [0.385–1.066] 0.087 

Unadjusted-Urban 1.352 [0.757–2.415] 0.308 0.909 [0.554–1.493] 0.706 0.939 [0.57–1.548] 0.805 

Adjusted**-Metropolitan 0.923 [0.470–1.811] 0.816 0.837 [0.460–1.525] 0.562 0.778 [0.427–1.417] 0.412 

Adjusted**-Urban 1.015 [0.531–1.942] 0.963 0.845 [0.488–1.462] 0.547 0.657 [0.379–1.138] 0.134 

Type of work (reference = blue-collar & hard/manual laborers)     
    Unadjusted-No paid job   1.236 [0.201–7.582] 0.8191 1.258 [0.362–4.369] 0.7175 1.185 [0.472–2.974] 0.7173 

Unadjusted-Less skilled white-collar workers 1.296 [0.352–4.774] 0.6963 2.417 [0.731–7.990] 0.1481 0.826 [0.271–2.516] 0.7368 

Unadjusted-Technicians/highly skilled workers 1.224 [0.448–3.350] 0.6934 1.212 [0.442–3.323] 0.7080 1.140 [0.520–2.503] 0.7433 

Unadjusted-Businesspeople and professionals   0.798 [0.267–2.385] 0.6863 1.525 [0.524–4.432] 0.4386 0.313 [0.120–0.815] 0.0173 

Adjusted **-No paid job   0.904 [0.148–5.530] 0.9131 0.740 [0.203–2.692] 0.6473 0.726 [0.233–2.265] 0.5813 

Adjusted **–Less skilled white-collar workers 0.938 [0.251–3.501] 0.9236 1.676 [0.497–5.651] 0.4047 0.503 [0.147–1.720] 0.2731 

Adjusted **-Technicians/highly skilled workers 0.744 [0.260–2.133] 0.5823 0.809 [0.285–2.296] 0.6910 0.808 [0.310–2.101] 0.6614 

Adjusted **-Businesspeople and professionals   0.420 [0.126–1.396] 0.1568 1.309 [0.398–4.302] 0.6578 0.275 [0.085–0.884] 0.0303 

Notes: Significant coefficients at the p < 0.05 level are shown in bold; OR = Odds ratio; CI = confidence interval; **Adjusted for sex, comorbidities, education, income. 
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Table 4. Association of low physical activity criteria with contributing factors by age group. 

Life-course factors  65–74 years 75–84 years 85+ years  
  OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value 

Tobacco consumption (reference: Never smoked)   
     Unadjusted-Current smoker 2.974 [1.138–7.77] 0.026 2.738 [1.19–6.301] 0.018 1.744 [0.643–4.726] 0.274 

Unadjusted-Past smoker 1.66 [0.772–3.568] 0.194 1.316 [0.797–2.173] 0.284 0.771 [0.524–1.135] 0.187 

Adjusted ** Current smoker 3.080 [1.124–8.439] 0.029 2.940 [1.148–7.526] 0.025 2.213 [0.766–6.392] 0.142 

Adjusted ** Past smoker 1.554 [0.697–3.465] 0.281 1.517 [0.851–2.705] 0.158 0.874 [0.548–1.393] 0.57 

Alcohol consumption (reference: None)   
     Unadjusted-30 drinks or more per month 0.221 [0.062–0.793] 0.021 0.446 [0.191–1.041] 0.062 0.359 [0.186–0.693] 0.002 

Unadjusted-1–29 drinks per month 0.451 [0.23–0.886] 0.021 0.74 [0.444–1.233] 0.247 0.445 [0.297–0.666] <0.001 

Adjusted **-30 drinks or more per month 0.201 [0.054–0.748] 0.017 0.734 [0.293–1.840] 0.509 0.366 [0.177–0.758] 0.007 

Adjusted **-1–29 drinks per month 0.439 [0.221–0.869] 0.018 1.019 [0.579–1.792] 0.949 0.439 [0.286–0.674] 0 

Sleep quality (reference: 2 nights or less insomnia per week)  
Unadjusted-3 nights or more insomnia per week 1.172 [0.557–2.466] 0.675 1.232 [0.712–2.131] 0.456 0.849 [0.555–1.298] 0.449 

Adjusted **3 nights or more insomnia per week 1.040 [0.467–2.314] 0.923 0.955 [0.535–1.704] 0.877 0.749 [0.475–1.180] 0.212 

Geographic location (reference: semi-rural)   
    Unadjusted-Metropolitan 1.91 [0.853–4.274] 0.115 1.334 [0.741–2.404] 0.337 1.001 [0.635–1.578] 0.996 

Unadjusted-Urban 1.667 [0.734–3.79] 0.222 1.494 [0.84–2.657] 0.172 1.327 [0.84–2.097] 0.225 

Adjusted**-Metropolitan 1.665 [0.730–3.797] 0.225 1.793 [0.967–3.325] 0.064 1.016 [0.605–1.707] 0.952 

Adjusted**-Urban 1.480 [0.632–3.469] 0.366 1.673 [0.927–3.020] 0.088 1.129 [0.700–1.819] 0.619 
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Table 4. Cont. 

Life-course factors  65–74 years 75–84 years 85+ years  
  OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value 

Type of work (reference = blue-collar & hard/manual laborers)   
     Unadjusted-No paid job   1.898 [0.369–9.768] 0.4436 1.048 [0.325–3.384] 0.9372 1.233 [0.537–2.834] 0.6209 

Unadjusted-Less skilled white-collar workers 0.260 [0.046–1.456] 0.1254 0.841 [0.237–2.984] 0.7891 0.636 [0.244–1.660] 0.3557 

Unadjusted-Technicians/highly skilled workers 0.372 [0.130–1.062] 0.0647 0.646 [0.249–1.680] 0.3702 0.882 [0.436–1.786] 0.7280 

Unadjusted-Businesspeople and professionals   0.471 [0.153–1.451] 0.1896 0.618 [0.216–1.772] 0.3710 0.707 [0.321–1.560] 0.3908 

Adjusted **-No paid job   1.927 [0.274–13.572] 0.5103 0.844 [0.240–2.969] 0.7911 0.987 [0.389–2.508] 0.9785 

Adjusted **-Less skilled white-collar workers 0.266 [0.047–1.504] 0.1341 0.734 [0.206–2.622] 0.6343 0.478 [0.167–1.375] 0.1710 

Adjusted **-Technicians/highly skilled workers 0.368 [0.119–1.144] 0.0842 0.599 [0.226–1.587] 0.3030 0.738 [0.346–1.575] 0.4320 

Adjusted **–Businesspeople and professionals   0.354 [0.104–1.208] 0.0974 0.780 [0.250–2.435] 0.6688 0.718 [0.293–1.764] 0.4706 

Notes: Significant coefficients at the p < 0.05 level are shown in bold; OR = Odds ratio; CI = confidence interval; **Adjusted for sex, comorbidities, education, income. 

Table 5. Association of Slowness criteria with contributing factors by age group. 

Life-course factors 65–74 years 75–84 years 85+ years 

 
OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value 

Tobacco consumption (reference: Never smoked) 

     Unadjusted-Current smoker  1.592 [0.67–3.783] 0.292 1.679 [0.795–3.546] 0.174 1.395 [0.494–3.939] 0.529 

Unadjusted-Past smoker  0.806 [0.417–1.558] 0.522 0.801 [0.527–1.216] 0.297 0.962 [0.659–1.405] 0.842 

Adjusted ** Current smoker  1.280 [0.498–3.293] 0.608 1.665 [0.734–3.776] 0.222 1.866 [0.540–6.440] 0.324 

Adjusted ** Past smoker  0.541 [0.265–1.101] 0.09 0.917 [0.549–1.532] 0.74 1.197 [0.759–1.888] 0.44 
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Table 5. Cont. 

Life-course factors 65–74 years 75–84 years 85+ years 

 
OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value 

Alcohol consumption (reference: None) 

     Unadjusted-30 drinks or more per month 0.416 [0.174–0.994] 0.048 0.399 [0.194–0.819] 0.012 0.272 [0.142–0.521] <0.001 

Unadjusted-1–29 drinks per month 0.206 [0.106–0.402] <0.001 0.613 [0.397–0.948] 0.028 0.504 [0.338–0.752] 0.001 

Adjusted **-30 drinks or more per month 0.475 [0.177–1.269] 0.137 0.784 [0.359–1.711] 0.54 0.356 [0.173–0.734] 0.005 

Adjusted **-1–29 drinks per month 0.253 [0.125–0.511] <0.001 0.808 [0.504–1.294] 0.375 0.598 [0.392–0.912] 0.017 

Sleep quality (reference: 2 nights or less insomnia per week) 

     Unadjusted-3 nights or more insomnia per week  0.827 [0.387–1.769] 0.625 1.878 [1.188–2.968] 0.007 0.695 [0.453–1.066] 0.096 

Adjusted **3 nights or more insomnia per week  0.629 [0.274–1.443] 0.274 1.569 [0.957–2.572] 0.074 0.585 [0.368–0.929] 0.023 

Geographic location (reference = semi-rural) 

    Unadjusted-Metropolitan 1.912 [0.854–4.278] 0.115 1.507 [0.94–2.418] 0.089 0.726 [0.466–1.131] 0.157 

Unadjusted-Urban 2.314 [1.055–5.077] 0.036 0.871 [0.526–1.44] 0.59 0.634 [0.403–0.998] 0.049 

Adjusted**-Metropolitan 1.740 [0.723–4.188] 0.217 2.115 [1.249–3.583] 0.005 0.951 [0.568–1.591] 0.848 

Adjusted**-Urban 1.954 [0.863–4.426] 0.108 0.926 [0.544–1.578] 0.778 0.507 [0.312–0.824] 0.006 

Type of work (reference = blue-collar & hard/manual laborers) 

     Unadjusted-No paid job   3.163 [0.386–25.920] 0.2833 0.544 [0.171–1.728] 0.3021 1.314 [0.571–3.027] 0.5209 

Unadjusted-Less skilled white-collar workers 1.930 [0.326–11.422] 0.4684 0.915 [0.299–2.798] 0.8764 0.951 [0.370–2.447] 0.9175 

Unadjusted-Technicians/Highly skilled workers 1.705 [0.388–7.494] 0.4799 0.960 [0.409–2.255] 0.9251 1.059 [0.524–2.141] 0.8724 

Unadjusted-Businesspeople and professionals   0.973 [0.196–4.838] 0.9730 0.853 [0.338–2.156] 0.7376 0.796 [0.361–1.752] 0.5701 

Adjusted **-No paid jobs   6.127 [0.687–54.661] 0.1045 0.300 [0.091–0.992] 0.0485 1.185 [0.482–2.914] 0.7114 

Adjusted **-Less skilled white-collar workers 2.283 [0.375–13.912] 0.3707 0.580 [0.185–1.823] 0.3513 0.935 [0.354–2.468] 0.8920 

Adjusted **-Technicians/Highly skilled workers 1.733 [0.383–7.834] 0.4750 0.785 [0.329–1.875] 0.5865 1.009 [0.491–2.071] 0.9809 

Adjusted **-Businesspeople and professionals   0.864 [0.169–4.416] 0.8606 1.201 [0.424–3.398] 0.7303 1.195 [0.508–2.812] 0.6839 

Notes: Significant coefficients at the p < 0.05 level are shown in bold; OR = Odds ratio; CI = confidence interval; **Adjusted for sex, comorbidities, education, income. 
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Table 6. Association of Weakness criteria with contributing factors by age group. 

Life-course factors 65–74 years 75–84 years 85+ years 

 
OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value 

Tobacco consumption (reference: Never smoked) 

     Unadjusted-Current smoker 1.438 [0.517–3.998] 0.486 1.395 [0.581–3.348] 0.456 0.494 [0.167–1.463] 0.203 

Unadjusted-Past smoker 0.885 [0.42–1.865] 0.747 1.046 [0.648–1.689] 0.853 1.138 [0.773–1.677] 0.513 

Adjusted ** Current smoker 1.378 [0.474–4.000] 0.556 1.034 [0.403–2.654] 0.945 0.381 [0.137–1.059] 0.064 

Adjusted ** Past smoker 0.863 [0.373–1.993] 0.729 0.814 [0.468–1.416] 0.467 0.835 [0.518–1.348] 0.461 

Alcohol consumption (reference: None) 

     Unadjusted-30 drinks or more per month 0.577 [0.176–1.896] 0.365 0.766 [0.362–1.622] 0.486 0.731 [0.37–1.446] 0.368 

Unadjusted-1–29 drinks per month 0.659 [0.307–1.415] 0.284 0.676 [0.407–1.123] 0.13 1.028 [0.684–1.545] 0.894 

Adjusted **-30 drinks or more per month 0.646 [0.192–2.176] 0.481 0.801 [0.347–1.846] 0.602 0.552 [0.247–1.232] 0.147 

Adjusted **-1–29 drinks per month 0.693 [0.320–1.498] 0.351 0.706 [0.416–1.196] 0.195 1.038 [0.665–1.621] 0.869 

Sleep quality (reference: 2 nights or less insomnia per week) 

     Unadjusted-3 nights or more insomnia per week 0.975 [0.43–2.212] 0.952 1.333 [0.778–2.284] 0.295 0.888 [0.574–1.374] 0.595 

Adjusted **3 nights or more insomnia per week 0.852 [0.328–2.216] 0.743 1.186 [0.672–2.091] 0.556 0.888 [0.557–1.416] 0.619 

Geographic location (reference: semi-rural) 

    Unadjusted-Metropolitan 1.462 [0.63–3.394] 0.377 1.684 [0.942–3.009] 0.079 1.363 [0.857–2.167] 0.19 

Unadjusted-Urban 1.285 [0.547–3.019] 0.565 1.733 [0.977–3.072] 0.06 0.995 [0.615–1.61] 0.983 

Adjusted**-Metropolitan 1.748 [0.687–4.444] 0.241 2.088 [1.112–3.924] 0.022 1.318 [0.774–2.244] 0.309 

Adjusted**-Urban 1.411 [0.590–3.375] 0.439 1.760 [0.953–3.250] 0.071 0.958 [0.562–1.635] 0.875 
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Table 6. Cont. 

Life-course factors 65–74 years 75–84 years 85+ years 

 
OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value 

Type of work (reference = blue-collar & hard/manual laborers) 

     Unadjusted-No paid job   0.610 [0.060–6.165] 0.6752 1.358 [0.296–6.238] 0.6941 0.912 [0.355–2.340] 0.8479 

Unadjusted-Less skilled white-collar workers 0.420 [0.071–2.489] 0.3394 1.065 [0.216–5.246] 0.9386 0.973 [0.359–2.636] 0.9577 

Unadjusted-Technicians/highly skilled workers 0.437 [0.137–1.392] 0.1614 1.972 [0.576–6.752] 0.2797 1.542 [0.711–3.341] 0.2728 

Unadjusted-Businesspeople and professionals   0.623 [0.185–2.091] 0.4436 1.984 [0.545–7.219] 0.2985 1.836 [0.787–4.284] 0.1597 

Adjusted **-No paid job   0.473 [0.042–5.335] 0.5447 1.942 [0.389–9.688] 0.4183 1.650 [0.559–4.866] 0.3645 

Adjusted **-Less skilled white-collar workers 0.394 [0.068–2.270] 0.2974 1.204 [0.234–6.189] 0.8239 1.213 [0.412–3.573] 0.7263 

Adjusted **-Technicians/highly skilled workers 0.373 [0.106–1.313] 0.1246 2.369 [0.665–8.440] 0.1834 2.249 [0.939–5.388] 0.0689 

Adjusted **-Businessman and professionals   0.762 [0.187–3.104] 0.7047 2.705 [0.678–10.799] 0.1589 2.905 [1.074–7.857] 0.0356 
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Our findings are also consistent with a recent review that concludes 
that moderate and high alcohol consumption may reduce the risk of 
frailty [38]. The protective effect of wine is also in agreement with the 
conclusions of earlier studies (e.g., Ortolá et al., 2016) [40], while the 
finding concerning drinking beer is more surprising. Our results did not 
concur with those obtained by Brunner [18], Peterson [17] and 
Strandberg [41], who found that frailty was associated with high alcohol 
consumption. The discrepancy with our results may be partly 
attributable to the way the variable measured was defined. “High” 
consumption (>1 drink per day) in our Canadian study may, in European 
studies, be referred to as “moderate” consumption [18,41], which has not 
been found to be related to frailty. Moreover, in the above studies, high 
alcohol consumption during midlife (50s), not current consumption later 
in life (65+), was associated with frailty, suggesting that lifelong drinking 
may have a different impact. These conclusions are also in agreement 
with our results showing that starting to drink later in life reduces the 
risk of exhibiting a frailty component (low physical activities) in the 
youngest-old only. However, memory bias due to cognitive decline 
cannot be excluded and might have masked a significant relationship 
between alcohol consumption and frailty by underestimating the 
percentage of heavy drinkers in the frailest participants. 

Overall, we did not find an association between geographic location 
and frailty components in the youngest-old. These results are in line with 
a Canadian study [21], which found similar risks of frailty between rural 
and urban residents early in the aging process. Our unadjusted results, 
however, showed that living in an urban area increased the risk of 
exhibiting slowness at a younger age, when compared to a semi-rural 
area. Our findings can be interpreted in light of the specific urban area 
where the data were collected. Because Sherbrooke is one of the least 
wealthy cities in the province of Québec, the relationship between living 
area and frailty may be mediated by low income [42,43]; this was 
supported by the lack of a significant relationship found after controlling 
for socioeconomic variables (from p = 0.036 to p = 0.108, when education 
and income are added to gender and comorbidity). Interestingly, 
geographic location was found to be the only life-course risk factor 
where the contribution changes significantly with advancing age, 
indicating that living in an urban area decreased the risk of exhibiting 
slowness in the oldest-old, compared to those living in a semi-rural area. 
This finding may shed light on the mixed results found in past studies 
concerning the relationship between geographic location and frailty. 
Future studies may indicate which specific characteristics of these living 
areas, such as greater access to services income [44] or to neighborhood 
green spaces [45], might explain this shift throughout the aging process.  

Concerning clinical implications, the present study highlights the 
potential relevance of: (1) helping the youngest-old to stop smoking and 
hopefully prevent or delay the early manifestation of frailty in this 
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subgroup. Despite the challenges of giving up this habit in the context of 
lifelong dependence [46], the benefits of smoking cessation even at an 
older age (late 50 s/early 60 s) could be promoted through programs 
tailored to their specific needs; (2) investigating sleep quality when 
assessing frailty to potentially reduce exhaustion through appropriate 
interventions targeting physiological (apnea) or affective (depressive 
symptoms) factors. As the relationship between sleep disorders and 
exhaustion can be two-way [47,48], future studies should investigate 
whether poor sleep tends to be a cause of exhaustion in the youngest-old 
and a consequence of age-related fatigue in the oldest-old, which may 
suggest different treatments according to age; and (3) questioning 
whether the protective effect of moderate alcohol consumption, 
especially wine, is linked directly to alcohol, or whether it is a proxy 
measure of engagement in social activities [49]. This hypothesis is 
supported by recent data suggesting that social participation may reduce 
the risk of slowness in older adults [50], which is consistent with the 
significant relationship found in our study between this frailty 
component and moderate alcohol consumption. 

Some limitations should be considered when interpreting our 
findings. First, a cross-sectional design was used, which precludes 
inferences regarding causal associations between contributing factors 
and frailty components. Second, the validity of self-reported data in our 
sample may have been affected by social desirability bias related to 
smoking and drinking or by subjective perceptions of poor sleep. Third, 
the selected variables for geographic location and type of work might 
have impacted the results since length of exposure, more than exposure 
per se, may mediate the relationship with frailty [51]. In this regard, a 
growing number of studies have warned that more attention should be 
paid to how outdoor and indoor air pollution toxicity may accelerate the 
frailty process [52–55]. Fourth, the impact of some potential confounding 
variables on the early manifestation of frailty, such as autism, 
intellectual disabilities [56] and HIV infection [57], were not specifically 
investigated, as they were not identified in the FRéLE database. These 
variables are, however, related to comorbidities, which were controlled 
for in our models. Finally, since the participants lived in a specific region 
of Canada, our findings may not be generalizable to other populations. 
On the other hand, the study used data from a large multicenter sample, 
stratified by living area (metropolitan, urban, semi-rural), which 
increases its external validity and applicability to community-dwelling 
older adults in general.  
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CONCLUSIONS 

While other studies have sought to document the influence of 
physical, psychological and social factors in the manifestation of frailty, 
the contribution of lifestyle habits, geographic location and type of work 
to specific frailty components has received little attention. Moreover, to 
our knowledge, this is one of the few studies to specifically target the 
subgroup of youngest older adults. Our findings may support the 
adaptation of current public policy programs, such as those designed to 
help young older adults stop smoking, to prevent the early manifestation 
of frailty components. New tools promoting smoking cessation and 
monitoring sleep could sustainably complement public health strategies 
aimed at healthy aging for these specific risk factors. Prospective studies 
should shed more light on how the interaction of lifespan factors, such as 
toxicity exposure in the living environment and workplace, contributes 
to the early onset of frailty. Despite ethical and methodological 
challenges, other predictors, such as HIV infection and intellectual 
disabilities, should be included in future research.  
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