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ABSTRACT
Background To examine the association between
socioeconomic status (SES) and risk of frailty, and to
assess whether behavioural and clinical factors (BCF)
mediate this association.
Methods Cohort of 1857 non-institutionalised
individuals aged ≥60 years recruited in 2008–2010 and
followed through 2012. Education, occupation, and BCF
were ascertained at baseline, and incident frailty was
assessed at follow-up with the Fried frailty criteria.
Results Men showed no differences in frailty risk by
education or occupation. Compared with women with
university education, the adjusted OR (aOR) adjusted for
age and the number of frailty criteria at baseline for
incident frailty in women with primary or lower
education was 3.02 (95% CI 1.25 to 7.30); once fully
adjusted for BCF, the OR was 2.00 (95% CI 0.76 to
5.23). No alcohol intake (vs light–moderate), longer time
spent watching TV, less time spent reading, and a higher
frequency of obesity, depression and musculoskeletal
disease in those with primary or lower education
accounted for most of the decline in OR. BCF explained
50.5% of the excess frailty risk associated with lower
education. The aOR of frailty incidence for manual versus
non-manual occupation was 2.24 (95% CI 1.41 to
3.56) versus a fully aOR of 2.05 (95% CI 1.24 to 3.37).
BCF explained 15.3% of the association, with individual
mediators being similar to those for education-related
differences.
Conclusions A lower education or a manual
occupation was associated with higher frailty risk in
older women. These associations were partly explained
by lower alcohol consumption, higher sedentariness, and
higher obesity and chronic disease rates in women with
lower SES.
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Frailty is a medical syndrome resulting from
age-related or disease-related decline in physiological reserve, which leads to augmented vulnerability to even minor stressors manifesting as
increased risk of falls, disability, and death.1–5
Frailty is associated with several behavioural and
clinical factors (BCF) such as reduced physical
activity,6 poor diet,6 obesity,7 smoking,8 inﬂammatory markers9 10 and many chronic conditions, particularly
cardiovascular
disease,11
diabetes
12
mellitus, and depression or use of antidepressants.9 Most of these BCF, in turn, vary by socioeconomic status (SES).13–19

Several studies have assessed the association
between SES and frailty. Most of these,20–26 though
not all,27 have found a cross-sectional link between
lower SES and frailty. Nevertheless, we are aware of
only four longitudinal studies on this topic. In two
of these studies, lower education predicted a higher
risk of frailty in older women8 and in both genders
combined,28 while in the other two studies, lower
educated as compared with higher educated older
adults had a higher risk of worsening in frailty
state.29 30 Moreover, only two of these studies have
investigated the mediators of the SES-related disparities in frailty. Hoogendijk et al28 found that the
studied factors made a substantial contribution to
the educational differences in frailty prevalence,
whereas mediators in Etman et al31 explained only a
small-to-moderate part of frailty worsening.
However, no previous investigation has studied the
mediators of occupation-based disparities in frailty
incidence. Moreover, the role of speciﬁc behaviours,
such as diet or sedentary lifestyle, as potential mediators of the association between lower SES and
higher frailty risk is uncertain.
We analysed data from a prospective cohort of
older adults in Spain to estimate the gender-speciﬁc
associations of educational and occupational levels
(OL) with risk of frailty and further to assess
whether BCF, including diet and sedentariness,
mediate such associations.

METHODS
Study design and participants
We analysed data from the Seniors-ENRICA
cohort6 32 which was established in 2008–2010
with 2614 non-institutionalised residents of Spain
aged ≥60 years. At baseline, data on sociodemographic variables, lifestyle, health status, and morbidity were collected through a telephone
interview. Also a physical examination, collection
of blood and urine samples, and diet history were
conducted during the two home visits. The average
time between the phone interview and the second
home visit was 14 days. In 2012, a new wave of
data collection was performed to update information on the 2519 surviving respondents.
The study protocol was approved by the Clinical
Research Ethics Committee of the University
Hospital La Paz in Madrid (Spain).

Study variables
Frailty
Frailty was assessed at the home visit with a modiﬁcation of the deﬁnition proposed by Fried et al.3
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We classiﬁed as frail those individuals meeting ≥3 of the following 5 criteria: (1) exhaustion: “feeling that anything I did was a
big effort” and “feeling that I could not keep on doing things”
at least 3–4 days a week; (2) muscle weakness: the cohortspeciﬁc lowest quintile of grip strength of the dominant hand,
after adjusting for sex and body mass index (BMI) (Grip
strength was measured twice with a Jamar dynamometer, and
the highest value was selected); (3) low physical activity:
walking ≤2.5 h/week in men or ≤2 h/week in women; (4) low
walking speed: the cohort-speciﬁc lowest quintile for the 3 m
walking speed test, adjusted for sex and height and (5) weight
loss: involuntary weight loss ≥4.5 kg in the preceding
12 months.

Socioeconomic status
Educational level (EL) was classiﬁed as the self-reported highest
level of education achieved ( primary or less, secondary, or university studies). OL was based on the self-reported current or
last employment held. Occupation was coded according to the
National Classiﬁcation of Occupations in Spain, and classiﬁed
into manual and non-manual jobs. Housewives were assigned
the occupation of their husband (21.3% of the women sample).

Behavioural and clinical factors
In addition to participants’ sex and age, we included a range of
baseline BCF potentially associated to SES and frailty: tobacco
and alcohol consumption, diet, sedentary behaviour, obesity,
morbidity, and the number of medications used. Participants
were classiﬁed into never-smokers, former smokers, and current
smokers. Alcohol consumption in the preceding 12 months was
collected with a validated diet history.32 Participants were classiﬁed as non-drinkers, ex-drinkers, light–moderate drinkers, and
heavy drinkers. The threshold between light–moderate and
heavy drinking was alcohol intake ≥40 g/day in men and ≥24 g/
day in women. Based on diet history and the Mediterranean
Diet Adherence Screener (MEDAS) index,33 we estimated
accordance with the Mediterranean diet. Sedentary behaviour
was assessed with the Nurses’ Health Study questionnaire validated in Spain.34 Weight, height, and waist circumference were
measured with standardised procedures.7 32 General obesity was
deﬁned as BMI≥30 kg/m2, and abdominal obesity as waist circumference >102 cm in men and >88 cm in women.
Individuals also reported the following physician-diagnosed
diseases: cardiovascular disease (myocardial infarction, stroke,
heart failure), diabetes, cancer, chronic lung disease, musculoskeletal disease (osteoarthritis, arthritis, hip fracture), or

Table 1 Incidence of frailty during a 3.5-year follow-up according
to educational level and occupation at baseline in older men and
women
Men

Total
Educational level
Primary or less
Secondary
University
Occupation
Manual work
Non-manual work

Women

N

Per cent

N

Per cent

904

4.20

953

9.97

402
254
248

5.97
2.36
3.23

592
211
150

13.34
4.74
4.00

278
626

3.60
4.47

341
612

15.84
6.70

depression requiring drug treatment. Finally, drug prescriptions
used were collected through self-report and checked against prescription containers at home. Polypharmacy is a possible major
contributor to the pathogenesis of frailty, resulting from adverse
events of drug treatments and interactions between them.2

Statistical analysis
Of the 2519 follow-up participants, 1953 had complete baseline
and follow-up data on frailty status. Baseline sociodemographic
variables and BCF were similar in participants successfully followed and those lost to follow-up, except that the former were
slightly younger, better educated, reported lower morbidity, and
consumed fewer prescription drugs. We excluded 42 participants who were frail at baseline, 11 for lack of data on SES measures, and 43 for missing data on at least one of the BCF of
interest. Thus, main analyses were conducted on 1857 individuals (904 men and 953 women).
Analyses were conducted separately for each gender. We ﬁrst
examined if baseline BCF and number of frailty criteria varied
across EL and OL categories. Second, we assessed the associations between each BCF and frailty incidence using logistic
regression adjusted for age and the number of frailty criteria (0,
1 or 2) at baseline. Only those BCF that were simultaneously
associated with EL and frailty incidence (or OL and frailty incidence) could mediate the SES disparities in frailty incidence.
The associations between EL or OL and frailty incidence were
summarised with OR and their 95% CI obtained from logistic
regression adjusted for age and the number of baseline frailty criteria (model 1). Next, we evaluated the mediation of BCF to the
associations between EL or OL and frailty incidence by adding
each BCF separately to model 1. We then built a full model
adjusting simultaneously for all the studied BCF. The proportion
of the association between EL or OL and incident frailty
explained by each BCF (or all studied BCF) was calculated as
follows: [OR (model 1)−OR (full model)×100]/[OR (model 1)−1],
where the full model included age, number of frailty criteria at
baseline, and each BCF (or all BCF).35 Finally, to account for the
inter-relation among BCF, we calculated the percentage of EL or
OL disparities in incident frailty independently explained by the
main BCF groups as well as by their overlap.28

RESULTS
Table 1 shows the distribution of incident frailty across categories of EL and OL.

Educational disparities in incident frailty
Several BCF were associated simultaneously with EL and incident frailty. Compared with those with university education,
lower EL women were less likely to be light–moderate drinkers.
Also, men and women with lower EL reported more time spent
watching TV, and less time on reading, and suffered more frequently from obesity, depression and musculoskeletal disease.
Meeting one or two frailty criteria was more common among
those with the lowest EL. The magnitude of these SES-related
differences was usually higher in women than men (table 2).
Light–moderate drinking, especially among women, and time
spent reading and listening to music showed a protective association with frailty incidence (OR<1), whereas time spent watching TV, obesity, depression, and the number of medications
taken increased the risk of incident frailty signiﬁcantly (table 3).
In our cohort, EL showed a statistically signiﬁcant inverse
association with incident frailty in women but not in men.
Compared with men with university studies, the OR (95% CI)
for frailty incidence, adjusted for age and the number of frailty
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Table 2 Demographic, behavioural and clinical characteristics of the study participants by educational and occupational level
Educational level

Occupation

Men

Age (years)
Tobacco, alcohol and diet
Tobacco smoking, %
Never-smoker
Ex-smoker
Current smoker
Alcohol consumption, %
Non-drinker
Ex-drinker
Light–moderate
drinker*
Heavy drinker*
Mediterranean Diet Score
Sedentary behaviour
Watching TV (h/week)
Seated in transportation
(h/week)
Reading (h/week)†
Listening to music
(h/week)‡
Obesity measures
Body mass index (kg/m2)
<25
25–29.9
≥30
Abdominal obesity†
Morbidity
Depression
Diabetes
Cancer
Cardiovascular disease
Chronic lung disease
Musculoskeletal disease
Number of medications
Frailty criteria at baseline§
0
1
2

Women

Men

Women

University
N=248

Secondary
N=254

Primary or
less
N=402

University
N=150

Secondary
N=211

Primary or
less
N=592

Non-manual
N=626

Manual
N=278

Non-manual
N=612

Manual
N=341

68.0±0.4

67.2±0.4

69.5±0.3

67.9±0.5

67.0±0.4

69.8±0.3

68.5±0.3

68.3±0.4

68.7±0.2

69.1±0.3

30.2
48.8
21.0

30.7
49.2
20.1

36.1
51.0
13.2

68.0
20.7
11.3

66.4
24.2
9.5

89.4
6.8
3.9

34.7
48.9
16.5

29.1
51.8
19.1

77.5
15.0
7.5

87.1
8.8
4.1

18.2
7.7
62.1

17.3
6.3
65.0

15.2
9.5
61.4

44.7
4.7
48.7

46.5
6.6
39.3

58.5
9.3
29.1

16.8
7.5
63.9

16.2
9.4
59.7

49.7
7.2
37.9

60.7
9.4
28.2

12.1
7.3±0.1

11.4
7.3±0.1

13.9
7.4±0.1

2.0
7.0±0.2

7.6
7.1±0.1

3.2
7.0±0.1

11.8
7.3±0.1

14.6
7.5±0.1

5.2
7.0±0.1

1.8
7.0±0.1

14.2±0.6
2.8±0.2

16.0±0.6
2.9±0.2

18.8±0.6
2.2±0.2

14.4±0.8
1.8±0.2

18.1±0.7
1.5±0.2

20.0±0.5
0.8±0.1

15.9±0.4
2.7±0.2

18.7±0.7
2.1±0.2

18.0±0.5
1.2±0.1

19.9±0.6
0.9±0.1

9.6±0.5
2.6±0.3

7.0±0.4
1.3±0.2

4.6±0.3
1.2±0.2

7.8±0.5
1.3±0.3

6.1±0.4
0.9±0.2

3.5±0.2
0.9±0.1

7.7±0.3
1.9±0.2

4.2±0.3
0.9±0.2

5.5±0.2
1.0±0.1

3.3±0.3
0.9±0.2

22.6
53.6
23.8
43.2

15.0
57.5
27.6
46.9

12.7
52.5
34.8
55.7

36.7
48.0
15.3
50.7

28.4
46.5
25.1
52.6

17.2
45.4
37.3
70.6

16.6
55.4
28.0
48.7

14.8
51.4
33.8
52.2

26.1
47.6
26.3
60.0

16.7
43.4
39.8
70.0

2.0
18.2
2.0
5.7
24.1
21.4
2.0±0.1

2.0
12.6
2.8
5.5
20.4
32.7
1.7±0.1

3.2
14.4
2.7
5.2
55.6
34.6
2.1±0.1

6.7
5.3
1.3
4.0
10.7
51.3
1.7±0.1

7.6
3.3
1.0
4.3
8.1
53.1
1.4±0.1

14.7
12.3
1.5
5.2
9.1
69.8
2.2±0.1

2.2
15.2
2.1
6.1
5.3
29.6
2.0±0.1

3.2
14.4
3.6
4.0
7.6
32.4
1.9±0.1

10.1
7.4
1.1
4.4
9.2
59.8
1.8±0.1

15.0
12.6
1.8
5.6
9.1
69.2
2.2±0.1

90.3
6.9
2.8

90.9
7.9
1.2

82.8
13.9
3.2

74.0
20.7
5.3

84.4
12.3
3.3

67.7
24.8
7.4

88.0
9.3
2.7

85.3
12.6
2.2

77.0
19.0
4.1

64.2
25.8
10.0

Continuous variables are expressed as mean±SE.
*The threshold between moderate and heavy drinking is alcohol intake ≥40 g/day in men and ≥24 g/day in women.
†Abdominal obesity: waist circumference >102 cm in men and >88 cm in women.
‡Excludes while in transportation.
§Number of frailty criteria based on Fried et al.3

criteria at baseline, was 0.80 (0.26 to 2.45) for those with secondary education and 1.63 (0.69 to 3.84) for those with
primary education or less (data not shown). Among women, the
corresponding ﬁgures were 1.58 (0.54 to 4.62) (data not
shown) and 3.02 (1.25 to 7.30) (table 4, model 1). Given that
the risk of frailty differed only between women with primary
studies or lower education versus university education, the
results shown in table 4 are only those for these two categories
of EL. After adjustment for all the studied BCF, the OR (95%
CI) of frailty incidence for women with lower EL was reduced
to 2.00 (0.76 to 5.23). The individual BCF which contributed
most to the reduction in OR were no alcohol consumption
356

versus light–moderate intake (−13.9%), longer time spent
watching TV (−14.3%), less time spent reading (−8.9%),
BMI-based obesity (−23.3%), abdominal obesity (−16.8%),
depression (−4.9%), and musculoskeletal disease (−6.9%) in
those with lower EL. Taken together, the BCF explained 50.5%
of the excess frailty risk associated with having primary or lower
education (table 4); this resulted from the independent contributions of tobacco, alcohol and diet (1.49%), sedentariness
(8.42%), obesity (13.87%), morbidity (3.97%), the number of
medications (1.00%), and the overlap between the different
groups of mediators (21.75%) (table 5). This means that a substantial part (21.75% over 50.5%) of the mediation by BCF
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Table 3 OR (95% CI)† for incident frailty according to behavioural
and clinical variables at baseline in older men and women

Age (years)
Tobacco, alcohol and diet
Tobacco smoking, %
Never-smoker
Ex-smoker
Current smoker
Alcohol consumption, %
Non-drinker
Ex-drinker
Light–moderate drinker
Heavy drinker
Mediterranean Diet Score
Sedentary behaviour
Watching TV (h/week)
Seated in transportation (h/week)
Reading (h/week)
Listening to music (h/week)
Obesity measures
Body mass index (kg/m2)
<25
25–29.9
≥30
Abdominal obesity
Morbidity
Depression
Diabetes
Cancer
Cardiovascular disease
Chronic lung disease
Musculoskeletal disease
Number of medications

Men
OR† (95% CI)

Women
OR† (95% CI)

1.14 (1.09 to 1.19)*

1.12 (1.08 to 1.16)*

Ref.
1.72 (0.71 to 4.16)
1.56 (0.47 to 5.14)

Ref.
1.11 (0.54 to 2.29)
0.48 (0.11 to 2.05)

Ref.
0.86
0.81
0.64
0.78

(0.25 to
(0.34 to
(0.16 to
(0.66 to

2.95)
1.92)
2.58)
0.94)*

Ref.
0.68
0.49
0.44
0.89

(0.31
(0.28
(0.10
(0.79

to 1.50)
to 0.86)*
to 1.96)
to 1.02)

1.11
1.01
0.78
0.61

(0.96 to
(0.59 to
(0.60 to
(0.30 to

1.29)
1.75)
1.00)
1.24)

1.13
0.55
0.84
0.88

(1.03
(0.24
(0.67
(0.62

to 1.23)*
to 1.26)
to 1.06)
to 1.26)

Ref.
0.82 (0.28 to 2.40)
2.29 (0.79 to 6.68)
1.50 (0.73 to 3.05)

Ref.
2.09 (0.95 to 4.61)
3.87 (1.77 to 8.45)*
3.62 (1.86 to 7.05)*

4.56
1.53
1.49
1.64
0.55
1.44
1.23

1.52
1.78
0.88
0.71
0.97
1.71
1.14

(1.17 to
(0.66 to
(0.28 to
(0.57 to
(0.12 to
(0.72 to
(1.06 to

17.74)*
3.54)
7.84)
4.68)
2.68)
2.87)
1.42)*

(0.81
(0.96
(0.15
(0.27
(0.47
(0.96
(1.01

to 2.85)
to 3.31)
to 5.11)
to 1.83)
to 2.01)
to 3.06)
to 1.28)*

*p<0.05.
†ORs adjusted for age, number of frailty criteria (0, 1 or 2) at baseline.

groups in EL differences in frailty risk is exerted though other
BCF (eg, the contribution of obesity may work through
morbidity).

Occupational disparities in frailty risk
For each gender and as compared with non-manual workers,
those with a manual occupation were less likely to report light–
moderate alcohol consumption, spent more time on reading, and
were more likely to have obesity, depression, and musculoskeletal
disease. As with EL, the magnitude of these differences was more
pronounced for women than men. Also women with manual
occupation were more likely to suffer from diabetes and to meet
one or two frailty criteria (table 2). As described above, all these
BCF had an OR for frailty risk >1, except moderate alcohol
intake and time spent reading for which OR was <1 (table 3).
Like EL, OL showed an association with incident frailty only
among women. Compared with those with a non-manual occupation, manual workers had an OR (95% CI) for incident frailty,
adjusted for age and the number of frailty criteria at baseline, of
0.85 (0.39 to 1.82) in men (data not shown) and of 2.24 (1.41 to
3.56) in women (table 4, model 1). Thus, only results for women
are described below (table 4). The fully adjusted OR of frailty
incidence for women in manual versus non-manual occupation

was reduced to 2.05 (1.24 to 3.37). The BCF that most
accounted for the reduction in OR were lower alcohol intake
(−11.3%), less time spent reading (−7.3%), and BMI-based
obesity (−7.3%) among women with a manual occupation.
Overall, all the BCF studied only explained 15.3% of the association (table 4) and the main independent contributors to the
explanatory power of the full model were tobacco, alcohol and
diet (3.22%), sedentariness (2.42%) and the overlap between the
different groups of mediators (8.87%) (table 5).

DISCUSSION
Our results showed substantial educational and occupational disparities in frailty risk among older women in Spain. Women
with primary or lower education had three times more risk of
frailty than those with university education; BCF explained half
of this association. As regards to OL, results were in the same
direction although BCF only explained 15% of the excess risk
of frailty linked to a manual occupation.
As in the Women’s Health Initiative Observational Study
(WHIOS),10 we found a higher risk of self-reported frailty in
lower educated older women. However, the educational gradient in frailty in the WHIOS was narrow (12% difference in
frailty between extreme educational categories), and much
smaller than the income gradient. In the San Antonio
Longitudinal Study of Aging (SALSA) study, conducted on an
ethnically diverse population in Texas, including 55% of
women, each additional year of education was associated with a
4% lower risk of progression of frailty state, deﬁned as per the
Fried frailty criteria.29 The Survey of Health, Ageing and
Retirement in Europe (SHARE) study also evinced an inverse
association between EL and worsening frailty state, though there
were substantial variations in the magnitude of the association
across the 11 countries included.31 Finally, in the Longitudinal
Aging Study Amsterdam (LASA) study in the Netherlands, older
adults of both sexes with lower EL showed three times higher
odds of being frail than those with higher EL.28
We can only speculate about the reasons why an association
between SES and incident frailty was found in women but not
in men. One plausible reason is that SES differences in risk
factors for frailty incidence (eg, sedentarism, obesity, depression)
were greater in women than in men, which may lead to a larger
social gap in frailty risk among women. Future research should
conﬁrm our ﬁndings.
In our study, lack of alcohol intake, more time spent on
watching TV and less time on reading, as well as higher frequency of obesity, depression and musculoskeletal disease
accounted for most of the excess risk of frailty in older women
with lower versus higher SES. In the SHARE study, low alcohol
intake, depression, suffering from chronic diseases, and lower
social participation were more prevalent among the lower educated, but only small-to-modest proportions of educational
inequalities in frailty worsening were explained by these
factors.31 Moreover, while these factors accounted for 20% of
the educational gap in frailty worsening for the total study
sample, these failed to explain any part of the gap in the
Spanish subsample.31 By contrast, in the LASA study, the examined factors explained 76% of educational disparities in frailty
with their most important mediators being income, self-efﬁcacy,
cognitive impairment, obesity, and the number of chronic diseases.28 In the SHARE study31 and in the current one, abstention versus light–moderate alcohol consumption seemed to
mediate the EL disparities in frailty risk. There is evidence of
the social gradient in alcohol intake and moderate alcohol consumption may protect from developing frailty;8 however, future
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Table 4 OR (95% CI) for incident frailty according to educational level or occupation, with adjustment for BCF, as well as percentage change
in OR of model 1 after additional adjustment for BCF among older women

Adjusted for age and number of frailty criteria (model 1)
Adjusted for tobacco, alcohol or Mediterranean diet
Model 1 and tobacco
Model 1 and alcohol
Model 1 and Mediterranean Diet Score
Model 1 and tobacco, alcohol, Mediterranean diet
Adjusted for sedentary behaviours
Model 1 and watching TV
Model 1 and seated in transportation
Model 1 and reading
Model 1 and listening to music
Model 1 and sedentary behaviours
Adjusted for obesity measures
Model 1 and BMI
Model 1 and abdominal obesity
Model 1 and obesity measures
Adjusted for morbidity
Model 1 and depression
Model 1 and diabetes
Model 1 and cancer
Model 1 and cardiovascular disease
Model 1 and chronic lung disease
Model 1 and musculoskeletal disease
Model 1 and morbidity
Adjusted for the number of medications
Model 1 and number of medications
Model 1 and all above variables

Primary or less vs university education

Manual vs non-manual occupation

OR (95% CI)

OR (95% CI)

Percentage of change

3.02 (1.25 to 7.30)

–

Percentage of change

2.24 (1.41 to 3.56)

–

3.07 (1.26
2.74 (1.13
3.07 (1.27
2.82 (1.15

to
to
to
to

7.49)
6.66)
7.42)
6.91)

2.4
−13.9
2.4
−9.9

2.24
2.10
2.28
2.14

(1.40 to
(1.32 to
(1.43 to
(1.33 to

3.57)
3.36)
3.63)
3.44)

0.0
−11.3
3.2
−8.1

2.73 (1.12
2.86 (1.17
2.84 (1.15
3.02 (1.25
2.49 (1.00

to
to
to
to
to

6.61)
6.94)
7.00)
7.30)
6.20)

−14.3
−7.9
−8.9
0.0
−26.2

2.22
2.19
2.15
2.23
2.11

(1.39 to
(1.38 to
(1.34 to
(1.40 to
(1.31 to

3.54)
3.48)
3.44)
3.55)
3.40)

−1.6
−4.0
−7.3
−0.8
−10.5

2.55 (1.04 to 6.28)
2.68 (1.09 to 6.55)
2.53 (1.02 to 6.22)

−23.3
−16.8
−24.3

2.15 (1.35 to 3.44)
2.29 (1.43 to 3.67)
2.23 (1.39 to 3.58)

−7.3
4.0
−0.8

2.92 (1.21
3.03 (1.25
3.02 (1.25
3.05 (1.26
3.03 (1.25
2.88 (1.19
2.78 (1.13

7.07)
7.38)
7.30)
7.37)
7.32)
6.97)
6.83)

−4.9
0.5
0
1.5
0.5
−6.9
−11.9

2.22
2.22
2.24
2.23
2.24
2.22
2.16

3.53)
3.53)
3.56)
3.54)
3.56)
3.53)
3.45)

−1.6
−1.6
0.0
−0.8
0.0
−1.6
−6.5

2.91 (1.20 to 7.05)
2.00 (0.76 to 5.23)

−5.4
−50.5

2.19 (1.38 to 3.49)
2.05 (1.24 to 3.37)

−4.0
−15.3

to
to
to
to
to
to
to

(1.40 to
(1.39 to
(1.41 to
(1.40 to
(1.41 to
(1.39 to
(1.35 to

*p<0.05.
BCF, behavioural and clinical factors; BMI, body mass index.

research should conﬁrm these results, and identify potential
frailty mediators.
We found that spending more time reading was associated with
lower frailty risk, and further that it contributed to reduced
frailty incidence among higher SES women compared with their
lower SES counterparts. This may simply reﬂect that reading is a
marker for healthy behaviours and/or access to health information which were not speciﬁcally considered in the study. Finally,
despite the emerging evidence that the Mediterranean diet protects from frailty risk,6 this dietary pattern did not explain the
SES differences in incident frailty given the almost negligible educational or occupational gradient in the Mediterranean diet
observed among the study participants.
Our study has several limitations. First, despite using validated
questionnaires for several BCF, errors in reporting may vary by
SES, for example, higher SES individuals may be more prone to
response desirability bias than others. This may have limited the
capacity of BCF to explain a larger part of SES differences in
frailty risk. Second, we lacked data on screen times other than
TV viewing (eg, computers, video games with grandchildren)
which are rapidly increasing among the elderly and would count
as sedentary time. In addition, computer time is very likely to
vary by SES and could also be an important source of health
information, thus further contributing to SES disparities.36
Third, occupation was deﬁned as either manual or non-manual.
Although dichotomising occupational status as a proxy for social
class is common practice,22 37 it results in heterogeneous groups
358

of jobs with diverse income level, job-related physical activity,
and health risks. This heterogeneity may have underestimated
occupational-related differences in frailty incidence, thus
reducing the ability of BCF to explain the study association.
Fourth, we cannot rule out a certain level of reverse causality
(eg, prefrailty leading to lower physical activity leading, in turn,
to frailty). To minimise this limitation, all analyses have been
adjusted for the number of frailty criteria at baseline. Finally,
our ﬁndings based on Spain should be conﬁrmed in other countries since culture-speciﬁc sociocultural factors may inﬂuence the
pathways linking SES to incident frailty.31
This study also has several strengths. First, research on sedentary
behaviours, such as time spent watching TV, as risk factors for
frailty incidence is scarce,38 and none have as yet assessed if these
mediate the SES differences in frailty risk. This is noteworthy
because older women with primary or lower education reported
about 4 more hours of TV viewing per week than
university-educated women. Second, the prospective study design
as well the SES measures used, such as education and occupation
that are attained early in adulthood, reduces possibility of social
mobility as an explanation for the SES disparities in frailty
incidence.
Future studies with longer follow-up and objective measures of
behaviour (ie, accelerometry for sedentary behaviour) must replicate these results. Future research should also consider psychosocial variables (mastery, self-efﬁcacy social network, cognition),
living environment and biomarkers, among other factors not
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Table 5 Percentage of the educational and occupational
differences in frailty incidence among older women which is
independently explained by the main groups of biological and
clinical factors (mediators), and by their overlap
Primary or less vs
university education
Per cent
Tobacco, alcohol
and diet
Sedentary
behaviour*
Obesity measures†
Morbidity‡
Number of
medications
Overlap
Unexplained

Manual vs non-manual
occupation
Per cent

1.49

3.22

8.42

2.42

13.87
3.97
1.00

0
0
0.81

21.75
49.50

8.87
84.68

The percentage of the educational disparities in frailty incidence which is
independently explained by each group of mediators and by their overlap were
calculated as follows: Two models were assessed: (A) educational level+age+number
of baseline frailty criteria+all explanatory mediators except those of group X, and (B)
educational level+age+number of baseline frailty criteria+all explanatory mediators
(full model). The independent contribution of group X is then calculated as the
percentage reduction in the OR of model B minus the percentage reduction in the OR
of model A. The overlap, interpreted as the non-independent contribution of all
groups of mediators, is calculated by subtracting the sum of the independent
contributions of all groups of mediators from the percentage reduction in the OR of
the full model (model B). The same method was used for the occupational differences
in frailty incidence.
*Watching TV, seated in transportation, reading, listening to music.
†Body mass index, abdominal obesity.
‡Depression receiving treatment, diabetes, cancer, cardiovascular disease, chronic
lung disease, musculoskeletal disease.

What this study adds
▸ In women, but not men, having a primary or lower
education as well as a manual occupation was associated
with higher risk of frailty.
▸ Lower alcohol consumption, higher sedentariness, and
higher rates of obesity and chronic disease partly explain the
excess risk associated with lower socioeconomic status (SES)
in older women.
▸ On the basis of these and past ﬁndings, reducing sedentary
behaviours might be an effective intervention to ameliorate
SES disparities in frailty.
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