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Introduction

Abstract

T

BACKGROUND: Sarcopenia is characterized by the accelerated loss
of muscle strength, mass, and function in aging. The disease is a major
public health issue with emerging evidence of a disproportionate burden
in areas of socioeconomic disadvantage.
OBJECTIVES: To estimate the prevalence of probable sarcopenia
overall, and according to Socioeconomic Position (SEP). To explore the
association between markers of SEP and probable sarcopenia.
DESIGN: Cross-sectional analysis of the English Longitudinal Study
of Ageing data.
SETTING: England, United Kingdom (UK).
PARTICIPANTS: This study comprised 6,052 older adult participants
from Wave 6 of the English Longitudinal Study of Ageing (ELSA) aged
60 years and older.
MEASUREMENTS: Probable sarcopenia was identified by the
EWGSOP2 guidelines as low hand grip strength (females <16kg and
males <27kg) or poor chair rise test performance (completion of 5 chair
rises >15 seconds). Socioeconomic position was defined by educational
attainment and subjective social status (SSS). Weighted multivariable
regression analysis was employed to identify determinants of probable
sarcopenia.
RESULTS: Over one-third of older adults met the criteria for probable
sarcopenia (33.7%; weighted, 36.1%) in the study population of mean
age 70.7 (SD 7.7) years. When examined by SEP, the prevalence of
probable sarcopenia was over 2-fold higher in adults in the most vs
the least disadvantaged SEP groups (47.0% vs 20.6%, respectively,
p<0.001). Multivariable regression analysis identified disadvantaged
SEP, as measured by educational attainment and SSS, as independent
predictors of probable sarcopenia, along with older age, physical
inactivity, underweight BMI, chronic conditions, osteoarthritis, and
minority group ethnicity.
CONCLUSIONS: Disadvantaged SEP was associated with an increased
likelihood of probable sarcopenia when controlled for other known risk
factors. The findings suggest a need and opportunity for sarcopenia
prevention and treatment strategies to address socioeconomic
disadvantage in policies and practice.

here is growing recognition of the impact of social
determinants on health across the life course (1,
2). Socioeconomic disadvantage is associated with
accelerated aging, multimorbidity, poorer health outcomes
and reduced access to healthcare (3–6). Recent findings
suggest associations between socioeconomic disadvantage and
sarcopenia, (7–9) however, there is a paucity of research in this
area.
Sarcopenia is a muscle disease characterized by the
accelerated loss of muscle strength, mass and function (10).
This disease is a major public health issue and contributor
to limitations in activities of daily living, functional decline,
frailty, disability, hospitalization and mortality amongst older
populations (11–13). In 2018, the European Working Group
on Sarcopenia in Older People 2 (EWGSOP2) introduced the
concept of ‘probable sarcopenia’ defined by weak muscle
strength (10). This emphasis on muscle strength as the principal
determinant of sarcopenia recognizes that low strength, rather
than mass, is a robust predictor of adverse health outcomes in
older adults (14–16). Sarcopenia is probable when upper or
lower limb muscle strength is deemed low, often categorized
by hand grip strength less than 16 kg in females or 27 kg in
males or completion of 5 chair rises in a time greater than 15
seconds (10). Probable sarcopenia can readily be measured in
large populations with simple, cost-effective approaches and
is the focus of the present study. Importantly, the detection of
probable sarcopenia is considered sufficient evidence to initiate
appropriate interventions (10).
Probable sarcopenia affects an estimated 5-73% of
community-dwelling older adults, with the highest occurrence
observed amongst cohorts of advanced age (85+ years old)
(8, 17–20). Arguably, variation in prevalence estimates may
be due to mode of assessment of probable sarcopenia (18).
While recent studies identify links between socioeconomic
disadvantage and low hand grip strength or lower extremity
strength in later life (6, 9), few have examined associations
using EWGSOP2 guidelines for probable sarcopenia. Older
age, physical inactivity and multimorbidity are documented
risk factors for probable sarcopenia, though few studies have
examined socioeconomic factors (17). The present study uses
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the term socioeconomic position (SEP), a concept applied in
health research, which refers to the economic and social factors
that affect an individual’s position within society (21, 22). SEP
is commonly operationalized as income, wealth, occupational
class, subjective social status (SSS) and educational attainment
(6, 23, 24). The present study uses indicators of SEP which may
reflect different time points across the life course. Educational
attainment may represent SEP in childhood and into adulthood,
SSS was self-reported at the time of the study representing
participants’ current perception of SEP as older adults (25).
Socioeconomic disadvantage shows geographic variations, and
we explored if sarcopenia prevalence may mirror the identified
regional patterns for health inequality reported in England (26,
27).
Findings on SEP and sarcopenia are emerging however, the
results remain inconsistent. Brennan-Olsen et al, in a 6-year
longitudinal analysis of older adults in Australia, reported
lower hand grip strength and lower extremity strength in
disadvantaged SEP groups, classified by educational attainment
and occupation class (9). Pérez-Sousa et al, in an ethnically
diverse study from Columbia, reported that individuals in
the lowest socioeconomic status groups, defined by social
class, had an increased risk of probable sarcopenia when
compared to the high SEP group (8). Dodds et al included
a measure of occupation class in a large study of UK older
adults, but an association with probable sarcopenia was not
apparent when controlled for other known risk factors (18).
Recently, we showed that socioeconomic disadvantage, defined
by educational attainment, was an independent predictor
of probable sarcopenia in a large population of Irish older
adults (n= 3342) (7). There remains a gap in the literature
for studies specifically focusing on sarcopenia risk and SEP
and in populations with greater ethnic diversity. A better
understanding of sarcopenia and socioeconomic disadvantage
may be useful in the provision of screening, interventions, and
resource allocation for those most at risk of sarcopenia.
The present study aimed to describe the prevalence of
probable sarcopenia, according to EWGSOP2 guidelines,
overall and according to SEP and mapped to geographic area
of residence in England. We further explored SEP, along with
known variables, as determinants of probable sarcopenia. We
hypothesized that probable sarcopenia would be more prevalent
in older adults with disadvantaged compared with higher SEP,
defined by educational attainment and subjective social status.

been previously reported (28).
For the present study, the inclusion criteria were as follows:
adults living in private households, aged 60 years and older,
participation in the study health assessment and available data
on hand grip strength or chair rise test performance (Figure 1).
Written informed consent was obtained from all participants
and ethical approval was granted from the National Research
Ethics Service (MREC/01/2/91).
Figure 1. Study inclusion and exclusion criteria

Assessing Probable Sarcopenia
Probable sarcopenia was defined according to the European
Working Group on Sarcopenia in Older People (EWGSOP2)
guidelines for weak hand grip strength or poor chair-rise test
performance (10). Grip strength was assessed using a Smedley
dynamometer (Stoelting Co, IL, USA) with three measurements
taken for each hand and the maximum value for the dominant
hand used in analyses, similar to previous studies (29). We
applied the EWGSOP2 gender-specific cut-off values for low
hand grip strength defined as less than 16 kg in females or 27
kg in males (10).
Chair rise test performance, an indicator of lower body
strength, was recorded as the time taken by a participant
to stand up from a firm chair, without using their arms, 5
times. A time greater than 15 seconds to complete 5 chair
rises was classified as probable sarcopenia (10). Participants
unable to complete the chair rise test unassisted by arms or
feeling unsafe were categorized as having poor chair rise
performance (n= 677, 11.2%). Participants missing measures
for hand grip strength (n= 80, 1.3%) were assessed by chair
rise test performance alone. In line with EWGSOP2 guidelines,
probable sarcopenia was defined by a participant meeting
the criteria for low hand grip strength or poor chair rise
performance (10).

Methods
Study Design and Population
This study was a cross-sectional analysis of data from Wave
6 of the English Longitudinal Study of Aging (ELSA), which
is an ongoing nationally representative longitudinal study of
older adults in England. Wave 6 was conducted in 2012-2013
and included 10,601 community-dwelling adults aged 50 years
and over, recruited from the Health Survey of England cohort.
Of these, 8,054 participants enrolled in a nurse-led health
assessment. Further details regarding the study design have

Socioeconomic Position (SEP)
Educational attainment was used as a marker of SEP. Four
SEP groups were derived according to the self-reported highest
level of formal education completed at Wave 6. Qualifications
were classified as previously described (30, 31), as Group 1)
2

JFA - Volume

no formal educational qualifications or completion of a Level 1
National Vocational Qualification (NVQ). Group 2) secondary
school lower: completed O-Levels or equivalent, a Level 2
NVQ or a non-coded internationally obtained qualification.
Group 3) secondary school upper: completion of GCE A-Levels
or equivalent, NVQ Level 3, or a professional qualification
below degree level. Group 4) completion of a third-level degree
or NVQ levels 4-5.
Subjective Social Status (SSS) was a self-reported measure
of perceived position within the social hierarchy (32).
Participants were asked to mark their perceived social standing
on a ladder, where the highest rung represented ‘the best off,
with the best education, income and jobs’ and the bottom of the
ladder represented the position of the ‘worst off’. Participants
were asked to mark a cross on the ladder rung which they
perceived to reflect their position relative to society. Possible
scores on the ladder ranged from 5 to 100, with lower scores
indicating greater socioeconomic disadvantage. The ladder rung
scores were classified into four groups, where Q1 represented
the least disadvantaged (score 75-100) and Q4 the greatest
subjective disadvantage (score 5-25) (33).

(>30 kg/m2) (35). Waist circumference was classified based
on gender-specific cut-off values for females: normal fat
distribution (<80 cm), moderate central fat accumulation (8087.9 cm) and high central fat accumulation (>88 cm) and
males: normal fat distribution (<94 cm), moderate central fat
accumulation (94-101.9 cm) and high central fat accumulation
(>102 cm) (36).

Statistical Analysis
Descriptive statistics are reported as means ± SD or
percentages. Normality was assessed for all variables by
Shapiro-Wilks tests. Cross-sectional weights were applied to
the study population to minimize bias arising from differences
in participation rates in the nurse visit. The Wave 6 crosssectional weight was modelled on age, sex, region, housing
tenure, educational qualifications, and marital status to bring
the study population in line with 2012 population estimates
for England. Similarly, the nurse-visit weighting strategy was
calibrated for 2012 population estimates in England across the
previously described sociodemographic indices. The nurse-visit
final weight was a combination of the estimated probability
of nurse-visit response and the wave 6 cross-sectional weight.
Further details on the nurse-visit weighting strategy applied
are described elsewhere (37). The final nurse-visit weight was
applied to the multivariable logistic regression.
Chi-square test for independence was applied to compare
demographic, health and lifestyle variables of interest between
the probable sarcopenic and reference groups. Continuous
variables were compared between groups using Independent
Student t-tests. Pre-selected risk factors of probable sarcopenia,
low hand grip strength and poor chair rise test performance,
respectively, were assessed using multivariable logistic
regression analysis. Multicollinearity was assessed using
correlation matrices and Variance Inflation Factors (VIFs).
Adjusted odds ratios (ORs) and 95% confidence intervals
(CIs) are reported for multivariable analyses. All analyses were
performed using IBM SPSS Statistics V24 software

Health and Lifestyle Risk Factors
Demographic variables included sex (dichotomous variable);
age (continuous variable) top-coded at 91 years old to preserve
anonymity. Information on ethnicity was available as a
dichotomous variable described as white or ethnic minority
group. We used the area of residence within England to
describe the geographical spread of probable sarcopenia; this
was categorized using Government Office Region (GOR).
Health and lifestyle risk factors for probable sarcopenia were
selected based on current published evidence. Self-reported
physical activity data were collected, with participants asked
about the frequency of vigorous, moderate, and mild intensity
physical activities. Participants were shown prompt cards
illustrating examples of activities associated with each level of
physical intensity. Subjective physical activity was classified
into vigorous, moderate, and low levels. Self-reporting
vigorous activity at least once per week was classified as high
physical activity. Moderate physical activity was indicated
by no vigorous activity, but moderate activity at least once
per week. Low physical activity was present if the frequency
of vigorous or moderate activity was lower than once per
week (34). Chronic conditions were classified according to the
modified Functional Comorbidity Index (FCI) which produced
a continuous score (0-14) of long-term conditions (35). Selfreported smoking status was recorded as current smoker, past
smoker or never smoker. Osteoarthritis was documented as
present if a diagnosis was confirmed from previous waves, or if
newly reported in Wave 6.
Anthropometric measurements, collected during the nurse
health visit, included Body Mass Index (BMI) and Waist
Circumference (WC). Body Mass Index (BMI), calculated
by weight (kg) and height (m2) was classified according to
standard criteria: underweight (≤18.5 kg/m 2 ), normal
(>18.5-25 kg/m 2), overweight (>25-30 kg/m 2) and obese

Results
Study Population
At Wave 6, nurse-led health assessments were conducted
with 8,054 participants (Figure 1). Of these, 6,052 were aged
60 years and older with measured hand grip strength or chair
rise test performance. Thus, the analytical sample comprised
6052 community-dwelling older adults of mean age (SD) 70.7
(7.7) years, 54.4% were female and 14.5% were aged 80 years
or older. Most were of white ethnicity (97.7%) (Table 1). Based
on education as a marker of SEP, 27.4% completed no formal
qualifications (n= 1658), 28.9% lower secondary (n= 1748),
25.6% upper secondary (n= 1550) and 18.0% a third-level
degree (n= 1088). Additionally, 3.0% reported SSS in the most
disadvantaged ladder rungs (n= 160) and 16.8% (n= 899) as
least disadvantaged. The study population had a high frequency
of overweight and obesity (70.1%), physical inactivity (74.9%)
3
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Table 1. Characteristics of the study population overall and based on the presence of probable sarcopenia as defined by EWGSOP2
criteria (n= 6052)

Gender, n (%)
Female
Male

Age, mean ± SD (years)
Age Categories, n (%)

Overall
(n= 6052)

Reference *
No probable Sarcopenia
(n= 4015)

Probable Sarcopenia
(n= 2037)

p-Value

3295 (54.4)

2095 (52.2)

1200 (58.9)

<0.001†

70.7 ± 7.7

68.9 ± 6.7

75.6 ± 8.2

<0.001†

2757 (45.6)

1920 (47.8)

837 (41.1)

<0.001†

60-69

3081 (50.9)

2496 (62.2)

585 (28.7)

<0.001†

80-89

755 (12.5)

242 (6.0)

513 (25.2)

<0.001†

70-79
90+

SEP: Educational Attainment ‡, n (%)

2095 (34.6)
121 (2.0)

Degree

1088 (18.0)

Lower Secondary/ other qualification

1748 (28.9)

Upper Secondary

No formal qualification

Subjective Social Status (SSS) §, n (%)
Q1 – least disadvantaged
Q2

Q3

Q4 – most disadvantaged

Body Mass Index (kg/m2) ||, n (%)

Underweight (≤18.5)

1266 (31.5)
11 (0.3)

864 (21.5)

829 (40.7)
110 (5.4)

224 (11.0)

<0.001†
<0.001†
<0.001†

1550 (25.6)

1104 (27.5)

446 (21.9)

1658 (27.4)

878 (21.9)

780 (38.3)

<0.001†

678 (18.5)

221 (13.1)

<0.001†

1208 (33.0)

669 (39.6)

<0.001†

29 (1.6)

<0.001†

736 (40.0)

0.007†

1162 (28.9)

899 (16.8)

2417 (45.2)

1702 (46.5)

160 (3.0)

76 (2.1)

1877 (35.1)

53 (0.9)

24 (0.6)

586 (28.8)

715 (42.3)
84 (5.0)

<0.001†
0.865

0.005†

<0.001†

Normal Weight (>18.5-25)

1487 (25.7)

1041 (26.4)

446 (24.3)

Obese (>30)

1779 (29.4)

1152 (29.2)

627 (34.1)

<0.001†

876 (22.0)

352 (17.8)

<0.001†

2062 (51.7)

1189 (60.2)

<0.001†

564 (14.0)

955 (46.9)

<0.001†

1398 (34.8)

288 (14.1)

<0.001†

Overweight (>25-30)

Waist Circumference {, n (%)

2464 (42.6)

Normal Fat Distribution

1228 (20.6)

High Central Fat Distribution

3251 (53.7)

Moderate Central Fat Distribution
Physical Activity Level, n (%)

1484 (24.9)

Low

1519 (25.1)

High

1686 (27.9)

Moderate

1728 (43.8)

1051 (26.3)

2847 (47.0)

2053 (51.1)

Never smoked

2162 (35.7)

1486 (37.0)

Current smoker

589 (9.7)

372 (9.3)

Smoking status, n (%)
Past smoker

Long-term conditions, n (%)

3301 (54.5)

433 (21.9)

794 (39.0)

0.086

<0.001†

<0.001†

676 (33.2)

0.003†

217 (10.7)

0.085

2157 (53.7)

1144 (56.2)

0.072

1147 (28.6)

220 (10.8)

<0.001†

0

1367 (22.6)

>2

2877 (47.5)

1486 (37.0)

1391 (68.3)

<0.001†

5911 (97.7)

3931 (97.9)

1980 (97.2)

0.085

152 (7.5)

0.002†

188 (9.2)

0.021†

401 (10.0)

264 (13.0)

<0.001†

319 (7.9)

157 (7.7)

1

Osteoarthritis, n (%)
Ethnicity, n (%)
White

Ethnic minority group

Government Office Region, n (%)
North-East England

North-West England

1808 (29.9)

1382 (34.4)

1827 (30.2)

1014 (25.3)

141 (2.3)

84 (2.1)

369 (6.1)

217 (5.4)

682 (11.3)

475 (11.8)

639 (10.6)

406 (10.1)

East of England

785 (13.0)

529 (13.2)

South-East England

1011 (16.7)

Yorkshire and The Humber

636 (10.5)

West Midlands

665 (11.0)

East Midlands

London

South-West England

448 (11.2)

476 (7.9)

709 (17.7)

767 (12.7)

493 (12.3)

426 (20.9)

813 (39.9)

57 (2.8)

207 (10.2)
233 (11.4)

256 (12.6)
302 (14.8)

274 (13.5)

<0.001†

<0.001†

0.085

0.052
0.113

0.506

0.745

0.005†
0.195

*Did not meet the criteria for probable sarcopenia based on the EWGSOP2 cut-offs for weak hand grip strength or poor chair rise test performance; Chi-squared χ2 and independent
student t-test used for comparisons between sarcopenic and reference groups (†p <0.05); Complete case analysis; Missing data, n (%); ‡ 8 (0.1%),§ 699 (11.5%); || 269 (4.4%); { 89 (1.5%)
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past cigarette smoking (54.5%), co-morbidity (47.5%) and
osteoarthritis (30.2%).

however, the population sample was not ethnically diverse (n=
141, 2.3% ethnic minority group).

Prevalence of Probable Sarcopenia overall and by
SEP

Figure 2. Crude prevalence (%) of probable sarcopenia
in community-dwelling older adults based on subjective
social status group and socioeconomic position (educational
attainment)

Probable sarcopenia was detected in 33.7% of this study
population (weighted 36.1%), as defined by the EWGSOP2
guidelines (Table 1). When examined based on educational
attainment, probable sarcopenia was over 2-fold higher among
participants who reported no formal educational qualifications
(47.0%, weighted 49.4%) compared with those with a thirdlevel qualification (20.6%, weighted 20.3%, p<0.001) (Figure
2). The prevalence of probable sarcopenia in the intermediate
SEP groups, upper secondary qualifications and lower
secondary/other qualifications was (33.5%, weighted 35.2%
and 28.8%, weighted 29.1%, respectively). Similarly, probable
sarcopenia was highest among older adults with disadvantaged
SSS (52.5%, weighted 57.3%) and lowest in older adults
with greater SSS (24.6%, weighted 25.8%). When mapped
to participants’ region of residence in England, probable
sarcopenia was highest in the North-East of England (41.2%,
weighted 43.0%) and lowest in Yorkshire and the Humber
(29.6%, weighted 32.7%) and the South East of England
(29.9%, weighted 31.9%) (Figure 3).
Overall, 18.0% of the population met the criteria for
probable sarcopenia based on low hand grip strength
alone (weighted 19.9%) and 26.1% by poor chair-rise test
performance alone (weighted 28.5%). There was some
degree of intersectionality with 26.4% of those with probable
sarcopenia meeting the criteria for both low hand grip strength
and poor chair rise test performance.

Characteristics of older adults with probable
sarcopenia
The characteristics of older adults with probable sarcopenia
compared with those who did not meet the EWGSOP2 criteria
(reference group) are described in Table 1. Significantly more
older adults with probable sarcopenia reported no formal
education (38.3% v 21.9%, p<0.001) and fewer reported
completion of a third-level qualification (11.0% vs. 21.5%,
p<0.001) compared with the reference group, respectively.
The probable sarcopenia group was significantly older
(75.6 ± 8.2 vs reference 68.9 ± 6.7, p<0.001) with a higher
proportion of females (58.9% vs 52.2%. p<0.001). Physical
inactivity (46.9% vs 14.0%, p<0.001), obesity (34.1% vs
29.2%, p<0.001), central adiposity (60.2% vs 51.7%, p<0.001),
co-morbidity (68.3% vs 37.0%, <0.001) and osteoarthritis
(38.5% vs 27.1%, p<0.001) were significantly more
common in the probable sarcopenia group compared with
those with preserved muscle strength. Underweight (BMI
≤18.5 kg/m2) was higher in probable sarcopenia relative to
the reference group (1.6% vs 0.6%, p<0.001), though the
number of participants classified as underweight in the study
population overall was small (n= 53). No significant differences
in probable sarcopenia were noted on analysis by ethnicity,

Determinants of probable sarcopenia and markers
of low muscle strength – weighted multivariable
regression analyses
Pre-selected risk factors of probable sarcopenia were entered
into the logistic regression model. In the model, associations
persisted between probable sarcopenia and the following
predictors: disadvantaged SEP (educational attainment and
SSS), older age, physical inactivity, a greater number of chronic
conditions, osteoarthritis, and minority group ethnicity (Table
2). Older adults with the most disadvantaged SEP (no formal
qualifications) were 1.67 times more likely to have probable
sarcopenia [OR, CI 1.67 (1.27, 2.21), p<0.001] than the least
disadvantaged (third level degree). Similarly, disadvantaged
SSS predicted probable sarcopenia [OR, CI 1.87 (1.18, 2.96),
p=0.008]. The model supported an increased likelihood of
probable sarcopenia for physical inactivity [OR, CI 3.37 (2.68,
4.24), p<0.001], older age [OR, CI 1.10 (1.08, 1.11), p<0.001],
5
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Table 2. Weighted logistic regression model of risk factors of probable sarcopenia (n= 5146), low hand grip strength (n= 5078) and
poor chair-rise test performance (n= 4811)

Risk Factor

Probable Sarcopenia (n= 5146)

Low Hand Grip Strength (n= 5078)

Poor Chair-Rise Test Performance (n= 4811)

B

OR

95% CI

B

OR

95% CI

B

OR

95% CI

Age (continuous)

0.09

1.10

1.08-1.11*

0.09

1.10

1.08-1.11*

0.08

1.09

1.07-1.10*

Gender (reference: female)

-0.04

0.96

0.81-1.12

0.01

1.01

0.83-1.23

-0.05

0.95

0.80-1.14

Educational Attainment
Degree

Reference

Upper Secondary

0.27

1.31

0.99-1.73

0.38

1.46

1.01-2.13*

0.13

1.14

0.83-1.56

Lower Secondary qualification

0.38

1.46

1.11-1.91*

0.64

1.93

1.35-2.78*

0.18

1.20

0.88-1.64

No formal qualification

0.49

1.67

1.27-2.21*

0.63

1.83

1.28-2.64*

0.31

1.40

1.03-1.91*

Q2

-0.03

0.97

0.77-1.24

0.03

1.03

0.76-1.39

-0.03

0.97

0.75-1.27

Q3

0.03

1.03

0.80-1.32

-0.01

1.00

0.73-1.36

-0.01

0.99

0.75-1.30

Q4 – most disadvantaged

0.63

1.87

1.18-2.96*

0.71

2.04

1.23-3.39*

0.69

1.99

1.21-3.28*

Subjective Social Class
Q1 – least disadvantaged

Reference

Physical Activity
High Level

Reference

Moderate Level

0.28

1.33

1.09-1.62*

0.28

1.33

1.02-1.74*

0.37

1.45

1.14-1.84*

Low Level

1.22

3.37

2.68-4.24*

0.98

2.67

1.99-3.55*

1.40

4.07

3.14-5.26*

Body Mass Index (kg/m2)
Normal range (>18.5-25)

Reference

Overweight (>25-30)

-0.03

0.97

0.80-1.19

-0.33

0.72

0.57-0.91*

0.23

1.26

1.01-1.58*

Obese (>30)

-0.04

1.04

0.84-1.28

-0.38

0.68

0.53-0.88*

0.45

1.56

1.23-1.98*

Underweight (≤18.5)

0.72

2.06

0.94-4.49

-0.01

1.00

0.42-2.37

0.96

2.62

1.20-5.74*

Chronic conditions (continuous)

0.26

1.29

1.21-1.37*

0.20

1.22

1.14-1.31*

0.26

1.29

1.21-1.38*

Osteoarthritis

0.30

1.35

1.13-1.60*

0.30

1.34

1.10-1.65*

0.22

1.25

1.03-1.51*

1.74

1.13-2.69*

0.52

1.69

1.02-2.80*

0.29

1.33

0.83-2.13

Ethnicity
White

Reference

Minority Ethnic Group

0.56

Smoking status
Never smoked

Reference

Past smoker

0.07

1.07

0.90-1.27

0.01

1.00

0.81-1.23

0.07

1.07

0.88-1.29

Current Smoker

0.21

1.23

0.93-1.63

-0.17

0.85

0.59-1.21

0.56

1.74

1.28-2.36*

Binary logistic regression analysis was used to determine the Odds Ratio (OR) and 95% Confidence Intervals (CI) for associations between health and sociodemographic variables and
probable sarcopenia, low hand grip strength and poor chair rise test performance, respectively. BMI: Body Mass Index; *p<0.05

Discussion

chronic conditions [OR, CI 1.29 (1.21, 1.37), p<0.001]
osteoarthritis [OR, CI 1.35 (1.13, 1.60), p<0.001] and minority
ethnicity [OR, CI 1.74 (1.13, 2.69), p= 0.012].
A sub-analysis was performed to explore if makers of SEP
remained independent determinants of probable sarcopenia
when low muscle strength was identified by low hand grip
strength alone or poor chair rise test performance alone (Table
2). Consistent with earlier findings, disadvantaged SEP,
measured by educational attainment and SSS, were significantly
associated with probable sarcopenia, irrespective of the mode
of assessment: low hand grip strength [OR, CI 1.83 (1.28,
2.64), p<0.001 and 2.04 (1.23, 3.39), p=0.006, respectively]
and poor chair rise test performance [OR, CI 1.40 (1.03, 1.91),
p=0.033 and 1.99 (1.21, 3.28), p=0.007, respectively]. Older
age, physical inactivity, chronic conditions, and osteoarthritis
remained predictors of probable sarcopenia irrespective of the
mode of assessment. The BMI, smoking status, and ethnicity
differed based on the marker of low muscle strength applied.

Few studies have investigated socioeconomic determinants
of probable sarcopenia. In the present study, we report a 2-fold
higher prevalence in older adults with the most, compared with
the least, disadvantaged SEP (47% vs 21%, respectively) based
on educational attainment and similar findings by subjective
social status (53% vs 25%). Furthermore, both markers of
disadvantaged SEP were independent determinants of probable
sarcopenia when controlled for other known risk factors. The
findings are in keeping with the established evidence that
socioeconomic disadvantage is associated with negative health
outcomes (3–6) and suggest that sarcopenia places an unequal
burden on socioeconomically disadvantaged communities. The
findings suggest that socioeconomic indicators, in addition to
health factors, are important considerations in determining the
risk profile and prevention strategies for sarcopenia in older
populations
6
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sarcopenia in regions with the greatest socioeconomic need.
There was consistent evidence of significantly greater
odds of probable sarcopenia for older adults living with
disadvantaged SEP defined by educational attainment or
SSS. Older adults with no formal qualifications had 1.7 times
greater odds of probable sarcopenia when compared to those
with a third-level qualification. Similarly, older adults who
perceived their SSS to be disadvantaged relative to society
had significantly greater odds of probable sarcopenia. As
noted in the sub-analysis, SEP and SSS remained independent
determinants of probable sarcopenia in older adults, irrespective
of the mode of assessment used to identify low muscle strength.
This expands previous work showing associations between
SEP and probable sarcopenia defined exclusively by low hand
grip strength (7). While the prevalence of probable sarcopenia
varies based on the mode of assessment, low hand grip (18%;
weighted 20%) and poor chair-rise test (26%; weighted 29%),
SEP remains an independent predictor of both measures of low
muscle strength.
The findings are in line with previous research which
has reported links between disadvantaged SSS and greater
functional decline in older adults (41). Moreover, SSS has been
identified as an important predictor of mortality in participants
of ELSA (32). Similarly, low educational attainment has been
linked with weaker hand grip strength across the life course
(42). With accumulating evidence suggesting an association
between SEP and low muscle strength, the inclusion of markers
of SEP in further research and prevention strategies for
probable sarcopenia warrants attention (6–8).
Other determinants of probable sarcopenia included older
age, physical inactivity, chronic conditions and osteoarthritis.
Physical inactivity is a well-documented modifiable risk
factor for sarcopenia (18, 43). Minority group ethnicity was a
significant determinant of probable sarcopenia, which has been
previously suggested (44, 45). This cohort, however, was not
ethnically diverse, and most participants were white (97.7%).
There is a need to investigate ethnic, as well as socioeconomic,
differences in probable sarcopenia given that most studies to
date have been conducted on White/Caucasian older adults
populations (7, 18, 46, 47). Greater diversity would benefit
future large scale ageing studies.
This study has several strengths and limitations. The findings
are derived from the English Longitudinal Study of Ageing
(ELSA), which is a large nationally representative study of
community-dwelling older adults in England. In addition to
markers of socioeconomic disadvantage, geographic region
of residence and ethnicity were included. The highest formal
educational qualification completed was operationalized as a
marker of SEP, which has previously been shown as a robust
indicator among older adults (48). Ideally, future studies would
include a marker of area deprivation in addition to individuallevel SEP. Other information relevant to sarcopenia such as
nutritional status and protein intake may benefit future studies
(49–51). Physical activity level is self-reported which may
be influenced by recall bias, however, the threshold selected
for each activity level has shown associations with mortality
in ELSA participants (51). Essentially, this study was cross-

Figure 3. Probable sarcopenia, defined by EWGSOP2
guidelines, in community-dwelling older adults by geographic
region in England (n= 6030)

Current evidence remains inconsistent, Pérez-Sousa et al
reported a high prevalence of probable sarcopenia (47%) in
Colombian older adults (mean age 70 years, n= 5237) and
noted that individuals in the most disadvantaged socioeconomic
groups had the highest prevalence of probable sarcopenia
(76%) (8). Dodds et al, however, observed no association
between probable sarcopenia and occupation class in the 1946
British Birth Cohort (18). While these studies provide context,
neither study aimed to specifically examine SEP. In contrast,
Brennan-Olsen et al, in a study of older adults in Australia
across six years, noted a greater decline in hand grip strength
and lower limb strength in groups with lower educational
attainment and occupation class (9). We previously reported
that socioeconomic disadvantage, defined by a single marker of
SEP (educational attainment) was an independent predictor of
probable sarcopenia in Irish community-dwelling older adults
(7). The present study extends this finding to a large population
of English older adults with objective and subjective markers of
SEP.
The findings suggest a North-South gradient in the regional
distribution of probable sarcopenia. This mirrors the growing
body of evidence reporting regional health disparities in
England, with a greater prevalence of markers of poor health,
including frailty, observed among older adults in the North
of England (27, 38). The findings, however, are descriptive
and would need to account for population demographics and
socioeconomic data of the regions, which was beyond the
scope of the present study. Future research could include
markers of both area-level deprivation along with individuallevel SEP when examining probable sarcopenia. As noted in the
frailty literature, mapping populations can assist in matching
services and resources to peoples’ needs (40). Given that the
identification of probable sarcopenia warrants the initiation of
interventions, our findings may help inform healthcare policy,
service planning and resource allocation to prevent and treat
7
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sectional in design and therefore, cannot show cause and effect
for the higher prevalence of probable sarcopenia in older adults
with disadvantaged SEP. Many studies in this area are not
ethnically diverse, and in the present study minority group
ethnicity was low (2.3%) (7, 18, 45, 46). Future studies are
needed that are more socioeconomically and ethnically diverse
and include underserved groups in research.
The present study identified probable sarcopenia in 34%
of community-dwelling English older adults (weighted
36%). The etiology of sarcopenia is complex, probable
sarcopenia represents a practical and measurable target (e.g.
muscle strength), it represents a point to intervene, and the
‘prescription’ treatment is exercise and diet (10). Across the
life course, socioeconomic disadvantage is associated with
acquiring lower peak muscle strength in adulthood and
experiencing earlier decline, compared with less disadvantaged
communities (41, 52). Recently, Guo et al, reported that higher
educational attainment was associated with a slower decline
in markers of muscle mass, in a 15-year longitudinal study
(53). The physiological mechanisms underpinning the links
between SEP and sarcopenia were beyond the scope of the
present study, but current evidence suggests that socioeconomic
disadvantage is associated with mediators of chronic disease,
including inadequate physical activity, inflammation, poor
nutritional status, environmental and occupational hazards, and
inaccessibility of health care (1, 54, 55). Importantly, evidence
of a substantial socioeconomic gradient throughout the life
course has also been shown for physical activity (56).
While our findings suggest that socioeconomic disadvantage
is associated with greater odds of sarcopenia, previous research
has suggested disadvantaged SEP may impede engagement
with physical activity and adequate diet, which are the primary
treatment and preventative prescription for sarcopenia (42, 56).
Socioeconomic indicators, in addition to health variables, would
assist understanding sarcopenia, to develop more inclusive
and targeted prevention strategies. These are important
considerations given that probable sarcopenia and confirmed
sarcopenia have been recently characterized as dynamic and
reversible conditions (57).
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