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Abstract
Sarcopenia and muscle weakness are responsible for considerable health care expenditure but little is known about these
costs in the UK. To address this, we estimated the excess economic burden for individuals with muscle weakness regarding
the provision of health and social care among 442 men and women (aged 71–80 years) who participated in the Hertfordshire
Cohort Study (UK). Muscle weakness, characterised by low grip strength, was defined according to the Foundation for the
National Institutes of Health criteria (men < 26 kg, women < 16 kg). Costs associated with primary care consultations and
visits, outpatient and inpatient secondary care, medications, and formal (paid) as well as informal care for each participant
were calculated. Mean total costs per person and their corresponding components were compared between groups with and
without muscle weakness. Prevalence of muscle weakness in the sample was 11%. Mean total annual costs for participants
with muscle weakness were £4592 (CI £2962–£6221), with informal care, inpatient secondary care and primary care accounting for the majority of total costs (38%, 23% and 19%, respectively). For participants without muscle weakness, total annual
costs were £1885 (CI £1542–£2228) and their three highest cost categories were informal care (26%), primary care (23%)
and formal care (20%). Total excess costs associated with muscle weakness were £2707 per person per year, with informal
care costs accounting for 46% of this difference. This results in an estimated annual excess cost in the UK of £2.5 billion.
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Sarcopenia is characterised by the aggressive loss of skeletal
muscle mass and strength with age [1]. It is associated with
increased risk of functional impairment, poor health-related
quality of life, physical frailty and premature death [2]. Sarcopenia is now regarded as a specific disease according to
the International Classification of Diseases [3].
There is currently no consensus algorithm for defining
sarcopenia. Low grip strength in older age is a risk factor
for disability and mortality and a key component of sarcopenia [4]. For example, the European Working Group on
Sarcopenia in Older People (EWGSOP) defines sarcopenia
as having weak grip strength or slow gait speed in combination with low lean mass [5] and the Foundation for the
National Institutes of Health (FNIH) Sarcopenia Project has
defined sarcopenia as having weak grip strength and a low
appendicular lean mass, adjusted for BMI [6].
Sarcopenia and muscle weakness are responsible
for considerable health care expenditure. Annual direct
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medical costs attributable to sarcopenia were estimated at
around $18.5 billion in the United States in 2000, representing 1.5% of total direct health care costs [7]. A costof-illness study in the Czech Republic, comprising 689
participants, aged 70 years and over, suggested that muscle
weakness, indicated by low grip strength, was associated
with increased yearly health care costs of €564 per person
[8].
To our knowledge, no previous studies have estimated
the economic costs of sarcopenia or muscle weakness in
the UK. To address this gap, we have estimated the excess
economic burden (regarding the provision of health and
social care) for individuals with muscle weakness (identified by low grip strength according to the FNIH thresholds: men < 26 kg, women < 16 kg) using data from community-dwelling men and women (aged 71–80 years) who
participated in the Hertfordshire Cohort Study (HCS).
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a heart attack, angina or heart failure), peripheral arterial
disease (such as claudication), stroke, osteoporosis or cancer. The number of comorbidities was used as a marker of
comorbidity.

Ascertainment of Anthropometry and Grip Strength
at Clinic

Methods

Height was measured to the nearest 0.1 cm using a
Harpenden pocket stadiometer (Chasmors Ltd., London,
UK) and weight to the nearest 0.1 kg on a SECA floor
scale (Chasmors Ltd., London, UK). Body mass index
(BMI) was calculated as weight divided by h eight2 (kg/
m2). Grip strength was assessed three times for each hand
using a Jamar dynamometer; the highest measurement
was used for analysis. Muscle weakness, characterised by
low grip strength, was defined according to FNIH criteria
(men < 26 kg, women < 16 kg). This approach accords with
that previously implemented in an analysis of data from
the Survey of Health, Ageing and Retirement in Europe
(SHARE) [8].

The Hertfordshire Cohort Study

Ascertainment of Health and Social Care Use

The Hertfordshire Cohort Study comprises 1579 men and
1418 women born in Hertfordshire in 1931–1939 and
who still lived there in 1998–2004 when they attended
a clinic visit and a nurse-administered home interview
for a detailed characterisation of their sociodemographic,
lifestyle and clinical characteristics. This study has been
described in detail previously [9]. Smoking status and
level of physical activity (Dallosso questionnaire [10])
were ascertained by a nurse-administered questionnaire.
Social class was coded from the 1990 OPCS Standard
Occupational Classification (SOC90) unit group for occupation [11].
Of the 2997 baseline participants, 966 participants from
East Hertfordshire had a dual-energy X-ray absorptiometry (DXA) scan at baseline. In 2004, 642 of them were
recruited to a clinical follow-up study. In 2011, 591 were
invited to participate in a further follow-up study; 443
agreed to participate [12]. Smoking status (ever/never) and
whether participants were suffering from a limiting longterm illness were ascertained through a nurse-administered
questionnaire. Questions to ascertain Strawbridge frailty
[13] and the Townsend disability scale [14], a score to
reflect the difficulty in performing activities of daily living,
were also asked. Participants were asked whether a doctor
had told them that they had any of the following conditions: high blood pressure, diabetes, lung disease (such as
asthma, chronic bronchitis, emphysema or COPD), rheumatoid arthritis, multiple sclerosis, thyroid disease, vitiligo, depression, Parkinson’s disease, heart disease (such as

The number of primary care visits in the previous month to
and from general practitioners (GPs), nurses and physiotherapists was ascertained from the nurse-administered questionnaire. The number of outpatient secondary care visits in the
previous year to and from rheumatologists, orthopaedic surgeons, accident and emergency doctors, physiotherapists and
podiatrists was also obtained. Medical procedures performed
during the previous year were reported by participants. Participants provided details of all prescriptions as open text,
detailing quantity, frequency and duration. Participants were
asked whether they had received formal (paid) care or informal care at home in the past year, including questions about
the type, frequency and provider. Please see Online Appendix 1 for further details.
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Derivation of Health and Social Care Costs
Costs were calculated by multiplying quantities of resource
use by their respective unit costs. For GP and nurse consultations, the official publication of Unit Costs of Health and
Social Care 2015 [15] was used. This was also the source of
unit costs for outpatient secondary care consultations with
physiotherapists and podiatrists, whilst for rheumatologists,
orthopaedic surgeons and A&E doctors/traumatologists, unit
costs were obtained from the 2014–2015 national reference
costs for outpatient attendances [16].
For hospitalisations, operation-specific weighted averages of NHS reference costs were used as unit costs. These
were calculated by identifying the set of health care resource
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groups (HRGs), which group health care activities demanding similar levels of resources, that relate to operations
reported by participants. Weighted average unit costs were
calculated using the activity reported for those HRGs on
patients 70 years of age or older in national admitted patient
care statistics [17] combined with hospital costs reported
in the NHS National Schedule of Reference Costs tariff for
2014–2015 [18].
Unit costs for prescriptions were obtained from the
national report on the net ingredient cost of all prescriptions dispensed in England [19]. The net ingredient cost
per quantity (such as individual tablet or capsule) was used,
matching the patient-reported prescription upon which the
annual quantity of medication was estimated.
Unit costs for formal care were obtained from the Unit
Costs of Health and Social Care 2015 publication [15],
accounting for the differences between Social Services and
those privately provided. For informal care, following the
opportunity cost method [20], we used national average
wages as an estimate for the value in monetary terms of the
unpaid time dedicated to providing care at home. Where the
care was provided by the participant’s children, we assumed
they would have been employed and hence applied the average wage, whereas when provided by other friends of the
family, we used the minimum wage. Online Appendix 2
details the unit costs used for primary and secondary care
visits and consultations, hospitalisations, as well as formal
and informal care. All costs estimated are in 2015 British
pounds.

Statistical Methods
Data were described using summary statistics. Differences
in participant characteristics between individuals with and
without muscle weakness were examined using t tests, χ2
tests, Fisher’s exact tests and Wilcoxon rank-sum tests as
appropriate; normality was assessed by visual inspection of
histograms.
Mean total costs per patient during 1 year and their corresponding cost components were compared between individuals with and without muscle weakness, the difference
between them considered as the excess economic burden
associated with muscle weakness. The estimated burden was
then combined with the observed prevalence to produce an
estimate for the economic burden of the disease in the UK.
Patient-level excess economic burden was modelled
adjusting for social class and for variables ascertained in
2011 that differed significantly between the two groups to
test their impact on the statistical significance of muscle
weakness as a determinant of excess costs. A multivariate
generalised linear (GL) model was estimated, with the family distribution identified using the Modified Park Test and
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the link function based on the Akaike and Bayesian information criteria.
Missing data for variables with a frequency equal to or
lower than 1% was addressed by single imputation using
regression and mean imputation. In the case of medication,
missing quantity, frequency and/or duration was addressed
by applying multiple imputation by chained equations methods [21] and 40 datasets were generated.
Sensitivity analyses were conducted using two alternative muscle strength criteria: < 30 kg and < 20 kg for men
and women, respectively, proposed by Lauretani [22]; and
the lowest decile of grip strength within each sex group. To
produce an estimate of prevalence, we used the number of
individuals classified as having muscle weakness over the
total number of subjects reporting grip strength in the study.
Statistical difference between excess costs by groups using
these alternative criteria was assessed via the GL model
described above.
The analysis sample consisted of the 442 participants
(221 men and 221 women) with non-missing values for
grip strength. Healthy participant effects were assessed by
comparing HCS baseline participant characteristics between
this analysis sample of 442 participants and the group of
2555 participants who attended the HCS baseline clinic but
were not included in the analysis sample. All analyses were
conducted in Stata 15 (StataCorp. 2017. Stata Statistical
Software: Release 15. College Station, TX: StataCorp LLC).

Results
Participant Characteristics
The characteristics of the 442 participants according to muscle strength are presented in Table 1. Median (lower quartile,
upper quartile) age of the sample at the 2011 follow-up was
75.5 (73.5, 77.9) years. Overall, 49 (11.1%) participants (20
[9.0%] men and 29 [13.1%] women) had muscle weakness.
On average, participants with muscle weakness were older
(p = 0.008) and had higher scores for Townsend disability
(p < 0.001) compared to those without muscle weakness.
Having previously smoked, a limiting long-term illness and
Strawbridge frailty were each more common among individuals with muscle weakness compared to those without
(p < 0.01 for all associations). There were no statistically
significant associations between muscle strength and gender
or BMI.

Assessing Healthy Participant Effects in Analysis
Sample
Compared to the 2555 participants who attended the HCS
baseline clinic but were not included in the analysis sample,
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Table 1  Characteristics of the
442 Hertfordshire Cohort Study
participants according to muscle
strength at the 2011 follow-up

R. Pinedo‑Villanueva et al.
N (%)

Without muscle weakness (n = 393)

Characteristics at HCS baseline (1998–2004)
Age (years)**
64.5 (62.5, 67.0)
26.7 (4.1)
BMI (kg/m2)*
Ever smoked
181 (46.1%)
Physical activity (Dallosso)*
63.7 (13.5)
Social class (manual)
208 (54.5%)
Characteristics at follow-up (2011)
Age (years)**
75.2 (73.3, 77.7)
Gender (women)
192 (48.9%)
28.1 (4.6)
BMI (kg/m2)*
Ever smoked
182 (46.3%)
Limiting long-term illness
94 (23.9%)
Strawbridge overall frailty
52 (13.3%)
Townsend disability score**
2.0 (0.0, 4.0)
Number of comorbidities+
0
91 (23.2%)
1
122 (31.0%)
2
102 (26.0%)
3
40 (10.2%)
4 or more
38 (9.7%)

Muscle weakness (n = 49)

p

65.9 (63.9, 68.0)
27.5 (3.6)
30 (61.2%)
61.5 (15.8)
34 (69.4%)

0.004
0.131
0.045
0.301
0.047

76.6 (74.3, 78.7)
29 (59.2%)
28.5 (4.3)
33 (67.3%)
21 (42.9%)
14 (28.6%)
5.0 (2.0, 8.0)

0.008
0.173
0.508
0.005
0.004
0.005
< 0.001
0.303

6 (12.2%)
19 (38.8%)
11 (22.4%)
6 (12.2%)
7 (14.3%)

Values are given in bold at p < 0.05
*Mean (SD); p values derived using t tests
**Median (lower quartile, upper quartile); p values derived using the Wilcoxon rank-sum test
For other characteristics, p values were derived using chi-squared tests
Muscle weakness was defined using low grip strength (< 26 kg for men, < 16 kg for women)

+

p value derived using Fisher’s exact test

both men and women in the analysis sample had higher baseline self-reported physical activity. Men in the analysis sample were more likely to have never smoked at baseline compared to men who were not included (p = 0.04). However, the
proportion who were of manual social class (classes IIIM,
IV and V) did not differ significantly (p > 0.05) between
the two groups; this was the case among men and women.
Descriptive statistics for these HCS baseline characteristics, according to muscle strength in 2011, are presented
in Table 1.

Health and Social Care Costs for Participants With
and Without Muscle Weakness
Estimated annual costs per person for different uses of health
and social care according to muscle strength are presented in
Table 2 and Fig. 1. For each type of health and social care
use, costs were greater for individuals with muscle weakness
compared to those without. Mean yearly total costs for participants with muscle weakness was £4592 (95% confidence
interval: £2962–£6221), with informal care, inpatient secondary care and primary care being responsible for 38%, 23% and
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19% of their total costs, respectively. For participants without muscle weakness, total costs were £1885 (£1542–£2228)
and their three highest cost categories were informal care
(26%), primary care (23%) and formal care (20%). Details of
estimated costs by specific classification such as health care
specialist consulted, procedure classification or prescription
group within each cost category are summarised in Online
Appendix 3.
The excess annual costs per person for individuals with
muscle weakness compared to those without and the proportion of these excess costs, according to types of health and
social care use, are presented in Fig. 2. The total excess cost
observed for individuals with muscle weakness was £2707
per person per year, with informal care accounting for 46% of
total excess costs. After controlling for potential confounders
included in Table 1 (age, ever smoking, limiting long-term
illness, social class, frailty and disability scores), highly statistically significant differences (p < 0.001) in total cost were
still observed between individuals with and without muscles
weakness based on a GL model using a Poisson family distribution and identity link function.

Health Care Costs Associated With Muscle Weakness: A UK Population-Based Estimate	
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Table 2  Estimated annual cost per person by cost component according to muscle strength
Cost component

Primary care
Outpatient secondary care
Inpatient secondary care
Formal care
Informal care
Prescriptions
Total

Without muscle weakness a

With muscle weakness a

Mean

Std. err.

95% confidence interval

£434
£100
£256
£385
£492
£218
£1885

£31
£10
£56
£90
£95
£29
£175

£372–£495
£80–£120
£145–£367
£208–£562
£306–£679
£161–£276
£1542–£2228

b

p

Mean

Std. err.

95% confidence interval

£879
£137
£1033
£421
£1734
£388
£4592

£204
£43
£375
£142
£388
£187
£810

£469–£1288
£50–£223
£278–£1789
£135–£708
£953–£2515
£10–£766
£2962–£6221

b

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

p values were obtained from corresponding univariate generalised linear models using a Poisson family distribution and identity link function
with each cost component as the outcome variable and muscle weakness classification as the explanatory variable
a

b

Muscle weakness was defined using low grip strength (< 26 kg for men, < 16 kg for women)
Based on observed data and 40 imputed datasets via multiple imputation by chained equations

Fig. 1  Annual costs per person
for different uses of health and
social care according to muscle
strength. Muscle weakness was
defined using low grip strength
(< 26 kg for men, < 16 kg for
women)

Primary care
Outpatient secondary care
Inpatient secondary care
Prescriptions
Formal care
Informal care
0

500

1000
1500
Mean annual costs (£)

Without muscle weakness

Fig. 2  Excess annual costs per
person for individuals with
muscle weakness compared to
those without and proportion
of costs according to types of
health and social care. Muscle
weakness was defined using low
grip strength (< 26 kg for men,
< 16 kg for women)

2000

With muscle weakness

Primary care
Outpatient
secondary
1%

Outpatient secondary care

Primary
17%

Inpatient secondary care
Prescriptions

Inpatient
secondary
29%

Formal care

Informal
46%

Informal care
0

500

1,000

1,500

Prescriptions
6%

Formal
1%

Excess annual costs (£)

Estimate of the Economic Burden Associated
with Muscle Weakness in the UK
A calculation of the excess economic burden associated
with muscle weakness in the UK is illustrated in Table 3.
In mid-2016, the UK population aged 70 years and older

was estimated at 8.2 million [23]. Under the assumption that
the prevalence of muscle weakness among this group is the
same as in HCS (11.1%), a per person per year excess cost of
£2707 for muscle weakness results in an annual excess cost
associated with muscle weakness of approximately £2.5 billion for the use of health and social care; corresponding
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Table 3  Calculation of the
excess economic burden
associated with muscle
weakness in the UK

R. Pinedo‑Villanueva et al.
UK population
UK population aged 70 years and older
UK population aged 70 years and older with muscle weakness*
Excess economic burden for health care in the UK
Excess economic burden for health and social care in the UK

65,648,100
8,177,500
8,177,500 × 11.1% = 907,703
907,703 × £1429 = £1.30 billion
907,703 × £2707 = £2.46 billion

*11.1% of the Hertfordshire Cohort Study participants had muscle weakness using the FNIH criteria
(< 26 kg for men and < 16 kg for women). It is assumed that this prevalence is similar in the UK
Population estimates according to the Office for National Statistics
Muscle weakness was defined using low grip strength (< 26 kg for men, < 16 kg for women)

costs for health care alone (excluding formal and informal
care) were around £1.3 billion.

Sensitivity Analyses
Using grip strength cut-points proposed by Lauretani
(< 30 kg for men, < 20 kg for women), 118 (26.7%) participants had low grip strength and the annual per person excess
costs were £1256; the corresponding figures for the lowest
sex-specific decile approach were 46 (10.4%) participants
and £2670. Highly statistically significant differences in total
costs were obtained regardless of the grip strength criterion
used (p < 0.001).

Discussion
Among HCS participants, the excess economic burden
associated with muscle weakness, using FNIH thresholds
(< 26 kg for men, < 16 kg for women), was estimated at
£2707 per person per year; this results in an estimated total
annual excess cost in the UK of £2.5 billion. Informal care
was the largest contributor to these excess costs, followed
by inpatient secondary care.
These findings have several important implications. They
demonstrate that costs associated with muscle weakness
represent an important proportion of the health and social
care budgets in the UK which are projected to increase in
the future due to the ageing population. Furthermore, these
results demonstrate that a large proportion of these costs fall
on family and friends in the form of informal care, resulting
in even higher costs for the state if family and friends were
not able to assist with care.
Our results are similar to the findings of a cost-of-illness study in the Czech Republic [8] which reported higher
annual direct and indirect health care costs of €564 per person for individuals with weak grip strength (< 26 kg among
men, < 16 kg among women) compared to those without. A
study among community-dwelling older people in the Netherlands reported significantly higher costs among participants with EWGSOP sarcopenia (€4325 per person per three
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months, 95% CI €3198–€5471) compared to those without
(€1533, 95% CI €1153–€1912) with residential care being a
main driver of costs; however, differences in costs between
sarcopenics and age- and sex-matched non-sarcopenics were
not significant [24]. Annual direct medical costs attributable
to sarcopenia were estimated in the United States at around
$18.5 billion in 2000, reflecting annual per person excess
costs associated with sarcopenia of $860 among men and
$933 among women [7]. This was calculated by estimating
the health care cost of disability from national surveys and
then estimating the proportion of this cost which was due
to sarcopenia by examining the extent to which sarcopenia increases the risk of physical disability. Although the
costs per person differ between these studies, probably due
to the different methods and unit costs used and depending
on whether the condition was muscle weakness or sarcopenia, the wider literature supports the substantial economic
burden associated with muscle weakness and sarcopenia in
Western populations.
Previous literature has also demonstrated the substantial
impact of sarcopenia and muscle weakness on direct hospitalisation costs. Among a study of hospitalised patients
in Portugal, EWGSOP sarcopenia increased hospitalisation
costs by €1240 (95% CI €596–€1887) for patients < 65 years
and €721 (95% CI €13–€1429) for patients aged ≥ 65 years
[25]. In another study of hospitalised patients in Portugal,
increased risks of high hospitalisation costs were observed
for people with EWGSOP sarcopenia (OR = 5.70, 95% CI
1.57–20.71) and low grip strength (OR = 2.40, 95% CI
1.12–5.15) compared to those without these conditions [26].
Among a study of patients who underwent radical gastrectomy for gastric cancer in China, the hospital costs, duration of stay and number of complications increased with
increasing severity of EWGSOP sarcopenia (pre-sarcopenia,
sarcopenia and severe sarcopenia) [27].
This study has some limitations. Firstly, a healthy
responder bias has been observed in HCS and attrition
across the various waves of follow-up could have resulted
in additional selection effects. However, baseline participants remained broadly comparable with participants in
the nationally representative Health Survey for England
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[9] and examining participant characteristics according to
inclusion status across the study revealed no major differences. Secondly, health care costs were estimated based on
the conservative assumption that, when the frequency of visits and consultations reported by study participants within
the last month was once a week or higher, the frequency
would have built up to that level and not have been constant
at the reported frequency during the whole year. Regarding prescription costs, net ingredient costs by quantity were
used as it is the main component of the cost of drugs to the
NHS. However, our analysis does not account for the discount percentage received by pharmacists or the container
allowance which both influence the total cost to the NHS.
Despite this, these two costs may nearly offset each other,
meaning ours should be a reliable estimate of prescription
costs. Thirdly, direct assessment of muscle mass was not
available for the analysis sample, preventing a derivation of
sarcopenia status; instead we characterised muscle weakness using the FNIH criteria on grip strength. A final limitation is that this study is observational and hence estimates
were based on the costs estimated for study participants with
and without muscle weakness. Therefore, interventions to
improve muscle strength among participants with muscle
weakness, to the point where they do not have muscle weakness according to the definition used in our study, may not
significantly reduce costs as these participants are likely to
have poorer health compared to those without muscle weakness. Nevertheless, there is evidence of gains in function
and independence in intervention studies that have promoted
muscle strength [28], which are likely to have little effect
on health care costs but potentially sizeable implications by
reducing dependence of people with sarcopenia or muscle
weakness on informal care, hence lowering broader societal
costs. Further research is therefore required on whether lifestyle interventions reduce sarcopenia or muscle weakness
among older people and result in reductions in health and
social care use.

143

Foundation; NIHR Southampton Biomedical Research Centre; NIHR
Oxford Biomedical Research Centre; University of Southampton. The
funders played no role in the design, execution, analysis and interpretation of data, or writing of the study.
Authors Contributions CC (guarantor) designed the study. RPV conducted the main analyses and prepared the first draft of the manuscript.
LDW prepared the first draft of the manuscript and conducted some
descriptive analyses. HES and MTSS provided guidance regarding the
statistical analyses. EMD and SMR were investigators of the Hertfordshire Cohort Study. All authors made substantial contributions to the
manuscript and approved the final version.

Compliance with Ethical Standards
Conflict of interest CC reports personal fees (outside the submitted
work) from Alliance for Better Bone Health, Amgen, Eli Lilly, GSK,
Medtronic, Merck, Novartis, Pfizer, Roche, Servier, Takeda and UCB.
EMD reports personal fees (outside the submitted work) from Pfizer
Healthcare and from the UCB Discussion panel. RPV, LDW, HES,
MTSS and SMR declare that they have no conflict of interest.
Ethical Approval The baseline Hertfordshire Cohort Study had ethical approval from the Hertfordshire and Bedfordshire Local Research
Ethics Committee and the follow-up had ethical approval from the East
and North Hertfordshire Ethical Committees.
Human and Animal Rights All procedures performed in studies involving human participants were in accordance with the ethical standards of
the institutional and/or national research committee and with the 1964
Helsinki declaration and its later amendments or comparable ethical
standards.
Informed Consent All participants gave signed consent to participate
in the study and for their health records to be accessed in the future.
Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0 International License (http://creativeco
mmons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided you give appropriate
credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

References
Conclusion
This is the first study to show that muscle weakness in older
people is associated with significant excess annual costs
for health and social care in the UK of around £2.5 billion.
These costs are projected to increase in the future due to
the ageing population. Lifecourse interventions to reduce
the prevalence of muscle weakness among older people are
likely to have a substantial beneficial impact on the cost of
health and social care in the UK.
Acknowledgements The Hertfordshire Cohort Study was supported
by the following organisations: Medical Research Council; British
Heart Foundation; Arthritis Research UK; International Osteoporosis

1. Morley JE, Baumgartner RN, Roubenoff R, Mayer J, Nair KS
(2001) Sarcopenia. J Lab Clin Med 137(4):231–243
2. Reginster JY, Cooper C, Rizzoli R, Kanis JA, Appelboom G, Bautmans I, Bischoff-Ferrari HA, Boers M, Brandi ML, Bruyere O,
Cherubini A, Flamion B, Fielding RA, Gasparik AI, Van Loon
L, McCloskey E, Mitlak BH, Pilotto A, Reiter-Niesert S, Rolland
Y, Tsouderos Y, Visser M, Cruz-Jentoft AJ (2016) Recommendations for the conduct of clinical trials for drugs to treat or prevent
sarcopenia. Aging Clin Exp Res 28(1):47–58
3. Aging in Motion Coaltion (2016) AIM Coalition Announces
Establishment of an ICD-10-CM Code for Sarcopenia by the
Centers for Disease Control and Prevention. http://aginginmot
ion.org/wp-content/uploads/2016/04/ICD-10-CM-Press-Relea
se-2.pdf. Accessed 5 July 2018
4. Cooper C, Fielding R, Visser M, van Loon LJ, Rolland Y, Orwoll
E, Reid K, Boonen S, Dere W, Epstein S, Mitlak B, Tsouderos Y,

13

144

5.

6.

7.
8.

9.
10.

11.
12.

13.
14.
15.
16.

R. Pinedo‑Villanueva et al.
Sayer AA, Rizzoli R, Reginster JY, Kanis JA (2013) Tools in the
assessment of sarcopenia. Calcif Tissue Int 93(3):201–210
Cruz-Jentoft AJ, Baeyens JP, Bauer JM, Boirie Y, Cederholm T,
Landi F, Martin FC, Michel J-P, Rolland Y, Schneider SM (2010)
Sarcopenia: European consensus on definition and diagnosis:
Report of the European Working Group on sarcopenia in older
people. Age Ageing 39(4):412–423
Studenski SA, Peters KW, Alley DE, Cawthon PM, McLean RR,
Harris TB, Ferrucci L, Guralnik JM, Fragala MS, Kenny AM
(2014) The FNIH Sarcopenia Project: rationale, study description,
conference recommendations, and final estimates. J Gerontol A
Biol Sci Med Sci 69(5):547–558
Janssen I, Shepard DS, Katzmarzyk PT, Roubenoff R (2004) The
healthcare costs of sarcopenia in the United States. J Am Geriatr
Soc 52(1):80–85
Steffl M, Sima J, Shiells K, Holmerova I (2017) The increase in
health care costs associated with muscle weakness in older people
without long-term illnesses in the Czech Republic: results from
the Survey of Health, Ageing and Retirement in Europe (SHARE).
Clin Interv Aging 12:2003
Syddall HE, Sayer AA, Dennison EM, Martin HJ, Barker DJ,
Cooper C (2005) Cohort profile: the Hertfordshire Cohort Study.
Int J Epidemiol 34(6):1234–1242
Dallosso H, Morgan K, Bassey E, Ebrahim S, Fentem P, Arie
T (1988) Levels of customary physical activity among the old
and the very old living at home. J Epidemiol Community Health
42(2):121–127
Office of Population Censuses and Surveys (1990) Standard occupational classification. Structure and definition of major, minor
and unit groups. 1. HMSO, London
Dennison E, Jameson K, Edwards M, Denison H, Sayer AA,
Cooper C (2014) Peripheral quantitative computed tomography
measures are associated with adult fracture risk: the Hertfordshire
Cohort Study. Bone 64:13–17
Strawbridge WJ, Shema SJ, Balfour JL, Higby HR, Kaplan GA
(1998) Antecedents of frailty over three decades in an older
cohort. J Gerontol B Psychol Sci Soc Sci 53(1):S9–S16
Townsend P (1979) Poverty in the United Kingdom. Pelican,
Harmondsworth
Curtis L, Burns A (2015) Unit Costs of Health and Social Care
2015. Personal Social Services Research Unit, University of Kent,
Canterbury
Department of Health (2015) NHS reference costs 2014 to 2015.
https://www.gov.uk/government/publications/nhs-reference-costs
-2014-to-2015. Accessed 18 Apr 2016

13

17. NHS Digital (2015) Hospital Episode Statistics, Admitted Patient
Care—England, 2014–2015. http://content.digit al.nhs.uk/catal
ogue/PUB19124. Accessed 5 July 2018
18. NHS England (2013) National tariff payment system 2014/15—
Annex 5A - National prices. https://www.gov.uk/gover nment
/public ation s/nation al-tarif f -paymen t-system -2014-to-2015.
Accessed 5 July 2018
19. Health & Social Care Information Centre (2015) Prescription Cost
Analysis, England—2014. https: //digita l.nhs.uk/catalo gue/PUB17
274. Accessed 5 July 2018
20. van den Berg B, Brouwer W, van Exel J, Koopmanschap M, van
den Bos GA, Rutten F (2006) Economic valuation of informal
care: lessons from the application of the opportunity costs and
proxy good methods. Soc Sci Med 62(4):835–845
21. Sterne JA, White IR, Carlin JB, Spratt M, Royston P, Kenward
MG, Wood AM, Carpenter JR (2009) Multiple imputation for
missing data in epidemiological and clinical research: potential
and pitfalls. BMJ 338:b2393
22. Lauretani F, Russo CR, Bandinelli S, Bartali B, Cavazzini C, Di
Iorio A, Corsi AM, Rantanen T, Guralnik JM, Ferrucci L (2003)
Age-associated changes in skeletal muscles and their effect on
mobility: an operational diagnosis of sarcopenia. J Appl Physiol
95(5):1851–1860
23. Office for National Statistics (2017) Population Estimates for UK,
England and Wales, Scotland and Northern Ireland: Mid-2016
24. Mijnarends D, Schols J, Halfens R, Meijers J, Luiking Y, Verlaan
S, Evers S (2016) Burden-of-illness of Dutch community-dwelling
older adults with sarcopenia: Health related outcomes and costs.
Eur Geriatr Med 7(3):276–284
25. Sousa A, Guerra R, Fonseca I, Pichel F, Ferreira S, Amaral T
(2016) Financial impact of sarcopenia on hospitalization costs.
Eur J Clin Nutr 70(9):1046
26. Antunes AC, Araújo DA, Veríssimo MT, Amaral TF (2017) Sarcopenia and hospitalisation costs in older adults: a cross-sectional
study. Nutr Diet 74(1):46–50
27. Huang D-D, Zhou C-J, Wang S-L, Mao S-T, Zhou X-Y, Lou N,
Zhang Z, Yu Z, Shen X, Zhuang C-L (2017) Impact of different sarcopenia stages on the postoperative outcomes after radical
gastrectomy for gastric cancer. Surgery 161(3):680–693
28. Lai CC, Tu YK, Wang TG, Huang YT, Chien KL (2018) Effects of
resistance training, endurance training and whole-body vibration
on lean body mass, muscle strength and physical performance in
older people: a systematic review and network meta-analysis. Age
Ageing 47(3):367–373

