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Abstract
Background: Sarcopenia and frailty are strongly associated with disease incidence and mortality.
However, there is limited evidence regarding their joint association with health outcomes. This study
aimed to investigate the joint association of sarcopenia and frailty with cardiovascular disease (CVD),
respiratory disease and cancer incidence and mortality as well as all-cause mortality in middle-aged
and older adults in the UK Biobank study.
Methods: 316,980 UK Biobank participants were included in this prospective study (53.1% women).
Sarcopenia was defined according to the EWGSOP2 2019. Frailty was defined using a modified version
of the Fried criteria. Combined classifications of sarcopenia and frailty were generated with the
following seven subgroups derived: i) normal, ii) non-sarcopenic/pre-frail, iii) non-sarcopenic/frail, iv)
pre-sarcopenic/pre-frail, v) pre-sarcopenic/frail, vi) sarcopenic/pre-frail, and vii) sarcopenic/frail. No
participants had (pre)sarcopenia but not frailty. Associations between these exposures and health
outcomes (incidence and mortality from cardiovascular and respiratory diseases, cancer, as well as,
all-cause mortality) were investigated using Cox-proportional hazard models.
Results: 51.7% of the participants were not sarcopenic nor frail (normal), 41.3% were pre-frail or frail,
6.5% pre-sarcopenia and frail (including pre-frail) and 0.5% as having both sarcopenia and frailty
(including pre-frailty). The combination sarcopenic/frail showed the strongest association with CVD
(HR: 1.68 [95% CI: 1.22 to 2.30]) and respiratory disease incidence (HR: 1.77 [95% CI: 1.40 to 2.24])
and for mortality from all-cause (HR: 2.27 [95% CI: 1.64 to 3.13]), respiratory disease (HR: 3.50 [95%
CI: 1.97 to 6.23]), and cancer (HR: 1.92 [95% CI: 1.08 to 3.38]). Finally, when we investigated the
associations between the outcomes and exposures by age groups (≥ and < 60 years), we identified
that, for many outcomes and categories, the associations were higher in younger individuals
compared with older adults.
Conclusion: Our findings indicate that different combinations of sarcopenia and frailty were
associated with adverse health outcomes, highlighting the joint association between both conditions.
However, those individuals with sarcopenia and frailty showed the strongest associations with CVD
and respiratory disease incidence and mortality for all-cause and respiratory disease and cancer.
Keywords: Frailty; Sarcopenia; Mortality; Morbidity.
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Background
Ageing is a complex process characterised by a deterioration in several physiological functions and
which results in a gradual loss of function and disability in later life [1]. Of the many deleterious
conditions that occur with ageing, particular emphasis has been placed to sarcopenia and frailty as
both are multifactorial syndromes associated with falls, hospitalisations, disability, and worse quality
of life in older adults. Both conditions can co-exist, but the severity of each may vary, independently
of each other, between individuals [2, 3].
Frailty is a decline in physiological reserve and multisystem dysregulation along with a functional
failure [4]. Clinically, two major operational definitions have been proposed to define frailty: the frailty
index and the frailty phenotype (Fried criteria) [4]. The latter has been identified as a straightforward
approach to define frailty since it combines five phenotypic criteria (weakness, slowness, physical
activity levels, exhaustion, and weight loss) to classify people as normal (or robust), pre-frail, or frail
[5]. Sarcopenia, on the other hand, is defined as the age-associated loss of muscle mass and function.
Clinically, sarcopenia is identified as low muscle quality and quantity (low grip strength and muscle
mass), and when accompanied by low physical performance, the condition is classified as severe [6].
Sarcopenia has been identified as one of the major causes of frailty along with fatigue, polypharmacy
and weight loss [2, 3].
Sarcopenia and frailty independently predict worse health-related outcomes [7-9]. Studies have
shown that frail people and sarcopenic people have a higher risk of morbidity and mortality compared
with non-frail or non-sarcopenic people, respectively [7-9]. However, even though previous studies
have investigated the relationship and overlap between them [2, 10], to our knowledge, only one
small study – conducted in 197 older Italian adults between 80 and 85 years – has investigated the
joint association between both conditions and all-cause mortality [11]. To date, most of the evidence
has been focused on investigating the association of health outcomes with frailty and sarcopenia in
older adults, even though it has been recognised that both frailty and sarcopenia can begin earlier in
life [6, 9]. Therefore, this study aimed to investigate the association of combinations of sarcopenia
and frailty with cardiovascular diseases (CVD), respiratory disease and cancer outcomes as well as allcause mortality in middle-aged and older adults from UK Biobank.

Methods
UK Biobank is a very large cohort study based on the general population that recruited over 500,000
participants aged 37-73 years (5.5% response rate)[12]. In brief, between 2006 and 2010, participants
attended one of 22 assessment research centres across Wales, Scotland and England [13, 14]. All
participants completed a touch-screen questionnaire, had physical measurements taken, and
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provided blood, urine, and saliva samples at baseline. More information about the UK Biobank
protocol can be found online (http://www.ukbiobank.ac.uk)

Sarcopenia definition and measures
Sarcopenia was defined using the European Working Group on Sarcopenia in Older People 2019
(EWGSOP2) statement [6]. Pre-sarcopenia was defined based on low grip strength, whereas
sarcopenia based on low grip strength plus low muscle mass [6]. Severe sarcopenia was defined as
having a low strength, low muscle mass and slow gait speed [6]. However, the sarcopenia and severe
sarcopenia category were pooled together due to the small number of participants with severe
sarcopenia (n=182) (hereafter ‘sarcopenia’).
Grip strength was measured using a Jamar J00105 hydraulic hand dynamometer. One value was taken
for each hand, and the average of both values was expressed in absolute units (kg) and used in
subsequent analyses. The specific cut-off points by sex are presented in Table 1 [6].
Muscle mass index was derived from skeletal muscle mass (kg) divided by height (m) squared and
assessed by trained nurses. To estimate skeletal muscle mass, we used the Janssen equation [15] on
the total body composition measured by bioimpedance (BIA, Tanita BC418MA, Tokyo, Japan). The
validity of BIA-measured muscle mass was verified using Pearson’s correlation coefficient, and a BlandAltman plot (Supplementary Figure 1) against dual-energy X-ray absorptiometry (DXA) measured
muscle mass in a subset of UK Biobank participants. The cut-off points by sex are shown in Table 1 [6].
Self-reported walking pace, categorised as slow, average or brisk, was used as a proxy of gait speed. A
previous study demonstrated that self-reported walking pace is a good marker of walking speed [16]
and strongly associated with adverse health outcomes [17]. To derive a proxy for gait speed, walking
pace was dichotomised into slow or normal (average or brisk pace).
In addition, our study was restricted to participants of white-European background due to ethnicrelated differences in body composition and grip strength levels[6, 18].

Frailty definition and measures
Weight loss, exhaustion, physical activity, walking speed and grip strength are the five criteria used by
the frailty phenotype [5]. However, some of these items were adapted to fit the data available within
UK Biobank (see Table 1). Therefore, an adapted version of the frailty classification derived by Fried et
al. was used in this study.
Weight loss, tiredness/exhaustion, gait speed and grip strength were derived following as described
previously by Hanlon et al. [9] (details are presented in supplementary methods and Table 1). Physical
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activity, in turn, was collected using the International Physical Activity Questionnaire (IPAQ) short form
[19]. Total physical activity was computed as the sum of walking, moderate and vigorous activity,
measured as metabolic equivalents (MET-hours/week). To derive a proxy for the Fried frailty criteria,
this variable was categorised into age- and sex-specific quintiles where the lowest quintile (20%) was
classified as fulfilling the physical inactivity criterion for frailty.
Participants were classified as frail if they fulfilled three or more criteria, prefrail if they fulfilled one
or two criteria, and robust if they did not fulfil any criteria.

Health outcomes
The outcomes in the current study were extracted from hospital episodes records for incidence and
death register for mortality. The International Classification of Diseases 10 [ICD-10] was used to derive
our health outcomes. CVD included the following ICD-10 codes: I20-I25, I42.0, I42.6, I42.7, I42.9, I50.0,
I50.1, 150.9 and I62-I64 ), respiratory diseases (ICD10: J09-J98), chronic obstructive pulmonary disease
[COPD] (ICD10: J40-j44), and all cancer (ICD10: C0-C97, D37- D48) as well as all-cause mortality. Date
of death was obtained from death certificates held by the National Health Service (NHS) Information
Centre (England and Wales) and the NHS Central Register Scotland (Scotland). Dates and causes of
hospital admissions were identified via record linkage to Health Episode Statistics (HES) (England and
Wales) and the Scottish Morbidity Records (SMR01) (Scotland). Details of the linkage procedure can
be found at http://content.digital.nhs.uk/services. Hospital admissions data were available until June
in England and March 2017 in Wales and Scotland. Mortality data were available until June 2020.
Therefore, incident disease and mortality follow-up were censored at these dates respectively, or on
the date of death, if earlier.

Covariates
Age at baseline was determined from dates of birth and the date of baseline assessment. Deprivation
(area-based socioeconomic status) was resulting from the postcode of residence, using the Townsend
score [20]. Never, former or current smoker were the categories used to self-report smoking. The sum
of self-reported time spent using a computer, driving, and/or watching television was used to estimate
total time spent in sedentary behaviours. Central obesity was calculated from waist circumference,
defined as ≥ 88 cm for women and ≥ 102 cm for men [21]. Red meat, processed meat intake and hours
of sleep were collected through the touch-screen questionnaire at baseline Frequency of alcohol
intake was also self-reported at baseline and categorised into 5 categories: daily/almost daily, 3-4
times a week, once/twice a week, 1-3 times a month, special occasions only and never. Medical history
(medical doctor diagnosis of depression, stroke, angina, heart attack, hypertension, cancer, diabetes,
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hypertension and COPD) was self-reported. Additional information regading the measurement taken
is available on the UK Biobank website (http://www.ukbiobank.ac.uk).
Ethics approval and consent to participate
UK Biobank was approved by the North West Multi-Centre Research Ethics Committee, and all
participants provided written informed consent to participate in the UK Biobank study (Ref:
11/NW/0382). The study protocol is available online (http://www.ukbiobank.ac.uk/).

Statistical analyses
To determine the joint association between sarcopenia and frailty, the following categories were
created: i) normal (no sarcopenia or frailty), ii) non-sarcopenic/pre-frail, iii) non-sarcopenic/frail, iv)
pre-sarcopenic/pre-frail, v) pre-sarcopenic/frail, vi) sarcopenic/pre-frail, and vii) sarcopenic/frail. No
participants met the criteria for non-frail plus pre- or sarcopenic (Figure 1).
Descriptive characteristics, broken down by the combinations of sarcopenia and frailty, are presented
as means with standard deviations (SD) for continuous variables or as percentages for categorical
variables. The normality of variables was assessed using the Anderson-Darling test. One-way ANOVA
was used to compare the groups. P-values were estimated using the Bonferroni test to avoid inflated
type I error.
Associations between the combinations of sarcopenia and frailty with CVD, respiratory disease and
cancer disease incidence (fatal and non-fatal) and mortality, as well as all-cause mortality, were
investigated using Cox-proportional hazard models. Individuals with neither sarcopenia nor frailty
were used as the reference group. The results are reported as hazard ratios (HR) and their 95%
confidence intervals (95% CIs). The proportional hazard assumption was checked based on Schoenfeld
residuals.
The cumulative crude hazard rate of the mortality outcomes by the sarcopenia and frailty categories
and follow-up time were also estimated using the Nelson-Aalen estimator. Finally, to investigate
whether the associations between the sarcopenia and frailty categories and the health outcomes
differed by age, analyses were stratified by age category (<60 and ≥60 years). An interaction term
between age group and the exposure (sarcopenia and frailty categories) was fitted into the Coxregression to test for interaction.
All analyses were performed excluding participants who self-reported medical diagnoses of cancer
(n=24,197), CVD (heart attack or stroke) (n=9,009) and respiratory disease (n=3,646) at baseline when
these were included in the outcome. In addition, we run sensitivity analyses using a 2-year landmark

6

period where we also excluded participants who experience events with the first two years of followup.
We ran three models for each outcome, including an increasing number of covariates: model 1 was
unadjusted. Model 2 was adjusted for socio-demographic covariates (age, sex and deprivation). Model
3, as per model 2, but additionally adjusted for prevalent diseases (hypertension, diabetes, depression,
CVDs, respiratory diseases and cancers when these were not the outcome), lifestyle factors (smoking,
sleep duration, total discretionary sedentary time, alcohol, red meat and processed meat intake) and
waist circumference at baseline.
Only participants with complete data available for the sarcopenia and frailty categories as well as the
covariates were included. STATA 16 statistical software (StataCorp LP) was used to perform the
analyses.

Results
316,980 (63.1%) white participants with data available for frailty, sarcopenia and covariates were
included in this study (Figure 1). The median follow-up period was 10.9 years (interquartile range: 10.6
– 11.6) for disease incidence and 11.2 years (interquartile range: 10.5 – 11.9) for cause-specific and
all-cause mortality. Over the follow-up period, 29,136 (9.2%) participants developed CVD, 48,643
(15.3%) respiratory diseases, 9,020 (2.8%) COPD and 37,526 (11.8%) cancer. In terms of mortality,
16,058 (5.1%) participants died; 3,019 (1.0%) from CVD, 2,916 (0.9%) from respiratory diseases, and
7,460 (2.4%) from cancer.
The cohorts’ characteristics by combined categories of sarcopenia and frailty are presented in Table
2. In summary, and compared with people with neither sarcopenia nor frailty (normal), those
sarcopenia and with any form of frailty (pre-frail or frail) were older, more deprived and presented a
higher prevalence of women. They also had lower physical activity levels, grip strength, and skeletal
muscle mass. They also had a higher waist circumference and a higher prevalence of central obesity
except for sarcopenic/pre-frail and sarcopenic/frail individuals, those who had a lower waist
circumference and lower prevalence of central obesity compared with those apparently normal. The
prevalence of CVD, COPD, hypertension, cancer, and depression was higher in these groups compared
to people without sarcopenia nor frailty, except for diabetes in the sarcopenic/pre-frail group where
the prevalence was lower than those normal.
The associations of sarcopenia and frailty with incident health outcomes are presented in Figure 2 and
Supplementary Table 1. For the maximally adjusted model (model 3), all combinations of sarcopenia
and frailty were associated with incident CVD. However, those individuals classified as sarcopenic/frail
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presented the highest CVD risk (HR: 1.68 [95% CI: 1.22 to 2.30]). Similarly, the magnitude of the
association with incidence of respiratory diseases was higher to the extent the categories increased
their severity: from the less severe to the more severe combination, i.e., from non-sarcopenic/prefrail to sarcopenic/frail. Except for non-sarcopenic/frail and pre-sarcopenic/frail, all the other
combinations were associated with incident COPD, with the combinations of sarcopenic/pre-frail and
sarcopenic/frail having the strongest association (HR: 1.76 [95% CI: 1.40 to 2.20] and HR: 1.63 [95% CI:
1.10 to 2.43]). No associations were identified between the combinations of sarcopenia and frailty
and cancer incidence. Similar trends were overserved when the analyses were performed using a 2year landmark period (Supplementary Table 2).
The joint associations between sarcopenia and frailty and all-cause and cause-specific mortality are
shown in Figure 3 and Supplementary Table 3. All categories of sarcopenia and frailty were associated
with all-cause mortality; however, those classified as sarcopenic/frail had the highest risk for all-cause
mortality (HR: 2.27 [95% CI: 1.64 to 3.13]). Similarly, individuals classified in the sarcopenic/frail group
had the strongest association with respiratory disease (HR: 3.50 [95% CI: 1.97 to 6.23]) and cancer
mortality (HR: 1.92 [95% CI: 1.08 to 3.38]) (Figure 3). For CVD mortality, those classified as nonsarcopenic/pre-frail, pre-sarcopenic/pre-frail and pre-sarcopenic/pre-frail had 1.16, 1.47 and 1.89fold risk of CVD mortality compared with the reference group (Model 3, Supplementary Table 3).
Similar trends were identified when the analyses were performed using a 2-year landmark period
(Supplementary Table 4).
When the crude cumulative mortality curves by follow-up time were investigated, we identified that,
in comparison to normal individuals, those with any combination of sarcopenia and frailty had a
steeper gradient curve (Supplementary Figures 2 to 5). Individuals with both sarcopenia and frailty
had the highest mortality rate across age for the four mortality outcomes studied.
Finally, when we investigated whether the associations between the sarcopenia and frailty categories
and the adverse outcomes differed by age groups, we identified that, for many outcomes and
categories, the associations were higher in younger individuals (<60 years) compared with older adults
(≥ 60 years) (Supplementary Tables 5 and 6). For instance, we observed that the risk for CVD incidence
in younger versus older individuals was 2.9-times and 1.8-times higher, respectively, on those
classified as sarcopenic/frail compared to those without these conditions. Larger differences were
observed for CVD mortality. Finally, and except for some exceptions, there were no significant
interactions between age and the exposure of interest (sarcopenia/frailty categories), (Supplementary
Tables 5 and 6).
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Discussion
Sarcopenia and frailty are associated with each other and often co-exist [2, 3]. In this study, one of
the key findings was evidence of a relationship with all-cause, respiratory disease, and cancer
mortality and CVD and respiratory disease incidence across combinations of sarcopenia and frailty
from non-sarcopenic/pre-frail to sarcopenic/frail. The association patterns for incident cancer were
less clear. The combination of sarcopenic/frail had the strongest association with CVD and respiratory
disease incidence as well as all-cause mortality, and respiratory disease and cancer mortality. These
results highlight the joint association between both conditions and the poorer prognosis of people
who have both conditions. However, we also observed that the risk of adverse health outcomes,
especially CVD incidence, associated with sarcopenia and frailty differed by age groups. Compared to
individuals without frailty or sarcopenia, those with both conditions who were ≥60 or <60 years had
a 1.8- and 2.9-times higher risk of CVD incidence, respectively. Although some of the associations were
non-significant for some of the combined categories of frailty and sarcopenia in people <60 years, the
hazard estimates were similar, suggesting that the association between the combination of sarcopenia
and frailty among middle-aged adults could be associated with worse health outcomes.
To date, most studies have focused on investigating the independent associations between frailty and
all-cause mortality [8], CVD [22], respiratory disease [23], and cancer outcomes [24]; and between
sarcopenia and the same health outcomes [7, 25, 26]. However, even though previous studies have
demonstrated the higher risk of morbidity and mortality when sarcopenia or frailty are present, to our
knowledge, only one studied has highlighted the additive effect of sarcopenia and frailty on the risk
of mortality [11]. In that study, Landi et al. demonstrated that frail Italian older adults with sarcopenia
had 2.32 times higher risk of death in comparison to people with frailty but without sarcopenia,
independently of age and functional variables. However, Landi’s study population comprised only 197
frail older adults and sarcopenia was defined using the EWGSOP 2010 (low muscle mass and either
low grip strength or slow gait speed) [27]. Therefore, our findings not only support the results of Landi
et al. but also test the research question in a larger population and using the new criteria for the
diagnosis of sarcopenia of the EWGSOP 2019.
Sarcopenia provides the basis for frailty since two of the frailty components (weakness and slowness)
are part of the sarcopenia definition [2]. As a result, it is not surprising that sarcopenia and frailty are
overlapping phenotypes and frequently co-exist [28]. The literature has reported different
measurement and classifications to diagnose them [5, 6, 28]; however, in spite of the strong
associations identified, they are rarely measured in clinical practice. In fact, only 41.6% of health
professionals who were members of the Association of Rehabilitation Nutrition in Japan reported
9

measuring the physical capability markers necessary to diagnose sarcopenia [29]. Nevertheless, if we
take into account that both syndromes are potentially reversible and are not inevitable during ageing
[2, 3] both the risk of morbidity and mortality as well as the burden of disability and hospitalisations
in older adults could be reduced.

Strengths and limitations
UK Biobank is not representative of the UK population in terms of socio-demographic, lifestyle and
prevalent disease [30]. Therefore, whilst estimates of effect sizes can be generalised, summary
statistics should not be [31]. The use of UK Biobank provided the opportunity to test our research
question in a very large general population cohort as well as the opportunity to work with information
collected using validated and standardised methods. Moreover, the frailty phenotype was created
using similar, but not the original variables suggested by Fried et al. [5]. In addition, four out five of
the variables used to define frailty were self-reported. Although this approach has shown to be
comparable with quantitative or objective measures [32], some variables could be affected by
reporting bias. In terms of sarcopenia, muscle mass was measured using bioimpedance. Even if this
method is not the gold standard in terms of measuring muscle, muscle mass estimated using BIA
demonstrated to have a good level of agreement with DXA (r=0.868, p<0.0001; Supplementary Figure
1). In addition, despite sarcopenic/frail had a significant association with several health outcomes
included in this study, the lack of association for some outcomes may be due to lack of power, as a
lower number of event or cases were available. These results are not unexpected if we consider that
both sarcopenia and frailty are ageing-related diseases with an onset later in life and that UK Biobank
population is a relatively young with a small proportion of older or very old adults. Therefore, the
analyses should be repeated in an even larger individual study, or else in another study and combined
in a meta-analysis. Finally, although we adjust our models for a comprehensive list of confounding
factors, we also need to consider that some of the associations observed may be due to residual
confounding or unmeasured confounding factors.

Conclusion
Our findings demonstrated that the combination of sarcopenic/frail was associated with adverse
health outcomes, with the strongest risk observed for CVD and respiratory disease incidence as well
as all-cause mortality, and respiratory disease and cancer mortality. Considering that both syndromes
could be assessed in clinical practice, consideration should be given to screening both middle-aged
and older individuals of the general population to identify and treat these conditions early in their
natural history.
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Table 1. Frailty and sarcopenia definition and cut-off points
Individuals
components

Frailty (adapted from Halton et al. [9] and
used in this manuscript)

Weight Loss

Self-reported: “Compared with one year
ago, has your weight changed?”
Options:
Yes: weight loss in the previous year.
No: another option.
Self-reported: “Over the past two weeks,
how often have you felt tired or had little
energy”
Options:
Yes: more than half time or every day
No: another option
Quintiles of sex- age-specific levels of total
PA in derived from IPAQ
Options:
Yes: Lowest level of PA
No: low/middle to highest levels of PA
Self-reported: How do you describe your
usual walking pace? (a proxy for gait speed)
Options:
Yes: slow
No: average or brisk pace

Exhaustion

Low physical
activity

Slow walking speed

Low grip strength

Measured grip strength expressed in kg by
sex-and BMI adjusted cut-off points.
Cut-off points:
The same proposed for Fried et al.[5].

Low muscle mass

N/A

Sarcopenia (Adapted from the
EWGSOP2 [6] and used in this
manuscript )

N/A

N/A

N/A

Self-reported: How do you describe
your usual walking pace? (a proxy for
gait speed)
Options:
Yes: slow
No: average or brisk pace
Average of the right and left hand
expressed in absolute units (kg).
Cut-off points:
Men: <27 kg
Women: <16 kg
Derived from appendicular lean
muscle mass (kg) divided by height (m)
squared
using
the
Janssen
equation[15].
Cut-off points:
Men: <7.0 kg/m2
Women: <5.5 kg/m2

Table adapted from Halton et al. and the EWGSOP2 [6, 9]. N/A: non-applicable.
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Table 2. Baseline characteristic by frailty and sarcopenia status
Normala

Non-sarcopenic/

Non-sarcopenic/

Pre-sarcopenic/

Pre-sarcopenic/

Sarcopenic/

Sarcopenic/

pre-frailb

frailc

pre-frail d

fraile

pre-frail*f

frail*g

163,797 (51.7)

127,812 (40.3)

3,165 (1.0)

19,177 (6.0)

1,656 (0.5)

1,161 (0.4)

212 (0.1)

(8.1)d,e,f,g

(8.1)d,e,f,g

Socio-demographics
Total n, (%)

56.3

60.4

(7.0)a,b,c,e,f

58.6

(7.4)a,b,c,d,f,g

63.2

(5.0)a,b,c,d,e

61.8 (6.3)a,b,c,e

Age at baseline (years), mean (SD)

56.2

Sex (women), n (%)

82,113 (50.1)

69,912 (54.7)

2,060 (65.1)

12,160 (63.4)

1,143 (69.0)

1,109 (95.5)

199 (93.4)

b,c,d,e,f,g

a,c,d,e,f,g

a,b,f,g

a,b,e,f,g

a,b,d,g,f

a,b,c,d,e

a,b,c,d,e

b,c,d,e,f,g

a,c,d,e

a,f

a,b,e

a,b,d,f

a,c,e

a

Lower

61,097 (37.3)

44,684 (35.0)

940 (29.7)

6,048 (31.5)

447 (27.0)

375 (32.3)

60 (28.3)

Middle

57,539 (35.1)

43,912 (34.4)

1,046 (33.0)

6,491 (33.9)

524 (31.7)

433 (37.3)

77 (36.3)

Higher

45,161 (27.6)

39,216 (30.6)

1,179 (37.3)

6,638 (34.6)

685 (41.3)

353 (30.4)

75 (35.4)

88.0 (12.4)

90.7 (13.0) a,c,d,e,f,g

94.6 (13.5)

89.3 (12.8)

90.4 (13.5)

78.2 (8.8)

79.9 (10.0)

a,b,d,e,f

a,b,c,e,g

a,c,d,f,g

a,b,c,e,g

a,b,d,e,f

Deprivation, n (%)

56.2

(8.0)d,e,f,g

Obesity-related markers
Waist Circumference (cm)

b,c,d,e,f,g

Central Obesity, n (%)

Skeletal muscle mass (kg), mean (SD)

39,074 (23.9)

45,769

1,719 (54.3)

6,824 (35.6)

709 (42.8)

152 (13.1)

43 (20.3)

b,c,d,e,f

(35.8) ,c,e,f,g

a,b,d,e,f,g

a,c,e,f,g

a,b,c,d,e,g

a,b,c,d,e

b,c,d,e

23.0 (6.0) b,c,d,e,f,g

22.6 (6.0)b,c,d,e,f,g

21.6 (5.5) a,b,d,e,f,g

20.4 (5.4) a,b,c,e,f,g

20.1 (5.3) a,b,c,d,f,g

13.9 (1.9)a,b,c,d,e

14.1 (2.0) a,b,c,d,e

3,531.5 (3,128.6)

2,217.9

882 (1,673.5)

2,87.1 (2,979.4)

1,160.7 (2,075.4)

2,762.2

806.9 (938.2)

b,c,d,e,f,g

(2,892.0)a,c,d,e,f,g

a,b,d,e,f

a,b,c,e,g

a,b,c,d,f

(2,637.1) a,b,c,d,g

a,b,d,f

34.0 (10.1)b,c,d,e,f,g

31.0 (10.2)a,c,d,e,f,g

24.3 (7.9)a,b,d,e,f,g

16.3 (5.7)a,b,c,e,f,g

15.4 (5.6)a,b,c,d,f,g

12.7 (3.7)a,b,c,d,e

11.5 (4.7)a,b,c,d,e

4.8 (2.0)b,c,d,e,f

5.0 (2.2)a,c,d,f

5.3 (2.4)a,b,d,e,f

4.9 (2.1)a,b,c,e,f

5.1 (2.4)a,c,d,f

4.6 (1.9)a,b,c,d,e

5.1 (2.4)

2.1 (1.4)

2.1 (1.4)

2.0 (1.4)

2.1 (1.4)

2.0 (1.5)

2.0 (1.3)

2.0 (1.6)

1.9 (1.0)b,f,g

1.9 (1.0)a,d,f,g

1.9 (1.1)d,e,f,g

1.8 (1.0)b,c,f,g

1.8 (1.1)c,f

1.6 (1.0)a,b,c,d,e

1.6 (1.0)a,b,c,d

Lifestyle
Total PA (MET/h/week), mean (SD)

Grip Strength (kg) mean (SD)
Total Sedentary behaviour (h/day), mean (SD)
Red meat (portion/week, mean (SD)
Processed meat intake (portion/week), mean
(SD)
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Alcohol frequency intake, n (%)
Daily or almost daily
3-4 times a week
Once or twice a week
1-3 times a month
Special occasions only
Never
Smoking status n (%)
Never
Previous
Current
Sleep time (h/day), mean (SD)
Health status, n (%)
Diabetes history
CVDs history

b,c,d,e,f,g

a,c,d,e,f,g

a,b,d,e,g

a,b,c,e,f,g

a,b,c,d,f

a,b,d,e,g

a,b,c,d,f

39,557 (24.2)
44,523 (27.2)
42,637 (26.0)
16,209 (9.9)
13,119 (8.0)
7,752 (4.7)

26,378 (20.6)
30,676 (24.0)
34,481 (27.0)
14,886 (11.7)
13,577 (10.6)
7,814 (6.1)

482 (15.2)
551 (17.4)
828 (26.2)
474 (14.9)
519 (16.4)
311 (9.9)

3,705 (19.3)
4,053 (21.1)
5,027 (26.2)
2,083 (10.9)
2,554 (13.3)
1,755 (9.2)

235 (14.1)
259 (15.8)
430 (26.0)
229 (13.8)
297 (17.9)
206 (12.4)

230 (19.8)
198 (17.1)
271 (23.3)
152 (13.1)
185 (16.0)
125 (10.7)

32 (15.1)
24 (11.3)
51 (24.1)
21 (9.9)
45 (21.2)
39 (18.4)

b,c,e

a,d,f

a,d,f

b,c,e

a,d,f

b,c,e,g

f

90,867 (55.5)
58,375 (35.6)
14,555 (8.9)
7.2 (1.0)b,c,d,e

69,359 (54.3)
45,897 (35.9)
12,566 (9.8)
7.1 (1.1)a,c

1,702 (53.7)
1,079 (34.1)
384 (12.2)
7.0 (1.4)a,b,d,f

10,650 (55.6)
6,947 (36.2)
1,580 (8.2)
7.1 (1.2)a,c,e

878 (53.0)
562 (33.9)
216 (13.1)
7.0 (1.5)a,d,f

693 (59.8)
363 (31.2)
105 (9.0)
7.2 (1.2)c,e

106 (50.0)
75 (35.4)
31 (14.6)
7.2 (1.7)

4,082 (2.5)b,c,d,e

6,385 (5.0)a,c,d,e,f

349 (11.0)a,b,d,f,g

1,241 (6.5)a,b,c,e,f

187 (11.2)a,b,d,f,g

20 (1.7)b,c,d,e

7 (3.3)c,e

38,880 (23.7) b,c,d,e,g

38,239 (29.9)

1,260 (39.8)a,b,d,f

6,557 (34.2)

652 (39.4)a,b,d,f

309 (26.6)c,d,e,g

78 (36.8)a,f

a,c,d,e

a,b,c,e,f

32,538 (19.9)b,c,d,e

31,798 (24.9)a,c,d,e

1,012 (32.0)a,b,e,f

5,144 (26.8)a,b,f

497 (30.0)a,b,c,f

246 (21.2)c,d,e

49 (23.1)

COPD history

1,478 (0.9)b,c,e

1,608 (1.3)a,d,f

81 (2.6)a,d,f

353 (1.8)b,c,e

62 (3.7)a,d,f

49 (4.2)b,c,e,g

15 (7.1)f

Cancer history

11,665 (7.1)b,c,d,e,f,g

9,959 (7.8)a,d,e,f,g

291 (9.2)a,f,g

1,941 (10.1)a,b,f,g

167 (10.1)a,b,g

148 (12.7)a,b,c,d

36 (17.0)a,b,c,d,e

6,029 (3.7)b,c,d,e,g

8,196 (6.4)a,c,e,g

433 (13.6)a,b,d,f

1,134 (5.9)a,c,e,g

200 (12.1)a,b,d,f

60 (5.2)c,e,g

24 (11.3)a,b,d,f

High blood pressure history

Depression history

BMI: body mass index; n: number; PA: physical activity; MET: metabolic-equivalent; SD: standard deviation. People without sarcopenia or frailty were labelled as normal in
the table. *Sarcopenic people include those with sarcopenia or severe sarcopenia.
One-way ANOVA was used to compare the groups. P-values were estimated using the Bonferroni method. The letters a, b, c, d, e, f, and g indicate those variables that were significantly
different between groups (p-value < 0.05). For categorical variables, the effect was estimated for the whole group.
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Figure 1. Diagram – Participants according to the different combinations of sarcopenia and
frailty in the Uk Biobank.
* Sarcopenic people include those with sarcopenia or severe sarcopenia.
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Figure 2. The joint association of frailty and sarcopenia with cause-specific incidence
Data presented as adjusted hazard ratio (HR) and its 95% confidence interval (95% CI) by combined categories of sarcopenia
and frailty. People without sarcopenia or frailty were used as the reference group (label as normal in the graph).
All analyses were conducted excluding people with cancer (n=24,197), CVD (n=9,009) and respiratory disease (n=3,646) at
baseline when these were included in the outcome. Analyses were adjusted for age, sex, deprivation, smoking status, sleep
duration, discretionary sedentary time, waist circumference, dietary intake (alcohol, red meat and processed meat intake),
systolic blood pressure, diabetes, depression, comorbidities, as well as CVD, cancer, and respiratory disease, when these
were not the outcome. Sarcopenic people include those with sarcopenia or severe sarcopenia.
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Figure 3. The joint association of frailty and sarcopenia with all-cause and specific cause
mortality
Data presented as adjusted hazard ratio (HR) and its 95% confidence interval (95% CI) by combined categories of sarcopenia
and frailty. People without sarcopenia or frailty were used as the reference group (label as normal in the graph).
All analyses were conducted excluding people with cancer (n=24,197), CVD (n=9,009) and respiratory disease (n=3,646) at
baseline when these were included in the outcome. Analyses were adjusted for age, sex, deprivation, smoking status, sleep
duration, discretionary sedentary time, waist circumference, dietary intake (alcohol, red meat and processed meat intake),
systolic blood pressure, diabetes, depression, comorbidities, as well as CVD, cancer, and respiratory disease, when these
were not the outcome. Sarcopenic people include those with sarcopenia or severe sarcopenia.
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