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Abstract

Background Sarcopenia, a degenerative and generalized skeletal muscle disorder involving the loss of muscle function
and mass, is an under-recognized problem in clinical practice, particularly in chronic kidney disease (CKD). We aimed
to investigate the prevalence of sarcopenia in individuals with CKD, its risk factors, and its association with all-cause
mortality and progression to end-stage renal disease (ESRD).
Methods UK Biobank participants were grouped according to the presence of CKD (defined as an estimated glomer-
ular filtration rate <60 mL/min/1.73 m2) and as having probable (low handgrip strength), confirmed (plus low muscle
mass), and severe sarcopenia (plus poor physical performance) based on the 2019 European Working Group of
Sarcopenia in Older People and Foundation for the National Institutes of Health criteria. Risk factors were explored
using logistic regression analysis. Survival models were applied to estimate risk of mortality and ESRD.
Results A total of 428 320 participants, of which 8767 individuals with CKD (46% male, aged 62.8 (standard
deviation 6.8) years, median estimated glomerular filtration rate 54.5 (interquartile range 49.0–57.7) mL/min/
1.72 m2) were included. Probable sarcopenia was present in 9.7% of individuals with CKD compared with 5.0% in
those without (P< 0.001). Sarcopenia was associated with being older; inflammation; poorer renal function; and lower
serum albumin, total testosterone, and haemoglobin. The largest risk factors for sarcopenia were having three or more
comorbidities (odds ratio: 2.30; 95% confidence interval: 1.62 to 3.29; P < 0.001) and physical inactivity: participants
in the highest quartile of weekly activity were 43% less likely to have sarcopenia compared to the lowest quartile (odds
ratio: 0.57; 0.42 to 0.76; P < 0.001). Participants with CKD and sarcopenia had a 33% (7% to 66%; P = 0.011) higher
hazard of mortality compared with individuals without. Sarcopenic CKD individuals had a 10 year survival probability
of 0.85 (0.82 to 0.88) compared with 0.89 (0.88 to 0.30) in those without sarcopenia, an absolute difference of 4%.
Those with sarcopenia were twice as likely to develop ESRD (hazard ratio: 1.98; 1.45 to 2.70; P < 0.001).
Conclusions Participants with reduced kidney function are at an increased risk of premature mortality. The presence of
sarcopenia increases the risk of mortality and ESRD. Appropriate measurement of sarcopenia should be used to identify
at-risk individuals. Interventions such as physical activity should be encouraged to mitigate sarcopenia.
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Introduction

Sarcopenia describes a generalized degenerative skeletal
muscle disorder involving the loss of muscle function
and mass.1–3 In studies of the general population,
sarcopenia is associated with increased falls, functional
decline, frailty, and premature mortality.1,4,5 Sarcopenia
can double individual healthcare costs and the annual cost
of low muscle mass in the USA is estimated to total
>$18.5 billion.6

Owing to large discrepancies in definitions,7 sarcopenia
remains a somewhat under-recognized problem with only
half of geriatric healthcare professionals undertaking any
form of sarcopenia assessment.8 As well as forming part
of the definition of ‘protein-energy wasting’ in nephrology,
sarcopenia is confounded by terms such as ‘malnutrition’
and ‘cachexia’, confusing clinicians and reducing its clinical
utility.9 Possibly, the most widely accepted definition of
sarcopenia is that from the European Working Group of
Sarcopenia in Older People (EWGSOP), which recently
promoted weakness, above low muscle mass, as its primary
indicator.4 Whilst sarcopenia can be ‘confirmed’ and
graded for severity with further assessments of muscle
mass and physical performance, the concept of ‘probable
sarcopenia’ (defined as low muscle strength) is intended
for better practical recognition and management of
sarcopenia.

Chronic kidney disease (CKD) is described as a model of
‘accelerated ageing’ due to the characteristic aberrant
changes in muscle mass and function observed.9 In CKD,
sarcopenia pathophysiology is complex and, although partly
driven by ageing,10,11 may be exacerbated by the accumula-
tion of uremic toxins, inflammation, insulin resistance, mal-
nutrition, oxidative stress, ubiquitination, and physical
inactivity.1,9,11–13 In patients with end-stage renal disease
(ESRD) and on dialysis, sarcopenia has a prevalence of be-
tween 20% and 55%14–18 and is associated with an in-
creased mortality risk.13,14,16,18,19 However, the prevalence
in earlier non-dialysis CKD stages is less well-defined, and
the association with unfavourable outcomes is poorly
understood.9,12,20,21 Given that sarcopenia characteristics
(e.g. low muscle function) may be ameliorated through ap-
propriate interventions, such as exercise, there remains an
important opportunity to address sarcopenia in the earlier
CKD stages.

Previous studies of sarcopenia in non-dialysis CKD patients
are limited by low sample sizes, lack of control group, and in-
consistent use of definitions12,21–23 The aims of this study
were to (i) identify the prevalence of sarcopenia in a large co-
hort of individuals with CKD; (ii) identify the risk factors of
sarcopenia in those with CKD; and (iii) explore the association
of sarcopenia with all-cause mortality and progression to
ESRD.

Materials and methods

Data source and study population

This study was conducted following the STROBE guidelines
for reporting observational studies (STROBE checklist is
reported Data S1). The UK Biobank is a large prospective
epidemiological study designed to investigate the role of
genetic, lifestyle, and environmental factors in health and
disease.24 In summary, extensive data on a range of demo-
graphic, clinical, lifestyle, and social outcomes were collected
from 502 536 participants aged between 37 and 73 years
across the UK between 2006 and 2010. The UK Biobank was
approved by the North West Research Ethics Committee
(06/MRE08/65).

Definition of chronic kidney disease and
comorbidities

Serum creatinine values were used to estimate glomerular fil-
tration rate (GFR) using the ‘Chronic Kidney Disease Epidemi-
ology Collaboration’ (CKD-EPI) formula25; participants
without a creatinine value were excluded. CKD was defined
as an estimated GFR (eGFR) <60 mL/min/1.73 m2, based on
the assessment of creatinine during the UK Biobank baseline
visit. Mild to moderate CKD is defined as an eGFR of between
59 and 30 mL/min/1.73 m2.25 Individuals with eGFR ≥60 mL/
min/1.73 m2 constituted the non-CKD group.

Comorbidities were defined among the chronic conditions
identified by Chudasama et al.26 excluding CKD. We then
identified if each participant had one or more codes relating
to each chronic condition and scored one point for each
chronic condition identified (i.e. 0, 1, 2, or 3 or more comor-
bidities). All respondents with cancer were excluded a priori
due to large confounding effects on cachexia. Information
on prevalent cancer and non-cancer conditions were self-
reported. A full list of comorbidities can be found in Data S2.

Definition of sarcopenia status

As per the EWGSOP criteria,4 ‘probable sarcopenia’ was
defined as a maximum handgrip strength (HGS) < 27 kg in
male and <16 kg in female patients, measured using Jamar
J00105 hydraulic handheld dynamometer. One measurement
was taken in each hand with the participant seated upright
and their forearms placed on armrests. The maximum value,
from either hand, was recorded.

Participants were diagnosed with ‘confirmed sarcopenia’ if
they had both low HGS and low muscle mass. Muscle mass
was assessed using bioelectrical impedance analysis (Tanita
BC 418MA Body Fat Analyser). Individuals unable to undergo
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this assessment included those who were pregnant, using a
pacemaker, and those unable to stand. Appendicular
fat-free mass (summed values of the arms and legs) was
transformed into appendicular lean mass (ALM).27 ALM was
expressed relative to height (m2) using standing height
measured by a SECA 2020 height measure. Low muscle mass
was defined as ALM/height2 < 7.0 kg/m2 in male and
<5.5 kg/m2 in female patients.4 Given the interaction of body
mass with sarcopenia and limitations of ALM normalized for
height2,28 we also adjusted ALM for body mass index (BMI)
(ALMBMI) using the criteria proposed by the Foundation for
the National Institutes of Health Sarcopenia Project (FNIHSP),
with a low muscle mass defined as ALMBMI < 0.789 in male
and <0.512 in female patients.28

The UK Biobank does not contain an objective measure
of gait speed as specified by the EWGSOP and FNIHSP
criteria. As a surrogate marker of poor gait speed and low
performance, we considered participants who self-reported
being unable to walk or their walking pace as ‘slow’. Slow
self-reported walking speed is an established marker of low
physical performance in older adults,29 and walking speed
has been used to define low performance in sarcopenia
assessment.27 Participants who satisfied all criteria (i.e. low
strength, low muscle mass, and poor performance) were di-
agnosed with ‘severe sarcopenia’. Further details on these
procedures can be found in Data S3.

Other risk factors

Serum C-reactive protein (CRP), cystatin C, albumin,
haemoglobin, vitamin D, testosterone, IGF-1, and HbA1c were
included among the possible confounders. Multiple immuno-
assays and clinical chemistry analysers were used to measure
these biochemistry markers (Data S4). Other variables in-
cluded the number of meat and fish servings per week and
physical activity levels. As a surrogate measure of protein in-
take, the number of oily fish, non-oily fish, processed meat,
poultry, beef, lamb, and pork intake servings per week were
taken from a touchscreen questionnaire completed during
the assessment visit. This questionnaire is a valid indicator
of dietary intake.30 Self-reported physical activity was mea-
sured using the short form International Physical Activity
Questionnaire and metabolic equivalent of task (METs) from
exercise were calculated using the fields relating to frequency
and duration of pleasure walking, strenuous sport, and other
exercises (Data S5).

Outcomes

All-cause mortality was determined from data linkage to na-
tional death Registries (NHS Information Centre for partici-
pants from England and Wales and NHS Central Register,

Scotland, for participants from Scotland). ‘Incident ESRD’
was defined at the point at which patients began treated with
renal replacement therapy (RRT). ESRD was identified in hos-
pital admissions data using ICD-10 and OPCS4 codes. Partici-
pants who received a kidney transplant or peritoneal dialysis
were assumed to be ESRD cases. To exclude cases of AKI, the
remaining RRT cases were deemed to be ESRD cases only if
they have an associated indicator of CKD Stage 5 in the
365 days preceding identification of having ESRD. This algo-
rithm has previously been used to successfully identify those
with ESRD in the UK Biobank.31 Participants identified with
existing ESRD at baseline visit (either detected by hospital ad-
mission records or self-report) (‘prevalent ESRD’) were ex-
cluded from the analysis. Date of death and date of ESRD
report were censored at the date of last update in Biobank,
which were respectively 15 February 2018 and 19 January
2018. Further details can be found in Data S6 and S7.

Statistical analysis

Summary measures were described using mean (standard de-
viation) or median (interquartile range) for continuous vari-
ables and as a count (percentage) for categorical ones.
Means were compared using a two-sample t test and me-
dians with a two-sample Wilcoxon test. Count data were
compared using a χ2 test.

Statistical modelling was restricted to probable sarcopenia
to ensure an adequate case number (Figure 1).
Cross-sectional associations between potential risk factors
and probable sarcopenia were explored using logistic regres-
sion analysis. Age, sex, ethnicity, height, weight, number of
comorbidities, CRP, albumin, BMI, cystatin C, total testoster-
one, vitamin D, IGF-1, HbA1c, haemoglobin concentration,
METs from exercise per week, and number of meat servings
per week were considered potential risk factors. The model-
ling assumption of linearity to the log odds was tested by pro-
ducing a scatter plot of each continuous variable against the
log odds and checking for linearity, due to failing this assump-
tion CRP, and cystatin C were categorized at the median value
and METs from exercise were categorized into quartiles for
analysis. Participants with missing data on any of the vari-
ables included were excluded from these models. Missing
data can be found in Tables S8–S10.

Associations between probable sarcopenia and mortality
were reported as hazard ratios estimated using flexible
parametric survival models, with time into the study (base-
line visit to event/censoring) as time scale.32 Unadjusted
and adjusted models were fitted with significant
(P < 0.050) risk factors used as potential confounders,
grouped as non-modifiable (Model 1: age, ethnicity, sex,
and number of comorbidities) and modifiable (Model 2:
CRP, albumin, BMI, testosterone, and haemoglobin concen-
tration). This model was also used to calculate standardized
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survivals at 10 years and their difference. An adjusted model
was also fitted with the CKD and non-CKD groups both in-
cluded in the model, with CKD status included as a variable,
with an interaction between probable sarcopenia and CKD
exposure fitted to investigate whether the association of
probable sarcopenia with morality is modified by CKD status.
In those with CKD, the same modelling approach was used to
estimate hazard ratios for ESRD in unadjusted and adjusted
models, which included age, sex, ethnicity, and number of co-
morbidities being identified a priori as potential confounders.
Analyses were conducted using Stata 16 (StataCorp) and R
(4.0.2), and results are reported with 95% confidence interval
(CI); a P value <0.05 was deemed statistically significant.

Results

Participant characteristics

Among the 428 320 participants included in the study, 8767
(2%) had CKD (Table 1). Participants with CKD presented with
mild to moderate disease: the majority (85%) was in Stage 3a
and the median eGFR was 54.5 mL/min/1.72 m2. Compared
with non-CKD participants, those with CKD were older, had
more comorbidities, higher CRP, lower haemoglobin, higher
testosterone, and higher HbA1c. Those in the CKD

group had a higher BMI, body fat %, absolute ALM, and
ALM/height2; however, ALMBMI was reduced. Participants
with CKD had poorer HGS and slower walking speed. There
were no differences in sex, and the majority (~95%) of partic-
ipants was of White ethnicity. Participant characteristics strat-
ified by sarcopenic status can be found in Table S11.

Prevalence of sarcopenia

The unadjusted prevalence of sarcopenia was approximately
double in participants with CKD compared with those with-
out, regardless of definition used (Figure 1). In participants
with CKD, 9.7% had probable sarcopenia, twice the preva-
lence in those without CKD with 5.0% (RR: 1.93 P < 0.001).
Using the EWGSOP and FNIHSP criteria, respectively,
0.3–0.8% of the CKD group had confirmed sarcopenia and
0.2% had severe sarcopenia. In contrast, 0.2–0.3% and
0.0–0.1% of those without CKD had confirmed and severe
sarcopenia, respectively (all P < 0.001).

Risk factors for sarcopenia in those with CKD

Table 2 shows the differences between probable sarcopenic
and non-sarcopenic participants with CKD. Sarcopenia was

Figure 1 Prevalence of sarcopenia status in chronic kidney disease (CKD) and non-CKD participants. aLow muscle mass defined as per European Work-
ing Group of Sarcopenia in Older People (appendicular lean mass adjusted for height2); blow muscle mass defined as per Foundation for the National
Institutes of Health Sarcopenia Project (FNIHSP) (appendicular lean mass adjusted for body mass index). Missing data for these variables can be found
in Table S9.
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significantly associated with being older and of a non-White
ethnicity. Participants with three or more comorbidities
were 2.3 times more likely to be sarcopenic [odds ratio
(OR) = 2.30, 95% CI: 1.62 to 3.29; P < 0.001]. Sarcopenic
CKD participants had greater inflammation (CRP) and
poorer renal function (cystatin C), as well as lower serum
albumin, testosterone, and haemoglobin levels. Sarcopenia
was associated with physical inactivity: participants in the
highest quartile of METs per week were 43% less likely to
have sarcopenia compared to those in the lowest quartile
(OR = 0.57, 95% CI: 0.42 to 0.76; P < 0.001). Levels of cir-
culating vitamin D, IGF-1, HbA1c, and the number of
weekly meat servings were not associated with sarcopenic
status (Figure 2).

Sarcopenia and risk of all-cause mortality

During 9.0 (interquartile range: 8.3–9.7) years of follow-up,
152 (18%) deaths occurred in participants with probable
sarcopenia and CKD and 1310 (6%) in those sarcopenic
without CKD. The hazard ratio of all-cause mortality was
comparable among all participants (both CKD and non-
CKD) with sarcopenia (Figure 3 and Table S12). Participants
with CKD and sarcopenia had a 33% higher relative
hazard of mortality compared with CKD individuals
without sarcopenia (HR 1.33; 95% CI: 1.07 to 1.66;
P = 0.011), adjusted for age, sex, ethnicity, number of
comorbidities, CRP, albumin, testosterone, Hb, and BMI;
in the non-CKD group, the corresponding HR was 1.37

Table 1 Participant characteristics

CKD (n = 8767) Non-CKD (n = 419 553) P value

Age, years 62.8 (5.8) 56.1 (8.1) <0.001
Sex, male, n (%) 4055 (46%) 195 570 (47%) 0.510
Ethnicity
White 8346 (95%) 396 213 (94%) 0.002
Other 421 (5%) 23 340 (6%)

No. of comorbidities
0 1977 (23%) 195 716 (47%) <0.001
1 2942 (34%) 139 696 (33%)
2 2168 (25%) 58 102 (14%)
≥3 1680 (19%) 26 039 (6%)

Albumin, g/L 44.4 (2.9) 45.3 (2.6) <0.001
eGFR, mL/min/1.72 m2a 54.5 (49.0–57.7) 93.3 (84.1–100.5) <0.001
Stage 3a, n (%) 7423 (85%) — —

Stage 3b, n (%) 1079 (12%) — —

Stage 4, n (%) 238 (3%) — —

CRP, mg/La 1.98 (0.99–4.12) 1.30 (0.64–2.70) <0.001
Haemoglobin, g/dL 13.8 (1.4) 14.2 (1.2) <0.001
Testosterone, nmol/La 6.0 (1.0–10.8) 5.58 (1.0–11.7) <0.001
HbA1c, mmol/L 39.3 (9.2) 36.0 (6.7) <0.001
Body mass, kg 82.1 (16.4) 78.1 (15.9) <0.001
BMI, kg/m2 29.3 (5.2) 27.4 (4.7) <0.001
Body fat, %
Males 27.2 (5.8) 25.2 (5.8) <0.001
Females 39.1 (6.8) 36.5 (7.0) <0.001

ALM, kg
Males 27.2 (4.2) 27.0 (3.9) 0.013
Females 19.0 (2.7) 18.4 (2.4) <0.001

ALM/height2

Males 8.9 (1.2) 8.7 (1.1) <0.001
Females 7.3 (1.0) 7.0 (0.8) <0.001

ALMBMI

Males 0.93 (0.1) 0.98 (0.1) <0.001
Females 0.66 (0.1) 0.69 (0.1) <0.001

Handgrip strength, kg
Males 38.8 (9.3) 41.9 (9.0) <0.001
Females 23.4 (6.6) 25.2 (6.4) <0.001

Slow walking speed, n (%)
Males 842 (21%) 14 290 (7%) <0.001
Females 882 (19%) 17 058 (8%) <0.001

BMI, body mass index; ALM, appendicular lean mass; CKD, chronic kidney disease; CRP, C-reactive protein; eGFR, estimated glomerular
filtration rate.
aMedian and interquartile range.
Data presented as mean and standard deviation, unless otherwise indicated.
Missing data for these variables can be found in Data S7.
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Table 2 Risk factors for probable sarcopenia in individuals with CKD

Sarcopenic (n = 844) Non-sarcopenic (n = 7890) P value

Age, years 63.9 (4.5) 62.7 (5.9) <0.001
Sex, male, n (%) 364 (43%) 3678 (47%) 0.058
Ethnicity
White 769 (91%) 7549 (96%) <0.001
Other 75 (9%) 341 (4%)

No. of comorbidities
0 84 (10%) 1887 (24%) <0.001
1 238 (28%) 2695 (34%)
2 227 (27%) 1932 (24%)
≥3 295 (35%) 1376 (17%)

Albumin, g/L 43.4 (3.2) 44.5 (2.8) <0.001
CRP, mg/La 2.9 (1.3–6.2) 1.9 (1.0–3.9) <0.001
Testosterone, nmol/La 4.3 (1.0–10.0) 6.1 (1.0–10.9) 0.015
HbA1c, mmol/La 41.5 (12.0) 39.0 (8.7) <0.001
Cystatin C, mg/L 1.5 (0.5) 1.3 (0.4) <0.001
BMI, kg/m2 29.8 (5.8) 29.2 (5.1) 0.012
Vitamin D (nmol/L) 46.8 (23.0) 50.1 (22.1) <0.001
IGF-1 (nmol/L) 41.5 (12.0) 39.0 (8.7) 0.008
Haemoglobin, g/dL 13.2 (1.5) 13.9 (1.4) <0.001
No. of weekly meat servings 7.3 (3.2) 7.5 (2.9) 0.048
METs exercisea 74.3 (00.0–433.1) 272.8 (37.1–810.0) <0.001

BMI, body mass index; CKD, chronic kidney disease; CRP, C-reactive protein; IGF, insulin-like growth factor; METs, metabolic equivalent of
task.
aMedian and interquartile range.
Data presented as mean and standard deviation, unless otherwise indicated.
Missing data for these variables can be found in Table S8.

Figure 2 Associations of risk factors with probable sarcopenia in participants with chronic kidney disease (CKD). CI, confidence interval; CRP, C-reactive
protein; IGF, insulin-like growth factor; METs, metabolic equivalent of task (quartiles defined retrospectively for analysis). Black closed
circle = non-significant; green closed circle = significant; large black square = reference (ref).
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(1.28 to 1.47; P < 0.001). No evidence of an interaction
between probable sarcopenia and exposure group was
found when fitting the full model with an interaction term
(P = 0.481).

Figure 4 shows the adjusted average survival probability up
to 10 years in sarcopenic and non-sarcopenic participants
with and without CKD. In participants with CKD, the 10 years
adjusted survival probability was 0.85 (95% CI: 0.82 to 0.88)
in those sarcopenic and 0.89 (0.88 to 0.90) in those without
sarcopenia, corresponding to a difference of 4% (1% to 7%).
In contrast, in non-CKD participants there was a negligible dif-
ference in 10 year survival between those sarcopenic (10 year
survival: 0.95; 95% CI: 0.95 to 0.95) and non-sarcopenic
(0.96; 0.96 to 0.96): 1% (1% to 2%).

Sarcopenia and risk of end-stage renal disease

In participants with CKD, those with sarcopenia were twice as
likely to develop ESRD (HR 2.08 (95% CI: 1.53 to 2.82),
P < 0.001); adjusted for age, sex, ethnicity, and number of
comorbidities) than those without sarcopenia (Figure 3 and
Table S11).

Discussion

Summary of findings

We found a probable sarcopenia prevalence of 9.7% among
participants with reduced kidney function defined as an eGFR

<60 mL/min/1.73 m2; this prevalence was approximately
double that seen in those without CKD. The prevalence of
confirmed and severe sarcopenia in participants with CKD
was low, although still twice that observed in those without
CKD. Several risk factors for sarcopenia were identified in-
cluding reduced physical activity, greater inflammation, lower
kidney function, and an increased number of comorbidities.
Regardless of whether participants had CKD or not, the risk
of all-cause death in those with sarcopenia was approxi-
mately one-third higher. However, when considering the sub-
stantially greater baseline mortality risk in the CKD group, the
absolute risk of mortality was higher in individuals with CKD,
regardless of the presence of sarcopenia in those without
CKD. Sarcopenic CKD participants were twice as likely to
develop ESRD compared with individuals without sarcopenia.

Interpretation of findings

In an ageing multimorbid population, sarcopenia is an in-
creasing clinical problem with devastating effects on health
and healthcare costs. It is estimated that reducing sarcopenia
prevalence by 10% would save approximately $1.1 billion in
medical costs per year in the USA.33 With the introduction
of a sarcopenia ICD-10 code supporting its growing clinical
importance, the lack of uniformity in sarcopenia definitions
make its recognition and implementation difficult, especially
in those with CKD. No participants in our analysis had a cod-
ing of M62.84 for sarcopenia, and only four had an ICD-10
code of M62.4 (defined as ‘other specified disorders of the
muscle’). This is likely due to a lack of sarcopenia recognition

Figure 3 Hazard ratios of all-cause mortality and risk of end-stage renal disease for probable sarcopenia, by chronic kidney disease status. Hazard ra-
tios comparing ‘probable sarcopenia’ vs no sarcopenia status. †Model 1 adjusted for non-modifiable risk factors: age, ethnicity, sex, number of comor-
bidities;

††
Model 2 adjusted for the variables in Model 1 plus modifiable risk factors: C-reactive protein, albumin, body mass index, testosterone, and

haemoglobin concentration; ‡Adjusted for age, sex, ethnicity, and number of comorbidities.
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and assessment in UK healthcare organizations.8 In studies of
non-dialysis CKD, sarcopenia prevalence estimates range
widely from 6% to 19%.12,13,15,20,21,34,35 However, the ability
to compare studies is greatly limited by the diverse defini-
tions employed. The latest criteria by the EWGSOP, as well
as the Sarcopenia Definition and Outcomes Consortium
(SDOC),2 recently supported the use of low muscle strength
as the primary parameter of sarcopenia. Termed ‘probable
sarcopenia’, its use is intended to allow for simple recognition
and better management of sarcopenia, where measurement
of muscle mass may not be possible.4,36

We found that one in ten participants with CKD had prob-
able sarcopenia, almost twice that observed in those without
CKD. Studies investigating low HGS—that is, probable
sarcopenia—are limited in non-dialysis CKD populations. De
Souza et al.12 reported a prevalence of 9% in a sample of

100 elderly CKD patients Stages 2–5; however, the cut-offs
for low HGS were less stringent than those considered in
the EWGSOP. Using the same criteria, Zhou et al.34 observed
a sarcopenia prevalence of 29%. In contrast, however,
Roshanravan et al.22 reported that HGS was not impaired in
CKD. To our knowledge, only two relatively small Italian stud-
ies have utilized the new EWGSOP criteria in a non-dialysis
CKD population. In a sample of 113 elderly (mean age
80 years) patients, Vettoretti et al.23 found probable
sarcopenia was evident in 63% of patients, with confirmed
sarcopenia in 24%. Guida et al.21 found the prevalence of
sarcopenia and dynapenia (low HGS) was, respectively, 7.1%
and 17.6% in 85 patients.

These values are higher than observed in our cohort of
almost 9000 CKD patients where the ‘confirmation’ of
sarcopenia through inclusion of low muscle mass resulted

Figure 4 Survival probabilities (with and without developing end-stage renal disease) in probable sarcopenic and non-sarcopenic participants, strati-
fied by chronic kidney disease (CKD). Areas indicate 95% confidence intervals.
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in a sarcopenia prevalence of <1%. As such, it is worth ask-
ing if the current criteria for sarcopenia is adequate for clas-
sifying risk in CKD. Indeed, the inclusion of lean muscle
mass in the definition of sarcopenia measured by dual-
energy X-ray absorptiometry has been questioned.2 Cut
points from the EWGSOP for ALM/height2 are derived from
a previous study of 682 young adults from Australia37 and
potentially highlight limitations in applying these criteria to
large international biobank cohorts, but also in populations
where greater muscle mass may be observed in the pres-
ence of increased adiposity. However, whilst the use of
cut-offs is imperfect for sarcopenia diagnosis,2 they do pro-
vide a target for appropriate interventions. The low
sarcopenia prevalence in our study may also be indicative
of the UK Biobank cohort, which has a known ‘healthy
responder’ selection bias.38 Whilst these factors may explain
the low estimates in our analysis, it is important to note
that the prevalence of sarcopenia is double that observed
in those without CKD regardless of criteria used. Dodds
et al.27 recently investigated sarcopenia across all UK
Biobank participants finding a probable sarcopenia preva-
lence of 5.3%. In participants with a kidney condition, the
prevalence was 6.4%. However, these findings are difficult
to contrast against ours as health conditions were largely
derived from self-report, whereas we used creatinine-based
eGFR as per international nephrology guidelines.

Whilst the concept of probable sarcopenia is new, the
recognition of low muscle strength as a prognostic marker
is well established.39,40 HGS is shown to be a reliable
nutritional marker in dialysis patients41 and low HGS predicts
mortality in patients with ESRD.42–44 We found that CKD and
non-CKD participants with probable sarcopenia had a 33%
and 37% greater risk of death. However, considering the
greater baseline mortality risk in the CKD group, the probabil-
ity of 10 year survival in sarcopenic CKD patients is-
approximately 4% lower compared with non-sarcopenic CKD
patients. We found no meaningful difference in the
absolute 10 year mortality risk between sarcopenic and
non-sarcopenic individuals without CKD, suggesting that the
presence of reduced kidney function may modify the associ-
ation between sarcopenia and mortality. Indeed, our findings
show that having CKD has a far greater impact on survival
than sarcopenia, that is, those without CKD and probable
sarcopenia had a much better survival that those with CKD
and without sarcopenia.

In participants with CKD, probable sarcopenia was associ-
ated with an increased risk of developing ESRD. Adjustment
for age, comorbidities, inflammation, and other factors at-
tenuated the association with mortality but did not fully ex-
plain our findings suggesting that sarcopenia is associated
with the risk of death independent of these factors. Our
work supports research by Chang et al.45 who described
an association between low HGS and an increased risk of
mortality and initiation of dialysis in a small study of 128

Taiwanese CKD Stages 1–5 patients. However, in contrast
to Chang et al. and prior studies in the general
population,39,40,46 Roshanravan et al.22 found no association
between handgrip and mortality in a cohort of 385 patients
CKD Stages 2–4. Several mechanisms may explain the rela-
tionship between HGS and outcomes, but low strength is
likely an indicator of physical inactivity and other unhealthy
behaviours.39 In particular, the association of low HGS with
inflammation, as well as arterial stiffness and insulin
resistance,45 may aggravate cardiovascular disease and
accelerate kidney function decline.

The underlying complex mechanisms of sarcopenia in the
context of CKD are multifactorial. Whilst reductions in muscle
strength are likely augmented by changes in muscle mass,
the two are not exclusively related, and other detrimenta
changes to muscle architecture, such as mitochondrial
dysregulation10,47 and motor neuron loss, may contribute.1

In some individuals, sarcopenia is attributable to ageing
(‘primary’ sarcopenia),1 and unsurprisingly, we observed that
older individuals were more likely to have probable
sarcopenia, supporting previous research in CKD.12 We ob-
served that participants from a non-White ethnicity were
more likely to be sarcopenic, which is consistent with known
ethnic differences in strength and sarcopenic outcomes.48

Several studies have reported correlations between
sarcopenia and worsening kidney function49 and
albuminuria.50 Using cystatin C, an endogenous filtration
marker less influenced by muscle mass compared with
creatinine,51 we found that sarcopenia was associated with
increased serum cystatin C (i.e. decreased kidney function).
Low albumin is often used as a biochemical marker of malnu-
trition and poor nutritional status, which may result in pro-
tein synthesis degradation and muscle weakness.52 We
observed that sarcopenic participants had lower serum albu-
min, supporting previous research in older adults52 and in pa-
tients with CKD,21 although absolute differences in albumin
between sarcopenic and non-sarcopenia patients were small.
We saw no association between with sarcopenia and the
weekly meat intake (a crude surrogate for increased dietary
protein), although detailed investigation of macronutrients
may provide a better understanding of the role of diet in
sarcopenia.

Low-grade inflammation is common in CKD,11 and in-
creased levels of inflammatory mediators may contribute to
the pathogenesis of sarcopenia.1,53 In particular, sarcopenia
is strongly associated with elevated serum CRP levels in
CKD17,35,54 and non-CKD individuals,53 and CRP is likely an
indicator of other pro-inflammatory cytokines that may influ-
ence muscle strength through their effect on muscle mass.55

However, given the phenotypical complexity of sarcopenia, it
is unlikely to be able to be captured by single biological bio-
markers. The androgen testosterone is a potent regulator of
skeletal muscle mass.56 Reduced with ageing, increased tes-
tosterone is associated with both better muscle mass and
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function,56 and we found lower serum testosterone in partic-
ipants with sarcopenia. Nonetheless, whilst modifiable, given
the potential unfavourable cardiovascular side-effect profile,
further research is needed into the role of pharmacological
testosterone intervention,1 and the small absolute differ-
ences in testosterone levels between sarcopenic and
non-sarcopenia patients should be noted. Vitamin D defi-
ciency can up-regulate the ubiquitin–proteasome pathway
leading to protein degradation and skeletal muscle
atrophy,11,57 whilst IGF-1 is considered a key mediator in
the IGF–AkT pathway responsible for maintaining skeletal
muscle mass homeostasis.9,57 However, we found no associa-
tion with either vitamin D or IGF-1 and sarcopenia, which
may be due to systemic (i.e. serum), rather than local, mea-
surement of these markers. We observed no association with
Hb1Ac, despite known sarcopenia links with dysglycaemia.18

However, our CKD group presented with moderately con-
trolled diabetes (a mean Hb1Ac of ~39 mmol/L).

Given the well-documented effects of physical activity on
skeletal muscle synthesis and function, it is unsurprising that
physical inactivity was identified as a contributor to
sarcopenia. It is well-recognized that individuals with CKD
are extremely inactive,58 and although whether lack of phys-
ical activity causes sarcopenia or vice-versa is unclear, the
evidence between sarcopenia and physical activity is
well-defined across a wide number of populations including
older adults59 and patients with CKD.12,13 Physical activity,
particularly the use of resistance exercise, remains one of
the key modifiable risk factors of sarcopenia and is generally
considered the ‘primary’ form of treatment.1,3

Methodological considerations

Unexpectedly, the CKD group had a greater absolute ALM
than those without CKD. However, as the CKD group exhib-
ited increased body mass and body fat %, when ALM was nor-
malized to BMI, relative muscle mass was reduced compared
to the non-CKD group. It is recognized that increased body
mass (and adiposity) may increase muscle size by providing
a chronic overload stimulus on the antigravity musculature.
However, when muscular strength is normalized to body
mass or strength is assessed in other muscles (e.g. forearm
muscles as required for HGS), these individuals appear
weaker.60 Indeed, we found participants with CKD exhibited
lower HGS compared with the non-CKD group. This finding
highlights significant shortfalls in the use of ALM (and ALM/
height2) cut-offs in the presence of increased adiposity and
obesity. We found ALMBMI returned a greater number of
sarcopenic participants, and the use of ALMBMI is reportedly
a better discriminator of clinically relevant low lean mass in
the presence of obesity and poor functional status,7 and as
such may be the more appropriate criteria in a CKD popula-
tion. It is also important to note the EWGSOP criteria were

developed for the diagnosis of ageing and not CKD-related
sarcopenia. Specific validation studies have not been per-
formed in CKD, and given the difference in potential patho-
physiological mechanisms towards sarcopenia, specific
diagnostic criteria should be developed for CKD to be used
for prognostic purposes.21 The finding of increased adiposity
in this group also underlines the emerging role of the
sarcopenic obesity phenotype in patients with CKD (i.e. low
muscle function/mass in the presence of increased fat mass).
It is likely that patients exhibiting this phenotype may be at
increased risk of adverse health,20 and this remains an impor-
tant topic for future research in this group.

Our analysis is strengthened by the UK Biobank’s large pro-
spective cohort of almost a half a million participants, of
which approximately 9000 had reduced kidney function. As
such, our study is, to our knowledge, the largest investigation
into sarcopenia in those with CKD. We were able to classify
CKD using creatinine-derived eGFR, rather than relying on
self-reported status as in other studies.27 An important limi-
tation of UK Biobank is its low initial response rate and evi-
dence of a ‘healthy responder’ bias,38 which, alongside
participants presenting with mild to moderate CKD disease,
may explain the low prevalence of sarcopenia in our analysis.
It is unlikely that the direction of the association between
sarcopenia and outcome is different in respondents
and non-respondents, and hence, representativeness is not
a major concern in our analysis, as also empirically
demonstrated.61 The differences in risk factors (e.g. CRP,
albumin, and testosterone) between those with and with
sarcopenia should be treated cautiously. Although their ef-
fects on sarcopenic development are supported by the litera-
ture, the small absolute differences observed lack clinical
utility and are likely statistically significant due to the large
sample size included.

Conclusions

This study shows that in individuals with CKD, the prevalence
of sarcopenia, regardless of the criteria used, is double that
in those without CKD. The pathophysiology of sarcopenia
is multifactorial and complex with modifiable and
non-modifiable risk factors. Probable sarcopenia, that is,
low muscle strength, is associated with an increased risk of
premature mortality and, in individuals with CKD, with an in-
creased risk of ESRD. Sarcopenia is an important and growing
clinical problem, even in those with early mild to moderate
disease classification; a timely identification of those at risk
of sarcopenia may provide prognostic information to
healthcare professionals. Based on our findings, we recom-
mend the measurement of sarcopenia should be incorpo-
rated into clinical practice and the ICD-10-CM diagnosis
code M62.84 used for all patients with probable sarcopenia.
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Appropriate physical activity and exercise remains the
primary treatment of sarcopenia.
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