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Abstract

Cachexia, in the form of unintentional weight loss >5% in 12 months or less, and secondary sarcopenia in the form of
muscle wasting are serious conditions that affect clinical outcomes. A chronic disease state such as chronic kidney dis-
ease (CKD) often contributes to these wasting disorders. The purpose of this review is to summarize the prevalence of
cachexia and sarcopenia, their relationship with kidney function, and indicators for evaluating kidney function in pa-
tients with CKD. It is estimated that approximately half of all persons with CKD will develop cachexia with an estimated
annual mortality rate of 20%, but few studies have been conducted on cachexia in CKD. Hence, the true prevalence of
cachexia in CKD and its effects on kidney function and patient outcomes remain unclear. Some studies have highlighted
the concept of protein-energy wasting (PEW) which usually include sarcopenia and cachexia. Several studies have ex-
amined kidney function and CKD progression in patients with sarcopenia. Most studies use serum creatinine levels to
estimate kidney function. However, creatinine may be influenced by muscle mass, and creatinine-based glomerular fil-
tration rate may overestimate kidney function in patients with reduced muscle mass or muscle wasting. Cystatin C,
which is least affected by muscle mass, has been used in some studies, and creatinine-to-cystatin-C ratio has emerged
as an important prognostic marker. A previous study incorporating 428 320 participants reported that participants with
CKD and sarcopenia had a 33% higher hazard of mortality compared with those without (7% to 66%, P = 0.011), and
that those with sarcopenia were twice as likely to develop end-stage kidney disease (hazard ratio: 1.98; 1.45 to 2.70,
P < 0.001). Future studies on cachexia and sarcopenia in patients with CKD are needed to report rigorously defined
cachexia concerning kidney function. Moreover, in studies on sarcopenia with CKD, it is desirable to accumulate studies
using cystatin C to accurately estimate kidney function.
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Definition of cachexia and sarcopenia

Cachexia and sarcopenia are serious conditions that affect
the long-term prognosis of patients, with weight loss and loss
of muscle mass/strength as the main symptoms, respectively.
Cachexia was defined at a consensus conference in
Washington, USA, in 2006 as ‘a complex metabolic syndrome
associated with underlying illness and characterized by loss of
muscle with or without loss of fat mass’.1 Currently, the
widely accepted diagnostic criteria are weight loss of at least
5% in 12 months or less, plus three or more of the following
five criteria: decreased muscle strength, fatigue, anorexia,
low fat-free mass index, and abnormal biochemistry.1 On
the other hand, sarcopenia is defined as a loss of muscle
mass and strength, which can be divided into ‘primary sarco-
penia’ due to aging and ‘secondary sarcopenia’ due to one or
more obvious causes such as reduced activity, chronic dis-
ease, or poor nutritional status.2 The diagnostic criteria for
sarcopenia include screening by questionnaire (SARC-F) and
clinical suspicion, followed by the assessment of muscle
strength (grip strength and chair stand test), muscle quantity
and quality (dual-energy X-ray absorptiometry, bioelectrical
impedance analysis, computed tomography, and/or magnetic
resonance imaging), and physical performance (gait speed,
short physical performance battery, timed-up and go test,
and 400 m walk) to determine whether and how severe
sarcopenia is.2

Kidney function in cachexia and
protein-energy wasting

There is surprisingly little research on the prevalence of ca-
chexia in patients with chronic kidney disease (CKD) and its
impact on kidney function (Table 1). The presence of chronic
diseases is considered a cause of cachexia and sarcopenia,
and these include chronic wasting diseases such as cancer,
heart failure, CKD, chronic obstructive pulmonary disease, au-
toimmune diseases, and chronic infectious diseases/sepsis.1,2

von Haehling et al. estimate that the prevalence of CKD in the
population is 0.1% and report that 50% of them have
cachexia.3 They then estimate the number of patients with
cachexia in CKD to be 190 000 in Europe, 80 000 in the
United States, and 30 000 in Japan, and report a mortality
rate of 20% in 1 year. McKeaveny et al. studied 106 adult
patients on haemodialysis and reported that cachexia,
diagnosed by the definition of Evans et al.,1 was present in
17 (16%) of them.4

On the other hand, there are some reports of CKD and
protein-energy wasting (PEW), a condition similar to ca-
chexia. PEW is a concept proposed by the International Soci-
ety of Renal Nutrition and Metabolism and the International

Society of Nephrology in 2008 and is defined as the state of
decreased body stores of protein and energy fuels (i.e., body
protein and fat masses).5 The diagnostic criteria for PEW are
three or more of the following four criteria: low serum chem-
istry (albumin, transthyretin, or cholesterol), low body mass,
decreased muscle mass, and low protein or energy intakes,
which are similar in many, if not identical to cachexia.5 Koppe
et al. have therefore proposed positioning cachexia as a se-
vere form of PEW.6 In a previous study of PEW and CKD,
de Mutsert et al. divided patients with end-stage renal dis-
ease into normal nutrition, moderate PEW, and severe PEW
and reported that residual glomerular filtration rate calcu-
lated by the creatinine and urea clearance from a 24-h urine
sample was lower in the severe PEW group.7 Dai et al.
reported a lower creatinine-based estimated glomerular
filtration rate (eGFR) in the PEW group than in the
well-nourished group, but there was no difference in
creatinine.8 The PEW group includes more haemodialysis pa-
tients, and estimating the glomerular filtration rate of those
patients as zero may have an impact on eGFR. Hyun et al.
studied patients with CKD before the introduction of dialysis,
and divided them into five groups according to
creatinine-based eGFR severity.9 The results showed that
9% of all 1834 subjects had PEW, with 2.2% in Stage 1
CKD, 4.4% in Stage 2, 8.3% in Stage 3a, 6.2% in Stage 3b,
15.6% in Stage 4 and 24.6% in Stage 5, by group, and that
the prevalence of PEW tended to increase as the severity
of CKD progressed. In a study of 186 Spanish patients with
advanced kidney disease, Péres-Torres et al. reported that
PEW was present in 30% of all patients, 23% of men, and
39% of women, with a higher prevalence in women.10 In ad-
dition, one previous study incorporating 1031 CKD patients
had shown that PEW was associated with increased mortality
independently of other factors (risk ratio: 1.17, 95% confi-
dence interval: 1.11 to 1.23, P < 0.0001).8

Patients with CKD often suffer from cachexia and PEW as a
result of disease-related factors. The aetiology of PEW
encompasses anorexia, reduced energy and protein con-
sumption, hypermetabolism, uraemia, metabolic acidosis, de-
creased physical activity, decreased anabolism, comorbidities
(diabetes, chronic heart failure, coronary artery disease, pe-
ripheral artery disease, and depression), and dialysis.4,11

Therefore, patients with end-stage renal disease may have
low kidney function as well as cachexia, a serious condition
of PEW.

CKD is considered to be an important cause of cachexia,
but few studies have reported on cachexia and CKD, and
most studies have been on PEW and CKD. In patients with
CKD, PEW prevalence increases as the severity of CKD pro-
gresses, and can have a negative impact on kidney function.
More researches are needed in the future on the prevalence
of strictly defined cachexia and its impact on kidney function
in patients with CKD.
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Kidney function in sarcopenia

More studies on sarcopenia and kidney function in patients
with CKD have been reported than on cachexia and PEW
(Table 2). Isoyama et al. divided 330 haemodialysis patients
into two groups according to muscle mass or strength, re-
spectively, and reported that creatinine was lower in the
group with reduced muscle mass and strength, although
there were no significant differences in residual glomerular
filtration rate calculated by the renal urea and creatinine
clearances from a 24-h urine collection.12 Yang et al. showed
that serum creatinine and creatinine-based eGFR were lower
in the presence of sarcopenia in both diabetic and
non-diabetic patients.13 Hyun et al. conducted a large survey
of 10 734 people in South Korea and divided them into nor-
mal, sarcopenia alone, obesity alone, and sarcopenic obesity
groups.14 The results showed that creatinine-based eGFR was
lower in the order of these four groups and that the
prevalence of CKD was also higher. Fukuda et al. studied
sarcopenia and the ratio of the android fat mass divided by
the gynoid fat mass (A/G), dividing them into four
groups; non-sarcopenic low A/G, sarcopenic low A/G, non-
sarcopenic high A/G, and sarcopenic obesity.15 There were
discrepancies in creatinine-based eGFR among the four
groups, and the co-occurrence of sarcopenia and a high A/
G, referred to as sarcopenic obesity, resulted in the largest
decline in creatinine-based eGFR over 1 year.
Moreno-Gonzalez et al. reported that the prevalence of
sarcopenia increases with more severe CKD when severity
is classified using the formula, which estimates
creatinine-based eGFR, of the Berlin initiative study or the
chronic kidney disease epidemiological collaboration.16 Soraci
et al. reported that in elderly inpatients, those who died had
a lower creatinine-based eGFR and a higher prevalence of
sarcopenia compared with those who survived.17 Although
these studies use eGFR based on serum creatinine, Groothof
et al. have suggested that creatinine-based eGFR may be
overestimated due to the muscle mass of the subjects.18 In
settings of reduced muscle mass or muscle wasting, eGFR cal-
culated by cystatin C may more accurately capture kidney
function.18 Rizk et al. have reported that creatinine-to-
cystatin-C ratio is independently associated with mortality
regardless of race or kidney function among 22 316 US
veterans.19 Kusunoki et al. compared eGFR in community-
dwelling older people with and without sarcopenia.20 They
reported that there were significant differences in cystatin
C-based eGFR with and without sarcopenia, but not in
creatinine-based eGFR. Similarly, Wilkinson et al. reported
higher levels of cystatin C in sarcopenic patients with CKD
than in non-sarcopenic patients.21 Yoshimura et al. also re-
ported that the use of creatinine-based eGFR in stroke pa-
tients showed an opposite reduction in the prevalence of sar-
copenia as kidney function declined.22 In addition, three
previous studies showed that sarcopenia, particularly loss of

muscle strength, was associated with increased mortality in
patients with CKD.12,17,21 One previous study incorporating
428 320 participants reported that participants with CKD
and sarcopenia had a 33% higher hazard of mortality com-
pared with those without (7% to 66%, P = 0.011), and that
those with sarcopenia were twice as likely to develop
end-stage kidney disease (hazard ratio: 1.98; 1.45 to 2.70,
P < 0.001).

Future studies on sarcopenia in patients with CKD will
need to use cystatin C to accurately estimate kidney func-
tion. Although there have been several studies on sarcope-
nia and kidney function, most studies used creatinine to
estimate eGFR. Creatinine is known to be influenced by
muscle mass and the use of creatinine-based eGFR in sar-
copenia patients with reduced muscle mass may overesti-
mate kidney function. There are, in fact, some studies that
show the opposite trend to what might be expected, such
as a decline in kidney function accompanied by a decline
in the prevalence of sarcopenia. In contrast, cystatin C is
known to be less affected by muscle mass and more accu-
rate in estimating GFR than creatinine.23 Therefore, more
studies of sarcopenia in patients with CKD using cystatin
C may be warranted to more accurately estimated kidney
function.

Conclusions

The presence of cachexia and sarcopenia can adversely affect
patients’ prognosis, so they should be evaluated for CKD and
other chronic diseases. However, although there are some
studies about PEW and CKD, surprisingly little research has
been conducted on cachexia and kidney function in CKD,
and new studies are warranted. The use of creatinine in
sarcopenia patients with reduced muscle mass or muscle
wasting may overestimate kidney function and further
studies using cystatin C will be required to accurately assess
kidney function in patients with CKD.
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