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Sarcopenia, deﬁned as skeletal muscle loss and dysfunction, is attracting considerable
attention as a novel risk factor for cardiovascular events. Although the loss of skeletal
muscle is common in chronic kidney disease (CKD) patients, the relation between sarcopenia and cardiovascular events in CKD patients is not well deﬁned. Therefore, we aimed
to investigate the relation between skeletal muscle mass and major adverse cardiovascular
events (MACE) in CKD patients. We enrolled 266 asymptomatic CKD patients (median
estimated glomerular ﬁltration rate: 36.7 ml/min/1.73 m2). To evaluate skeletal muscle
mass, we used the psoas muscle mass index (PMI) calculated from noncontrast computed
tomography. The patients were divided into 2 groups according to the cut-off value of PMI
for MACE. There were signiﬁcant differences in age and body mass index between the low
and high PMI groups (median age: 73.5 vs 69.0 years, p [ 0.002; median body mass index:
22.6 vs 24.2 kg/m2, p <0.001, respectively). During the follow-up period (median: 3.2 years),
patients with low PMI had signiﬁcantly higher risk of MACE than those with high PMI
(31.7% and 11.2%, log-rank test, p <0.001). The Cox proportional hazard model showed
that low PMI is an independent predictor of MACE in CKD patients (hazard ratio 3.98,
95% conﬁdence interval 1.65 to 9.63, p [ 0.0022). In conclusion, low skeletal muscle mass
is an independent predictor of MACE in CKD patients. The assessment of skeletal muscle
mass may be a valuable screening tool for predicting MACE in clinical practice. Ó 2017
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Sarcopenia, which is deﬁned as skeletal muscle loss and
dysfunction, is a serious problem and is associated with
increased hospitalization and mortality in various clinical
settings, including chronic kidney disease (CKD).1e3
Moreover, several studies proposed sarcopenia as a new
prognostic factor for cardiovascular disease.4,5 However,
skeletal muscle mass is not routinely assessed in clinical
practice, and the possible relation between skeletal muscle
mass and the incidence of cardiovascular event (CVE) in
CKD patients remains to be assessed. The purpose of this
study is to evaluate the predictive value of skeletal muscle
mass, assessed using noncontrast computed tomography
(CT), on future CVE in asymptomatic CKD patients.
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Methods
All patients were seen in the outpatient clinic at the
Department of Nephrology in Nagoya University Hospital
from January 2008 to December 2012. Within the study
period, a total of 392 patients had referred to our department. Exclusion criteria were 34 patients were not
performed abdominal CT, 7 patients with active malignancy, 5 patients of lack of the value of height that was
needed to calculate psoas muscle mass index (PMI), 1
patient with having undergone lumbar spinal fusion with
pedicle screws and rods at the umbilical level, and 79
patients were estimated glomerular ﬁltration rate (eGFR)
60 ml/min/1.73 m2. After exclusion of these patients, a
total of 266 patients were evaluated in this study.
Hypertension was deﬁned as diastolic blood pressure
90 mm Hg, systolic blood pressure 140 mm Hg, and/or
use of antihypertensive medicine. Dyslipidemia was deﬁned
as triglycerides 150 mg/dl, low-density lipoprotein
cholesterol 140 mg/dl, high-density lipoprotein cholesterol
40 mg/dl, and/or use of medications to treat hyperlipidemia. Diabetes mellitus (DM) was deﬁned as having a
fasting plasma glucose concentration of >126 mg/dl, glycosylated hemoglobin concentration of 6.5% (National
Glycohemoglobin Standardization Program), and/or the use
of any antihyperglycemic medicine. Current smokers were
www.ajconline.org
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Figure 1. The image of cross-sectional CT and ROI at umbilical level. The white line shows bilateral psoas muscle measured by manual tracing. PMI ¼ area of
psoas muscle (cm2)/height2 (m2). Representative cross-sectional images of the psoas muscle volume in patients with 4.0% low PMI (A) and 11.0% ACI (B).
ROI ¼ region of interest.

deﬁned as those who declared active smoking. Blood samples were taken from all patients after a 12-hour overnight
fast. eGFR was calculated using the equation for Japanese
subjects recommended by the Japanese Society of
Nephrology: eGFR (ml/min/1.73 m2) ¼ 194  SCr 
1.094  age  0.287  0.793 (if woman).6 This study was
approved by the local ethics committee (Institutional
Review Board/Ethics approval number 101, 2013) and
conducted in accordance with the ethical principles stated by
the Declaration of Helsinki. Written informed consent was
obtained from all patients.
Renal morphology and skeletal muscle mass in our study
population were assessed and quantiﬁed using noncontrast
CT scan (Siemens Medical Solutions, Forchheim, Germany). The cross-sectional area of the bilateral psoas muscles as an indicator of skeletal muscle mass was measured
using manual tracing at the umbilical level, and PMI was
calculated as follows: PMI ¼ cross-sectional area of bilateral psoas muscle/height2 (cm2/m2).7,8 Representative CT
images of low and high PMI are listed in Figure 1. The
measurement of PMI was independently conducted by 2
physicians who were blinded to the patient’s clinical characteristics. The inter- and intrarater reliability, calculated
using the intraclass correlation coefﬁcient, was 0.97 (95%
conﬁdence interval [CI] 0.95 to 0.97, p <0.001) and 0.97
(95% CI 0.96 to 0.99, p <0.001), respectively. The cut-off
value of PMI was selected on the basis of best accuracy in
relation to major adverse cardiovascular events (MACE),
which is deﬁned as a composite of all-cause death,
myocardial infarction, coronary revascularization, heart
failure, and cerebral infarction. As the range of PMI was
quite different according to gender, we established different
cut-off values using receiver operating characteristic curves
for MACE in men and women. The cut-off values of PMI
were 7.17 (area under the receiver operating characteristic
curve [AUC] ¼ 0.57) and 5.13 cm2/m2 (AUC ¼ 0.61) for
men and women, respectively. On the basis of the previously mentioned cut-off values, we divided the patients into
2 groups: low PMI (n ¼ 110) and high PMI (n ¼ 156).
All statistical analyses were performed using SPSS
software version 23 for Windows (SPSS, Inc., Chicago, IL)

and R software version 3.3.1 (The R project for Statistical
Computing). Data for continuous values are expressed as
mean  SD for normally distributed variables or as median
(interquartile range) for asymmetrically distributed data.
Categorical variables are shown as numbers (percentages).
Statistical differences were assessed using the Student’s t
test (for normally distributed continuous variables) or the
ManneWhitney U test (for asymmetrically distributed variables). Differences in categorical variables were assessed
using the chi-square test. The KaplaneMeier analysis was
used to estimate event-free survival, with comparisons
performed using the log-rank test. In cases when multiple
CVEs were reported for individual patients, only the day of
the ﬁrst occurrence was included in the KaplaneMeier
analyses. The Cox proportional hazards model was used to
assess the associations. In addition, the C-index and the net
reclassiﬁcation improvement (NRI) and integrated discrimination improvement (IDI) indexes were calculated to assess
the incremental prognostic value for MACE after adding
PMI into the baseline model, along with traditional cardiovascular risk factors, including age, gender, hypertension,
DM, dyslipidemia, and smoking status. The C-index was
deﬁned as AUC between individual predictive probabilities
for MACE and was compared with the baseline model and
the established risk factors plus the presence of low PMI,
categorized using the corresponding PMI cut-off value.9 The
NRI index indicates the relative proportion of patients with
improved predicted probabilities for MACE, whereas the
IDI index indicates the average improvement in predicted
probabilities for MACE after adding variables into the
baseline model.10 A p value <0.05 was considered statistically signiﬁcant.
Results
A total of 266 patients were enrolled in the preset study.
The median and interquartile ranges of age and eGFR levels
were 71 (62 to 78) years and 36.7 (26.7 to 48.1) ml/min/
1.73 m2, respectively. The median and interquartile ranges
of PMI were 7.55 (6.65 to 8.96) in men and 5.69 (4.57 to
6.64) cm2/m2 in women. Patients were divided into 2 groups
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Table 1
Baseline characteristics of the study patients
Variable

Age (years)
Men
Body mass index (kg/m2)
Hypertension
Diabetes mellitus
Dyslipidemia
Current smoker
Previous coronary artery disease
Previous stroke
Serum creatinine (mg/dL)
eGFR (mL/min/1.73 m2)
LDL cholesterol (mg/dL)
Triglycerides (mg/dL)
Hemoglobin A1c (%)
Serum albumin (mg/dL)
Hemoglobin (g/dL)
C-reactive protein (mg/dL)
Proteinuria
Antiplatelet agents
ACE-I or ARB
Beta-blocker
Calcium channel blocker
Statin

ALL (n ¼ 266)

71 (62-78)
197 (74%)
23.6 (21.5-25.4)
229 (86%)
98 (37%)
211 (79%)
23 (9%)
24 (9%)
28 (11%)
1.44 (1.16-1.90)
36.7 (26.7-48.1)
102 (85-122)
134 (99-185)
5.7 (5.4-6.3)
3.8 (3.5-4.1)
12.3  1.9
0.054 (0.028-0.13)
117 (44%)
93 (35%)
180 (68%)
39 (15%)
145 (55%)
108 (41%)

Psoas Muscle Mass Index
Low (n ¼ 110)

High (n ¼ 156)

73.5 (65-80)
82 (75%)
22.6 (20.2-24.7)
97 (88%)
44 (40%)
82 (75%)
9 (8%)
11 (10%)
13 (12%)
1.41 (1.17-1.85)
36.4 (26.4-46.9)
100 (81-118)
126 (92-170)
5.7 (5.4-6.3)
3.8 (3.5-4.0)
11.9  1.8
0.048 (0.027-0.11)
43 (39%)
43 (39%)
72 (66%)
22 (20%)
65 (59%)
46 (42%)

69 (61-76)
115 (74%)
24.2 (22.4-25.9)
132 (85%)
54 (35%)
129 (83%)
14 (9%)
13 (8%)
15 (10%)
1.47 (1.17-1.85)
36.7 (27.0-48.2)
105 (87-126)
138.5 (101-196)
5.7 (5.4-6.3)
3.8 (3.6-4.1)
12.6  2.0
0.060 (0.029-0.13)
74 (47%)
50 (32%)
108 (69%)
17 (11%)
80 (51%)
62 (40%)

P value

0.0019
0.89
<0.001
0.47
0.44
0.11
0.82
0.64
0.56
0.80
0.75
0.21
0.068
0.77
0.099
0.0068
0.39
0.18
0.24
0.52
0.039
0.21
0.73

Data are indicated as median (interquartile range), or means  SD, or number (percentages).
ACE-I ¼ angiotensin-converting enzyme inhibitors; ARB ¼ angiotensin receptor blocker; eGFR ¼ estimated glomerular ﬁltration rate; LDL ¼ low-density
lipoprotein.

according to the cut-off value of PMI. Baseline clinical
characteristics are summarized in Table 1. There were signiﬁcant differences in age, body mass index, hemoglobin
levels, and b-blocker use between the 2 groups. During the
median follow-up of 3.2 years, a total of 39 MACE
occurred. The event-free survival curve for MACE is listed
in Figure 2. The KaplaneMeier analysis showed that
patients with low PMI had signiﬁcantly higher risk of
MACE than those with high PMI (31.7% and 11.2%, logrank test, p <0.001). Data for all clinical events are listed
in Table 2. The incidence of all-cause death and coronary
revascularization in patients with low PMI was signiﬁcantly
higher than in those with high PMI (13.3% and 3.3%, logrank test, p ¼ 0.035; 12.0% and 3.9%, p ¼ 0.022, respectively). The incidence of myocardial infarction and heart
failure in the low PMI group tended to be higher than that in
the high PMI group but did not reach statistical signiﬁcance.
As a result, the rate of the composite of adverse cardiovascular outcomes in the low PMI group was numerically
higher than that in the high PMI group. Cox proportional
hazards models revealed that the presence of low PMI was
independently associated with MACE (hazard ratio 3.98,
95% CI 1.65 to 9.63, p ¼ 0.0022) (Table 3). In addition,
current smoking and C-reactive protein levels were independently associated with MACE. When the presence of
low PMI was added to the model along with the other risk
factors for MACE, the C-index increased (0.71 vs 0.76) but
did not reach statistical signiﬁcance (p ¼ 0.11). However,
NRI and IDI for MACE signiﬁcantly increased (0.53, p ¼
0.0014; 0.036, p ¼ 0.015, respectively) (Table 4).

Figure 2. Event-free survival curve for major adverse cardiac events between low and high PMI.

We also estimated the combined effects of the PMI
values (divided by optimal cut-off values) and eGFR grades
(CKD stage G3 or G4, G5) for predicting MACE. After
adjusting for conventional cardiovascular risk factors, hazard ratios (95% CI) for MACE were 2.90 (1.04 to 8.12,
p ¼ 0.043), 1.59 (0.49 to 5.12, p ¼ 0.44), and 6.02 (2.00 to
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Table 2
Details of major adverse cardiovascular events
Major adverse events

All (n ¼ 266)

Psoas Muscle Mass Index
Low (n ¼ 110)

All cause death
Cardiovascular death
Myocardial infarction
Coronary revascularization
Heart failure
Cerebral infarction

15
6
8
13
8
5

(5.6%)
(2.3%)
(3.0%)
(4.9%)
(3.0%)
(1.9%)

10
3
5
9
5
2

(9.0%)
(2.7%)
(4.5%)
(8.2%)
(4.5%)
(1.8%)

P value

High (n ¼ 156)
5
3
3
4
3
3

(3.2%)
(1.9%)
(1.9%)
(2.6%)
(1.9%)
(1.9%)

0.040
0.66
0.22
0.036
0.22
0.95

Table 3
Cox proportional hazards models for major adverse cardiovascular events
Variables

Univariate
HR (95 % CI)

Age
Gender, men
Body mass index
Hypertension
Diabetes mellitus
Dyslipidemia
Hemoglobin
Estimated glomerular ﬁltration rate
Current smoking,
Serum albumin
C-reactive protein (log-transformed)
Proteinuria
Low psoas muscle mass

1.01
1.71
0.98
3.42
1.73
1.31
0.95
0.97
3.75
0.47
1.46
0.98
2.88

(0.98-1.04)
(0.75-3.87)
(0.91-1.10)
(0.82-14.18)
(0.92-3.23)
(0.64-2.70)
(0.80-1.12)
(0.95-0.99)
(1.78-7.91)
(0.27-0.81)
(1.14-1.86)
(0.50-1.94)
(1.49-5.54)

Multivariate
P value
0.39
0.20
0.98
0.091
0.088
0.46
0.55
0.024
<0.001
0.0060
0.0025
0.98
0.0016

HR (95 % CI)

0.98
5.63
0.52
1.66

(0.95-1.01)
(1.81-17.50)
(0.21-1.27)
(1.14-2.43)

3.98 (1.65-9.63)

P value

0.19
0.0028
0.52
0.0089
0.0022

CI ¼ conﬁdence interval.

18.09, p ¼ 0.0065) for patients with low PMI and G3, high
PMI and G4 to G5, and low PMI and G4 to G5, respectively
(Figure 3).
Discussion
The main ﬁnding of the present study is that sarcopenia,
denoted in our study by low skeletal muscle mass, is
signiﬁcantly associated with adverse cardiovascular outcomes in CKD patients, even during the early phase of the
disease. Our ﬁndings indicate the considerable signiﬁcance
for asymptomatic CKD patients, because evaluation of
skeletal muscle mass by noncontrast CT scan is a noninvasive and useful screening tool for predicting adverse
cardiovascular outcomes.
Sarcopenia is deﬁned as the age-related loss of muscle
mass and function.11 Recently, the European Working
Group on Sarcopenia in Older People deﬁned sarcopenia as
“low skeletal muscle mass plus low muscle strength and/or
low physical performance.”1,4 In addition, sarcopenia is a
devastating complication because it not only promotes a
sedentary life style and leads to decreased quality of life, but
also jeopardizes cardiovascular health by increasing
morbidity and mortality.5,12 Several large cohort studies
suggested that sarcopenia is more commonly observed in
patients with end-stage renal disease receiving hemodialysis.13,14 In addition, a number of recent studies have

suggested that these physical and functional abnormalities
may have already started in early-stage CKD.3,15 Our
combined analysis indicated that subjects with low PMI in
the relatively early phase of CKD (stage G3) had a 2.9-fold
higher risk for adverse cardiovascular outcomes than those
with high PMI. Furthermore, these relations were clearly
supported by the ﬁnding that the model that included both
PMI and eGFR levels could more accurately predict adverse
cardiovascular outcomes, as shown by the increased C-index and the NRI and IDI signiﬁcance values. These results
suggest that assessment of skeletal muscle mass in addition
to renal function is useful to improve our ability to identify
patients at high risk of future adverse cardiovascular events
and highlight the importance of implementing treatment
strategies to improve sarcopenia before CKD reaches
advanced stages.
Protein-energy-wasting, malnutrition, and chronic systemic inﬂammation are well-known major problems associated with atherosclerosis and increased overall morbidity
and mortality in CKD patients.16 Recent evidence suggests
that malnutrition and inﬂammation are important causes of
muscle wasting in hemodialysis patients.17,18 However,
even after adjusting for these 2 factors, our data show that
low skeletal muscle mass is strongly associated with MACE
in nondialyzed CKD patients. Several researches showed
that standard approaches to the management of sarcopenia
include nutritional support and exercise training.19,20
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Table 4
Discrimination of each predictive model for major adverse events using C-index, NRI, and IDI
Predictive model
Established risk factors
þeGFR
þLow PMI
þeGFRþLow PMI

C-index
(95 % CI)
0.71
0.74
0.76
0.77

(0.62-0.80)
(0.65-0.82)
(0.68-0.84)
(0.70-0.85)

P value

NRI
(95 % CI)

Reference
0.27
0.11
0.077

Reference
0.42 (0.089-0.75)
0.53 (0.21-0.86)
0.55 (0.22-0.88)

P value

0.013
0.0014
0.0010

IDI
(95 % CI)
Reference
0.019 (0.0007-0.038)
0.036 (0.0069-0.066)
0.059 (0.021-0.096)

P value

0.042
0.015
0.0021

Established risk factors included age, gender, hypertension, diabetes, dyslipidemia, and smoking status.
CI ¼ conﬁdence interval; IDI ¼ integrated discrimination improvement; NRI ¼ net reclassiﬁcation improvement; PMI ¼ psoas muscle mass index.

Figure 3. Event-free survival curve for major adverse events according to
both CKD stage and PMI (Group 1: CKD stage G3 [30 & eGFR < 60 ml/
min/1.73 m2] and high PMI; Group 2: CKD stage G3 and low PMI; Group
3: CKD stage G4, G5 [eGFR < 30 ml/min/1.73 m2] and high PMI; and
Group 4: CKD stage G4, G5 and low PMI).

Recently, supplementation with branched chain amino acids
and vitamin D has been reported to be of beneﬁt.21,22
According to Kim et al,23 this intervention together with
controlled nutrition and exercise are beneﬁcial for elderly
Japanese women. To the best of our knowledge, the present
study is the ﬁrst to indicate a predictive role for skeletal
muscle mass on future adverse CVE in asymptomatic CKD
patients. Although further large studies are required to
conﬁrm our ﬁndings, our results allow us to conclude that
sarcopenia can be a useful therapeutic target for cardiovascular risk reduction in these patients, and the close monitoring of nutritional status is recommended as treatment
strategies for sarcopenia in CKD patients.
The pathogenesis of sarcopenia is complex and multifactorial, which remains not to be fully understood. Several
mechanisms and factors of sarcopenia in CKD patients
were proposed in recent researches such as hormonal
imbalances (insulin resistance, decreased sex hormones, and
growth hormone resistance), metabolic acidosis, excess
angiotensin II, interleukin-6, tumor necrosis factor-alpha,

and vitamin D.16,24e26 Unfortunately, because we did not
have the opportunity to measure these important biomarkers
related to atherosclerosis, any association between the incidence of adverse CVE and these biomarkers could not be
determined in the present study. To improve the prognosis of
CKD patients, further investigation is therefore needed.
Our study presents several limitations. First, it includes a
relatively small sample and was conducted in a single
center. Second, we assessed only skeletal muscle mass. We
did not measure objective parameters of fraility such as
handgrip strength or gait speed in the present study. Third,
because we conducted only medical records’ surveys, we
could not obtain patients’ information on the duration of
dyslipidemia, DM, and hypertension, all of which may have
affected the observed outcomes. Finally, another potential
limitation of our study is that we were not able to measure in
our patients some molecular factors (e.g., sex hormones,
interleukin-6, tumor necrosis factor-alpha, vitamin D, and so
on) known to be unbalanced or dysregulated in sarcopenia,
which are also correlated to CVEs. In future research,
assessing these important biomarkers and establishing their
possible association with MACE on the background of
sarcopenia is advised.
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