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ABSTRACT 

Background. Renal disease is a major problem in terms of community health and the economy. Skeletal muscle is 
involved in crosstalk with the kidney. We therefore investigated the relationship between muscle quality and quantity, 
and renal parenchymal volume ( RPV ) . 
Methods. The association between the parameters of skeletal muscle and RPV/body surface area ( BSA ) was analyzed by 
computed tomography in 728 middle-aged participants without kidney disease or diabetes mellitus in a cross-sectional 
study. A retrospective cohort study of 68 participants was undertaken to analyze the association between changes in 

RPV/BSA and muscle parameters. Parameter change was calculated as follows: parameter at the follow-up 
examination/parameter at the baseline examination. The normal attenuation muscle ( NAM ) and low attenuation muscle 
( LAM ) were identified by Hounsfield Unit thresholds of + 30 to + 150, and –29 to + 29, respectively. 
Results. Positive correlations were found between estimated glomerular filtration rate and RPV/BSA ( r = 0.451, P < .0001 ) . 
Multiple regression analyses revealed that the NAM index was positively related to RPV/BSA ( β = 0.458, P < .0001 ) , 
whereas the LAM index was negatively related to RPV/BSA ( β = –0.237, P < .0001 ) . In this cohort study, a change in the 
LAM index was independently associated with a change in RPV/BSA ( β = –0.349, P = .0032 ) . 
Conclusion. Both trunk muscle quantity and quality were associated with renal volume related to renal function in 

nondiabetic people. An increase in low quality muscle volume might be related to a decrease in renal volume. 
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renal vessels, nerves, lymphatics, perinephric fat and renal si- 
nus fat, and cysts. In addition, the glomerular filtration rate ( GFR ) 
shows a strong correlation with the renal parenchymal volume 
( RPV ) [ 3 , 4 ]. The renal volume is precisely determined by com- 
puted tomography ( CT ) with errors of 3% or less [ 5 ]. CT can also 
assess the RPV and total renal volume separately. 
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NTRODUCTION 

enal disease is a major worldwide health and economic burden
 1 ]. Chronic kidney disease ( CKD ) can evolve to end-stage kidney
isease with the burden of dialysis, and is associated with car-
iovascular disease [ 2 ]. The kidney itself can be divided into re-

al parenchyma, the renal sinus containing renal pelvis, calyces, 
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Initial registration
N = 20,852

Exclusion: 
• Participants with unexamined data for at least one variable, N = 2
• Participants whose kidney volume was difficult to analyze, N = 17
• History of malignant disease, N = 11
• C-reactive protein levels > 95.2 nmol/L, N = 9
• Creatinine levels > 88.4 µmol/L for females and > 106.1 µmol/L
  for males, N = 5
• Diabetes mellitus, N = 58

Study participants in a
cross-sectional study

N = 728

Study participants
in this cohort study

N = 68

Exclusion: 
• Participants with no data of a computed tomography
  follow-up examination, N = 660

Study participants who underwent
abdominal computed tomography

N = 830

Figure 1: Flowchart of inclusion and exclusion criteria for study participants. Abdominal CT was not included in basic examination items; however, this was conducted 
upon a participant’s request. 
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Skeletal muscle is involved in crosstalk with other organs 
 6 ]. In a mouse model, skeletal muscle hypertrophy reduced re- 
al damage, independently of exercise [ 7 ]. In contrast, CKD was 
inked to reduced skeletal muscle mass [ 8 ]. 

Low density muscle indicates muscle’s lipid accumulation,
nd plays an important role in nonalcoholic fatty liver disease 
 NAFLD ) or metabolic syndrome [ 9 –11 ]. Therefore, low density 
uscle is considered low quality muscle. 
With regard to findings, our hypothesis was that skeletal 

uscle was associated with the RPV. This led us to investigate 
he link between skeletal muscle quality and quantity, and the 
PV in middle-aged Japanese without kidney disease. Moreover,
e investigated the relationship between the amount of change 

n the RPV and the amount of change in muscle mass. 

ATERIALS AND METHODS 

articipants and study design 

he Nishimura Health Survey was used as previously described 
 9 –11 ]. A cross-sectional cohort study was performed with a 
ean follow-up period of 2.0 years in study participants who 
ad received medical health check-ups. This study included a 
otal of 20 852 participants who were given physical check-ups 
etween 1 April 2013 and 31 March 2020. We excluded study par- 
icipants with incomplete data, or for whom we had difficulty 
nalyzing kidney volume by CT. Participants that had a history of 
igh creatinine levels, diabetes mellitus, high C-reactive protein 
 CRP ) levels or malignant disease ( Fig. 1 ) were also excluded from 

he study since systemic inflammation, kidney dysfunction and 
ctive infection can affect nutritional and metabolic statuses.
evels of CRP were considered to be high if > 95.2 nmol/L. Levels 
f serum creatinine were considered to be high if ≥88.4 μmol/L 
or females and ≥106.1 μmol/L for males. People were also ex- 
luded from the investigation if a lack of data was available on
ollow-up CT examinations. The research ethics committee of 
he Kyoto Prefectural University of Medicine ( ERB-C-1017-1 ) ap- 
roved this study, which was conducted according to the Decla- 
ation of Helsinki. Written, informed consent was obtained from 

ll study participants. Study data was freely available to all au- 
hors who also edited and gave approval for the final version of 
he manuscript. 

ata collection and measurements 

iomarkers and demographic data were evaluated as previously 
escribed [ 9 –11 ]. Such biomarkers included: CRP, creatinine,
asting plasma glucose, hemoglobin A1c ( HbA1c ) , high-density 
ipoprotein cholesterol, low-density lipoprotein cholesterol and 
riglycerides. The body surface area ( BSA ) was calculated using 
u Bois and Du Bois BSA equation: BSA = 0.007184 × height 
.725 × weight 0.425. The estimated GFR ( eGFR ) was calcu- 
ated using the equation of the Japanese Society of Nephrology: 
GFR = 194 × Cre – 1.094 × age – 0.287 ( mL/min/1.73 m 

2 ) . For fe- 
ales, a correction factor of 0.739 was used to multiply the eGRF.
oreover, we also used an equation to estimate GFR that is ad- 

usted for muscle mass. A previous study demonstrated that the 
uscle mass–based eGFR ( MMB-eGFR ) equation displayed better 
erformances than equations based on demographics [ 12 ]. 

omputed tomography 

nenhanced transverse CT investigations were undertaken with 
n Activion 16 CT Scanner ( Toshiba Medical Systems, Otawara,
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apan ) . The CT data set was acquired with 120 kV of tube po-
ential, and all participants underwent CT scans with the same
arameters. A cross-sectional area of skeletal muscle was as- 
essed with a CT scan slice at the third lumbar vertebra, as
reviously described [ 9 –11 ]. Images were segmented using the
pecialized software SliceOmatic ( v5.0, TomoVision, Montreal,
anada ) , and were semi-automatically calculated by a well- 
rained technician. The skeletal muscle was identified and quan- 
ified by Hounsfield Unit ( HU ) thresholds, and the normal atten-
ation muscle ( NAM ) and low attenuation muscle ( LAM ) were 
dentified and quantified by HU thresholds of + 30 to + 150 and
29 to + 29, respectively. The intermuscular adipose tissue ( IMAT )
rea was identified and quantified by HU thresholds of –190 to
30. Each cross-sectional area of skeletal muscle, NAM, LAM or
MAT was normalized to the height squared ( cm 

2 /m 

2 ) , and these
ere labeled the skeletal muscle index ( SMI ) , NAM index, LAM

ndex and IMAT index, respectively. The skeletal muscle density 
 SMD ) , as assessed by CT, was described for the entire muscle
rea at the third lumbar vertebra level. Cross-sectional renal ar-
as were manually drawn, and were used to calculate the RPV by
umming all areas with a slice thickness of 5.0 mm. For the renal
arenchymal area, the tracing excluded blood vessels, sinus fat 
nd cysts [ 3 ]. We also calculated BSA-adjusted RPV ( RPV/BSA ) :
PV/BSA = RPV/BSA ( cm 

3 /m 

2 ) . A change in RPV/BSA was cal-
ulated as follows: change in RPV/BSA = RPV/BSA at a follow-
p examination/RPV/BSA at a baseline examination. A change 
n muscle parameter was calculated as follows: change in mus-
le parameter = muscle parameter at the follow-up examina- 
ion/muscle parameter at the baseline examination. The intra- 
lass correlation coefficients for skeletal muscle parameters and 
he RPV from 100 random subset samples were all > 0.95. 

efinitions 

ccording to the guidelines of the American Diabetes Asso- 
iation, the definition of diabetes mellitus ( DM ) was a fast-
ng plasma glucose level ≥126 mg/dL ( 7.0 mmol/L ) , HbA1c level
6.5% ( 48 mmol/mol ) and/or a history of diabetes [ 13 ]. The
efinition of hypertension was a diastolic blood pressure of 
 90 mmHg or systolic blood pressure of > 140 mmHg, as well
s a history of hypertension. The definition of dyslipidemia was
ombined high-density lipoprotein cholesterol of < 1.03 mmol/L,
ow-density lipoprotein cholesterol of ≥4.14 mmol/L or triglyc- 
ride level of ≥1.69 mmol/L, as well as a history of dyslipi-
emia. When study participants performed any kind of sports 
t least 30 min/day regularly, they were categorized as regular
xercisers. 

tatistical analysis 

ategorical parameters are shown as numbers, and continuous 
arameters are shown as the mean ± standard deviation. 
Student’s t -test or chi-squared test were conducted to assess

he statistical significance of differences between two groups. 
A Pearson correlation coefficient was used to determine a lin-

ar association between RPV/BSA and several parameters. Orig- 
nally showing a skewed distribution, CRP levels were analyzed 
fter log transformation. 

The association between RPV/BSA and the IMAT index, NAM 

ndex, LAM index, or total SMI and total SMD was determined
y multiple regression analyses. The independent variables used 
ere: age; alcohol consumption; body mass index ( BMI ) ; exercise
abits; smoking status; hypertension; dyslipidemia; sex; and 
bA1c, creatinine and CRP levels. In addition, multiple regres- 
ion analyses explored the association between the IMAT index,
AM index, LAM index, total SMI or total SMD and several pa-
ameters. The following parameters were designated indepen- 
ent variables: age; sex; BMI; exercise habits; alcohol consump-
ion; smoking status; hypertension; dyslipidemia; and HbA1c,
reatinine, CRP and RPV/BSA levels. We have performed analysis
f variance inflation in linear regression model to detect multi-
ollinearity, and all values did not exceed 5.0. 

In a cohort study, multiple regression analyses explored the
ssociation between a change in the RPV/BSA and changes in the
otal SMI, IMAT index, LAM index, NAM index or total SMD. To
void excessive overfitting, the following parameters were des-
gnated independent variables: age; follow-up duration; and sex.
 < .05 was considered statistically significant. JMP version 11.0
oftware ( SAS Institute Inc., Cary, NC, USA ) was used for statis-
ical analyses. 

ESULTS 

able 1 shows the clinical characteristics of participants of the
tudy. 

No correlations were found between BMI and RPV/BSA
 Table 2 ) . Positive correlations between eGFR, or MMB-eGFR and
PV/BSA were found. Positive correlations were found between
AM index, total SMI or total SMD and RPV/BSA, and negative
orrelations were found between IMAT index or LAM index and
PV/BSA. 
In a cross-sectional study, multiple regression analyses re-

ealed that the IMAT index ( β = –0.157, P < .0001 ) , NAM index
 β = 0.458, P < .0001 ) and LAM index ( β = –0.237, P < .0001 ) were
ndependently associated with RPV/BSA ( Table 3 ) . When both to-
al SMI and SMD were included in the same model, both total
MI ( β = 0.240, P < .0001 ) and SMD ( β = 0.328, P < .0001 ) were
ndependently associated with RPV/BSA. 

In addition, after adjustment for age, BMI, sex, exercise, alco-
ol consumption, smoking status, hypertension, dyslipidemia,
bA1c, creatinine and CRP levels, RPV/BSA was independently
ssociated with the IMAT index ( β = –0.135, P < .0001 ) , total SMI
 β = 0.173, P < .0001 ) , NAM index ( β = 0.231, P < .0001 ) , LAM in-
ex ( β = –0.137, P < .0001 ) and total SMD ( β = 0.234, P < .0001 )
 Table 4 ) . 

We performed a retrospective cohort study of 68 partici-
ants to analyze the relationship between the RPV/BSA change
nd IMAT index, NAM index, total SMI, LAM index or total
MD change during a follow-up period of 2.0 ± 0.9 years. Mean
hanges in the RPV/BSA, total SMI, IMAT index, LAM index, NAM
ndex and total SMD were 0.999, 0.998, 1.442, 1.034, 0.987 and
.985, respectively. After adjustment for age, sex and follow-up
uration, only the LAM index change ( β = –0.349, P = .0032 ) was
ndependently associated with a change in RPV/BSA ( Table 5 ) . 

ISCUSSION 

ur study yielded four main findings. First, we found positive
orrelations between eGFR, or MMB-eGFR and RPV/BSA. Second,
orrelations were found between several muscle parameters and
PV/BSA. The LAM associated with muscle’s lipid accumula- 
ion was found to be negatively related to RPV/BSA, whereas
AM was found to be positively related to RPV/BSA. Moreover,
MD was found to be positively related to RPV/BSA. Third, in
his cross-sectional study, muscle quality and quantity were in-
ependently linked to RPV/BSA. Fourth, in this cohort study, an
ncrease in low quality muscle volume was independently as-
ociated with a decrease in the RPV. Altogether, these findings
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Table 1: Clinical characteristics of study participants. 

Male 
RPV/BSA ( cm 

3 /m 

2 ) < 119.5 119.5–133.7 > 133.7 P 
N 151 151 152 
Age ( years ) 53.2 ± 11.2 50.8 ± 9.7 50.0 ± 10.0 .0163 
BMI ( kg/m 

2 ) 24.1 ± 3.6 23.1 ± 2.8 23.4 ± 2.7 .0127 
BSA ( m 

2 ) 1.84 ± 0.16 1.79 ± 0.13 1.79 ± 0.12 .0012 
Waist circumference ( cm ) 86.4 ± 9.0 82.5 ± 7.5 83.1 ± 7.6 < .0001 
Regular exercise ( –/ + ) 101/50 101/50 113/39 .2665 
Alcohol consumption ( –/ + ) 108/43 97/54 106/46 .3645 
Smoking ( –/ + ) 130/21 119/32 101/51 .0002 
Hypertension ( –/ + ) 100/51 111/40 102/50 0 .3277 
Dyslipidemia ( –/ + ) 92/59 113/38 96/56 .0230 
HbA1c ( % ) 5.5 ± 0.3 5.5 ± 0.3 5.5 ± 0.3 .9702 
Creatinine ( μmol/L ) 81.3 ± 10.1 75.9 ± 9.1 71.0 ± 8.7 < .0001 
eGFR ( mL/min/1.73 m 

2 ) 69.7 ± 10.3 76.0 ± 10.8 82.4 ± 12.9 < .0001 
MMB-eGFR ( mL/min/1.73 m 

2 ) 91.4 ± 13.2 100.8 ± 13.5 108.8 ± 15.8 < .0001 
CRP ( nmol/L ) 9.2 ± 11.8 6.1 ± 8.5 6.2 ± 8.3 .0074 
IMAT index ( cm 

2 /m 

2 ) 0.7 ± 0.7 0.5 ± 0.5 0.5 ± 0.4 < .0001 
Total SMI ( cm 

2 /m 

2 ) 50.4 ± 7.1 51.3 ± 7.4 52.0 ± 6.5 .1637 
NAM index ( cm 

2 /m 

2 ) 37.0 ± 7.1 39.7 ± 7.7 40.3 ± 6.7 .0002 
LAM index ( cm 

2 /m 

2 ) 13.4 ± 4.2 11.6 ± 4.5 11.7 ± 4.4 .0004 
Total SMD ( HU ) 42.7 ± 5.5 45.5 ± 6.0 45.7 ± 5.8 < .0001 
RPV ( cm 

3 ) 200.0 ± 22.1 227.2 ± 18.6 262.7 ± 22.4 < .0001 
RPV/BSA ( cm 

3 /m 

2 ) 108.8 ± 8.3 126.8 ± 4.1 147.1 ± 11.2 < .0001 
Female 
RPV/BSA ( cm 

3 /m 

2 ) < 114.4 114.4–131.2 > 131.2 P 
N 91 91 92 
Age ( years ) 51.8 ± 11.0 48.4 ± 11.1 47.8 ± 10.3 .0253 
BMI ( kg/m 

2 ) 21.8 ± 4.1 20.7 ± 2.6 21.3 ± 3.5 .1281 
BSA ( m 

2 ) 1.52 ± 0.14 1.51 ± 0.10 1.52 ± 0.12 .6943 
Waist circumference ( cm ) 77.4 ± 9.7 75.7 ± 7.6 76.4 ± 8.3 .3905 
Regular exercise ( –/ + ) 73/18 73/18 78/14 .6528 
Alcohol consumption ( –/ + ) 89/2 83/8 84/8 .1199 
Smoking ( –/ + ) 89/2 85/6 86/6 .3038 
Hypertension ( –/ + ) 74/17 80/11 76/16 .4382 
Dyslipidemia ( –/ + ) 68/23 67/24 71/21 .8505 
HbA1c ( % ) 5.6 ± 0.3 5.5 ± 0.3 5.5 ± 0.3 .0356 
Creatinine ( μmol/L ) 59.6 ± 7.1 56.1 ± 6.8 52.0 ± 6.7 < .0001 
eGFR ( mL/min/1.73 m 

2 ) 72.8 ± 10.6 79.6 ± 12.4 86.8 ± 13.0 < .0001 
MMB-eGFR ( mL/min/1.73 m 

2 ) 93.2 ± 15.1 101.6 ± 14.7 111.5 ± 17.7 < .0001 
CRP ( nmol/L ) 7.2 ± 10.0 5.1 ± 9.1 6.0 ± 11.8 .3703 
IMAT index ( cm 

2 /m 

2 ) 1.3 ± 1.3 1.3 ± 1.0 1.2 ± 0.9 .7652 
Total SMI ( cm 

2 /m 

2 ) 39.0 ± 6.0 39.0 ± 4.6 39.9 ± 5.1 .4285 
NAM index ( cm 

2 /m 

2 ) 25.9 ± 6.7 27.2 ± 5.4 28.2 ± 5.9 .0419 
LAM index ( cm 

2 /m 

2 ) 13.1 ± 4.5 11.8 ± 3.0 11.7 ± 3.3 .0178 
Total SMD ( HU ) 37.8 ± 6.9 39.8 ± 5.6 40.4 ± 6.3 .0127 
RPV ( cm 

3 ) 158.4 ± 17.3 184.7 ± 14.0 220.7 ± 21.8 < .0001 
RPV/BSA ( cm 

3 /m 

2 ) 104.4 ± 7.8 122.4 ± 4.8 144.9 ± 10.8 < .0001 

Data are number of participants or mean ± standard deviation. 

The study participants were divided into three subgroups according to RPV/BSA tertiles for men and women, respectively. 

i
a  

i
q

r
v
s
e
f
p
t

s
w

b  

M
u  

I
s
[
i

 

b

ndicate that muscle quantity and quality as evaluated by CT 
re both independently associated with renal volume, which,
n turn, is associated with renal function. In particular, the low 

uality of skeletal muscle is linked to decreased RPV. 
In our study, participants with DM were excluded because a 

ecent study demonstrated that participants with DM could de- 
elop both renal hypertrophy and atrophy [ 14 ]. Namely, DM it- 
elf might affect renal size. Tubular basement membrane thick- 
ning leads to renal hypertrophy, whereas renal atrophy results 
rom tubular atrophy and fibrosis, or a decrement in blood sup- 
ly by ischemic diseases [ 14 ]. Therefore, the relationship be- 
ween DM and renal size might have influenced the relation- 
hip between muscle parameters and renal size in participants 
ith DM. 
Sonographic measurements of renal volume are reported to 

e inaccurate, whereas CT measurements are accurate [ 15 –17 ].
oreover, we measured RPV by CT, not by using total renal vol- 
me, which includes tissue that does not have a renal function.
n addition, our findings are similar to those of a previous study 
howing that RPV had a strong correlation with renal function 
 3 ]. The previous study used GFR measured by iohexol clearance 
nstead of estimating renal function. 

To our knowledge, this study is the first to assess the link
etween RPV and muscle parameters. In participants without 
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Table 2: Correlations of clinical parameters with RPV. 

RPV/BSA 

Clinical parameter r P 

Age −0 .092 .0129 
BMI −0 .062 .0928 
Waist circumference −0 .094 .0114 
HbA1c −0 .036 .3270 
Creatinine −0 .258 < .0001 
eGFR 0 .451 < .0001 
MMB-eGFR 0 .483 < .0001 
CRP a −0 .145 < .0001 
IMAT index −0 .133 .0003 
Total SMI 0 .125 .0007 
NAM index 0 .193 < .0001 
LAM index −0 .154 < .0001 
Total SMD 0 .182 < .0001 

A Pearson correlation coefficient was used to determine a linear association be- 
tween RPV/BSA and several parameters. 
a Values were analyzed after log transformation. 

Table 3: Results from multiple regression analyses ( adjusted β

coefficient ) of the RPV in non-diabetic participants. 

RPV/BSA 

β β β β

Age −0 .030 0 .104 * 0 .015 0 .137 * 

Male 0 .501 * 0 .348 * 0 .516 * 0 .325 * 

BMI 0 .027 −0 .051 0 .152 * 0 .027 
Regular exercise 0 .021 −0 .030 0 .005 −0 .030 
Alcohol consumption 0 .009 0 .015 0 .019 0 .024 
Smoking 0 .113 * 0 .091 * 0 .119 * 0 .097 * 

Hypertension 0 .065 0 .078 * 0 .072 * 0 .077 * 

Dyslipidemia 0 .024 0 .032 0 .027 0 .034 
HbA1c −0 .007 −0 .034 −0 .010 −0 .028 
Creatinine −0 .708 * −0 .788 * −0 .703 * −0 .792 * 

CRP −0 .087 * −0 .063 −0 .101 * −0 .072 * 

IMAT index −0 .157 * 

Total SMI 0 .240 * 

NAM index 0 .458 * 

LAM index −0 .236 * 

Total SMD 0 .328 * 

Adjusted R 2 0 .2750 0 .3371 0 .2828 0 .3458 

* P < .05. 
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M, muscle quantity and quality were independently linked to 
PV, and an increase in low quality muscle volume was as-
ociated with an RPV decrease. Skeletal muscle wasting is a
ommon feature of CKD [ 18 ]; however, the association between
idney and muscle remains to be elucidated. Since glomerular 
umber is fixed at birth, the RPV increases with an increase
n body size during development due to the hypertrophy of
ephrons [ 19 –21 ]. The RPV varies presumably to accommodate
ncreased metabolic demands. The conceivable mechanisms of 
his crosstalk between kidney and muscle may be explained by
he following: the kidney has a pivotal role in maintaining body
omeostasis by acting as a major endocrine organ. However, an
njury to the kidney may lead to the release of substances in
o the circulation that affect multiple organs including skele- 
al muscle [ 18 , 22 –25 ]. A previous study demonstrated crosstalk
etween kidney and muscle in people with CKD, where a solu-
le pro-cachectic factor, activin A, produced by injured kidney 
uilds up in blood, reduces muscle homeostasis, and leads to
uscle wasting [ 18 ]. Moreover, in catabolic conditions, includ-

ng CKD, potential mediators of crosstalk, including insulin-like
rowth factor-I ( IGF-I ) , myostatin, interleukin ( IL ) -6 and tumor
ecrosis factor- α, are activated to affect the growth and function
f skeletal muscles [ 26 –30 ]. The conceivable mechanism regard-
ng the effect of muscle on the kidney is as follows: a previous
tudy demonstrated that Akt1-mediated muscle growth reduces 
enal damage [ 7 ]. The myogenic activation of Akt upregulated
erum levels of stromal cell-derived factor-1, IL-17 and IL-10,
hich can activate endothelial nitric oxide synthase 3 ( eNOS ) .
his renal improvement may be mediated by increased eNOS
ignaling in the kidney. Moreover, skeletal muscle can release
GF-I into the circulation, and IGF-I regulates skeletal muscle
ypertrophy and repair [ 6 , 31 ]. Intermittent IGF-I therapy in pa-
ients with advanced CKD was shown to preserve renal func-
ion [ 32 ]. Moreover, IGF-I regulates renal size and GFR [ 33 ]. The
ffect of muscle quality on the kidney is as follows: a previous
tudy revealed an independent association between lower skele-
al muscle density and mortality [ 34 ]. A significant relationship
etween myosteatosis and NAFLD has been reported [ 9 ]. More-
ver, previous studies showed reduced levels of IGF-I, which is
ssociated with renal size, in the case of NAFLD [ 35 ]. Altogether,
 major association is likely between muscle quality and quan-
ity, and renal volume. Moreover, recent reports showed that the
ssociation between loss of muscle mass and CKD, as well as the
onsequences of sarcopenia for morbidity and mortality in CKD
 8 , 36 , 37 ]. 

The clinical relevance of skeletal muscle quality and quan-
ity for renal function may be important. The association be-
ween skeletal muscle and RPV cannot be totally explained by
he amount of skeletal muscle present. Our findings indicated
hat skeletal muscle quality was linked to RPV, independent of
keletal muscle quantity. The interesting role of skeletal muscle
uality and quantity in RPV hints at the potential for developing
ovel preventive measures. However, because of the retrospec-
ive nature of this study, the interpretation of our study findings
as limited. The correlation between skeletal muscle parame-
ers and renal function needs to be investigated in large prospec-
ive studies. Age-related decreases in muscle thickness occur
fter 50 years of age; on the other hand, age-related changes
n muscle quality occur after 30 years of age [ 38 ]. Therefore, it
eeds to be investigated whether resistance training, which has
n effect on muscle hypertrophy and results in muscle quality
mprovement [ 38 ], leads to change in the RPV. 

Several study limitations should be considered. First, our
tudy participants were all Japanese so whether results can
e generalized to other ethnicities is uncertain. However, eth-
ic background was found not to influence renal parenchy-
al volume—complementing autopsy data showing no ethnic- 
ased differences in kidney weight [ 20 ]. Furthermore, because an
bdominal CT was at each participant’s request, this possibly in-
roduced an inherent bias in study design. Second, although pro-
ein intake can influence renal size, data on food consumption
ere not available [ 39 ]. Third, while glomerular number corre-

ates with kidney weight in healthy adults, it is fixed at birth, and
an vary up to 8-fold [ 19 , 40 ]. Therefore, this relationship could
bscure compensatory renal hypertrophy. Fourth, causality was 
ot demonstrated in the present study. An argument for causal-
ty would have been to have patients with CKD with a strong as-
ociation between muscle parameters and kidney volume. How-
ver, we excluded study participants with renal dysfunction in
ur study. As an alternative, we performed a longitudinal cohort
tudy. However, over a 2-year period, the magnitudes of varia-
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Table 4: Results from multiple regression analyses ( adjusted β coefficient ) of several skeletal muscle parameters in non-diabetic participants. 

IMAT index Total SMI NAM index LAM index Total SMD 

β β β β β

RPV/BSA –0 .135 * 0 .173 * 0 .231 * –0 .137 * 0 .234 * 

Adjusted R 2 0 .3758 0 .6970 0 .6662 0 .5855 0 .6244 

The analyses were adjusted for age, sex, BMI, exercise, alcohol consumption, smoking status, prevalence of hypertension and dyslipidemia, and HbA1c, creatinine and 
CRP levels. 
* P < .05. 

Table 5: Results from multiple regression analyses ( adjusted β

coefficient ) of changes in the RPV in non-diabetic participants. 

Change in RPV/BSA 

β β β β β

Age –0 .105 –0 .142 –0 .124 –0 .148 –0 .126 
Male –0 .250 –0 .114 –0 .252 –0 .233 –0 .249 * 

Follow-up duration –0 .103 –0 .146 –0 .087 –0 .036 –0 .065 
Change in IMAT index 0 .130 
Change in total SMI –0 .200 
Change in NAM index 0 .080 
Change in LAM index –0 .349 * 

Change in total SMD 0 .184 

* P < .05. 
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ion of muscle parameters and kidney volume was not so large.
ifth, an organ area by CT can be calculated and converted to 
ctual area from a standard grid printed on the roentgenogram,
nd the volume of the organ slice can be calculated as area 
imes the width between slices. However, there is a 3% variability 
n the method. Sixth, the Pearson correlation coefficient between 
PV/BSA and muscle parameters has a low value, although the 
alues are significant. A weak correlation that is statistically sig- 
ificant suggests that that particular exposure has an impact on 
he outcome variable, but that there might be other important 
eterminants as well. Finally, whether the results can be gen- 
ralized to other muscle regions is uncertain. A study demon- 
trated that metabolic syndrome was associated with abdomi- 
al muscle thickness, but not with thigh muscle thickness [ 41 ]. 

ONCLUSION 

runk muscle quantity and quality was associated with renal 
olume in study participants without DM. Specifically, an in- 
rease in low quality muscle volume was independently asso- 
iated with a renal volume decrease. 
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