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ABSTRACT 

Background. Sarcopenia is common in peritoneal dialysis ( PD) patients. Modified creatinine index ( MCrI) by the 
Canaud’s formula and single-pool Kt/V value is an accurate surrogate marker for muscle mass in hemodialysis patients. 
However, the method of calculation and validity of MCrI has not been tested in PD. 
Methods. In the exploratory cohort, we studied 138 consecutive patients converted from PD to hemodialysis. Their MCrI 
during PD, calculated by the Canaud’s formula with total weekly Kt/V, and the conventional MCrI after conversion to HD, 
were compared by the Bland–Altman method. Their correlation with muscle mass as determined by bioimpedance 
spectroscopy and creatinine kinetic methods was explored. The result was then validated in a second cohort of 605 
incident PD patients. 
Results. In the exploratory cohort, the average bias of computing MCrI during PD and hemodialysis was 0.758 mg/kg/day 
( 95%CI −4.356 to 5.873 mg/kg/day) . The MCrI during PD significantly correlated with the muscle mass by creatinine 
kinetics ( r = .684, P < .0001) and by bioimpedance spectroscopy ( r = .641, P < .0001) , but not with protein nitrogen 

appearance, overhydration, or adipose tissue mass, and the result was similar in the validation cohort. For incident PD 

patients, MCrI quartile was significantly associated with the risk of death from all cause in 12 months ( Gray’s test, 
P = .013) but not conversion to chronic hemodialysis ( P = .14) . 
Conclusion. In PD patients, MCrI computed by the Canaud’s formula and total weekly Kt/V is a simple and reliable 
marker of skeletal muscle mass and may serve as a short-term prognostic indicator. 
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sarcopenia [3 ], the original European Working Group on Sarcope- 
nia in Older People ( EWGSOP) , is commonly used in patients with 
chronic kidney disease [1 ]. In the EWGSOP definition, sarcopenia 
could be defined by the loss of muscle mass, i.e. 2 standard de- 
viations below the mean of young adults or by the sex-specific 
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NTRODUCTION 

arcopenia is common in chronic dialysis patients [1 ] and it con-
ributes to their functional impairment and morbidity [2 ]. Al-
hough the revised European consensus on the definition of sar-

openia focuses on low muscle strength as a key characteristic of 
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KEY LEARNING POINTS 

What was known : 

• Sarcopenia is common in peritoneal dialysis ( PD) patients. Modified creatinine index ( MCrI) by the Canaud’s formula and 
single-pool Kt/V value is an accurate surrogate marker for muscle mass in hemodialysis patients.

This study adds : 

• The MCrI during PD significantly correlated with the muscle mass by creatinine kinetics and by bioimpedance spectroscopy. 
For incident PD patients, MCrI quartile was significantly associated with patient survival and technique survival.

Potential impact : 

• MCrI is a simple and reliable marker of skeletal muscle mass and may serve as a short-term prognostic indicator for PD 

patients.
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utoff points [1 ]. Assessment of skeletal muscle mass represents 
 valuable means for risk stratification of dialysis patients [1 , 4 ],
nd assists in the decision of nutritional support and exercise 
raining [4 –6 ]. 

Skeletal muscle mass can be determined by several methods,
ut none of them is ideal [1 ]. Anthropometric measurements are 
imple but crude [7 , 8 ], while imaging techniques ( either CT scan 
r magnetic resonance imaging) are accurate but not suitable 
or routine clinical use [9 , 10 ]. Lean tissue mass ( LTM) , which 
re often taken as an acceptable surrogate for skeletal muscle 
ass, can be determined by multifrequency bioimpedance spec- 

roscopy [11 , 12 ], typically during the assessment of fluid status.
owever, there is a considerable systemic difference when LTM 

s measured by different equipment models [1 , 13 , 14 ], which 
imits its use for extended longitudinal study or cross-center 
omparison. 

Creatinine kinetic method is a reliable way to determine 
keletal muscle mass [15 , 16 ]. The traditional creatinine index 
as defined as the normalized creatinine production rate,
hich was the sum of creatinine excretion and metabolic 
egradation [15 , 17 ]. Although the traditional creatinine index 
s an accurate marker of skeletal muscle mass and a prog- 
ostic indicator of mortality and cardiovascular disease in 
emodialysis ( HD) patients [18 , 19 ], its computation requires 
ost-dialysis serum creatinine concentration, dialysate and 
4-hour urine collection to compute creatinine generation 
ates. To simplified the calculation and facilitate routine clinical 
se, Canaud et al. [20 ] constructed a user-friendly formula that 
s calculated from demographic parameters, pre-dialysis serum 

reatinine concentrations, and single-pooled Kt/V for urea. The 
arameter was originally called ‘simplified creatinine index’ 
20 ], but was more frequently referred to as modified creatinine 
ndex ( MCrI) by subsequent researchers. In HD patients, MCrI 
as been validated as an accurate surrogate measure for muscle 
ass [20 , 21 ]. 
However, the application of MCrI to peritoneal dialysis ( PD) 

atients has not been explored. Since the dialysis adequacy of 
D is typically reported as total weekly Kt/V, adaptation of the 
riginal formula by Canaud et al. [20 ] may introduce a systemic 
ias. The objective of the present study is to compare MCrI as 
easured during PD and HD, and to determine the use of MCrI 
s a marker of skeletal muscle mass in PD patients. We first iden- 
ified a cohort of patients who were converted from PD to HD,
nd determined their MCrI before and after the conversion. The 
esult was further validated by a separate cohort of incident PD 
atients. 
ETHODS 

his study was approved by the Joint Chinese University Hong 
ong-New Territories East Cluster Clinical Research Ethics Com- 
ittee ( approval numbers CRE-2015.250 and CRE-2021.367) .
ll study procedures were compliant with the Declaration of 
elsinki. 

ase selection 

n the first cohort, we retrospectively identified 138 consecu- 
ive patients who were converted from PD to HD in our center 
rom 2006 to 2020. We excluded patients who had ongoing in- 
ections, weight change over 5% of the baseline body weight,
ere unlikely to survive for 3 months, were planned to have 
lective living donor transplant, or transfer to another renal cen- 
er within 3 months. The modified creatinine indices were com- 
uted when they were stable after conversion to HD, as well as
hile they were on PD and within 3 months of conversion. The
esult of multifrequency bioimpedance spectroscopy performed 
t the same time was reviewed. In addition, we also reviewed the 
ecord of their dialysis adequacy assessment, fat-free edema- 
ree body mass ( FEBM) by creatinine kinetics, and other assess- 
ent of nutritional status performed while the patients were on 
D and within 3 months of conversion. 

In the second cohort, we analyzed a separate prospective co- 
ort of 605 incident PD patients. Patients who were planned to 
ave elective living donor transplants or transferred to other re- 
al centers within 6 months of PD were excluded. Their MCrI 
as computed at 4 weeks after patients were stable on PD. The
esults of multifrequency bioimpedance spectroscopy, dialysis 
dequacy assessment, FEBM by creatinine kinetics, and other as- 
essment of nutritional status performed at the same time were 
lso reviewed. 

odified creatinine index 

he MCrI during hemodialysis ( MCrI-HD) was calculated by the 
ormula as described by Canaud et al. [20 ]: 

MCrI- HD ( mg /kg /day ) 

= 16 . 21 + ( 1 . 12 × [ 1 if 78male ; 0 if female ] ) 

− ( 0 . 06 × age ( years ) ) 

− ( 0 . 08 × single - pooled Kt / V for urea ) 

+ ( 0 . 009 × serum creatinine before dialysis ( μmol / L ) ) 
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In this study, the modified creatinine index during peritoneal 
ialysis ( MCrI-PD) was calculated by the same formula, with the 
otal weekly Kt/V for urea to replace the single-pooled Kt/V, and
erum creatinine was measured at the steady state: 

MCrI- PD ( mg /kg /day ) = 16 . 21 + ( 1 . 12 × [ 1 if male ; 0 if female ] ) 

− ( 0 . 06 × age ( years ) ) 

− ( 0 . 08 × weekly Kt / V for urea ) 

+ ( 0 . 009 × serum creatinine at steady state ( μmol / L ) ) 

ultifrequency bioimpedance spectroscopy 

e used a validated multifrequency bioimpedance spectroscopy 
evice ( Body Composition Monitor, Fresenius Medical Care,
ermany) as previously described [22 , 23 ]. Briefly, LTM, adipose 
issue mass ( ATM) , and volume of overhydration ( OH) were de- 
ermined. All measurements were performed with 2 l of in-
welling PD fluid as a previous study suggested that the pres-
nce of peritoneal dialysate had an insignificant effect on BCM
easurement [24 ]. 

at-free edema-free body mass by creatinine kinetics 

EBM was determined by the creatinine kinetic method, with 24-
our urine and dialysate collection, according to the formula de-
cribed by Forbes and Brunining [25 ]: 

FEBM ( kg ) = 7 . 38 + [0 . 029 × (creatinine excretion ( mg /day ) 

+ creatinine degradation ( mg /day ) )] 

while creatinine excretion (mg /day ) 

= [urine + dialysate creatinine output (mmol /day )] × 0 . 113 

creatinine degradation ( mg /day ) 

= 0 . 38 × (plasma creatinine (mmol / l) × 0 . 0113) 

×body weight ( kg ) 

ther measures of nutritional status and dialysis 
dequacy 

he method of dialysis adequacy assessment in PD has been de-
cribed previously [26 ]. In essence, 24-hour urine and dialysate
ollection were performed for the calculation of the total 
t/V. Residual kidney function was represented by the residual 
lomerular filtration rate, which was calculated as the average 
f 24-hour urinary urea and creatinine clearances [27 ]. Normal-
zed protein nitrogen appearance ( NPNA) was calculated by the 
odified Bergstrom’s formula [28 ]. During HD, single-pool Kt/V 

 sp-Kt/V) was calculated from the pre- and post-dialysis blood 
rea level by the second generation Daugirdas II equation [29 ].
erum albumin level was measured by the bromocresol purple 
ethod. 

linical outcome 

ll patients in the second cohort were followed for 12 months.
he clinical management was decided by individual clinician 
nd not affected by the study. We analyzed their patient sur-
ival and technique survival rates, as well as the total number of
ospital admission and duration of hospital stay in 12 months.
or patient survival, recovery of renal function, loss to follow up,
nd transfer to other dialysis centers were censored, while con-
ersion to long-term HD and kidney transplant were taken as
ompeting events. For the analysis of technique survival, patient
eath and kidney transplant were taken as competing events,
hile recovery of renal function, loss to follow up, and transfer
o other dialysis centers were censored. 

tatistical analysis 

tatistical analysis was performed by SPSS for Windows soft-
are version 25.0 ( IBM, Armonk, NY, USA) and R version 4.4.1

 R Foundation for Statistical Computing Platform) . Demographic 
nd clinical data were compared between groups by Student’s t -
est, one-way analysis of variance ( ANOVA) , or chi-square test as
ppropriate. MCrI-HD and MCrI-PD were compared by the mod-
fied Bland–Altman method [30 ]. In this analysis, the difference
etween MCrI-HD and MCrI-PD was plotted against MCrI-HD,
hich was taken as the reference value. Correlations with other
utritional parameters were explored by the Spearman’s rank
orrelation coefficient. Since male patients generally had more
uscle mass and a higher MCrI-PD than females, MCrI-PD was
rouped into quartiles by gender for the analysis of the second
ohort. The risks of death and conversion to chronic HD were
nalyzed by the cumulative incidence curves and compared by
ray’s test for equality of cumulative incidence functions across
roups. For the number of hospital admissions and duration of
ospital stay, data were compared between MCrI-PD quartiles
y the Jonckheere–Terpstra test. P values < .05 were considered
tatistically significant. All probabilities were two-tailed. 

ESULTS 

ifference between MCrI in PD and HD 

rom 2006 to 2020, we identified 213 patients who were con-
erted from PD to HD in our center; 75 cases were excluded be-
ause of death within 3 months of conversion ( 20 cases) , per-
istent systemic inflammation ( 18 cases) , documented drastic 
hange in nutritional status ( 32 cases) , or incomplete data ( five
ases) . We analyzed the remaining 138 patients; 82 patients due
o peritonitis, and 56 due to non-peritonitis ( mostly mechanical)
easons. Their baseline clinical and biochemical characteristics 
re summarized in Table 1 . There was a significant correlation
etween MCrI-PD and MCrI-HD ( r = .633, P < .0001) . When the pa-
ients were converted from PD to HD, paired MCrI results were
ower in HD, using sp-KT/V and pre-dialysis serum creatinine,
han the ones obtained in PD, using total weekly KT/V and steady
tate serum creatinine ( 23.0 ± 3.2 vs 22.2 ± 2.9 mg/kg/day, paired
tudent’s t -test, P = .001) . 

The modified Bland–Altman plot that compared the two
ethods of calculating MCrI is shown in Fig. 1 . The average bias
f the two methods of computing MCrI was 0.758 mg/kg/day
 95%CI −4.356 to 5.873 mg/kg/day) . The bias was similar be-
ween patient who were converted to HD because of peritoni-
is ( 0.489 mg/kg/day, 95%CI −4.400 to 5.374) and non-peritonitis 
easons ( 1.152 mg/kg/day, 95%CI −4.232 to 6.537) ( P = .143) . There
as a modest but significant inverse correlation between the dif-
erence of the two measurements and the MCrI computed by
p-Kt/V from HD ( r = −.288, P = .001) . The difference of the two
CrI also had modest but significant correlations with the dura-

ion of PD ( r = .252, P = .003) , residual renal function ( r = −.359,
 < .0001) , and serum albumin level ( r = .342, P < .0001) . 
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Table 1: Baseline clinical and biochemical characteristics of cohort #1. 

All cases Peritonitis Not peritonitis P value 

no. of patients 138 82 56 
sex ( M:F) 88:50 47:35 41:15 .056 
age ( years) 59.2 ± 12.3 59.3 ± 13.2 59.1 ± 11.0 .907 
body weight ( kg) 70.0 ± 17.3 68.0 ± 17.3 72.1 ± 17.1 .111 
body height ( cm) 164.0 ± 8.5 163.7 ± 8.7 165.8 ± 7.9 .034 
BMI ( kg/m2 ) 25.9 ± 5.5 25.6 ± 5.8 26.3 ± 5.2 .472 
duration of PD ( months) 64.2 ± 54.2 63.5 ± 48.7 65.3 ± 61.8 .853 
renal diagnosis, no. of cases ( %) .277 
diabetic nephropathy 47 ( 34.1%) 29 ( 35.4%) 18 ( 32.1%) 
glomerulonephritis 56 ( 40.6%) 35 ( 42.7%) 21 ( 37.5%) 
hypertension 7 ( 5.1%) 4 ( 4.9%) 3 ( 5.4%) 
polycystic kidney 6 ( 4.3%) 2 ( 2.4%) 4 ( 7.1%) 
urologic causes 4 ( 2.9%) 1 ( 1.2%) 3 ( 5.4%) 
others or unknown 18 ( 13.0%) 11 ( 13.4%) 7 ( 12.5%) 

comorbid conditions, no. of cases ( %) 
diabetes 56 ( 40.6%) 34 ( 41.5%) 22 ( 39.3%) .798 
ischemic heart disease 29 ( 21.0%) 19 ( 23.2%) 10 ( 17.9%) .452 
cerebrovascular disease 18 ( 13.0%) 13 ( 15.9%) 5 ( 8.9%) .236 

Charlson’s score 5.7 ± 2.6 5.8 ± 2.9 5.4 ± 2.2 .339 
residual GFR ( ml/min/1.73 m2 ) 1.17 ± 1.77 1.14 ± 1.88 1.21 ± 1.62 .837 
biochemical parameters 
hemoglobin ( g/dl) 9.06 ± 1.52 8.97 ± 1.56 9.19 ± 1.48 .405 
serum albumin ( g/l) 32.2 ± 5.7 32.2 ± 5.5 32.2 ± 6.2 .984 
FEBM ( kg) 39.0 ± 11.9 38.0 ± 11.5 40.5 ± 12.4 .211 

bioimpedence spectroscopy 
overhydration ( l) 3.8 ± 3.3 3.5 ± 3.2 4.3 ± 3.6 .256 
LTM ( kg) 40.8 ± 10.8 38.9 ± 9.4 43.8 ± 12.2 .036 
ATM ( kg) 23.4 ± 14.9 24.0 ± 12.2 22.5 ± 14.6 .628 

Kt/V 
total Kt/V during PD 1.70 ± 0.39 1.75 ± 0.38 1.62 ± 0.40 .059 
sp-Kt/V during HD 1.32 ± 0.34 1.31 ± 0.38 1.35 ± 0.27 .434 

MCrI ( mg/kg/day) 
during PD, by total Kt/V 23.0 ± 3.2 22.6 ± 3.2 23.5 ± 3.3 .085 
during HD, by sp-Kt/V 22.2 ± 2.9 22.1 ± 2.9 22.4 ± 2.9 .547 

GFR, glomerular filtration rate. Data were compared by a Chi square test and b Student’s t -test. 
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CrI as a marker of muscle mass in PD 

n the first cohort, both MCrI measured during PD and HD 

ad modest but significant correlations with patients’ age, body 
eight, and height. The MCrI during PD significantly correlated 
ith the FEBM by creatinine kinetics ( r = .684, P < .0001) and LTM 

y bioimpedance spectroscopy ( r = .641, P < .0001) , but not with 
PNA, overhydration volume, or ATM by bioimpedance spec- 
roscopy ( Fig. 2 and Supplementary Table S1) . The MCrI during 
D also had similar but less robust correlation with the FEBM 

nd LTM ( Supplementary Table S1) . 
In the second cohort, we studied 605 incident PD patients.

heir baseline clinical and biochemical characteristics were 
ummarized and compared according to the MCrI-PD quartiles 
n Tables 2 and 3 , respectively. In essence, patients with more 
dvanced age, lower body weight, higher comorbidity load, and 
ower serum albumin level had a lower MCrI-PD. However, MCrI- 
D tended to be higher in patients with worse residual renal 
unction and lower total Kt/V. In the second cohort, the MCrI-PD 

lso significantly correlated with the FEBM by creatinine kinet- 
cs ( r = .483, P < .0001) and LTM by bioimpedance spectroscopy 
 r = .521, P < .0001) , but not with NPNA. In this cohort, MCrI- 
D also had significant but modest correlation with serum albu- 
in level, overhydration volume, or ATM by bioimpedance spec- 

roscopy ( Fig. 2 and Supplementary Table S1) . 
rognostic role of MCrI in PD 

atients in the second cohort were followed for 12 months.
uring the follow-up period, 26 patients died. The causes of 
eath were cardiovascular diseases ( eight cases) , stroke ( two 
ases) , non-peritonitis infections ( six cases) , sudden cardiac ar- 
est ( seven cases) , malignancy ( two cases) , and termination of 
ialysis ( one case) . During the same period, another 10 patients 
ere converted to chronic HD, and 10 had kidney transplanta- 
ion. The cumulative incidence curves of the second cohort, ac- 
ording to the MCrI quartile, is shown in Fig. 3 . The 1-year cumu-
ative incidence of dying from all causes for MCrI-PD quartiles 
 to IV were 3.1%, 2.0%, 4.6%, and 7.2% ( P = .013) . The cumula-
ive incidence of conversion to chronic HD in 1 year for MCrI-
D quartiles I to IV were 1.3%, 1.3%, 0.7%, and 2.6% ( P = .14) .
iven the small number of events, elaborated multivariate sur- 
ival analysis was not performed.

During the first 12 months on PD, the second cohort had 
308 hospital admissions for a total of 8559 days; 92 patients 
 15.2%) did not require hospitalization. The average rate of hos- 
italization was 2.24 admission per year, or 14.7 days of hos- 
ital stay per year. The number of hospital admissions during 
he first year of PD for MCrI quartiles I to IV were 2 ( 1–3) , 2
 1–3) , 1 ( 1–3) , and 2 ( 1–3) ( Jonckheere–Terpstra test, P = .730) ; 
nd the durations of hospital stay for MCrI quartiles I to IV

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae297#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae297#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae297#supplementary-data
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MCrI calculated by sp-Kt/V on HD
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Figure 1: Bland–Altman plot of the difference in MCrI measured during HD and 

PD versus MCrI during HD in Cohort #1. Patients were divided into two groups 
according to the cause of conversion from PD to HD: closed circles represent 
conversions due to peritonitis; open circles represent conversions due to other 
reasons. 
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ISCUSSION 

ur study represents the first major study that validates the use
f MCrI for the estimation of skeletal muscle mass in PD pa-
ients, and the result seems robust across two separate cohort
f patients. The absolute values of MCrI in our two cohorts of PD
atients were like those reported in HD [18 –21 ]. Nonetheless, it
s important to note that although the systemic bias of calcu-
ating MCrI with total weekly Kt/V in PD, compared to sp-Kt/V
n HD, appeared to be small, the variability ( i.e. the confidence
nterval of the difference between them) was substantial, and
e did not identify any clinical factor that could account for the
ariability. 

Although there are other noninvasive methods for the as-
essment of muscle mass in PD patients [1 ], MCrI has the distinct
dvantage in that it is simply calculated by age, sex, serum cre-
tinine, and weekly Kt/V. The computation does not require any
dditional test or cost, and could readily be incorporated into
he protocol of routine patient monitoring. Although FEBM by
he creatinine kinetic method could also be computed from the
ame 24-hour dialysate and urine samples used for dialysis ad-
quacy ( i.e. total Kt/V) assessment, it requires the measurement 
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https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae297#supplementary-data
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Table 2: Baseline clinical characteristics of cohort #2 according to MCrI quartile. 

MCrI quartile 

Al cases I II III IV P value 

no. of patients 605 151 151 151 152 
sex ( M:F) 357:248 89:62 89:62 89:62 90:62 
MCrI ( mg/kg/day) 
male 19.9 ± 2.6 17.4 ± 0.7 18.9 ± 0.3 20.3 ± 0.5 23.5 ± 2.0 
female 18.3 ± 2.2 16.0 ± 0.6 17.4 ± 0.3 18.5 ± 0.4 21.3 ± 1.9 

age ( year) 60.0 ± 11.6 68.3 ± 7.6 63.8 ± 8.2 58.9 ± 9.3 49.0 ± 11.1 .0001 
body weight ( kg) 65.0 ± 14.8 62.2 ± 12.6 63.9 ± 14.0 64.6 ± 11.3 69.3 ± 19.3 .0001 
body height ( cm) 162.1 ± 8.6 159.9 ± 7.7 161.4 ± 8.6 162.4 ± 8.5 164.6 ± 8.8 .0001 
body mass index ( kg/m2 ) 24.6 ± 4.5 24.2 ± 4.0 24.5 ± 4.5 24.5 ± 3.8 25.3 ± 5.3 .166 
blood pressure ( mmHg) 
systolic 143.5 ± 21.2 142.0 ± 19.2 145.2 ± 22.4 141.9 ± 21.3 144.9 ± 21.9 .350 
diastolic 76.4 ± 12.7 72.5 ± 11.8 76.2 ± 12.1 76.3 ± 12.2 80.6 ± 13.3 .0001 

underlying renal diagnosis, no. of patients ( %) .001 
diabetes 317 ( 52.4%) 92 ( 60.9%) 76 ( 50.3%) 79 ( 52.3%) 70 ( 46.1%) 
glomerulonephritis 139 ( 23.0%) 23 ( 15.2%) 27 ( 17.9%) 36 ( 23.8%) 53 ( 34.9%) 
hypertension 61 ( 10.1%) 16 ( 10.6%) 20 ( 13.3%) 19 ( 12.6%) 6 ( 4.0%) 
polycystic kidney 12 ( 2.0%) 2 ( 1.3%) 6 ( 4.0%) 2 ( 1.3%) 2 ( 1.3%) 
urological 13 ( 2.1%) 3 ( 2.0%) 1 ( 0.7%) 4 ( 2.7%) 5 ( 3.3%) 
others 9 ( 1.5%) 4 ( 2.7%) 1 ( 0.7%) 3 ( 2.0%) 1 ( 0.7%) 
unknown 54 ( 8.9%) 11 ( 7.3%) 20 ( 13.3%) 8 ( 5.3%) 15 ( 9.9%) 

major comorbidities, no. of patients ( %) 
diabetes 359 ( 59.3%) 104 ( 68.9%) 88 ( 58.3%) 90 ( 59.6%) 77 ( 50.7%) .003 
coronary heart disease 145 ( 24.0%) 45 ( 29.8%) 36 ( 23.8%) 40 ( 26.5%) 24 ( 15.8%) .011 
cerebrovascular disease 102 ( 16.9%) 37 ( 24.5%) 34 ( 22.5%) 19 ( 12.6%) 12 ( 7.9%) .0001 

Charlson’s score 6.0 ± 2.6 7.3 ± 2.3 6.4 ± 2.3 5.9 ± 2.4 4.3 ± 2.3 .0001 

Table 3: Baseline biochemical characteristics of cohort #2 according to MCrI quartile. 

MCrI quartile 

All cases I II III IV P value 

no. of patients 605 151 151 151 152 
hemoglobin ( g/dl) 9.7 ± 1.5 10.0 ± 1.4 9.8 ± 1.4 9.6 ± 1.4 9.4 ± 1.7 .002 
albumin ( g/l) 30.7 ± 2.9 29.0 ± 5.9 30.2 ± 5.7 32.0 ± 5.7 31.6 ± 6.0 .0001 
total Kt/V 2.20 ± 0.67 2.56 ± 0.75 2.27 ± 0.59 2.15 ± 0.60 1.81 ± 0.50 .0001 
residual GFR ( ml/min/1.73 m2 ) 4.34 ± 3.41 5.87 ± 3.18 4.58 ± 2.83 4.04 ± 2.47 2.90 ± 4.23 .0001 
NPNA ( g/kg/day) 1.15 ± 0.26 1.13 ± 0.26 1.14 ± 0.28 1.16 ± 0.24 1.15 ± 0.25 .699 
FEBM ( kg) 38.1 ± 10.5 31.1 ± 6.2 35.3 ± 6.9 38.1 ± 7.4 47.8 ± 12.2 .0001 
bioimpedenace parameters 
overhydration ( l) 4.3 ± 3.3 4.0 ± 2.4 3.9 ± 2.7 4.0 ± 3.1 5.4 ± 4.4 .0001 
E:I ratio 1.03 ± 1.75 1.07 ± 0.15 1.02 ± 0.17 1.01 ± 0.17 1.00 ± 0.20 .002 
LTM ( kg) 39.0 ± 10.5 34.8 ± 8.3 38.0 ± 9.7 39.3 ± 10.1 44.1 ± 11.5 .0001 
ATM ( kg) 20.6 ± 11.3 21.8 ± 10.6 20.7 ± 10.1 20.2 ± 8.8 19.5 ± 14.7 .337 

E:I ratio, extracellular to intracellular fluid volume ratio. Data were compared by one-way ANOVA. 
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ost dialysis centers nor a necessary one in the guidelines on 
D adequacy [31 , 32 ]. 

Although the values of MCrI calculated for PD and HD 

ay have considerable differences, we showed that they had 
xcellent correlations with skeletal muscle mass as deter- 
ined by both traditional creatinine kinetics and multifre- 
uency bioimpedance spectroscopy. In fact, the MCrI calculated 
n PD patients had consistently better correlation with skele- 
al muscle mass compared to the values computed in HD ( see 
upplementary Table S1) . Since our study consists of two cohorts 
 one prevalent and another incident PD patients) and two meth- 
ds for the validation of skeletal muscle mass, our result seems 
o be robust. However, we did not measure muscle strength ( for 
xample, by muscle endurance tests or exercise capacity [33 ]) ,
nd it probably represents an intrinsic problem of using MCrI,
hich estimates muscle mass, for the identification of sarcope- 
ia, which also encompasses functional problems of skeletal 
uscle [4 , 34 ]. As a result, we also did not attempt to define a
utoff MCrI value in this study for the diagnosis of sarcopenia,
hich will require further studies. 
In this study, we showed that baseline MCrI was associated 

ith 1-year incidence of death by competing risk analysis, but 
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Figure 3: Cumulative incidence curves for the risk of ( a) death from all cause; and ( b) conversion to chronic HD of cohort #2, according to the MCrI quartile. Data were 
compared by Gray’s test for equality of cumulative incidence functions across groups. See the Methods section for the definition of competing events. 
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ot the risk of transfer to long-term HD or the number or du-
ation of hospitalization, in incident PD patients. Contrary to 
he general expectation and previous studies in chronic HD pa-
ients [21 , 35 ], we found that patients with the highest MCrI
uartile ( i.e. those with a higher muscle mass) might have a 
igher risk of death and conversion to HD in 1 year. The ap-
arent harmful effect of higher MCrI seemed counter-intuitive,
nd the reason of this observation is not clear. It was possi-
le that patients with very high MCrI might be in a catabolic
tate ( increased muscle breakdown as opposed to synthesis, re- 
ulting in “falsely” increased serum creatinine level) , or that 
 large body build or the concomitant obesity was associated
ith adverse clinical outcomes [36 , 37 ]. Although it was pos-
ible that this group of patients with large body weight ( i.e. a
igher urea distribution volume) are more prone to underdial- 
sis, if that was the case then a similar trend would have been
bserved in previous HD cohorts. Because of the limited dura-
ion of observation and small number of events, we did not per-
orm multi-variable analysis to determine whether MCrI was 
n independent predictor of patient or technique survival, or 
o distinguish the specific causes of hospitalization ( i.e. cardio- 
ascular, infection, or other causes) . Notably, further studies are 
ecessary to determine whether MCrI is a superior short-term 

rognostic indicator as compared to other parameters of muscle 
ass ( i.e. FEBM by creatinine kinetics, or LTM by bioimpedance 
pectroscopy) . 

There are other limitations of our present study. First, it is
 single center study on Chinese PD patients, and the external
alidity of our result needs to be confirmed. Second, MCrI-PD
as only measured once. Further studies are required to deter-
ine whether serial MCrI measurement can detect the change 

n skeletal muscle mass, and whether MCrI is suitable for
erial monitoring. Moreover, patients were followed for only 
2 months in the second cohort of this study, and an extended
eriod of observation would be required to determine the long-
erm prognostic value of MCrI in PD, the relation between MCrI
nd subsequent risk of cardiovascular events and infection, as 
ell as the prognostic role of MCrI as a time-dependent pa-
ameter ( i.e. the prognostic value of serial monitoring) . Intu- 
tively, we believe one single baseline MCrI measurement would 
ot be a long-term prognostic indicator, but further studies 
ould be needed to define the prognostic role of serial MCrI

easurement. 
In summary, our present study showed that in PD patients,
CrI computed by the Canaud’s formula and total weekly Kt/V

s a simple and reliable marker of skeletal muscle mass, and may
erve as a short-term prognostic indicator. 
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