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RIGINAL INVESTIGATIONS
athogenesis and Treatment of Kidney Disease and Hypertension

GFR Estimation Using Cystatin C Is Not Independent
of Body Composition

Jamie Macdonald, BSc, Samuele Marcora, PhD, Mahdi Jibani, FRCP,
Gareth Roberts, MRCP, Mick Kumwenda, FRCP, Ruth Glover, BSc,

Jeffrey Barron, MMED, and Andrew Lemmey, PhD

Background: Cystatin C (CysC) is an endogenous marker of glomerular filtration rate (GFR) that is claimed to be
naffected by body composition. In this study, we tested this speculation. Methods: In 77 patients with chronic
idney disease (mean age, 65.1 � 11.9 [SD] years; mean indexed GFR, 45.7 � 28.6 mL/min/1.73 m2 [0.76 � 0.48
L/s]), we evaluated kidney function (GFR) by means of inulin clearance. CysC level was determined by using a
article-enhanced turbidimetric immunoassay. Total lean (LM) and fat masses were measured by means of
ual-energy x-ray absorptiometry. Multiple regression was used to analyze relationships between absolute
FR, LM, fat mass, demographic and anthropometric variables (age, sex, height, and weight), and CysC levels.
hen prediction equations were built that included only CysC level or CysC level and LM. Their performance to
redict absolute GFR was evaluated in a subset of patients with extreme body composition (LM or fat mass >
1 SD of the entire sample). Results: Only absolute GFR and LM significantly explained variance in CysC levels,
nd an equation including LM explained more variance in absolute GFR than an equation including CysC level
lone. Consequently, the equation including LM performed better than the equation with only CysC level,
specially in patients with extreme body composition, showing reduced bias and improved limits of agreement
nd accuracy (71.4% versus 51.4% of patients’ predicted GFR did not deviate by >30% of GFR). Conclusion: LM

s a previously unrecognized, but important, factor affecting CysC level, and GFR estimation improves when
ncluding LM. CysC level is not independent of body composition, as previously assumed, and hence accounting
or body composition improves CysC-based GFR estimation. Am J Kidney Dis 48:712-719.

2006 by the National Kidney Foundation, Inc.

NDEX WORDS: Chronic kidney disease (CKD); body cell mass; body composition; cystatin C; dual-energy x-ray

bsorptiometry; glomerular filtration rate (GFR).
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Editorial, p. 842

HE IDEAL METHOD to measure glomer-
ular filtration rate (GFR) has yet to be

etermined. Despite the requirement to assess
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idney function for both clinical and research
pplications, such current gold-standard meth-
ds as inulin clearance remain invasive, time
onsuming, and expensive, making them unfea-
ible in routine clinical use. As a viable option,
urrent guidelines recommend the use of creat-
nine (Cr)-based estimation equations to pre-
ict GFR in patients with chronic kidney dis-
ase (CKD).1 However, many investigators
ave questioned the accuracy of these equa-
ions, especially in patients with altered body
omposition.2-4

Consequently, there is interest in alternative
arkers of GFR, one of which is cystatin C

CysC). CysC is a low-molecular mass protein
hat is filtered freely through the glomerular
embrane. Unlike Cr, CysC is eliminated al-
ost exclusively from the circulation by the

idney and is affected less by renal tubular
ecretion, theoretically making it an ideal
arker of GFR.5 A recent meta-analysis sug-

ested raw CysC level was a better indicator of
idney function than raw Cr level.6

Furthermore, serum levels of any endoge-
ous marker of GFR are dependent not only on

he marker’s removal, but also its production.

ey Diseases, Vol 48, No 5 (November), 2006: pp 712-719
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CYSTATIN C AND BODY COMPOSITION 713
onsequently, CysC often is stated to be a
uperior marker of GFR because of its indepen-
ence from body composition.5,7,8 This is as-
umed to occur because CysC is produced by
ll nucleated cells,9 in contrast to Cr, which is
roduced almost exclusively by muscle.10 In
he only study to investigate this hypothesis,
inge et al11 provided data that seemed to

upport the assumption that CysC level is
ndependent of body composition. However,
e hypothesize that this assumption is incor-

ect. The reasoning that CysC level is indepen-
ent of body composition (ie, because CysC is
roduced by all nucleated cells, or the body
ell mass) ignores the fact that “skeletal muscle
ell mass is the largest contributor to body cell
ass,”12 and muscle mass (and consequently,

ody cell mass) varies in relation to demo-
raphic and anthropometric variables, diet, dis-
ase state, medication use, genetics, and activ-
ty level.13 Furthermore, although Vinge et al11

howed that CysC level did not correlate with
otal lean mass (LM) in 42 healthy young
eople (by using simple Pearson correlation
oefficient), they did not study patients with
ecreased renal function, for whom accounting
or different body composition and thus CysC
roduction may be more important.
If CysC level is dependent on body composi-

ion, this may help explain why performance of
ysC shows only minor14 or even no15 improve-
ent over Cr-based GFR estimation equations

nd why CysC was shown by some investigators
o be affected by demographic and anthropomet-
ic variables.15 Therefore the aim of this study is
o reevaluate the relationships between GFR,
ysC level, demographic and anthropometric
ariables, and body composition in patients with
KD. Ultimately, we wish to determine whether
ysC level is independent of body composition

n patients with CKD and whether GFR estima-
ion could be improved by accounting for body
omposition. This study is designed primarily to
est these theoretical hypotheses, rather than gen-
rate estimation equations for immediate use in
linical practice.

METHODS

As part of a series of studies investigating the use of

uscle mass to estimate GFR, we recruited 77 subjects m
ithout diabetes with CKD. Patients had to be older than 18
ears and have CKD classified as Kidney Disease Outcomes
uality Initiative stages 1 to 4. Patients with a GFR greater

han 60 mL/min/1.73 m2 (�1.00 mL/s/1.73 m2) had to show
ther evidence of kidney damage: albuminuria (2 spot urine
amples with albumin-creatinine ratio � 30 �g albumin/mg
r confirmed by overnight urine collections, with an excre-

ion rate of 20 to 200 mg albumin [microalbuminuria] or
200 mg albumin [macroalbuminuria]), nonurological he-
aturia, structural abnormalities, or biopsy-proven chronic

lomerulonephritis. Ethical approval was obtained from the
orth Central Wales Local Research Ethics Committee, and

ll participants gave written informed consent.
Patients initially attended their renal unit for blood tests

nd GFR assessment by means of single-shot bolus injection
nd total-body clearance of inulin, as previously de-
cribed.16 The reliability of single-shot inulin clearances
btained in a group of 12 patients with CKD tested on 3
ccasions, each separated by 2 weeks, was reported to be
.1%.17 Inulin was assayed in plasma by using a double-
nzyme method, and clearance was calculated by using a
-compartment model as previously described16 (interas-
ay coefficient of variation, 4.1%; intra-assay coefficient
f variation, 1.2%). GFR was indexed for body surface
rea and standard body size by using the classic formula
f Du Bois and Du Bois18 and expressed here as indexed
FR (milliliters per minute per 1.73 m2). However,

ndexed GFR was only used to describe our population
ample. For all statistical analyses, GFR was not indexed
nd is expressed here as absolute GFR (milliliters per
inute). This avoided inherent error associated with index-

ng techniques19 and reduced colinearity in multiple regres-
ion analyses. For example, using indexed GFR would
esult in the same factor being used to calculate the
ependent variable (body surface area is calculated based
n weight) and predictor variables (LM and fat mass
onstitute weight).

CysC level (analyzed on blood drawn immediately before
FR assessment) was determined by using a particle-

nhanced turbidimetric immunoassay (DakoCytomation,
lostrup, Denmark) completed on an autoanalyzer (Advia
650; Bayer, New York, NY). Normal range for this assay in
ndividuals aged 1 to 50 years is 0.55 to 1.24 mg/L, and in
ndividuals older than 50 years, 0.63 to 1.37 mg/L; interas-
ay coefficient of variation is 4.9% (n � 10), and intra-assay
oefficient of variation is 6.3% (n � 62, at CysC level of 6.2
g/L).
Within the same week of these assessments, patients

ttended the School of Sport, Health and Exercise Sciences
t the University of Wales, Bangor, UK, for body composi-
ion assessment. Because CysC is produced by all nucleated
ells,9 ideally, a measure of body cell mass would be used to
etermine relationships between CysC level and body com-
osition. However, no model to determine body cell mass
as been validated in patients with CKD, although measures
f total LM can be obtained by using dual-energy x-ray
bsorptiometry.20,21 LM is related to body cell mass because
M is made up of body cell mass plus extracellular fluid and
onbone extracellular solids.22 Hence, in the present study,
e measured LM, fat mass, and bone mineral content by

eans of dual-energy x-ray absorptiometry (QDR1500, soft-
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MACDONALD ET AL714
are version 5.72; Hologic, Waltham, MA), as previously
escribed.23

tatistics
A combination of hierarchical and stepwise multiple re-

ression analyses was used to test whether CysC level and
ysC-based GFR estimation are independent of body com-
osition.

1. Factors explaining variance in CysC levels; absolute
GFR initially was forced into a regression model
(step 1). A stepwise method then was used to select
any variables significantly explaining further vari-
ance in CysC levels (step 2).

2. Stepwise methods were used to generate 3 estimation
equations for absolute GFR. For the first equation,
only CysC level was offered for selection (GFRcysC).
For the second equation, CysC level and the demo-
graphic and anthropometric variables age, sex, height,
and weight were offered for selection (GFRdemo). For
the third equation, demographic and anthropometric
variables plus the body composition variables LM
and fat mass were offered for selection (GFRLM).
Weight was not entered in this final analysis because
weight compromises both LM and fat mass.

Performance of these 3 equations to predict absolute GFR
as assessed in 2 groups: the entire sample (n � 77) and a

ubset of this sample with extreme body composition, de-
ned as either low or high total LM (LM � 1 SD of the
ntire sample) or low or high fat mass (fat mass � 1 SD of
he entire sample; n � 35). Performance was assessed by
sing repeated-measures analysis of variance, simple corre-
ation between actual and estimated GFR (with Meng analy-
is for statistically comparing correlation coefficients24),
tandard error of the estimate (SEE), and Bland-Altman
lots. Accuracy was assessed as mean percentage of error
nd percentages of results that did not deviate by more than
0% and 50% of GFR. These analyses of equation perfor-
ance were completed to provide a clinically interpretable
ethod to determine whether GFR estimation would be

mproved by accounting for body composition.
For multiple regression analyses, assumptions of normal-

ty, linearity, and homoscedasticity were checked visually by
lotting standardized residuals versus predicted values and
tatistically checked by using the Kolmogorov-Smirnov and
hapiro-Wilk tests. Transformations were made when neces-
ary, but for ease of interpretation of the 3 equations’
erformance, transformed values were inversed to raw scores.
ulticollinearity was checked by ensuring that variance

nflation factors did not exceed 10 and predictor variables
id not have a condition index exceeding 100 or a condition
ndex exceeding 30 when the predictor variable also contrib-
ted 50% of the variance on 2 or more regression coeffi-
ients. Influential outliers on predictor variables were identi-
ed by using leverage statistics and Cook’s distances, and on

he predicted variable, by standardized residuals greater than
.0.25

An n of 75 provided the study with greater than 90%
tatistical power to detect a 2% increase in amount of
ariance explained in each dependent variable (eg, from

2 � 0.85 to R2 � 0.8726; a 2% increase was chosen as the (
inimum improvement in explanation of variance needed
or clinical significance). All analyses were performed on a
tatistical computer package (SPSS, version 12.0; SSPS Inc,
hicago, IL), and statistical significance is assumed for
less than 0.05. Values are expressed as mean � SD.

RESULTS

Patient characteristics are listed in Table 1 and
re suggestive that our convenience sample is
epresentative of a normal CKD population. Re-
ationships between CysC level and absolute
FR and LM are shown in Figs 1 and 2. As

xpected, CysC level showed a curvilinear rela-
ionship with GFR. Also as expected, CysC level
howed an orthogonal relationship with LM be-
ause in this simple scatterplot, GFR had not
een adjusted for.

actors Explaining Variance in Serum
ysC Levels

By using multiple regression, a significant
odel was built to explain the variance in CysC

evels (R2 � 0.546; F2,74 � 44.461; P � 0.001;
able 2). Absolute GFR explained 48.6% (� �
0.834) of the variance in CysC levels (hierarchi-

al method, step 1; Table 2). When absolute GFR
ad been accounted for, LM was selected in
reference to other demographic and anthropo-
etric variables and explained an extra 6.0%

� � 0.280) of the variance in CysC levels
stepwise method, step 2; Table 2). This extra
xplained variance attained both statistical sig-
ificance (P � 0.005) and clinical significance

Table 1. Patient Characteristics

Men Women

ex (absolute/%) 50/64.9 27/35.1
ge (y) 66.4 � 12.1 62.7 � 11.5
eight (cm) 171.0 � 7.1 156.9 � 7.0
eight (kg) 80.8 � 14.2 69.6 � 10.9

otal LM (kg) 51.8 � 8.5 35.7 � 4.8
at mass (kg) 25.4 � 9.1 31.1 � 9.3
r (mg/dL) 2.22 � 0.86 2.27 � 1.12
ysC (mg/L) 1.79 � 0.57 1.80 � 0.56
FR* (mL/min/1.73 m2) 49.5 � 30.7 38.6 � 22.9

NOTE. N � 77. Data expressed as mean � SD. To
onvert serum Cr in mg/dL to �mol/L, multiply by 88.4;
FR in mL/min to mL/s, multiply by 0.01667.
*Actual GFR determined by using renal clearance of

nulin indexed to body surface area18 and standard body
ize.
3 times the required minimum increase in vari-
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CYSTATIN C AND BODY COMPOSITION 715
nce of 2.0% set by us to be of clinical impor-
ance). Excluded variables were sex (P � 0.378),
eight (P � 0.388), fat mass (P � 0.420), age
P � 0.507), and weight (P � 0.583). The
elationship between CysC levels and both LM
nd fat mass is explained further in Table 3.
lthough fat mass did not contribute to variance

n CysC levels at all, LM did when absolute GFR
ad been accounted for. As expected, this relation-
hip was weakened after adjustment for sex
ecause sex is a strong predictor of body compo-
ition.

rediction Equations for GFR

Multiple regression was used to build the
ollowing models to predict GFRt, where GFRt is
og10 transformedGFR(absolute)by inulinclearance (mil-
iliters per minute); CysCt is square root transformedserum
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Fig 1. Relationship be-
ween CysC level and abso-
ute GFR; actual absolute GFR
as determined by means of

enal clearance of inulin. To
onvert GFR in mL/min to
L/s, multiply by 0.01667.
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Lean mass (kg)
ysC concentration (milligrams per liter); weightt

s square root transformedweight (kilograms); sex is 0
or male and 1 for female; and LM is total LM
kilograms):

GFRCysC � 2.764 � (�0.867 � CysCt)

R2 � 0.486; F1,75 � 70.984; P � 0.001). CysCt

ccounted for 48.6% (P � 0.001; � � �0.697)
f the variance in GFRt.

FRdemo � 1.846 � (�0.805 � CysCt)
� (0.09979 � weightt) � (�0.0993 � sex)

R2 � 0.652; F3,73 � 45.539; P � 0.001). CysCt

ccounted for 48.6% (P � 0.001; � � �0.648)
f the variance in GFRt, whereas weightt and sex
ccounted for 13.7% (P � 0.001; � � 0.302) and
.8% (P � 0.05; � � �0.183), respectively.

100 150 200

GFR (mL/min)

60 70 80
Fig 2. Relationship be-

tween CysC level and LM (be-
50
fore adjustment for absolute
GFR).
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MACDONALD ET AL716
xcluded variables were age (P � 0.189) and
eight (P � 0.618).

FRLM � 2.222 � (�0.802 � CysCt)
� (0.009876 � LM)

R2 � 0.649; F2,74 � 68.401; P � 0.001). CysCt

ccounted for 48.6% (P � 0.001; � � �0.645)
f the variance in GFRt, whereas LM accounted
or 16.3% (P � 0.001; � � 0.407). This extra
xplained variance by LM attained both statisti-
al significance (P � 0.001) and clinical signifi-
ance (8 times the required minimum increase in
ariance of 2.0% set by us to be of clinical
mportance). Excluded variables were fat mass
P � 0.062), age (P � 0.830), height (P �
.892), and sex (P � 0.896).

Performance of the equations when estimating
bsolute GFR in the entire sample and the ex-
reme body composition subset is listed in Tables

and 5. Although analysis of variance showed
o significant difference between kidney func-
ion measured by using absolute GFR and that
stimated by using GFRCysC, GFRdemo, and
FRLM (F1.7,132.6 � 2.172; P � 0.125), correla-

ions were statistically stronger between esti-
ated and actual GFR when including both

emographic and anthropometric variables or
M compared with CysC level alone. Further-

Table 2. Multiple Regressio

Step R2 Rchange
2

. GFR* (mL/min) 0.486 0.486

. Total LM (kg) 0.546 0.060

NOTE. Step 1, hierarchal method, and step 2, stepwise

change, and Sigchange are independent variance explained
ig P are standardized coefficient and associated statistic.
*GFR, actual absolute GFR determined by renal clearanc

Table 3. Relationship Between Serum CysC Levels
and Body Composition

Predictor
Variable CysC

CysC With
Adjustment for

GFR

CysC With
Adjustment for
GFR and Sex

M 0.129 (0.264) 0.060 (0.003) 0.016 (0.108)
at mass 0.005 (0.550) 0.000 (0.857) 0.090 (0.238)

NOTE. Values are R2 change (P for significance of R2

hange) from hierarchal regression analyses. GFR is ac-
ual absolute GFR determined by renal clearance of inulin
rmilliliters per minute).
ore, including demographic and anthropomet-
ic variables or LM improved estimation perfor-
ance: SEE was lower, bias was reduced, and

oth limits of agreement and accuracy were
mproved. Moreover, performance of the predic-
ion method including a direct measure of body
omposition (GFRLM) generally was better than
sing just demographic and anthropometric vari-
bles (GFRdemo).

DISCUSSION

The principle finding of the present study is
hat CysC level is not independent of body compo-
ition, as previously assumed.5,7,8,11 Intuitively, this
s not surprising. When previous investigators
tated that CysC level is independent of body
omposition, this statement often was supported
y the argument that CysC is produced at a
onstant rate by all nucleated cells (or the body
ell mass). This argument ignores that 60% of
ody cell mass is skeletal muscle cell mass,12

hich varies in relation to demographic and
nthropometric variables, nutritional intake, dis-
ase state, medication use, genetics, and activity
evel.13

Our data contradict the only other study to
irectly investigate the relationship between CysC
evel and body composition.11 In that study, the
elationship between CysC level and LM by
eans of dual-energy x-ray absorptiometry was

nvestigated by using simple correlation only.
ack of significant correlation led the investiga-

ors to conclude that CysC level is independent
f body composition. Although we found a simi-
ar relationship between CysC level and LM in
he present study (Fig 2), the level of any endog-
nous marker in serum is the balance between its
ppearance and its removal. Thus, in the present
tudy, we also accounted for removal by entering
bsolute GFR before CysC level in a multiple

ysis of Serum CysC Levels

ange Sigchange � Sig P

984 0.000 �0.834 0.000
702 0.003 0.280 0.003

. R2 is accumulative explained variance in GFR; Rchange
2 ,

by predictor variable with associated statistics; and � and

ulin.
n Anal

Fch

70.
9.

method
in GFR
egression model. We then found that LM signifi-
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CYSTATIN C AND BODY COMPOSITION 717
antly (both statistically and clinically) ex-
lained the variance in CysC levels (Table 2).
urthermore, analysis of standardized � coeffi-
ients (� values detail the contribution of each
ndividual predictor variable when all model
teps in the multiple regression model have been
ntered) suggested that LM contributed posi-
ively and substantially to variance in CysC
evels, and by using a stepwise regression tech-
ique, LM was selected in preference to demo-
raphic and anthropometric variables, suggest-
ng greater importance for directly measured
ody composition in explaining the variance in
ysC levels. Other potential reasons for our
ontrasting findings to the previous study11 in-
lude the wider variation in body composition in
ur sample: eg, LM in our men with CKD
howed a greater SD (8.5 versus 6.8 kg). Further-
ore, in healthy persons, as studied previously,11

ariations in CysC production may have less

Table 4. Performance of CysC-Based Estimation E

GFR
(mL/min)

Correlation
(SEE [mL/min])

Bias
(mL/min)

FR 50.0
FRCysC 44.9 0.689 (25.6) �5.0
FRdemo 46.6 0.830* (19.7) �3.44
FRLM 46.5 0.851* (18.6) �3.6

NOTE. N � 77. To convert GFR in mL/min to mL/s, multi
Abbreviations: GFR, actual absolute GFR determined

oefficient between actual and estimated GFR, ie, mean
greement, width of the SD of the mean bias � 1.96; accur
nd 50% of actual GFR.
*Statistical difference of regression slopes versus GFRCy

Table 5. Performance of CysC-Based Estimation E
Extreme Bo

GFR
(mL/min)

Correlation
(SEE [mL/min])

Bias
(mL/min)

FR 57.3
FRCysC 49.6 0.691 (31.0) �7.7
FRdemo 52.8 0.862* (21.7) �4.5
FRLM 52.6 0.891* (19.5) �4.7

NOTE. N � 35. Extreme body composition indicates total
L/min to mL/s, multiply by 0.01667.
Abbreviations: GFR, actual absolute GFR determined

oefficient between actual and estimated GFR, ie, mean
greement, width of the SD of the mean bias � 1.96; accur
nd 50% of actual GFR.

*Statistical difference of regression slopes versus GFRCysC by M
nfluence on serum concentration because of
igh GFR.
Having established that CysC level is depen-

ent on total LM, we wished to determine the
elationships of CysC level, body composition,
nd demographic and anthropometric variables
ith GFR. Including LM significantly (both sta-

istically and clinically) explained additional vari-
nce in absolute GFR than using CysC level
lone, and LM was selected by using stepwise
egression in preference to demographic and
nthropometric variables to estimate absolute
FR. As we previously showed for Cr,27 these
ata suggest that body composition mediates the
elationship between traditional demographic and
nthropometric variables and CysC-estimated
FR in patients with CKD. Hence, LM appears

o be an important and previously unrecognized
actor that, if included in estimation equations,
ay improve GFR prediction.

ns Compared With Actual GFR for Entire Data Set

in)
Mean Error

(%)

Accuracy (%)

Within 30% Error Within 50% Error

9.5 51.9 77.9
6.5 62.3 85.7
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.01667.
nal clearance of inulin; correlation, Pearson correlation
nce between estimated and actual GFR; LoA, limits of
rcentage of results that did not deviate by more than 30%

eng12 analysis.
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fat mass � � 1 SD of the entire sample. To convert GFR in
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nce between estimated and actual GFR; LoA, limits of
rcentage of results that did not deviate by more than 30%
quatio

LoA
(mL/m

50.8
39.2
37.9

ply by 0
by re
differe

acy, pe
quatio
dy Co

LoA
(mL/m

62.0
43.6
41.7

LM or

by re
differe

acy, pe
eng12 analysis.
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We tested this speculation by building regres-
ion equations using only CysC level, CysC level
nd demographic and anthropometric variables,
r CysC level and LM. It should be noted that
hese GFR estimation equations were built sim-
ly to test our hypothesis and not necessarily for
mmediate use in clinical practice. Performance
f equations using CysC level alone (as advo-
ated in recently published equations)14,28,29 im-
roved substantially if LM was included, evi-
enced by statistically stronger correlations
etween actual and predicted absolute GFR, lower
EE, reduced bias, reduced error, and improved
ccuracy. These improvements were evident
hether the entire group was analyzed or just
atients presenting with extreme body composi-
ion (ie, those with high or low LM and/or fat
ass) were investigated. Of note, further im-

rovements in GFR estimation may be obtained
hould more direct markers of body cell mass be
eveloped because LM compromises not only
ody cell mass, but also extracellular water,22

nd because overhydration of the CKD popula-
ion is likely, total LM may overestimate body
ell mass. In this regard, 9 of our 77 patients
ere overhydrated (assessed by hydration of the

ombined total LM and bone mineral compart-
ents), although results were no different whether

hese patients were included in multiple regres-
ion analyses or not (data not shown).

Regarding the use of demographic and anthro-
ometric variables with CysC level, data cur-
ently are equivocal about whether age, sex,
eight, and weight should be included to esti-
ate GFR.15 Although some studies found that

quations using CysC level to estimate GFR
ere not improved by inclusion of demographic

nd anthropometric variables,14,28,29 in the present
tudy, including these variables improved CysC-
ased equation performance. We speculate that
hese differences may be caused in part by the
ody composition of patients studied: although
e used a convenience sample to select our
atients, more than half our patients were either
uscle wasted or obese. Thus, our population
ay include more patients with altered body

omposition than previous studies, although it is
ifficult to evaluate this because detailed body
omposition data were not provided in these
eports. For example, comparison of body mass

ndex of patients in our study (n � 77; body mass B
ndex � 27.9 � 4.4 kg/m2; range, 20.9 to 44.3
g/m2) with patients studied by Grubb et al14

2005; n � 451; body mass index � 25.0 kg/m2,
o SD provided; range, 18 to 39 kg/m2) suggests
greater proportion of patients were overweight

n the present study. However, it should be re-
embered that our sample is still representative

f a typical CKD population, many of whom
resent with extreme body composition.
In conclusion, our results show that CysC

evel is not independent of body composition, as
reviously advocated. Consequently, when using
ysC level, including demographic and anthropo-
etric variables or, even better, a direct measure

f body composition, such as total LM, improves
FR estimation. Even greater improvements in
FR estimation may be realized as more direct
arkers of body cell mass are developed and

alidated for use in patients with CKD. An
bvious avenue of future research thus is to
evelop quick and inexpensive methods to esti-
ate body cell mass in clinical practice (perhaps

y using bioelectrical impedance spectroscopy)
nd include these measures in larger studies to
enerate GFR estimation equations for use in
linical practice. For now, caution is required
hen using current CysC-based GFR estimation

quations in patients with altered body composi-
ion.
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