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Assessment of nutritional status in CAPD patients:
serum albumin is not a useful measure
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Abstract Introduction
Introduction. In CAPD patients serum albumin is fre-
quently used as an index of nutritional status, although Decreased serum albumin is related to an increased
it is recognized that hypoalbuminaemia may be caused morbidity and mortality in patients receiving treatment
by many factors. We have further examined the rela- for end-stage renal failure, regardless of treatment
tionship between serum albumin and nutrition. modality [1]. The prognostic significance of serum
Methods. Nutritional status was assessed by biochem- albumin in patients undergoing continuous ambulatory
istry, anthropometry, mid-arm muscle circumference, peritoneal dialysis (CAPD) has been emphasized [2–4].
muscle strength (hand grip and back), and lean body Hypoalbuminaemia has been recognized as being mul-
mass (from anthropometry, creatinine kinetics and tifactorial, with poor nutrition [5], increased dialysate
bioimpedance) in a group of 76 stable CAPD patients. protein loss [6 ], the presence of systemic illness [7] or
Correlations between biochemical and nutritional inflammatory disorders [8], and hypervolaemia [9] all
parameters were sought and data were compared being implicated. Protein malnutrition is cited as a
between patient groups defined by serum albumin major cause of hypoalbuminaemia [10] and serum
(�37 vs <37 g/l on two occasions 2 months apart) albumin is frequently used in clinical practice as an
and separately according to subjective global assess- indicator of nutritional status [11]. However, there is
ment score (normal nutrition, A vs mild to moderate, controversy over the degree to which albumin and
B, and severe, C, malnutrition). nutrition are interrelated in CAPD patients [12]. We
Results. In patients with a low SGA score, actual body have therefore explored the relationship between serum
weight, body mass index, mid-arm muscle circumfer- albumin and nutritional state further.
ence, lean body mass, subscapular skinfold thickness,
hand grip strength (males and females) and iliac and
triceps skinfold thicknesses and back strength (females Subjects and methodsonly) were all significantly less than in patients with a
normal SGA score. In contrast, none of these variables

This cross-sectional study was carried out in the Renal Unitdi�ered in either gender when patients were compared
of St James’s University Hospital, Leeds. Adult patientsaccording to serum albumin. Serum albumin was cor-
undergoing CAPD between 1/6/1995 and 31/7/1996 wererelated with serum creatinine (r=0.45, P=0.01), daily evaluated. All patients had completed a minimum of 3

urine protein excretion (r=−0.42, P=0.02) and months of CAPD and had not had peritonitis during the 3
uncorrected weekly creatinine clearance (r=−0.39) in months prior to assessment. All patients performed three or
females, but not with any index of body composition four dialysate exchanges per day (according to residual renal
in either gender. function) with the largest tolerated fill volume and were

receiving oral iron supplementation, with or without subcuta-Conclusion. Whilst SGA identified a patient group
neous erythropoeitin in order to achieve a haemoglobinwith significantly abnormal body mass, muscle mass �10 g/dl. Serum albumin (measured by bromocresol green)and muscle strength, serum albumin did not. Serum
and nutritional state scored by subjective global assessmentalbumin is not a useful marker of malnutrition in
(SGA—based on a history of weight change, dietary intakestable patients on CAPD.
and gastrointestinal symptoms, and a visual assessment of
subcutaneous fat and muscle mass as described by Detsky

Key words: nutrition; subjective global assessment; et al. [ 13] and modified for dialysis patients [14]) were used
bioimpedance; body composition to define patient groups. Further data collected included

serum creatinine, ferritin, CRP, height, weight, skinfold
thicknesses at four sites (biceps, triceps, subscapular and
iliac), mid-arm circumference, 24-h collections of urine andCorrespondence and o�print requests to: C. H. Jones MRCP,
dialysate, and hand grip and back strength by dynamometryDepartment of Renal Medicine, St James’s University Hospital,

Beckett Street, Leeds LS9 7TF, UK. (Takei Scientific Instruments). From August 1995, total body
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water was measured by whole-body electrical impedance at age was 50.3 years (range 18–79) and mean time on
25 frequencies ( Xitron 4000B, Xitron Technologies) [15]. All dialysis 24.3 months (range 3–91). Cause of renal
measurements were made by a single observer (CHJ ). From failure was insulin-dependent diabetes mellitus in 13,
these data, and using standard formulae, the following were chronic pyelonephritis in 12, glomerulonephritis in 11,
derived: residual renal function (mean of urea and creatinine hypertension/renovascular disease in nine, adult poly-clearances), dialysate creatinine clearance, Kt/V urea, body

cystic kidney disease in eight, myeloma, hereditary,mass index (BMI ), protein catabolic rate (PCR, by the
obstruction, and postpartum in two each, renal stonemethods of Randerson et al. [ 16 ]), lean body mass (LBM—
disease in one and unknown in 14 patients. Neitherfrom anthropometry [17,18], creatinine kinetics [19 ], and

bioelectric impedance [20]), body water (Watson formula the incidence of hypoalbuminaemia (8/13 vs 33/63)
[21] and bioimpedance [22]), and mid-arm muscle circumfer- nor the mean serum albumin (35.0 vs 36.4 g/l ) di�ered
ence [23]. significantly between diabetic and non-diabetic

A correlation matrix of nutritional and biochemical para- patients. Eight of 13 patients with diabetes had an
meters was constructed and correlations were sought with SGA score of B or C compared to 28/63 non-diabeticsPearson’s test of significance. Patients were grouped accord-

(P=0.2, n.s. Chi squared). SGA scores were A in 40,ing to the presence or absence of persistent hypoalbuminae-
B in 32 and C in four patients. Patients with anmia (defined as a serum albumin of less than 37 g/l, the
abnormal score (B and C ) were analysed together inlower limit of the normal range for our laboratory, on two

consecutive measurements, at least 2 months apart). The view of the small number of patients with a score of C.
same patients were regrouped according to SGA score, as
well-nourished (SGA=A) or malnourished (SGA=B or C).
Baseline and derived data were compared between patients

Male subjects (Table 1)with normal or low serum albumin and again between well-
and malnourished patients. Results for males and females Males scored as malnourished by subjective global
were analysed separately. Normally distributed data were assessment tended to be older (53.9 vs 44.7 years, P=compared using non-paired t test, with P∏0.05 taken as

0.06) and have a lower serum creatinine (875 vssignificant. Other data were compared by Chi squared testing
1037 mmol/l, P=0.06) than those scored as well nour-as appropriate.
ished. Actual body weight, BMI, MAMC, LBM (by
all three methods), subscapular skinfold thickness and
hand grip strength were all significantly lower in maln-Results
ourished as compared to well-nourished patients. There
was no di�erence in age (49.4 vs 48.6 years) or serumSeventy-six patients (45 male, 31 female) were evalu-
creatinine (906 vs 1019 mmol/l ) between hypo- andated during the study period. Height, weight, gender,
normoalbuminaemic males. There were no significantage, and biochemical indices were available in all, 24-h
di�erences in any parameters of body composition ordialysate and urine collections in 70, anthropometry
muscle strength according to serum albumin. In thein 71, and bioimpedance in 57 patients. Missing data
correlation matrix, there were no significant correla-resulted from patient failure to perform 24-h collections
tions between serum albumin and any other para-or refusal of anthropometric assessment. Bioimpedance

was available for only 10 months of the study. Mean meter tested.

Table 1. Summary of nutritional parameters in male CAPD patients according to serum albumin and SGA score

Males Serum albumin SGA

�37 <37 A B+C

n Mean (SD) n Mean (SD) n Mean (SD) n Mean (SD)

Age 22 49 (16.8) 23 49 (16.3) 24 45 (14.1) 21 54 (17.7)
Albumin (g/l ) 22 38.7 (2.1) 23 33.8 (1.9)* 24 36.9 (3.2) 21 35.5 (3.1)
Se Creatinine (mmol/l ) 22 1019 (286) 23 906 (279) 24 1037 (269) 21 875 (285)
CRP (mg/l ) 15 6.7 (10.4) 20 16.9 (35.0) 19 7.8 (12.5) 16 18.2 (38.2)
LBM anthropometry (kg) 22 54.1 (7.5) 22 55.2 (6.2) 23 57.2 (7.6) 20 51.7 (4.5)†
LBM bioimpedance (kg) 16 54.5 (6.6) 18 55.5 (8.2) 19 57.4 (8.8) 15 52.0 (3.5)†
LBM creatinine (kg) 21 44.0 (10.5) 21 45.7 (9.9) 22 49.1 (11.5) 20 40.1 (5.5)†
% Fat bioimpedance 16 20.5 (6.6) 18 18.8 (8.1) 19 18.7 (8.3) 15 20.7 (6.0)
% Fat anthropometry 22 21.1 (5.3) 22 20.0 (6.1) 23 21.6 (5.3) 20 19.3 (6.0)
Subscapular sf (mm) 22 14.3 (4.8) 22 12.1 (4.2) 23 14.6 (4.8) 21 11.6 (4.0)‡
BMI (kg/m2 ) 22 23.9 (3.2) 23 23.4 (3.7) 24 25.3 (3.5) 21 21.8 (2.4)*
MAMC (cm) 22 26.6 (2.4) 22 26.5 (2.6) 23 27.6 (2.6) 21 25.4 (1.6)‡
Hand-grip strength (kgf ) 22 30.1 (9.1) 22 30.0 (8.9) 21 33.6 (8.8) 20 27.1 (7.9)‡
Weight (kg) 22 68.7 (11.0) 23 69.3 (10.4) 24 73.0 (11.9) 21 64.5 (6.4)†

Significance tested by Student’s t test, with P∏0.05 taken as significant. BMI, body mass index; sf, skinfold; MAMC, midarm muscle
circumference; LBM, lean body mass. *P<0.001; †P∏0.01; ‡P∏0.05.
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Table 2. Summary of nutritional parameters in female CAPD patients according to serum albumin and SGA score

Females Serum albumin SGA

�37 <37 A B+C

n Mean (SD) n Mean (SD) n Mean (SD) n Mean (SD)

Age 13 47 (16) 18 56 (13) 16 49 (14) 15 56 (15.5)
Albumin (g/l ) 13 39.5 (2.2) 18 33.6 (2.7)* 16 35.7 (3.5) 15 36.5 (4.3)
Se Creatinine (mmol/l ) 13 941 (247) 18 775 (207) 16 874 (248) 15 814 (227)
CRP (mg/l ) 10 13 (16.4) 16 13.8 (16.7) 11 13.0 (17.6) 15 13.8 (15.8)
LBM anthropometry (kg) 13 42.6 (5.5) 16 41.7 (6.4) 15 43.6 (5.9) 13 40.4 (5.7)
LBM bioimpedance (kg) 10 39.8 (4.4) 13 41.9 (9.6) 12 45.1 (7.6) 11 36.5 (5.1)†
LBM creatinine (kg) 10 34.9 (11.7) 18 33.6 (8.4) 15 38.5 (8.7) 13 28.9 (7.9)†
% Fat bioimpedance 10 35.7 (6.4) 13 32.7 (8.2) 12 32.2 (6.8) 11 36.1 (7.9)
% Fat anthropometry 13 31.4 (6.4) 16 31.9 (5.8) 15 34.3 (5.6) 13 28.6 (5.1)†
Subscapular sf (mm) 13 16.3 (5.9) 16 14.6 (7.2) 15 18.6 (6.7) 13 11.7 (4.2)†
Triceps sf (mm) 13 19.1 (8.7) 16 19.3 (7.1) 15 23.3 (8.0) 13 14.8 (4.5)†
BMI (kg/m2 ) 13 23.5 (3.2) 18 23.2 (4.1) 16 24.9 (3.6) 15 21.6 (3.0)†
MAMC (cm) 13 23.0 (2.4) 16 23.3 (2.6) 15 23.8 (2.0) 13 22.5 (2.7)
Hand-grip strength (kgf ) 13 20.5 (5.8) 12 23.9 (8.4) 13 26.3 (6.9) 10 16.9 (3.7)*
Back strength (kgf ) 12 43.5 (18.6) 12 53.0 (23.9) 13 57.5 (22.6) 10 33.6 (6.9)†
Weight (kg) 13 62.6 (10.1) 18 61.1 (11.5) 16 67.0 (10.5) 15 56.1 (8.2)†

Significance tested by Student’s t test, with P∏0.05 taken as significant. BMI, body mass index; sf, skinfold; MAMC, midarm muscle
circumference; LBM, lean body mass. *P<0.001; †P∏0.01; ‡P∏0.05.

Female subjects (Table 2) tended to be greater in hypoalbuminaemic females
(Table 3). There were no other di�erences in monthsIn comparison to females scored as well nourished by on dialysis, dialysis dose (assessed by weekly Kt/VSGA, malnourished females had significantly lower urea and weekly creatinine clearance (uncorrected andactual body weight, BMI, iliac, triceps and subscapular corrected per 1.73 m2)), residual renal function, dailyskinfolds, LBM (by bioimpedance and creatinine gen- protein intake estimated from PCR and nPCR, oreration), hand grip strength, and back strength. LBM daily dialysate and urine protein losses according toby anthropometry was non-significantly lower. serum albumin or nutritional status (Table 3).Persistently hypoalbuminaemic females tended to be Serum ferritin and C-reactive protein did not di�erolder (55.8 vs 46.9 years, P=ns) and to have lower significantly between groups. Serum ferritin and CRPserum creatinine (775 vs 941 mmol/l, P=0.06) than the were correlated in male patients (r=0.7, P<0.001),normoalbuminaemic group. There were no significant but neither correlated with serum albumin.di�erences in weight, BMI, LBM and muscle strength. All three methods of determining lean body massIn the correlation matrix, serum albumin was signific- were significantly correlated with each otherantly correlated with serum creatinine (r=0.45, P= (Figure 1). LBM from creatinine kinetics gave consist-0.01), daily urine protein excretion (r=−0.42, P= ently lesser values than the other two methods.0.02) and uncorrected weekly creatinine clearance (r= Agreement between methods was poor by the method−0.39). Serum creatinine and daily urine protein of Bland and Altman [24] (Figure 2) with limits ofexcretion retained their significance in a stepwise multi- agreement being: anthropometry vs bioimpedancevariate linear regression analysis. There was no signi- +11.1 to −12.2 males, +11.8 to −10.0 females;ficant correlation with any index of body composition. anthropometry vs creatinine generation +28.9 to −5.7
males, +24.8 to −10.1 females; bioimpedance vs creat-

All groups (Tables 1 and 2) inine generation +23.5 to −3.5 males, +19.2 to −4.0
females. Hand grip and back strength were significantlySerum albumin was not significantly di�erent in male
correlated with LBM by all methods, MAMC, weight,or female patients scored as malnourished by SGA.
age and each other (Table 4). Correction of LBM forForty-eight per cent of hypoalbuminaemic males were
height ( lean body mass index, LBM/height2 ) did notscored as well nourished and 41% of normoalbumina-
alter any of the reported relationships.emic males as malnourished. Sixty-one per cent of

hypoalbuminaemic females were scored as well nour-
ished and 62% of normoalbuminaemic females scored

Discussionas malnourished. Weekly creatinine clearance, uncor-
rected for body surface area (BSA), was significantly
less in females scored as malnourished. Correction for Serum albumin is strongly predictive of survival in

groups of patients treated for end-stage renal failurebody surface area resulted in an apparent increase in
creatinine clearance, as BSA was less in malnourished [1], including those maintained on CAPD [4]. Whilst

a number of mechanisms of hypoalbuminaemia haveindividuals. Creatinine clearance and weekly Kt/V urea
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Table 3. Summary of dialysis adequacy and daily protein loss in males and females according to serum albumin and SGA score

Males Serum albumin (g/l ) SGA score

<37 �37 A B+C

n Mean (SD) n Mean (SD) n Mean (SD) n Mean (SD)

Months on CAPD 23 24.3 (25.3) 22 23.5 (16.9) 24 26.1 (22.2) 21 21.3 (20.7)
CrCl (1/week) 21 72.6 (31.1) 21 60.0 (32.4) 22 66.4 (30.3) 20 67.2 (34.4)
CrCl/1.73 m2 21 68.1 (27.9) 21 59.1 (30.5) 22 61.9 (27.0) 20 65.5 (32.1)
Kt/V urea (week) 21 2.0 (0.44) 21 1.8 (0.51) 22 1.8 (0.41) 20 2.0 (0.52)
PCR (g/day) 21 69.6 (19.2) 21 67.4 (16.3) 22 71.9 (18.9) 20 64.8 (15.7)
nPCR (g/kg/day) 21 0.99 (0.26) 21 0.99 (0.19) 22 0.98 (0.22) 20 1.0 (0.24)
RRF (1/week) 21 3.2 (3.4) 21 2.1 (3.5) 22 2.4 (3.4) 20 2.9 (3.6)
Dialysate protein loss 21 7.2 (4.5) 21 6.3 (2.7) 22 7.3 (4.3) 20 6.3 (3.4)

(g/24 h)
Urine protein excretion 21 0.79 (0.87) 21 0.46 (0.73) 22 0.66 (0.85) 20 0.58 (0.79)

(g/24 h)

Females Serum albumin (g/l ) SGA score

<37 �37 A B+C

n Mean (SD) n Mean (SD) n Mean (SD) n Mean (SD)

Months on CAPD 18 24.6 (23.1) 13 25.5 (25.1) 16 22.6 (20.9) 15 27.5 (26.5)
CrCl (1/week) 18 55.3 (18.3)* 10 43.6 (12.4) 15 57.5 (17.9) 13 43.7 (13.4)‡
CrCl/1.73 m2 18 58.5 (20.0) 10 45.0 (12.1) 15 58.5 (20.2) 13 48.0 (15.4)
Kt/V urea (week) 18 1.9 (0.4)* 10 1.7 (0.2) 15 1.8 (0.3) 13 1.8 (0.4)
PCR (g/day) 18 60.2 (16.1) 10 55.3 (12.4) 15 62.0 (13.9) 13 54.4 (15.4)
nPCR (g/kg/day) 18 1.00 (0.28) 10 0.88 (0.15) 15 0.94 (0.20) 13 0.98 (0.29)
RRF (1/week) 18 1.8 (2.0) 10 1.31 (1.9) 15 2.1 (2.0) 13 1.0 (1.8)
Dialysate protein loss 18 6.1 (2.5) 10 5.1 (2.2) 15 6.3 (2.7) 13 5.15 (2.0)

(g/24 h)
Urine protein excretion 18 0.68 (0.99) 10 0.14 (0.19) 15 0.76 (1.0) 13 0.17 (0.32)

(g/24 h)

PCR, protein catabolic rate (nPCR, normalized to actual body weight); RRF, residual renal function. *P=0.06, ‡P∏0.05.

been suggested, it has been widely accepted that serum with normal and low serum albumin. Forty-nine per
cent of normoalbuminaemic individuals were scoredalbumin reflects nutritional status in dialysis patients,

with a low serum albumin indicating protein malnutri- as malnourished and 54% of hypoalbuminaemic indi-
viduals scored as well nourished.tion [10]. The technique of subjective global assessment

was initially described in patients admitted for gastro- Serum albumin has been reported to correlate with
dietary protein intake estimated from food diary [27]enterological surgery [13], but has been modified and

validated for CAPD patients [14]. Serum albumin has or from normalized protein catabolic rate [28]. In the
latter study, involving a patient group of similar sizebeen correlated with SGA score in females in an

international study of greater than 200 subjects [25] to the present study, serum albumin was correlated
with weekly Kt/V urea and LBM as a percentage ofand in males and females in a study including 23

CAPD subjects [14]. In the latter study there was no total body weight. However, males and females were
analysed together, which may not be appropriate indi�erence in body weight and MAMC between well-

and poorly nourished patients. In 184 haemodialysis view of gender-related body composition di�erences.
LBM as a percentage of body weight reflects obesitypatients, Cano et al. [26] found that serum albumin

did not correlate with body weight, MAMC, triceps rather than severity of malnutrition. We have found
no di�erence in nPCR according to nutritional stateskinfold, or serum creatinine, although serum prealbu-

min did. In our study, patients scored as being maln- and that total PCR tended to be less in malnourished
patients, reflecting their reduced body weight andourished by SGA had a lower actual body weight,

body mass index, lean body mass, mid-arm muscle confirming the findings of Harty et al. that nPCR was
not a valid marker of nutrition in patients with reducedcircumference (in males), and muscle strength (hand

grip in males and females, back in females only) than actual body weight [29]. There was no correlation
between serum albumin and PCR, whether or notthose scored as normally nourished. There were no

di�erences in any of these parameters between patients normalized to actual body weight. Dialysis dose (meas-
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C-reactive protein and ferritin increase during acute
inflammation/infection. Although there was no correla-
tion between albumin and ferritin or CRP, a strong
correlation was seen between CRP and ferritin in
males, suggesting that serum albumin is not greatly
influenced by inflammation in a stable population. The
tendency to a higher CRP with a wide standard
deviation in hypoalbuminaemic males may indicate
that serum albumin does reflect CRP in individual
patients. All the patients in this study were receiving
oral iron and changes in ferritin as part of an inflam-
matory response are presumably independent of iron
stores.

The best measure of nutritional state in CAPD
patients remains uncertain. LBM is an excellent meas-
ure of nutrition in normal individuals and can be
determined by a number of methods, of which deuter-
ium oxide dilution [33] and estimation of specific
gravity by underwater weighing [34] are the best
established. Neither of these can be easily applied to
peritoneal dialysis patients [35]. LBM derived from
anthropometry or from bioimpedance has not been
validated in CAPD. Deuterium oxide dilution, under-
water weighing (and hence anthropometry), and
bioimpedance all relate estimates of total body water
to lean mass by assuming a constant hydration value
for lean tissue in normal subjects. Abnormalities of
fluid balance and distribution may invalidate these
assumptions in subjects on CAPD. Bioimpedance tech-
niques do not however appear to be a�ected by the
presence of dialysis fluid within the peritoneal cavity
[36]. LBM from creatinine kinetics has been shown to
correlate well with LBM derived from total body
potassium (TBK ) in patients on CAPD (agreement
was not assessed by the technique of Bland and
Altman) and TBK to correlate well with underwater
weighing in normal individuals [35]. However TBK
has not been validated in CAPD patients and may
not provide an accurate assessment of LBM [26].
Creatinine kinetics are reliant on complete 24-h dialy-
sate and urine collections, on patient compliance prior

(a)

(b)

(c)

Fig. 1. Correlation between lean body mass (LBM) by (a) anthropo- to collection, and involve assumptions about extrarenal
metry and bioimpedance (males r=0.64, females r=0.70; P<0.001), creatinine metabolism.
(b) anthropometry and creatinine generation (males r=0.68; In this study, the three techniques of estimatingP<0.001, females r=0.45; P=0.02) and (c) bioimpedance and

LBM gave highly correlated results as expected,creatinine generation (males r=0.74, females r=0.78; P<0.001).
although the limits of agreement between them were
large. However, all three methods were sensitive to
nutritional state determined by SGA and correlatedured by Kt/V urea or creatinine clearance/1.73 m2) is

related to survival [4] and has been correlated with with MAMC and hand-grip strength, suggesting that
all three methods are valid for cross-sectional studies.protein intake estimated from PCR [30,31], although

this may reflect mathematical coupling [32] in cross- Whether or not they are valid for longitudinal studies
of individual patients requires further investigation.sectional data. Whilst we found a lower uncorrected

creatinine clearance in malnourished females, hypoal- The correlation between forearm muscle strength and
total body water measured by impedance is consistentbuminaemic patients tended to have higher clearances.

There was no correlation between serum albumin and with the hypothesis that electrical conduction occurs
principally through muscle tissue and whole bodydialysis dose. CAPD is associated with a significant

daily peritoneal protein loss, but in this study there electrical impedance is dictated by limb impedance
[37]. Hand-grip strength was highly correlated withwas no correlation between serum albumin and daily

peritoneal protein loss. estimates of LBM and with MAMC, is simple and
quick to perform, and may therefore provide a usefulThe presence of systemic disease or active inflam-

mation is associated with hypoalbuminaemia. Both tool for monitoring nutritional state.
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(a)

(b)

(c)
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Table 4. Correlation of muscle strength by dynamometry with indi- 8. Kaysen GA, Rathore V, Shearer GC, Depner TA. Mechanisms
of hypoalbuminemia in hemodialysis patients. Kidney Int 1995;ces of estimated muscle mass and age
48: 510–516

9. Kaysen GA, Schoenfield PY. Albumin homeostasis in patients
Back strength (r) Hand grip strength (r) undergoing continuous ambulatory peritoneal dialysis. Kidney

Int 1984; 25: 107–114
Male Female Male Female 10. Lindsay RM, Spanner E. Is the lower serum albumin concentra-

tion in CAPD patients a reflection of nutritional status? The
lower serum albumin does reflect nutritional status. Semin DialLBM (bio) 0.53* 0.43 0.56‡ 0.53†
1992; 5: 215–218LBM (anth) 0.46* 0.59* 0.41* 0.38

11. Dombros NV, Digenis GE, Oreopoulos DG. Is malnutrition aLBM (cre) 0.58‡ 0.55* 0.68‡ 0.55*
problem for the patient on peritoneal dialysis? NutritionalWeight 0.31† 0.58* 0.30 0.46†
markers as predictors of survival in patients on CAPD. PeritMAMC 0.36† 0.18 0.49‡ 0.18
Dial Int 1995; 15: S10–S19Age −0.07 −0.58* −0.39* −0.63‡

12. Heimbürger O, Bergström J, Lindholm B. Is serum albumin an
index of nutritional status in continuous ambulatory peritoneal

†P∏0.05; *P∏0.01; ‡P∏0.001. dialysis patients? Perit Dial Int 1994; 14: 108–114
13. Detsky AS, McLaughlin JR, Baker JB et al. What is subjective

global assessment of nutritional status. J Parent Ent Nutr 1987;
In conclusion, SGA identifies a patient group with 11: 8–13

significant abnormalities of body mass, muscle mass 14. Enia G, Sicuso C, Alati G, Zoccali C. Subjective global assess-
ment of nutrition in dialysis patients. Nephrol Dial Transplantand muscle strength, lending further support to its
1993; 8: 1094–1098validity in defining nutritional state in CAPD patients.

15. Matthie JR, Withers PO, Van Loan MD, Mayclin PL.There were no di�erences in these parameters between Development of a commercial complex bio-impedance spectro-
patients with persistent hypoalbuminaemia and those scopy system for determining intra-cellular water and extracellu-

lar water volumes. Proc 8th Int Conf on Electrical Bio-impedancemaintaining a normal serum albumin. Evidence of
1992, Kuopio, Finlandserious malnutrition was seen in dialysis patients with

16. Randerson DH, Chapman GV, Farrell PC. Amino acid andnormal serum albumin values and serum albumin dietary status in CAPD patients. In: Atkins RC, Farrell PC,
cannot be regarded as an accurate index of malnutri- Thomson (eds) Peritoneal Dialysis. Churchill Livingstone,
tion in patients with ESRF maintained on CAPD. The Edinburgh, 1981; 180–191

17. Durnin JVGA, Womerseley J. Body fat assessed from total bodybest method of serially monitoring nutritional state is
density and its estimation from skinfold thickness: measurementsuncertain, and serial studies of estimates of LBM by
on 481 men and women aged from 16 to 72 years. Br J Nutreach method and hand grip strength require further 1974; 32: 77–97

evaluation. 18. Siri WE. Body composition from fluid spaces and density:
analysis of methods. In: Lawrence JH, Tobias CA (ed) Advances
in Biological and Medical Physics. Academic Press, New York,Acknowledgements. Colin H. Jones was supported by The Yorkshire
1956; 4–16Kidney Research Fund.

19. Keshaviah PR, Nolph KD, Moore HL et al. Lean body mass
estimation by creatinine kinetics. J Am Soc Nephrol 1994; 4:
1475–1485
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