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Abstract nephroangiosclerosis (OR=2.34, CI: 1.10–4.98) and
total lymphocyte count (OR=0.93, CI: 0.87–0.98).Background. When assessed by single biochemical

measurements, malnutrition in dialysis patients is asso- Hospitalization was needed in 44% of patients. The
comorbidity index, serum albumin and age were theciated with increased mortality, but there are few data

evaluating abnormalities in anthropometry or compos- predictive factors of hospitalization.
Conclusions. Protein–calorie malnutrition is frequentite nutritional scores and outcome. The aim of our

study was to ascertain the prevalence and severity of in haemodialysis patients. Fat depletion predominated
in both sexes. Duration of dialysis and protein cata-malnutrition in 761 stable patients from 20 haemodia-

lysis centres and its influence in morbidity and mortal- bolic rate related to ideal body weight was the only
predictor which could be influenced by a nutritionality after one year of follow-up.

Methods. Malnutrition was estimated by scoring four intervention. Morbidity appeared to be influenced by
the comorbidity index and age was the strongest pre-anthropometric indexes; body mass index (BMI),

triceps skinfold thickness (TSF), mid-arm circumfer- dictor of mortality. The only nutritional measurements
predictive of morbidity and mortality were serumence (MAC), and mid-arm muscle circumference

(MAMC); three biochemical measurements; serum albumin and total lymphocyte count respectively.
Therefore, the influence of malnutrition in morbidityalbumin, serum transferrin and total lymphocyte

count; and clinical examination. Mortality and hospit- and mortality can not be definitively stated.
alizations were collected prospectively during the year

Key words: haemodialysis; hospitalization rate; malnu-of follow-up.
trition; mortality; protein catabolic rateResults. A moderate/severe degree of malnutrition was

presented by 51.6% of male and 46.3% of female
patients. TSF was moderate–severely decreased in 41%
without differences between males and females.
MAMC was moderately decreased in 19.8% of males Introductionand in 8.1% of females (P<0.001). Multiple logistic
regression analysis showed that the predictors of

For over 20 years, protein–calorie malnutrition hasmalnutrition were: age >65 years (OR=1.96, CI:
been reported as a frequent complication in patients1.22–3.14), male sex (OR=1.95, CI: 1.24–3.07), com-
on maintenance haemodialysis therapy and it has beenorbidity index (OR=1.23, CI: 1.03–1.45), time on
attributed to several causes, including inadequatedialysis (OR=1.13, CI: 1.08–1.18), duration of dialysis
intake of protein and energy, inhibition of protein(OR= 0.73, CI: 0.63–0.85) and PCR related to ideal
synthesis and/or stimulation of protein degradationbody weight (OR=0.17, CI: 0.06–0.50).
[1–5]. Its prevalence has varied from 25–75% amongAfter 1 year of follow-up, data from 442 patients
the series published [6–16]. These differences couldwere available. A total of 68 patients died (15.4%)
be partially explained by the methods used in thewith cardiovascular diseases being the most frequent
assessment of the nutritional status; anthropometriccause of death (57.3% of the cases). The predictors
measurements, biochemical determinations or a com-of mortality were: age (OR=1.06, CI: 1.03–1.09),
bination of both. Despite the high prevalence of malnu-cardiovascular disease (OR=2.13, CI: 1.19–3.83),
trition in patients on haemodialysis, no multivariateneurological disease (OR=2.96, CI: 1.41–6.15),
analysis investigating the factors which predict the
development of abnormal anthropometry is available.Correspondence and offprint requests to: Roberto Marcén, MD,

The importance of malnutrition is due to the factDepartment of Nephrology, Hospital Ramon y Cajal, Ctra Colmenar
Viejo Km 9.1, 28034 Madrid, Spain. that suboptimal nutritional status in haemodialysis

© 1997 European Renal Association–European Dialysis and Transplant Association



Malnutrition and mortality 2325

chronic glomerulonephritis (24.2%), interstitial nephritispatients has been associated with an increased morbid-
(18.8%), nephroangiosclerosis (12.5%), adult polycystic dis-ity and mortality [11,17–25]. However, in the majority
ease (9.3%), diabetes (8.6%), others (10.1%) and unknownof these studies the evaluation of malnutrition was
(6.5%).mainly based on the measurements of serum albumin

and other serum proteins and there are a few but no
definitive studies where malnutrition mostly evaluated Methods
by anthropometric parameters, was associated with
increased mortality [12,13]. Furthermore, the possible At the start of the study, significant comorbid medical
effects of malnutrition cannot be easily separated from problems which could influence the nutritional status or the
the effects of the underlying disease. Patients on chronic outcome were inventoried. They included: cardiovascular

disease (angina pectoris, congestive heart failure, myocardialhaemodialysis have additional complicating conditions
infarction and peripheral vascular diseases), musculoskeletalsuch as cardiovascular, gastrointestinal and liver dis-
disease (hyperparathyroidism, aluminium poisoning), neuro-eases. These complications can produce anorexia and
logical disease (stroke, transient ischaemic attacks, seizures,malnutrition and this could be a marker of illness
dementia), liver disease (chronic hepatitis and cirrhosis),rather than the cause of death [3].
hypertension (patients on antihypertensive therapy), primaryAmong the biochemical parameters, hypoalbumina- renal disease (diabetes, nephroangiosclerosis) and social con-

emia has been considered to be the single most import- ditions. Each comorbid medical problem was assigned 0
ant predictor of death [20–25]. Low values of serum points when the condition was not present and 1 point when
albumin have been attributed to poor nutritional it was. The points were totalled for each patient to obtain a
status, but recently hypoalbuminaemia has been con- comorbidity index.

Anthropometric measurements were performed usingsidered to be a non-specific marker of inflammation
standard techniques [6,28–30 ] and included: height, weight,[26,27]. As in other situations, and in the enthusiasm
body mass index (BMI ), i.e. weight divided by heightto promote the importance of nutrition, other signific-
squared, triceps skinfold thickness (TSF), mid-arm circum-ant and perhaps more fundamental factors that predis-
ference (MAC ), mid-arm muscle circumference (MAMC).pose haemodialysis patients to death may have been
The non-dominant arm was chosen for these measurements,overlooked. unless that arm contained a vascular access site, in which

We conducted a multicentre study in our country to case the other arm was used. Skinfold thickness was measured
try to answer some of these issues. In this study, we by a Harpender skin caliper. The measurements were per-
have evaluated the prevalence of malnutrition in a formed in each unit by the same trained person after the
group of stable patients on maintenance haemodialysis midweek haemodialysis session, who followed precise written

instructions. To assess the reproductivity of anthropometrictherapy and the possible risk factors involved in its
measurements, four different observers performed the meas-development. In addition, the role of malnutrition in
urements on 30 patients in 2 consecutive weeks. The inter-morbidity and mortality in the haemodialysis patients
and intra-observer coefficients of variation for TSF werewas investigated. Malnutrition was assessed by a
<10% in both cases. The BMI, TSF, MAC and MAMC ofcombination of anthropometric and biochemical
the patients were compared with data obtained from normalmeasurements. Spanish adults of similar age and sex [31,32]. There were
some differences from those of the American population
[33]; TSF values were 25–35% lower in the Spanish popula-Patients and methods tion than in the American population, MAC values were
only 5–10% lower in the Spanish population and MAMC
values were 4.9% lower in Spanish men but similar in women.Patients
Normal parameters were defined when they were >90% of
the 50th percentile of the controls. Mild decreases wereA total of 761 patients on haemodialysis from 20 facilities

in the central region of Spain (Madrid and surrounding defined by parameters of 80–90% of the 50th percentile of
the controls. Moderate decreases were defined by a BMI ofprovinces) received a full nutritional evaluation between

January and March 1993 and were followed-up for 1 year. 70–79%, as well as TSF, MAC and MAMC of 60–79%.
Severe decreases were defined by the BMI <70%, and TSF,Informed consent was obtained in every case. The criteria

for inclusion in the study were: (i ) at least 6 months on MAC and MAMC <60% of the 50th percentile.
Routine biochemical parameters were measured in bloodhaemodialysis; (ii) clinically with no acute illness in the 3

months preceding the start of the study; (iii) diuresis drawn immediately before the first treatment of the week
from the arteriovenous access and the following determina-<1000 ml/day. Patients who did not fulfil any of these

conditions were excluded from the study. tions were performed: haematocrit, haemoglobin, total
lymphocyte count, blood urea nitrogen (BUN ), serum creati-Complete data were obtained from 574 patients; there

were 318 male and 256 female patients, and the mean age nine, electrolytes, total protein, serum albumin, transferrin,
pre-albumin. Plasma amino acids were measured in only 200was 56.4±14.6 years (range 18–81 years). The length of time

on dialysis was 76±59 months (range 6–286 months). All randomly selected patients. Measurements, except for plasma
amino acids, were performed in the laboratory at eachpatients were on thrice weekly haemodialysis. The duration

of the dialysis procedure ranged from 9 to 15 h per week. patient’s centre on plasma or serum. Serum albumin was
determined by a bromcresol method (normal rangeThe blood flow was between 250 and 350 ml/min and the

dialysate flow was 500 ml/min. In all 84% of the patients 3.4–5 g/dl ).
A scoring system described by Bilbrey and Cohen [13] waswere on bicarbonate and 16% on acetate; 49% were on

antihypertensive therapy and 67.4% receiving recombinant used to quantify the degree of malnutrition. Eight parameters
from the anthropometric (BMI, TSF, MAC, MAMC ), labor-human erythropoietin. Underlying renal diseases were:
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Table 1. Anthropometric measurements. Values are mean±SDatory (serum albumin, serum transferrin and lymphocytes)
and clinical examination were used and each of them was
given a score of 3 if normal and 4, 5, 6 if mildly, moderately Male Female P
or severely decreased respectively. The score ranged from a (n=318) (n=256)
minimum of 24 to a maximum of 48. Four categories were
defined according to the score: normal (∏25), mild malnutri- Age (years) 56.4±14.6 56.2±14.5 0.847
tion (26–28), moderate malnutrition (29–33) and severe Weight (kg) 63.5±9.4 58.6±11.5 <0.001
malnutrition (�32). Height (cm) 164.7±7.7 153.2±7.6 <0.001

The dialysis dose was evaluated by the following para- BMI (kg/m2) 23.4±3.2 24.9±4.8 <0.001
TSF (mm) 11.0±6.5 17.5±8.4 <0.001meters: hours of dialysis per week, midweek BUN, Kt/V and
MAC (cm) 26.1±2.8 27.1±4.3 <0.01protein catabolic rate (PCR). Kt/V was calculated as the
MAMC (cm) 22.5±2.6 21.6±3.8 <0.001natural logarithm of BUN 1/BUN 2 and the effects of

ultrafiltration were not considered. PCR was calculated as
described [34,35]. Abbreviations: BMI, body mass index; TSF, triceps skinfold thick-

ness; MAC, mid–arm circumference; MAMC, mid–arm muscle
PCR (g/day)=9.35 G+0.294 V (1) circumference.
G (mg/min)=[BUN 3−BUN 2) V (dl )/T (min)

meter in both sexes: 41.2% men and 41.4% women hadV (total body water) was calculated by the equations pro-
moderate or severe reductions (<80% of the standardposed by Watson et al. [36 ].
50th percentile), but moderate/severe reductions in*Male: V ( l )=2.447−0.09516 A (year)+0.01074 height

(cm)+0.3362 weight (kg). MAMC (<80% of the standard 50th percentile) pre-
*Female: V ( l )=−2.097+0.1069 height (cm)+0.2466 dominated in men (19.8% compared with 8.2%,

weight (kg). P<0.001) indicating a more severe depletion of pro-
Normalized PCR [PCRn] to lean body mass to actual teins (Table 2). The majority of patients (440 patients

body weight, and to ideal body weight [PCRibw] were also or 76.6%) had serum albumin levels >40 g/l, 117calculated.
patients (20.4%) had levels of 35–40 g/l and only 17
patients (3%) had serum albumin levels <35 g/l.

Statistical analysis Transferrin was decreased in 34.5% of patients
(<2 g/l ). Total lymphocyte count was <1500×106/lValues were expressed as mean±SD. Each parameter repres-
in 57.3% of the patients and <1200×106/l in 32.9%.ented the mean of two or three measurements performed in
According to the malnutrition index, 80% of patientsconsecutive months. The x2 test was used to compare categor-
had some degree of malnutrition; it was mild in 30%,ical data, and the Student’s and the Mann–Whitney tests
moderate in 22%, severe in 28% and there was nowere performed when indicated. Multiple logistic regression
evidence of malnutrition in 20% . The prevalence ofmodels were used to determine the adjusted effect of the

binary independent variables on nutritional status, mortality moderate/severe malnutrition (malnutrition index
and morbidity [37,38]. In each case, the variables included >28) in both sexes was 52.8% in males and 47.9%
in the model were those that have the most significant in females.
relationship to the dependent outcome in the univariate Data from patients without malnutrition (malnutri-
analysis (P value for the variable to be included should be tion index <28) and with moderate–severe malnutri-no greater than 0.1). For malnutrition (yes=1, no=0), the

tion (malnutrition index >28) are shown in Table 3.variables included in the maximum model were age, gender,
Among the biochemical measurements not included intime on dialysis, comorbidity index, serum creatinine, hours
the nutritional index, no differences were found in theof dialysis and PCRibw. For mortality (yes=1, no=0), the
levels of total proteins, and branched chain aminovariables in the maximum model were age, comorbid-

ity (cardiovascular, neurological, nephroangiesclerosis),
Table 2. Prevalence of alterations in anthropometric measurements.MAMC, total lymphocyte count, serum albumin, serum
Figures in parentheses are percentagescreatinine and the nutritional index. For hospitalization

(yes=1, no=0), the variables included in the maximum
model were age, gender, the comorbidity index, serum albu- Normal Mild Moderate Severe
min, serum creatinine and the nutritional index. Backward
stepwise elimination was used to reduce the models to the BMI
subgroups of factors that made statistically significant contri- male 150 (47.2%) 105 (33.0%) 56 (17.6%) 7 (2.2%)
bution to nutritional status, mortality and morbidity (regres- female 158 (61.7%) 68 (26.6%) 25 (9.8%) 5 (1.9%)
sion coefficient, P<0.05). TSF

male 152 (47.8%) 35 (11.0%) 66 (20.8%) 65 (20.4%)
female 120 (46.9%) 30 (11.7%) 44 (17.2%) 62 (24.2%)

MACResults
male 162 (50.9%) 93 (29.2%) 63 (19.8%) 0 (0.0%)
female 158 (61.7%) 63 (24.6%) 34 (13.3%) 1 (0.4%)

Prevalence of malnutrition MAMC
male 132 (41.5%) 123 (38.7%) 60 (18.9%) 3 (0.9%)The anthropometric characteristics of the patients are female 176 (68.8%) 59 (23.0%) 19 ( 7.4%) 2 (0.8%)

shown in Table 1. The majority of stable patients on
dialysis presented some alteration in the anthropomet- Abbreviations: BMI, body mass index; TST, triceps skinfold thick-
ric measurements when compared with the control ness; MAC, mid-arm circunference; MAMC, mid-arm muscle

circumference.population. TSF was the most frequently altered para-
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Table 4. Results of the multiple logistic regression analysis to identifyTable 3. Characteristics and nutritional status of patients*. Values
are mean±SD predictors of malnutrition

Odds ratio 95% Confidence PNormal Malnutrition P
(n=296) (n=278) interval

Age (>65 years=1) 1.96 1.22–3.14 0.005Sex (m/f ) 154/142 164/114 0.128
Age (yr) 55.6±14.6 57.1±14.7 0.176 Sex (male=1) 1.95 1.24–3.07 0.004

Comorbidity index 1.23 1.03–1.45 0.017Time on HD(months) 65.8±52.3 86.8±63.6 <0.001
Comorbidity index 1.4±1.1 1.8±1.4 <0.001 Time on HD (years) 1.13 1.08–1.18 <0.001

Duration of HD (h) 0.73 0.63–0.85 <0.001EPO treatment (No/Yes) 95/201 92/186 0.745
Hct (%) 32.1±4.7 31.6±5.0 0.319 PCRibw (g/kg/day) 0.17 0.06–0.50 <0.001
BUN (mmol/l ) 28.6×6.0 28.2±6.0 0.433
SCr (umol/l ) 1109±230 937±221 0.001 Abbreviations: HD, haemodialysis; PCRibw, protein catabolic rate
Total proteins (g/l ) 69.7±5.6 69.9±5.5 0.630 normalized to ideal body weight.
Serum albumin (g/l ) 42.1±4.0 41.3±4.1 0.111
Serum transferrin (g/l ) 2.3±0.6 2.2±0.5 <0.01
Total lymphocyte count 1606±597 1378±542 <0.01

(×106/l )
Plasma valine (umol/l ) 188±56 185±50 0.298
Plasma isoleucine (umol/ l ) 63±22 59±17 0.130
Plasma leucine (umol/l ) 108±40 113±52 0.291
Duration of HD (h/week) 10.2±1.6 9.9±1.4 <0.05
Kt/V 1.08±0.20 1.10±0.21 0.103
PCRibw (g/kg/day) 1.02±0.22 0.94±0.18 <0.001
Malnutrition index 26.0±1.4 32.5±2.9 <0.001

*Patients with moderate or severe malnutrition according to the
malnutrition index (>28) had several differences from those with
higher values of the index. Plasma amino acid determinations were
performed in 90 patients with normal nutritional status and in 82
patients with malnutrition.
Abbreviations: HD, haemodialysis; EPO, erythropoietin; Hct, haem-
atocrit; BUN, blood urea nitrogen; SCr, serum creatinine; PCRibw,
protein catabolic rate normalized to ideal body weight.

Fig. 1. Comparison of crude and adjusted relative risk of malnutri-
tion for groups of patients with different protein intake measuredacids: valine, isoleucine and leucine. Moreover, no
by the protein catabolic rate normalized to ideal body weightdifferences were observed in some parameters evaluat-
(PCRibw). **P<0.01 compared with reference.

ing the amount of dialysis (midweek BUN, KT/V and
PCR normalized to lean and actual body weight) and
the nutritional status. However, the length of weekly a transplant. The analysis of morbidity and mortality
haemodialysis and PCR normalized to ideal body was conducted using data from the remaining 442
weight were lower in the group of patients with mal- patients. Of the patients, 68 (15.4%) had died during
nutrition. Some biochemical parameters such as the year of follow-up. The characteristics of the patients
serum creatinine (r=−0.190, P<0.001), and PCRibw according to the outcome are expressed in Table 5.
(r=−0.183, P<0.001), showed a low, negative, but Age and the comorbidity index were higher in the dead
significant correlation with the malnutrition index. patients who had a greater frequency of diabetes and
Furthermore, serum albumin was positively correlated nephroangiosclerosis. MAMC was lower in the dead
with serum creatinine concentration (r=0.325, patients than in those patients alive after 1 year of
P<0.001) and negatively with the comorbidity index follow-up. Among the biochemical measurements, only
(r=–0.168, P<0.001). lymphocytes, serum creatinine and serum albumin

The multiple logistic regression analysis showed that showed differences between the dead and live patients.
six independent variables influenced the nutritional Cardiovascular disorders accounted for 57.3% of
status: age, gender, time on dialysis, comorbidity index, total deaths, followed by infection (10.4%), malignanc-
hours of dialysis and PCR normalized to ideal body ies (5.9%) and other causes (20.6%). Only four patients
weight (Table 4). Gender increased the significance (5.9%) died of cachexia. Multiple logistic regression
when the model was adjusted by hours of dialysis and analysis was performed to investigate the predictors
PCRibw. Hours of dialysis and PCRibw were powerful of death, and the results are summarized in Table 6.
predictors of risk. When compared with a reference Age, cardiovascular disease, neurological diseases,
PCR of 1.2 g/kg/day, patients with lower PCR values nephroangiosclerosis and total lymphocyte count were
had progressively increased odds ratios for malnutri- found to be the only significant predictors of death.
tion (Figure 1). Anthropometric and biochemical parameters were not

significant predictors of death.Evolution after 1 year follow-up Morbidity was evaluated by the hospitalization rates.
There were 309 hospitalizations and 195 patientsAfter 1 year of follow-up, complete information on 84

patients was not available and 48 patients had received (44.1%) needed hospitalization during the year of
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Table 7. Factors associated with hospitalizationTable 5. Characteristics associated with mortality. Values are
mean±SD. Values of diabetes and hypertension are those
with/those without

Admission rates Hospital days
per patient year per patient year
at risk at riskSurvived Died P

(n=374) (n=68)

All patients (n=442) 0.83 6.45
SexAge (years) 56.4±14.0 65.8±10.9 <0.001

Sex (m/f ) 204/170 39/29 0.725 Male (n=242) 0.85 5.87
Female (n=200) 0.86 9.97Time on HD (months) 80.5±61.5 76.1±59.8 0.576

Comorbidity index 1.6±1.3 2.3±1.4 <0.001 Age (years)
<65 (n=293) 0.69 7.26Nephroangiosclerosis (no/yes) 336/38 51/17 <0.01

Diabetes (no/yes) 345/29 56/12 <0.05 �65 (n=149) 0.87 8.65
Comorbidity indexHypertension (no/yes) 180/194 39/29 0.186

BMI (kg/m2 ) 24.3±4.0 24.5±4.5 0.758 0 (n=67) 0.58 6.55
1–3 (n=338) 0.89 8.81TST (mm) 13.7±8.1 14.3±8.1 0.562

MAC (cm) 26.7±3.6 25.9±3.9 0.144 >3 (n=37) 1.54 17.03
MalnutritionMAMC (cm) 22.3±3.4 21.5±3.0 0.041

SCr (umol/l ) 1008±247 989±241 <0.001 No (n=90) 0.47 6.55
Mild (n=133) 0.77 7.11Serum albumin (g/l ) 42±3.9 40±5.0 0.033

Total lymphocyte count 1584±594 1261±530 <0.01 Moderate (n=85) 0.67 6.74
Severe (n=134) 1.13 11.64(×106/l )

Malnutrition index 29.1±3.9 30.7±4.5 <0.01 Serum albumin
�40 g/l (n=329) 0.63 6.76
<40 g/l (n=113) 1.12 10.51Abbreviations: BMI, body mass index; TSF, triceps skinfold thick-

ness; MAC, mid-arm circumference; MAMC, mid-arm muscle
circumference; SCr, serum creatinine.

patients being in a stable clinical condition. However,Table 6. Results of the multiple logistic regression analysis to identify
a similar frequency of alterations on anthropometricpredictors of death
and biochemical measurements and nutritional status
have been reported [7,9,13,39]. Fat depletion, estim-Odds 95% P

ratio Confidence ated by decreases of TSF, was the predominant type
interval of malnutrition in both sexes [7,9,10]. These findings

differ from those of Bilbrey et al. [13] who found a
Age (years) 1.06 1.03–1.09 <0.001 better preservation of triceps skinfold thickness in men,
Cardiovascular disease (Yes=1) 2.13 1.19–3.83 0.011 using the same malnutrition criteria. Moderate protein
Neurological disease (Yes=1) 2.96 1.41–6.16 0.003 depletion estimated by decreases of MAMC was alsoNephroangiosclerosis (Yes=1) 2.34 1.10–4.98 0.027

present in 20% of the male patients. It has beenTotal lymphocyte count 0.93 0.87–0.98 0.016
(100 cells/mm3) demonstrated that patients on haemodialysis have a

similar energy expenditure and requirements as normal
individuals [40,41]. However, dialysis patients usually

follow-up. The admission rates were computed as the eat lower amounts of calories than recommended,
total number of hospital admissions divided by the although the intake of proteins is closer to prescribed
total number of patients years at risk. Hospital days levels [7–10]; this could contribute to fat depletion.
per patient year were computed as the total number The differences in the prevalence of malnutrition in
of hospital days divided by the number of patient years the different studies could be due to the method used
at risk. The overall rates of hospital admissions and in the assessment of malnutrition. Assessing nutritional
hospital days per patient year at risk are presented in status is difficult as there is not a single test that can
Table 7. Females had higher hospital days per patient be considered an indicator of protein–calorie malnutri-
year at risk than males. Hospital admission rates and tion. It has been suggested that an assessment of
hospital days per patient year at risk increased with malnutrition should rely on multiple indices of nutri-
age, with comorbidity with hypoalbuminaemia and tional status, these indices comprising several biochem-
with malnutrition. ical measures, including serum albumin, as well as an

Logistic regression analysis showed three predictors analysis of body composition [42]; however, no defin-
of hospitalization; the comorbidity index [odds ratio itive criteria have been established. Among the indices
1.37, 95% confidence interval (CI ) 1.16–1.60, commonly used, serum proteins such as albumin and
P<0.001], serum albumin (odds ratio 0.51, 95% CI transferrin, may be depressed by non-nutritional fac-
0.31–0.84, P<0.01) and age (odds ratio 1.015, 95% tors even in haemodialysis patients [26,27,43]. TheCI 1.001–1.03, P<0.05). main criticism of anthropometric measurement is a

lack of precision for an individual patient [28,43].
Discussion However, Nelson et al. [30] have shown that anthropo-

metry can be reproducible and that its sensitivity has
a 90% threshold. In our study, the inter- and intra-The prevalence of moderate/severe malnutrition in our

patients was 48%, which is fairly high despite the observer coefficients of variation for TSF were ~10%
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and the variance studies did not show differences was determined by the bromcresol green, the method
used in our study, so the differences we describe canamong the measurements performed by four observers

in the same individuals. not be due to the method of measuring serum albumin
[62]. Regarding differences in patients, we studiedWe have not be able to find a published report that

includes an analysis investigating factors associated stable patients, with >6 months in haemodialysis to
identify the impact of nutritional factors rather thanwith the development of malnutrition. In our study,

male sex, time on dialysis, weekly duration of dialysis acute illness. For example, death rates of 12% can
occur during the first 90 days of haemodialysis therapyand PCRibw were the most important predictors

of malnutrition. PCRibw values of <1.0 g/kg/day and such patients have lower values of serum albumin
than those who survive [63]. However, the significanceincreased the risk of malnutrition by 1.47, and when

the PCRibw was <0.8 g/kg/day, the risk of malnutri- of hypoalbuminaemia in such patients is not clear: it
has been attributed to insufficient protein intake [64],tion was three-fold the reference value after adjusting

for other variables. PCR normalized to lean body mass or an acute response from a disease process [65], or
to increased vascular permeability [66,67], or inflam-[PCRn] and PCR related to actual body weight did

not predict malnutrition, probably because these para- matory state [68]. Kaysen et al. [26] found that
hypoalbuminaemia in haemodialysis patients is due tometers may overestimate the protein intake of malnour-

ished patients and underestimate the protein intake of decreased albumin synthesis associated with non-
nutritional factors.obese patients or of those without malnutrition [44].

Our findings may mean that PCRibw is also an indirect Cardiovascular diseases were the leading cause of
death and infection was the second most importantestimate of calorie intake. Importantly, duration of

dialysis and PCRibw are the only predictors of mal- cause of death in our series as in other series
[18,25,54,56,69] . Only four patients died of cachexia;nutrition which could be modified by nutritional

intervention. these patients were older, had several comorbid factors,
and cachexia was considered as a final event. HospitalLife expectancy in patients undergoing haemodia-

lysis is markedly reduced [45]. Demographic factors admission rates and hospital days per patient year at
risk were lower than those reported in other seriessuch as age, race and cause of end stage renal disease,

comorbid conditions at the start of treatment and [52,70–73]. The reason for this difference is unknown
but it is likely to be due in part to exclusion of patientsseveral biochemical parameters such as serum albumin,

serum creatinine and serum cholesterol have been in the first months of dialysis therapy. Age, the comor-
bidity index and serum albumin were the only pre-identified as predictors of mortality in these patients

[18–25,46–58]. The predictors of death in our patients dictors of hospitalization [17], as in mortality no other
nutritional measurement was identified as a increasingwere: age, comorbidity (cardiovascular and neurolog-

ical diseases), nephroangiesclerosis as the cause of risk factor.
In summary, malnutrition, estimated by anthropo-primary renal disease and total lymphocyte count.

Age was the most important predictor as has been metric and biochemical measurements was a frequent
complication in Spanish haemodialysis patients. Fatreported in the vast majority of previous studies

[18,20–23,47–52,54–58]. However, in this cross- depletion predominated in both sexes, but protein
depletion was present in 20% of males. Age >65 years,sectional study of Spanish patients, unlike those in

North America, anthropometric parameters [13,51] time on dialysis, comorbidity, weekly duration of dia-
lysis and PCRibw were the predictors of malnutrition.and biochemical measurements [20–25,52,58] were not

identified as predictors of death and most of them The mortality rate was 15.4% in this selected group of
patients; age at the time of study, comorbid conditionswere not included in the logistic regression model. The

only nutritional parameter predictive of mortality was related to vascular diseases and total lymphocyte count
were the predictors of death, and cardiovascular dis-total lymphocyte count. But as with other measure-

ments, several factors related to patient status and the eases were the most important causes. Hospitalization
needed in 44% of patients was related to comorbidity,haematological situation can affect results and no

definitive data allow a lowered total lymphocyte count serum albumin and age. Although total lymphocyte
count was a predictor of mortality and serum albuminto be attributed to protein–calorie malnutrition [29].

Serum albumin was not a predictor of mortality in of hospitalization, the fact that malnutrition is a risk
factor to mortality and morbidity is not clearlyour patients, as in other studies [57,58,59]. The discrep-

ancy with results from North American dialysis established.
The Spanish Cooperative Study Group of Nutritionpatients [20–25] could be explained by the differences

in the patients, the length of the follow-up and the in Hemodialysis includes the following Centers and
investigators (in alphabetical order): Fundaciónsmall number of patients with hypoalbuminaemia. The

serum albumin concentration was normal in the major- Jimenez Dı́az (Madrid), J. Caramelo; Hospital Clinico
de San Carlos (Madrid), J. A. Herrero; Hospital Doceity of our patients as in the National Cooperative

Dialysis Study population [9] and in recently published de Octubre (Madrid), E. Hernandez; Hospital
General de Guadalajara, G. de Arribas and M. D.series from Italy [57,60,61]. Several studies have

described serum albumin levels <4 g/dl in 66% of Jarillo; Hospital General de Segovia, C. Montoyo and
K. L. Revuelta; Hospital Gregorio Marañon (Madrid),patients on haemodialysis [20] and <3.5 mg/dl in

14–50% [7,20,24,25,52]. In these series serum albumin R. Perez; Hospital La Paz (Madrid), J. Martinez and
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in the nutritional assessment of hospitalized patients. Mayo ClinJ. L. Miguel; Hospital de la Princesa (Madrid), M.
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Nephron 1982; 31: 103–110Paraı́so; Hospital Puerta de Hierro (Madrid), C. Sanz
19. Acchiardo SR, Moore LW, Latour PA. Malnutrition as theand J. Botella; Hospital Ramón y Cajal (Madrid),
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A. Valoración de los parámetros antropometricos en nuestra8. Marcén R, Martı́n del Rı́o R, Matesanz R, Teruel JL, Quereda
población. Med Clin 1982; 78: 407–415C, Ortuño J. Malnutrición proteica en la uremia. Nefrologı́a

32. Ricart W, Gonzalez–Huix F, Conde V, y Grup per l’Evaluació1982; 2: 235–239
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