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Hypoalbuminemia and risk of death in pediatric patients with
end-stage renal disease.

Background. Although serum albumin is a marker for mal-
nutrition and associated with a higher mortality in adult pa-
tients with end-stage renal disease (ESRD), the risk of death
associated with serum albumin is unknown in pediatric patients
with ESRD. We evaluated the association between serum albu-
min and death among pediatric patients initiating dialysis.

Methods. Data from the United States Renal Data System
(USRDS) were used to identify all patients under the age of 18
who initiated dialysis between January 1, 1995 and December
31, 1998. Using the Cox proportional hazards models, the associ-
ation between serum albumin obtained 45 days prior to dialysis
initiation and death was estimated, controlling for demographic
factors, dialysis modality, and anthropometric measures.

Results. Of 1723 patients included in the analysis, there were
93 deaths over 2953 patient-years of observation. The multivar-
iate analysis demonstrated that each —1 g/dL difference in
serum albumin between patients was associated with a 54%
higher risk of death [adjusted relative risk (aRR), 1.54; 95%
confidence interval (CI), 1.15 to 1.85; P = 0.002]. This was
independent of glomerular causes for their ESRD and other
potential confounding variables.

Conclusions. Pediatric patients initiating dialysis with hypo-
albuminemia are at a higher risk for death. This finding persists
after adjusting for glomerular causes for ESRD and other po-
tential confounding variables. Low serum albumin at dialysis
initiation is an important marker of mortality risk in pediatric
ESRD patients.

The prevention of malnutrition is of paramount con-
cern in the care of pediatric patients with end-stage renal
disease (ESRD). Data from the pediatric ESRD litera-
ture have shown that improving nutritional management
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can stimulate growth and cognitive development [1-3].
However, little is known about the effect of nutritional
status on survival within the pediatric ESRD population.

Data from adult dialysis patients suggest that indica-
tors of nutritional status are independently associated
with morbidity and mortality [4-6]. Furthermore, pro-
tein-energy malnutrition in these patients is highly preva-
lent and is one of the strongest predictors of morbidity
and mortality [7-9]. Because of these nutritional concerns,
the K/DOQI Nutritional Guidelines recommend includ-
ing serum albumin as part of the routine assessment of
nutritional status in maintenance dialysis patients. There
is a large body of literature that defines normal serum
albumin values, characterizes the multiple factors affect-
ing serum albumin concentrations, and demonstrates the
relationship between serum albumin concentrations and
outcomes [10]. Hypoalbuminemia when present at the
time of initiation of chronic dialysis as well as during the
course of maintenance dialysis is highly predictive of
future mortality risk in adult patients with ESRD [4-6,
8,9, 11, 12].

Pediatric patients with ESRD have a significantly higher
risk of death compared to the general pediatric popula-
tion [13]. Though the etiology of this increased risk of
death is likely multifactorial, nutritional status may play
an important role. Although we have shown that abnor-
mal anthropometric measurements are associated with
risk of death, there are no studies characterizing the rela-
tionship between serum albumin and mortality among
pediatric patients with renal failure [13]. We used data
from the United States Renal Data System (USRDS) to
estimate the risk of all-cause mortality associated with
serum albumin measured within 45 days of initiating
dialysis among pediatric patients.

METHODS
Patient population

The current study uses data from the USRDS, a na-
tional data system that collects information on the inci-
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dence, prevalence, treatment, morbidity and mortality
of ESRD patients residing in the United States. A more
in-depth discussion of the USRDS data collection tech-
niques can be found elsewhere [14]. We identified all
patients younger than 18 years of age who indicated
initiation of dialysis by submitting a HCFA 2728 Medical
Evidence Form between January 1, 1995 and July 31,
1998 (N = 1937).

Data collection

Data abstracted from the Medical Evidence Form for
this study included: date of birth, date of dialysis ini-
tiation, gender, race (white, black, and other), primary
cause of ESRD (congenital/inherited diseases, glomeru-
lar diseases, vasculitic/interstitial disease, nephrotoxic/
tumor-related, and other), and baseline serum albumin.
The reported values for serum albumin were obtained
and reported within 45 days prior to the first dialysis for
ESRD. The most recent value for height and weight
prior to dialysis were used for the analysis. Baseline
treatment modality and subsequent modality changes
were abstracted from the USRDS Treatment History
Standard Analysis File (SAF).

Outcome assessment

Survival status and primary cause of death were ob-
tained from the Patients SAF of the USRDS and linked
to patients in this cohort via unique patient identifiers
assigned to each individual by the USRDS. Patient sur-
vival status is periodically updated in the Patients’ SAF
and was complete through July 1998.

Statistical analysis

To standardize height, weight, and body mass index
(BMI, defined as weight in kilograms per meter of height
squared) with respect to age and sex, the measurements
were reported as standard deviation scores (SDS), as
described previously [13]. Normative data were obtained
from the Third National Health and Nutrition Examina-
tion Survey (NHANES III), a cross-sectional survey of
the United States (US) civilian, non-institutionalized
population, aged two months and older [15]. SDS were
calculated using the following formula:

SDS = (ESRD patient measurement) — (mean US value for age and sex)
(standard deviation of mean US value for age and sex)

The resulting SDS reflects the number of standard
deviations the measurement for an ESRD patient lies
above or below the mean value in the general population
matched by age and gender.

For selected analyses, differences between patient
groups were compared using chi-square tests for categor-
ical variables. The risk of all-cause mortality was esti-
mated using a Cox proportional hazards model, adjusting
for age, sex, race, glomerular cause of ESRD (yes vs.

no), treatment modality, height SDS, weight SDS, and
serum albumin.

Patients were followed in the study until they had the
event of interest, death from any cause, or were censored
due to a loss to follow-up or to termination of the study
(July 31, 1998). Patients were not censored at the time
of transplant because a major assumption of the Cox
proportional hazards model requires that censoring, or
removing patients from the analysis, is not associated
with the end point, in this case, death [16]. Removing
patients from the analysis at the time of transplant may
have violated this assumption, because transplanted pa-
tients are generally healthier and less likely to die than
those remaining on dialysis [17-19]. In order to account
for changes in ESRD treatment modality over time and
retain individuals that were subsequently transplanted
over the course of the study, treatment modalities (he-
modialysis, peritoneal dialysis, transplant) were modeled
as time-dependent covariates [16, 17, 20].

Adjustment factors were included in the model if they
were shown to be associated with death, thought to con-
found the relationship between albumin and death, or
considered an adjustment factor a priori. All adjustment
variables used in the model satisfied the assumption of
proportional hazards. The proportionality of hazards for
all models was verified via formal hypothesis tests and
visual inspection of the scaled Schoenfeld residuals.

Hazard ratios obtained from the analysis were used
to estimate the adjusted and unadjusted relative risk of
death. After adjustment for other covariates in the final
model, the adjusted relative risks (aRR) were interpre-
ted as the risk for death among pediatric ESRD patients
associated with each variable of interest. The estimated
standard error of the coefficients from the Cox regression
analysis was used to estimate confidence intervals (CI’s)
for the aRR. The threshold of statistical significance was
set to 0.05. Results were reported as aRRs with 95% CI’s
and two-tailed P values. Computations were performed
using S-PLUS (Mathsoft, Seattle, WA, USA).

RESULTS

Between January 1, 1995 and December 31, 1998, 1937
pediatric patients initiated dialysis. Of these patients,
1723 patients had a serum albumin level available for
analysis. Two hundred fourteen patients whose serum
albumin data were missing were excluded. Characteris-
tics of the study population and those excluded from the
analysis are summarized in Table 1. Comparing patients
with and without serum albumin data, there were no
differences between the groups with regard to gender,
race, cause of ESRD, or proportion of deaths. However,
patients with missing data were more likely to be in the
15 to 18 year age group. Comparing patients with a nor-
mal serum albumin to those with a serum albumin <3.5
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Table 1. Characteristics of the study population stratified by baseline albumin®

Characteristic Albumin <3.5 g/dL

Albumin =3.5 g/dL Missing albumin

Total patients 987 (100%)

Sex

Male 502 (50.9%)
Age

0 to 2 years 89 (9%)

3 to 5 years 128 (13.0%)

6 to 14 years
15 to 18 years

393 (39.8%)
377 (38.2%)

Race
White 556 (56.3%)
Black 294 (29.8%)
Other 137 (13.9%)
Height SDS°
Less than —2 350 (36.5%)
2100 404 (42.1%)

Greater than 0
Weight SDS®

205 (21.4%)

Less than —2 88 (9.2%)

-2t 0 680 (71.0%)

Greater than 0 190 (19.8%)
BMI SDS®

Less than —2 25 (2.7%)

—2100 630 (67.0%)

Greater than 0
Cause of ESRD

Glomerular diseases

Congenital/inherited

286 (30.4%)

524 (53.1%)
234 (23.7%)

736 (100%) 214 (100%)

443 (60.2%) 111 (51.9%)
53 (72%)
62 (8.4%)

341 (46.3%)

280 (38.0%)

13 (6.1%)

20 (9.3%)

76 (35.5%)
105 (49.1%)

456 (62.0%)
189 (25.7%)
91 (12.4%)

126 (58.9%)
63 (29.4%)
25 (11.7%)

298 (41.4%)
314 (43.6%)
108 (15.0%)

78 (36.8%)
81 (38.2%)
53 (25.0%)

64 (8.8%)
542 (74.9%)
118 (16.3%)

13 (6.2%)
141 (67.5%)
55 (26.3%)

22 (3.1%)
470 (65.9%)
221 (31.0%)

3(1.5%)
135 (65.5%)
68 (33.0%)

195 (26.5%)
356 (48.4%)

101 (47.2%)
64 (29.9%)

Vasculitis/interstitial diseases 61 (6.2%) 80 (10.9%) 14 (6.5%)
Nephrotoxic/tumor related 18 (1.8%) 8 (1.1%) 2 (0.9%)
Other 83 (8.4%) 44 (6.0%) 20 (9.3%)
Unknown 67 (6.8%) 53 (7.2%) 13 (6.1%)

Cause of death (N=103)
All causes 69 24 10
Cardiovascular 14 (20.3%) 4 (16.7%) 1 (10.0%)
Infection 14 (20.3%) 2 (83%) 3 (30.0%)
Cerebrovascular/anoxia 3 (43%) 2 (8.3%) 1 (10.0%)
Hemorrhage 1(1.4%) 1(42%) 0(0%)
Gastrointestinal 3(43%) 1(42%) 0(0%)
Fluid overload 1(1.4%) 0(0%) 2 (20.0%)
Neoplasm 5(7.2%) 3 (12.5%) 0(0%)
Other 28 (40.6%) 11 (45.8%) 3 (30.0%)
aStatistics presented are frequency (%)
"Numbers may vary from total due to missing data

g/dL, there were no significant differences by age, gen-
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servation was 18.4 for patients with a serum albumin of
>3.5 g/dL, 33.2 for patients with a serum albumin be-
tween 3.5 to 3.1 g/dL, and 46.9 for patients with a serum
albumin between 3.0 to 2.1 g/dL. The mortality rate was

Albumin, g/dL

Fig. 1. Pediatric end-stage renal disease (ESRD) mortality rate per
1000 person-years by level of serum albumin.
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Table 2. Cox regression results analysis: Unadjusted and adjusted estimates for relative risk of death

Unadjusted Adjusted®
Observed Deaths per Relative risk Relative risk

Covariate deaths 1000 patient-years (95% CI) P value (95% CI) P value
Sex

Female 49 33.8 1.0 1.0

Male 54 28.8 0.87 (0.59, 1.27) 0.46 0.82 (0.53, 1.27) 0.37
Age 0.95 (0.92, 0.99) 0.009 0.96 (0.91, 1.00) 0.07

0 to 2 years old 16 42.5 1.0 1.0

3 to 14 years old 53 30.8 0.52 (0.30, 0.91) 0.02 0.39 (0.21, 0.75) 0.005

15 to 18 years old 34 26.4 0.45 (0.25, 0.82) 0.009 0.39 (0.19, 0.80) 0.01
Race

White 58 29.5 1.0 1.0

Black 31 334 112 (0.72, 1.73) 0.61 1.20 (0.72, 2.00) 0.47

Other 14 327 1.10 (0.61, 1.98) 0.75 0.97 (0.50, 1.91) 0.94
Treatment modality

HD 39 372 1.0 1.0

PD 40 352 0.94 (0.60, 1.46) 0.78 0.79 (0.47, 1.30) 0.35

Transplant 13 11.9 0.29 (0.15, 0.57) <0.001 0.32 (0.16, 0.66) 0.002
Primary cause of ESRD

Not GN related 58 30.6 1.0 1.0

GN related 45 31.6 1.03 (0.70, 1.53) 0.86 0.86 (0.52, 1.42) 0.56
Height SDSP 1.30 (1.18, 1.43) <0.001 1.28 (1.14, 1.43) <0.001

Less than —3 42 66.5 1.0 1.0

-3to —1 29 213 0.32 (0.2, 0.51) <0.001 0.35 (0.21, 0.59) <0.001

Greater than —1 27 21.6 0.32 (0.2, 0.52) <0.001 0.23 (0.10, 0.54) 0.001
Weight SDS¢ 0.005 0.12

Less than —1 56 36.5 1.0 1.0

-1to3 41 25.1 0.69 (0.46, 1.03) 0.07 1.11 (0.65, 1.89) 0.70

Greater than 3 3 453 1.24 (0.39, 3.95) 0.72 2.75 (0.79, 9.53) 0.11
Albumin g/dL* 1.54 (1.23, 1.92) <0.001 1.47 (1.15, 1.85) 0.002

3.5 g/dL or greater 24 18.4 1.0 1.0

Less than 3.5 g/dL 69 41.8 2.25 (1.41, 3.58) 0.001 1.90 (1.16, 3.10) 0.01

* Adjusted for age, gender, race, treatment modality, glomerular cause of ESRD, height SDS, weight SDS, and albumin

"Modeled as a continuous variable decreasing by 1 SDS

¢Weight SDS was modeled with a quadratic term; corresponding P values apply to a joint likelihood ratio test for both the linear and quadratic term

4Modeled as a continuous variable decreasing by 1 g/dL

highest at 48.7 deaths per 1000 patient-years among pa-
tients initiating dialysis with a serum albumin <2.1 g/dL.

Univariate relative risks of death associated with the
covariates of interest are presented in Table 2. There
were no differences in risk of death by sex or race. Risk
of death was inversely proportional to age. The youngest
patients from 0 to 2 years of age had the highest rate of
mortality at 42.5 deaths per 1000 patient-years. Com-
pared to the youngest age group, patients initiating dial-
ysis at 3 to 14 years of age had a 48% lower risk of death
(RR = 0.52; 95% CI 0.30 to 0.91; P = 0.02). Those
initiating dialysis between 15 and 18 years of age had a
54% lower risk of death compared to patients in the
youngest age category (RR = 0.45;95% CI 0.25 to 0.82;
P = 0.009). Patients who were transplanted had an esti-
mated 81% lower risk of death compared to hemodialy-
sis patients (RR = 0.29; 95% CI 0.15 to 0.57; P < 0.001).
Compared to patients who did not have a glomerular
cause of ESRD, patients with a glomerular cause of
ESRD did not have a higher risk of death (RR, 1.03; 95%
CI, 0.70 to 1.53; P = 0.86). Analyzing anthropometric mea-
sures, we found an inverse association between height
SDS and pediatric risk of death. Additionally, extremes

in weight SDS, either too high or too low, were associated
with a higher risk of death. However, the evaluation of
BMI SDS demonstrated no association with risk of death
in this cohort of pediatric ESRD patients (data not shown).

Without adjustment for other factors, serum albumin
determined within 45 days of initiating dialysis was in-
versely associated with risk of death. Each 1 g/dL lower
serum albumin was associated with an estimated 54%
higher risk of death (RR, 1.54;95% CI, 1.23t0 1.92; P <
0.001). When patients were divided into two groups by
serum albumin, patients with a serum albumin <3.5 g/dL
had over a twofold greater risk of death compared pa-
tients with a normal serum albumin =3.5 g/dL (RR, 2.25;
95% CI, 1.41 to 3.58; P = 0.001).

After adjustment for age, gender, race, treatment
modality, glomerulonephritis as a cause of ESRD, height
SDS and weight SDS, serum albumin continued to be a
significant predictor for death (Table 2). Comparing two
patients who are similar for the above factors with the
exception of serum albumin, the patient initiating dialysis
with a lower serum albumin by 1 g/dL was estimated to
experience a 47% greater risk of death (aRR, 1.47;95%
CI, 1.15 to 1.85; P = 0.002). After adjusting for the above
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factors, patients with a serum albumin below 3.5 g/dL.
had an estimated 90% greater risk of death compared
to patients with a serum albumin level =3.5 g/dL (aRR,
1.90;95% CI,1.16 t0 3.10; P = 0.01). Age-specific interac-
tions with serum albumin were not statistically significant
(P = 0.43), nor were modality-specific interactions (albu-
min * HD = referent; albumin * PD, P = 0.16; albumin *
transplant, P = 0.88).

The multivariate analysis demonstrated other signifi-
cant risk factors associated with pediatric ESRD survival.
In addition to albumin, age, ESRD modality, and height
SDS continued to be associated with mortality. Com-
pared to the youngest group of patients (0 to 2 years of
age) who were at the highest risk for death, older children
in both groups 3- to 14-year-olds and 15- to 18-year-olds
had an estimated 61 % lower risk for death (respectively,
aRR, 0.39;95% CI,0.21 t0 0.75; P = 0.005 and aRR, 0.39;
95%CI,0.191t0 0.80; P = 0.01). Transplanted patients had
a 68% lower mortality risk compared to the risk for
hemodialysis patients (aRR, 0.32; 95% CI, 0.16 to 0.66;
P =0.002). There was no significant difference in mortal-
ity risk of peritoneal dialysis patients compared to hemo-
dialysis patients. Height SDS was inversely related to
mortality risk. For each decrement in height SDS by 1
the adjusted relative risk for death was estimated to be
28% higher (aRR, 1.28;95% CI, 1.14 to 1.43; P < 0.001).
After adjustment, weight SDS was not significantly asso-
ciated with pediatric ESRD mortality. The association
between glomerular cause of ESRD and risk of death
in the multivariate analysis was not significant.

DISCUSSION

The results of this study demonstrate that hypoalbumi-
nemic pediatric patients who are initiating dialysis have
a higher risk of death compared to those starting dialysis
with a normal serum albumin. These findings are inde-
pendent of conditions such as glomerulonephritis in
which proteinuria may contribute to hypoalbuminemia,
and other potentially confounding factors. Low serum
albumin is an important marker for mortality risk in
pediatric ESRD patients.

Even though glomerular cause of ESRD was not asso-
ciated with higher risk of death, we included glomerular
associated diseases as an a priori adjustment factor in
the multivariate analysis. By adjusting for the glomerular
causes of ESRD, we in essence evaluated the association
between risk of death and serum albumin among groups
of patients with glomerular causes of ESRD and among
groups who did not have a glomerular cause of ESRD.
Hypothetically, if the increased risk of death was a mani-
festation of the underlying renal disease and hypoalbu-
minemia was a marker for this condition, then the ad-
justment for glomerular causes of ESRD would have
accounted for the potential bias and the multivariate

analysis would have demonstrated no association be-
tween serum albumin and risk of death. However, even
after including glomerular cause of ESRD in the multi-
variate analysis, a low serum albumin was still found to
be associated with a higher risk of death.

Our results demonstrate that low serum albumin at
initiation of dialysis in the pediatric ESRD population
is a marker for poor outcome, independent of other
known risk factors for death. Although there are no
comparable data among pediatric ESRD patients, our
findings are consistent with the preponderance of studies
in the adult dialysis population demonstrating that low
serum albumin is a risk factor for death [5, 7-9, 11, 21].
The magnitude of the relative risk of death associated
with different levels of serum albumin in our study is
similar to values reported by Leavey et al [9] and Iseki et
al [5], but lower in magnitude compared to the estimated
two- to seven-fold higher risk of death for patients with
a serum albumin <3.5 g/dL reported by Lowrie and Lew
[7, 22]. The differences among the studies regarding the
magnitude of the relative risk for death associated with
serum albumin may be due to differences in the study
design or analytic methods. For example, the variability
or imprecision in the determination of serum albumin
may attenuate the estimated magnitude of the risk for
death associated with low serum albumin in our study
[23]. The determination of serum albumin was not per-
formed by one single laboratory for the whole cohort,
but by multiple laboratories for patients in this cohort.
Furthermore, as an additional source of variation, no
single uniform method was used for the measurement
of serum albumin. The technique to measure serum albu-
min was not requested for the HCFA 2728 form and
thus the method for serum albumin determination was
not available in the data. Recent studies have examined
the variation in measurement of serum albumin com-
monly performed by two different analytic methods: bro-
mocresol green (BCG) and bromocresol purple (BCP)
[24,25]. It has been established that for a given measure-
ment of serum albumin the BCG method will report a
higher value compared to BCP. Therefore, a patient
with hypoalbuminemia might be misclassified as having
a higher serum albumin value if the serum albumin was
determined by the BCG analysis. How might such a
difference in serum albumin determination affect the
results of this study? Assuming that some patients with
hypoalbuminemia might have been misclassified to
groups with a higher serum albumin, the magnitude of
the “true” relative risk for death associated with hypoal-
buminemia would be underestimated by the analysis due
to this source of variability. Another possible explana-
tion for the differences in the estimate of the relative
risk between serum albumin and mortality may lie in
the differences between adult and pediatric ESRD popu-
lations. Changes in serum albumin may have a greater
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magnitude of difference in the associated risk for adults
due to co-morbid factors—such as smoking, diabetes,
and coronary artery disease—which are not generally
present in children. Despite the differences, the above
studies demonstrate that low serum albumin is associated
with poor outcome in adult and pediatric patients with
ESRD.

Consistent with previously published data, we identi-
fied other known risk factors for death in the pediatric
ESRD population. We demonstrated that the youngest
patients initiating dialysis had the highest rate of death,
confirming previous observations [26-29]. Recent reports
have demonstrated that in the youngest patients under-
going dialysis co-morbid non-renal disease, in particular
pulmonary hypoplasia, was a risk factor for death [27,29].
The findings of our study demonstrates that low serum
albumin is also a risk factor for death in this young ESRD
population. In our study, age-specific interaction terms
with serum albumin were used to test if the association
between low serum albumin and poor outcome depended
on the age of the patient. This analysis showed no signifi-
cant differences by age, suggesting that the relationship
between a low serum albumin and higher risk of death
were no different in young children compared to other
age groups. A study using the data from Pediatric Growth
and Development Special Study of the USRDS demon-
strated that height SDS was inversely associated with
risk of death [13]. The analysis in the present study dem-
onstrated that height SDS and serum albumin were inde-
pendently associated with death. Even though height
SDS was included as an adjustment factor in the analysis,
low serum albumin remained an independent risk factor
for death. This raises the possibility that factors contrib-
uting to growth impairment and hypoalbuminemia in this
population may act through separate pathophysiologic
mechanisms contributing independently to the risk of
death.

Serum albumin obtained at initiation of dialysis is a
marker for children who are at risk for poor outcome re-
gardless of subsequent renal replacement modality. This
single measurement of serum albumin remained strongly
associated with risk of death, even after adjustment for
renal replacement modality. Furthermore, the modality-
specific interaction terms with serum albumin demon-
strated no significant differences, suggesting that the
magnitude of association between serum albumin at initi-
ation of dialysis and risk of death was similar among
pediatric patients treated with peritoneal dialysis, hemo-
dialysis, and renal transplantation. These findings suggest
that low serum albumin at the initiation of dialysis is an
important indicator of subsequent mortality risk among
pediatric ESRD patients.

Given the prognostic value of serum albumin at dial-
ysis initiation, factors that determine hypoalbuminemia
during chronic renal failure may have a significant influ-

ence on subsequent survival after dialysis initiation. Hy-
poalbuminemia may be influenced by multiple factors
during chronic renal insufficiency. Pediatric patients with
chronic renal insufficiency are at risk for malnutrition
and poor growth [3, 30-32]. Malnutrition in this cohort
might be indicated by hypoalbuminemia. The uremic
milieu of chronic renal insufficiency is characterized by
several factors leading to protein-energy malnutrition and
hypoalbuminemia including anorexia, acidosis, and alter-
ations in metabolism secondary to hormonal derange-
ments [33-37]. Furthermore, hypoalbuminemia may re-
flect other co-morbid conditions associated with either
decreased synthesis of serum albumin due to inflamma-
tion, infection, or liver disease; or increased losses sec-
ondary to persistent proteinuria [38].

Although this study demonstrates a strong association
between hypoalbuminemia and poor outcome, the patho-
physiologic mechanism between the two remain unclear.
A number of investigators have suggested that pro-inflam-
matory cytokines play a key role in both mediating hypo-
albuminemia and increasing atherogenic processes that
may increase the risk of cardiovascular-specific events
[12, 39-42]. Other mechanisms that have been proposed
include generalized immunologic dysfunction and chronic
inflammation, decreased bioactivity of insulin-like growth
factor-1, and altered drug kinetics [13, 33, 43-47]. Addi-
tional studies are warranted to define the causal pathway
contributing to mortality in pediatric ESRD patients with
hypoalbuminemia.

We acknowledge the marked differences in the natural
history of disease between dialysis and transplant modal-
ities. However, excluding transplant recipients would have
limited the generalizability of our results. In addition, cen-
soring subjects at the time of transplant from our analysis
would have biased our results [18, 19, 48]. Healthier di-
alysis patients are more likely to have a normal serum
albumin and may be preferentially selected for trans-
plantation. If these patients were censored at the time
of transplantation, they would no longer accumulate time
at risk and therefore fewer deaths would be observed
among patients with higher albumin. Therefore, dialysis
patients who were subsequently transplanted after the
start of the study were not censored, but remained in
the study.

To account for the possibility of bias due to subsequent
transplantation, it was necessary to adjust for renal re-
placement modality. We were able to adjust for the in-
herent differences between dialysis and transplantation
by using time-dependent covariates [16, 17, 20]. Time-
dependent covariates allow patients to contribute time
at risk for death for a given modality as they changed
from one form of renal replacement therapy to another,
more precisely modeling the risk for death associated
with each modality.

Given that this is an observational study, there may
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be unmeasured factors that could introduce bias into the
analysis. Furthermore, a selection bias may have been
introduced since only patients who had a documented
serum albumin were included in the analysis. Eleven
percent of the patients in the original cohort were missing
values for serum albumin and thus were excluded from
the analysis. Those who were missing serum albumin were
more likely to be of older age, between 15 and 18 years.
Therefore, the findings of the analysis may be more gener-
alizable to a younger population of patients initiating
dialysis. Furthermore, pediatric-specific co-morbid con-
ditions are not reported to the USRDS on the HCFA
2728 Medical Evidence Form and thus were not available
for this study. Lastly, only the serum albumin at dialysis
initiation was available in the data, hence it was not pos-
sible to determine if subsequent changes in serum albu-
min was associated with survival. Although there were no
data on subsequent serum albumin, the serum albumin at
the index course of dialysis provides clinicians relevant
information regarding risk of death with data from an
easily identifiable time point.

Despite the limitations of this study, our results show
that hypoalbuminemia at the initiation of dialysis is a
strong marker of poor survival among pediatric patients
with ESRD. Furthermore, as a population-based study,
the results are not a reflection of dialysis unit specific
practices and thus can be generalized to the US pediatric
ESRD population.

At dialysis initiation in the US pediatric population,
hypoalbuminemic patients are at higher risk for death
compared to patients initiating dialysis with a normal
serum albumin. Even after adjusting for glomerular causes
leading to ESRD, demographic factors, and ESRD treat-
ment modality, serum albumin continued to be associ-
ated with risk of death in this population. Further studies
are warranted to determine if efforts to prevent or ame-
liorate hypoalbuminemia at dialysis initiation may im-
prove survival in pediatric patients with ESRD.

ACKNOWLEDGMENTS

This study was supported in part by grant no. T DK 07662-08 from
the Pediatric Nephrology Molecular Biology Training Grant; and the
Department of Veterans Affairs Medical Research Service. Portions
of this study were presented at the 33" Annual Meeting and Scientific
Exposition of the American Society of Nephrology, October 2000,
Toronto, Ontario. Data used in our study were supplied by the US
Renal Data System. The interpretation and reporting of these data
are the responsibility of the authors and in no way should be seen as
an official policy of or interpretation by the U.S. Government.

Reprint requests to Dr. Craig Wong, Department of Pediatrics, Uni-
versity of New Mexico Health Sciences Center, 2211 Lomas Boulevard
NE, Albuquerque, New Mexico 87131-5311, USA.
E-mail:cwong@salud.unm.edu

REFERENCES

1. Jones JW, NEvins L, McHUGH L, et al: Nutrition and growth in
pediatric renal transplant recipients. Transplant Proc 25:62-63, 1994

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Wong et al: Hypoalbuminemia and death in pediatric ESRD

. PoLinsky MS, Kaiser BA, Stover JB, et al: Neurologic develop-

ment of children with severe chronic renal failure from infancy.
Pediatr Nephrol 1:157-165, 1987

. WARrRADY BA, KrILEY M, LoveLL H, et al: Growth and development

of infants with end-stage renal disease receiving long-term perito-
neal dialysis. J Pediatr 112:714-719, 1988

. Avram M, MirtMAN N, BoNoMmiNT L, et al: Markers for survival in

dialysis: A seven-year prospective study. Am J Kidney Dis 26:209—
219, 1995

. Isex1 K, UEHARA H, KE1zo N, et al: Impact of the initial levels of

laboratory variables on survival in chronic dialysis patients. Am
J Kidney Dis 28:541-548, 1996

. OwWeN W, LEw N, Liu Y, et al: The urea reduction ratio and

serum albumin concentration as predictors of mortality in patients
undergoing hemodialysis. N Engl J Med 329:1001-1006, 1993

. Lowrie E, HuanG W, LEw N: Death risk predictors among perito-

neal dialysis and hemodialysis patients: A preliminary comparison.
Am J Kidney Dis 26:220-228, 1995

. Canada-USA Peritoneal Dialysis Study Group: Adequacy of dial-

ysis and nutrition in continuous peritoneal dialysis: Association
with clinical outcomes. J Am Soc Nephrol 7:198-207, 1996

. Leavey SF, STRAWDERMAN RL, JoNEs CA, et al: Simple nutritional

indicators as independent predictors of mortality in hemodialysis
patients. Am J Kidney Dis 31:997-1006, 1998

Clinical practice guidelines for nutrition in chronic renal failure:
K/DOQI, National Kidney Foundation. Am J Kidney Dis 35(Suppl
2):518-S21, 2000

BARRETT B, PARFREY P, MORGAN J, et al: Prediction of early death
in end-stage renal disease patients starting dialysis. Am J Kidney
Dis 29:214-222, 1997

FoLey RN, ParRrrey PS, HarNETT JD, et al: Hypoalbuminemia,
cardiac morbidity, and mortality in end-stage renal disease. J Am
Soc Nephrol 7:728-736, 1996

Wong C, GrpsoN D, GILLEN D, et al: Anthropometric measures
and risk of death in children with end-stage renal disease. Am
J Kidney Dis 36:811-819, 2000

United States Renal Data System: Researcher’s Guide to the
USRDS Database. Bethesda, National Institutes of Health, National
Institute of Diabetes and Digestive and Kidney Disease, 1998
United States Department of Health and Human Services: National
Center for Health Statistics: Third National Health and Nutrition
Examination Survey (NHANES I1I). Springfield, National Techni-
cal Information Service, 1996

HosMER D, LEMEsHOW S: Applied Survival Analysis. New York,
John Wiley and Sons, 1999, pp 248-253

Port F, WoLFE R, MAUGER E, et al: Comparison of survival proba-
bilities for dialysis patients vs cadaveric renal transplant recipients.
JAMA 270:1339-1343, 1993

WoLrE R, AsuBy V, MILFORD E, et al: Comparison of mortality in
all patients on dialysis, patients on dialysis awaiting transplantation,
and recipients of a first cadaveric transplant. N Engl J Med 341:
1725-1730, 1999

Kasiske B, LonpoN W, ELLIsON M: Race and socioeconomic fac-
tors influencing early placement on the kidney transplant waiting
list. J Am Soc Nephrol 9:2142-2147, 1998

Fisner L, LiN D: Time-dependent covariates in the cox propor-
tional-hazards regression model. Annu Rev Public Health 20:145—
157, 1999

BrAkE P, FLOWERDEW G, BLAKE R, ef al: Serum albumin in patients
on continuous ambulatory peritoneal dialysis-predictors and corre-
lations with outcomes. J Am Soc Nephrol 3:1501-1507, 1993
Lowrik E, LEw N: Death risk in hemodialysis patients: The pre-
dictive value of commonly measured variables and an evaluation
of death rate differences between facilities. Am J Kidney Dis 5:458—
482, 1990

WhHItE E: Effects of biomarker measurement error on epidemiolog-
ical studies, in Application of Biomarkers in Cancer Epidemiology,
edited by TonioLo P, BOFFETTA P, SHUKER D, et al: Lyon, Interna-
tional Agency for Research on Cancer, 1997, pp 73-93

CARFRAY A, PATEL K, WHITAKER P, ef al: Albumin as an outcome
measure in haemodialysis in patients: The effect of variation in
assay method. Nephrol Dial Transplant 15:1819-1822, 2000
Crast C, St Pierre M, CHURCHILL D: Conversion between brom-



26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Wong et al: Hypoalbuminemia and death in pediatric ESRD

cresol green- and bromcresol purple-measured albumin in renal
disease. Nephrol Dial Transplant 16:1925-1929, 2001

Warapy B, BuncamaN T: An update on peritoneal dialysis and
hemodialysis in the pediatric population. Curr Opin Pediatr 8:135—
140, 1996

ELLis E, PEarsoN D, CampioN B, er al: Outcome of infants on
chronic peritoneal dialysis. Adv Perit Dial 11:266-269, 1995

Kar1 J, GonzaLEZ C, LEDERMAN S, ef al: Outcome and growth of
infants with severe chronic renal failure. Kidney Int 57:1681—
1687, 2000

Woob E, HAND M, Briscok D, et al: Risk factors for mortality in
infants and young children on dialysis. Am J Kidney Dis 37:573—
579, 2001

Honbpa M, Kamivama Y, Kawamura K, et al: Growth, develop-
ment and nutritional status in Japanese children under 2 years on
continuous ambulatory peritoneal dialysis. Pediatr Nephrol 9:543—
548, 1995

OREJAS G, SANTOS F, MALAGA S, et al: Nutritional status of children
with moderate chronic renal failure. Pediatr Nephrol 9:62-56, 1995
ForeMaN J, ABitoL C, TRACHTMAN H, et al: Nutritional intake in
children with renal insufficiency: A report of the growth failure in
children with renal diseases study. J Am Coll Nutr 15:579-585, 1996
Hakmm R, Lazarus J: Biochemical parameters in chronic renal
failure. Am J Kidney Dis 9:238-247, 1993

MircH W, May R, Maroni B, et al: Protein and amino acid metabo-
lism in uremia: Influence of metabolic acidosis. Kidney Int 27:205-
207, 1989

Mircu W, MaronI B: Factors causing malnutrition in patients with
chronic uremia. Am J Kidney Dis 33:176-179, 1999

DascHNER M, ToNsHOFF B, BLum W, et al: Inappropriate elevation
of serum leptin levels in children with chronic renal failure. Euro-
pean study group for nutritional treatment of chronic renal failure
in childhood. J Am Soc Nephrol 9:1074-1079, 1998

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

637

KorppLE J, GReeNE T, CHUMLEA W, et al: Relationship between
nutritional status and the glomerular filtration rate: Results from
the MDRD Study. Kidney Int 57:1688-1703, 2000

GoLDSTEIN J: Assessment of nutritional status in renal diseases,
in Handbook of Nutrition and the Kidney, edited by MitcH W,
KraHr S, Philadelphia, Lippincott-Raven, 1998, pp 58-69
STENVINKEL P, HEIMBERGER O, PAULTRE F, ef al: Strong association
between malnutrition, inflammation and atherosclerosis in chronic
renal failure. Kidney Int 55:899-1911, 1999

PARrreY P, FoLEY R, HARNETT J, et al: Outcome and risk factors
of ischemic heart disease in chronic uremia. Kidney Int 49:1428—
1434, 1996

BErGsTROM J, LiINDHOLM B: Malnutrition, cardiac disease, and
mortality: An integrated point of view. Am J Kidney Dis 32:834—
841, 1998

SuLiMaN M, QURESHI A, BARANY P, et al: Hyperhomocysteinemia,
nutritional status, and cardiovascular disease in hemodialysis pa-
tients. Kidney Int 57:1727-1735, 2000

MaTTERN W, HAK L, LAMANNA R, ef al: Malnutrition, immune
function, and the risk of infection in maintenance hemodialysis
patients. Am J Kidney Dis 1:206-218, 1982

Bistrian B, McCoweN K, CHAN S: Protein-energy malnutrition in
dialysis patients. Am J Kidney Dis 33:172-175, 1999

GUDARRO C, MAssY Z, WIEDERKEHR M, et al: Serum albumin and
mortality after renal transplantation. Am J Kidney Dis 27:117-
123, 1996

CHANG H, BistriaN B: The role of cytokines in the catabolic conse-
quences of infection and injury. JPEN 22:156-166, 1998

FouqQuEk D, PENG S, SHAMIR E, ef al: Recombinant human insulin-
like growth factor-1 induces an anabolic response in malnourished
CAPD patients. Kidney Int 52:646-654, 2000

GAYLIN D, HELD P, Port F, et al: The impact of comorbid and
sociodemographic factors on access to renal transplantation. JAMA
269:603-608, 1993





