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Accurate estimation of total body water (TBW) is a critical component of dialysis prescription in peritoneal dialysis (PD).
Gold-standard isotope dilution techniques are laborious and costly; therefore, anthropometric prediction equations that are
based on height and weight are commonly used to estimate TBW. Equations have been established in healthy populations,
but their validity is unclear in children who undergo PD, in whom altered states of hydration and other confounding
alterations in normal physiology, particularly retarded growth and pubertal delay, may exist. TBW was measured by heavy
water (H,0"® or D,0) dilution in 64 pediatric patients who were aged 1 mo to 23 yr and receiving chronic PD in the United
States and Germany to establish and validate population-specific anthropometric TBW prediction equations and to compare
the predictive power of these equations with formulas that have been established in healthy children. The best-fitting
equations are as follows: For boys, TBW = 0.10 x (HtWt)%® — 0.37 x weight; for girls, TBW = 0.14 x (HtWt)*** — 0.35 X
weight. The height X weight parameter also predicts body surface area (BSA). These equations can be simplified, with slightly
less precision, to the following: For boys, TBW = 20.88 X BSA — 4.29; for girls, TBW = 16.92 X BSA — 1.81. TBW is predicted
without systematic deviations and equally well in boys and girls, North American and European, obese and nonobese,
growth-retarded and normally sized, and pre- and postpubertal children. In contrast, previous anthropometric equations that
were derived from healthy children systematically overpredicted TBW and were less precise in this pediatric PD population.
In summary, a new set of anthropometric TBW prediction equations that are suited specifically for use in pediatric PD patients

have been provided.
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a critical component of the dialysis prescription and
measurement of the delivered dialysis dose. Urea ki-
netic modeling is a key underpinning to dialysis prescription.
An estimate of the urea distribution space (V) is required to
calculate normalized urea clearance, i.e., Kt/V (1) for patients
who are on peritoneal dialysis (PD) using these models. The
urea distribution space, V, is assumed to be the same as TBW.
Accurate measurement of TBW requires sophisticated measure-
ment techniques, such as isotope dilution measurements (2),
which are costly and time-consuming and, hence, not suitable
for routine clinical practice. TBW therefore usually is estimated
from anthropometric measurements.
The Kidney Disease Outcomes Quality Initiative PD ade-
quacy guidelines recommend the use of the formulas of Mellits
and Cheek (1) to estimate V in children who are on PD. These

T he accurate determination of total body water (TBW) is
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formulas are based on heavy water dilution studies that were
performed in healthy children and estimate TBW using a
child’s height, weight, and gender (3). Recently, isotope dilu-
tion—derived TBW data that were obtained in healthy neonates
and infants were added to the original data set of Mellits and
Cheek, and a new set of anthropometric prediction equations
were proposed (4). In these equations, a new anthropometric
parameter height times weight (HtWt) that correlates linearly
with TBW when both values are log-transformed was intro-
duced (4). Estimates from the newer formulas are somewhat
more accurate for infants but are still based on data that were
obtained in healthy children.

In the PD population, disorders of growth and body compo-
sition are common and superimposed on large variations of
fluid status. Because direct measures of TBW in children who
are on PD using the “gold standard” assays involving heavy
water have not been reported in large cohorts of children (5,6),
it is unknown whether the anthropometric prediction equations
that have been established in healthy children hold true in this
population. Hence, the objectives of this study were to (1)
measure TBW in children incident to maintenance PD using
heavy water, (2) develop and validate population-specific (i.e.,
children on PD) formulas to estimate TBW on the basis of
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anthropometric measurements, and (3) compare the accuracy
and the precision of the formulas with those of prediction
equations that have been established in healthy children.

Materials and Methods
Patients

This study represents a collaboration between the Pediatric Perito-
neal Dialysis Study Consortium (PPDSC), a multicenter organization of
pediatric PD centers (centers listed at the end of the article) and the
University of Heidelberg School of Medicine (Heidelberg, Germany).
Infants, children, and adolescents were eligible. The US cohort of
children was studied within 90 d of initiation of PD. The German
children had been on PD for a mean of 28.8 + 32.4 mo. All patients were
in a stable state of hydration at time of assessment without overt
edema. In no case was the study performed within 30 d of an episode
of peritonitis.

The study protocol was designed in adherence to the declaration of
Helsinki and approved by local Institutional Review Boards or Ethical
Committees. Written informed consent was obtained from all parents,
and informed consent or assent was obtained from the patients as
appropriate.

Heavy Water Dilution Studies

For the PPDSC cohort, H,0'® (Isotec; Sigma-Aldrich, St. Louis, MO)
was used to determine TBW, and D,O (Merck, Darmstadt, Germany)
was used in the study that was performed in Heidelberg. H,0'® was
administered as a 10% solution in a volume equal to the square root of
the patient’s weight divided by 70 kg, multiplied by 30.4 (the volume of
a 10% solution needed for a 70-kg individual). In the Heidelberg cohort,
1 g of D,O (purity 99.9%) per kilogram of body weight was adminis-
tered. The children then drank another 30 ml of water out of the glass
or bottle that was used to administer the dose to ensure complete
delivery of the heavy water. Blood samples were obtained immediately
before and 4 h after administration. Plasma H,0O'® concentration was
determined at the Mayo Clinic Core Biomedical Mass Spectrometry
Laboratory by mass spectrometry, and plasma D,O was determined by
vacuum distillation and Fourier-transformed infrared spectroscopy as
described previously (5). The coefficient of variation (CV) of both
methods is <0.5%. TBW was calculated by the plasma enrichment of
heavy water relative to the mass administered, with a correction factor
of 1.01 for the H,0'® space and of 1.04 for the D,O space to account for
isotope sequestration (7,8). Because heavy water has previously been
demonstrated to equilibrate fully with the intraperitoneal volume over
4 h (5), the intraperitoneal volume was subtracted from the TBW
calculated to yield the final result.

Statistical Analyses

The PPDSC sample was used to establish the principal relationship
between height and weight and TBW. Log-transformed TBW data were
regressed against the log-transformed anthropometric parameter,
HtWt, which correlates linearly in studies that have been performed on
healthy children (4). A linear relationship between HtWt and TBW was
also found in this population. The residuals in the best fitting single-
term equation were analyzed for remaining systematic effects by an-
thropometric variables or gender. This analysis disclosed the need for
constructing gender-specific equations with inclusion of a linear cor-
rection factor accounting for body mass. The PPDSC and the Heidel-
berg samples were pooled into a single cohort to enhance the validity
of the resulting gender-specific equations.

The resulting final prediction equations were internally cross-vali-
dated by separate reapplication to population subsets—The North
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American and the German patients, boys and girls, growth-retarded
(height SD score [SDS] <—2) versus patients of normal height, patients
with increased (>1) versus normal BMI SDS—and, finally, to random
subsets that comprised two thirds and one third of the entire cohort,
respectively. Height and body mass index SDS (BMI z scores) were
calculated using nation-specific norms (9,10). BMI SDS were calculated
using the LMS method, to account for the non-Gaussian distribution of
BMI in the population (11).

The precision of the prediction equations was expressed by the root
mean square error (RMSE), i.e., the square root of the sum of squared
differences between the observed and the predicted values divided by
the number of patients studied. The smaller the RMSE, the greater is the
accuracy of the equation. There is no absolute criterion value for an
RMSE that indicates successful (12) validation. Because a wide range of
TBW was studied, the RMSE was also expressed by the CV, i.e., RMSE
divided by the mean value of the dependent variable. The accuracy of
the prediction was expressed by the mean difference between calcu-
lated and measured TBW values.

In addition, regression analyses were performed and Bland-Altman
plots were generated to quantify the residual error inherent in the
different anthropometric prediction methods available. Apart from the
new formulas established here, estimates examined were TBW = 0.6 X
body weight (13), the Mellits and Cheek equations (1), and the newer
series of anthropometric predictive equations described earlier (here-
inafter called “New Healthy”) (4).

Finally, because the HtWt parameter appears as a parameter in a
common formula that is used to estimate body surface area (BSA =
[(HtWt)/3600]°%) (14), the relationships between TBW formulas and
BSA were explored, and the accuracy of that relationship was similarly
assessed.

Statistical analysis was performed using Microsoft Excel version
11.1.1 (Microsoft Corp., Redmond, WA) and SAS version 8.2 (SAS,
Cary, NC). Pearson product moment correlation coefficients were cal-
culated for univariate analysis of associations between continuous vari-
ables and paired ¢ test for comparison of between-group differences.
The best fitting formula for TBW was obtained by the NLIN procedure
in the SAS package.

Results
Demographics

Table 1 shows the basic clinical characteristics of the patients
who were studied in the PPDSC centers and in Heidelberg.
Thirty-four children (16 girls, 18 boys) who were new to main-
tenance PD were studied in the United States. The children had
mean age of 8.2 yr (range 1.5 mo to 19 yr). The 30 children from
Heidelberg comprised nine girls and 21 boys, with a mean age
of 12.6 yr (range 14 mo to 23 yr). The German children were
older (P < 0.01), were taller (P < 0.05), and had a lower BMI z
score (P < 0.0001) than the PPDSC group (Table 1).

The mean (£SD) TBW for the groups was 16.9 + 9.5 L (range
2.4 to 40.5 L). The TBW averaged 56.8% (£10.1%) of body
weight (Table 1). The percentage of body weight representing
TBW was inversely related to age (r = —0.29, P < 0.05), height
(r = —0.35, P = 0.005), weight (r = —0.49, P < 0.0001; Figure 1),
and BMI (r = —0.57, P < 0.0001). Whereas % TBW did not differ
in boys and girls who were younger than 10 yr, adolescent girls
had significantly less body water per unit of weight (49.2 =
10.3%) than adolescent boys (56.1 % 5.6%; P < 0.05).
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Table 1. Basic demographics of the patient cohorts used for validation of prediction equation®

PPDSC Sample

German Sample Total Population

n 34

Age (yr) 82+ 6.2°
% male 53
Height (cm) 116.0 * 41.4°
Height SDS -1.7 22
BSA (m?) 0.98 + 0.54
BMI (kg/m?) 18.7 = 4.3°
BMI SDS 0.8 *+13°
TBW (L) 15.1 + 10.4

TBW (% body wt) 54.6 + 12.4°

30 64
12.6 £59 102 6.4
69 61
136.5 £ 27.2 125.6 = 36.7
-22=*17 —2.0x2.0
1.12 £0.37 1.03 £ 0.47
16.4 £ 3.0 17.6 £ 3.9
—08x1.5 -0.02 =16
19.0 £ 8.1 16.9 = 9.5
594 £58 56.8 = 10.1

2Appropriate national standards applied. PPDSC, Pediatric Peritoneal Dialysis Study Consortium; SDS, SD score; BSA, body

surface area; BMI, body mass index; TBW, total body water.

bSigniﬁcan’c difference between US and German children (P < 0.05).
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Figure 1. Variation of tissue hydration (percentage of total body
water [% TBW]) in 64 pediatric peritoneal dialysis (PD) patients
who were aged 1 mo to 23 yr. [utrif], boys; O, girls. % TBW was
inversely related to body mass (r = —0.49, P < 0.0001).

Development and Validation of TBW Prediction Equation
The 34 patients of the PPDSC cohort were used to establish a
best fitting anthropometric prediction equation. Regression
analysis verified a tight linear relationship of the log-trans-
formed measured TBW values with the log-transformed Ht X
Wt product (R* = 0.96, P < 0.0001). Back-transformation of this
relationship yielded the following allometric equation:

TBW=0.11 X (HtW)**! [Equation 1]

The RMSE of the estimates based on Equation 1 was 3.02 L
relative to the measured data (CV 20.1%). Inclusion of the
Heidelberg sample in the validation cohort confirmed the close
log-linear relationship between HtWt and TBW (R* = 0.93,
RMSE 2.60, CV 15.4%, P < 0.0001).

Bland-Altman analysis of the residual variation in the rela-
tionship between measured and predicted TBW disclosed that
the predictive accuracy and precision were inversely related to
absolute body mass, with systematic overestimation of TBW in
pubertal boys and underestimation in pubertal girls. Therefore,
gender-specific prediction equations were established. Inclu-

sion of a linear correction factor for body mass further im-
proved the goodness of fit for both genders. All patients were
used to determine the coefficients resulting in the following
best fitting equations:

Boys: TBW = 0.10 X (HtWt)>® — 0.37 X weight
Girls: TBW = 0.14 X (HtW)*** — 0.35 X weight

[Equation 2a]
[Equation 2b]

By these equations, TBW was predicted with R? =095, a
mean (+SD) difference(estimated — expected TBW) of 0.001 =
215 L, and an RMSE of 2.17 L (CV 12.8%; Figure 2, Table 2).
Equations 2a and 2b were reapplied to estimate TBW in the US
and the German cohorts, in randomly selected subsets that
comprised two thirds and one third of the total cohort, in boys
and girls as well as in subsets that comprised patients with high
versus low BMI SDS or low versus normal height SDS (Table 2).
TBW was predicted equally well in all selected subpopulations,
without any systematic deviations or imprecisions. Equations
2a and 2b are arithmetically complex relationships. Nomo-
grams for children of different genders and body sizes based on
these equations are presented in Appendix 1.

Estimated TEW [L]

0 10 20 30 40 50
Measured TBW [L]

Figure 2. Comparison of calculated TBW by new anthropomet-
ric equations (Equations 2a and 2b) with measured TBW (R* =
0.95, P < 0.0001). O, US children; ®, German children.
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Table 2. Accuracy and precision of anthropometric TBW prediction by Equations 2a and 2b in subsets of

validation cohort?

Measured Calculated Difference Estimated from RMSE (@AY

TBW (L) TBW (L) Measured TBW (L) (L) (%)
Total population 169 £ 95 169 +=9.2 0.001 = 2.15 2.17 12.8
PPDSC subset 15.1 =104 155 + 104 0.40 £ 2.36 2.38 15.7
Heidelberg subset 19.0 = 8.1 186 = 7.5 —-0.45 = 1.81 1.82 9.6
Random 2/3 subset 15.8 £9.3 15.7 +9.2 —0.04 = 2.46 2.46 15.6
Random 1/3 subset 18.8 = 9.7 189 +9.2 0.07 = 1.61 1.62 8.6
Boys 18.2 = 10.0 182 +9.9 —-0.02 = 1.89 1.92 10.5
Girls 149 = 84 149 += 8.0 0.04 =254 2.59 17.4
BMI SDS >1 149 = 11.1 14.7 = 11.2 —-0.17 = 2.69 2.75 18.5
BMI SDS <1 17.6 = 8.9 17.7 = 8.4 0.06 = 1.94 1.96 11.1
Height SDS <-2 155 + 8.2 152+ 7.7 —-0.31 = 2.13 2.16 13.9
Height SDS >-2 18.6 = 10.7 189 = 10.5 0.35 £ 2.15 2.19 11.8

“RMSE, root mean square error; CV, coefficient of variation.

Effect of Hydration on Anthropometric TBW Prediction

Alterations of hydration status are an inevitable source of
error in anthropometric TBW prediction using only height and
weight. To assess the effect of altered hydration on the preci-
sion of our prediction model, we categorized the cohort into
fractional TBW quintiles (Figure 3). Patients with a trend to-
ward overhydration will cluster in the top quintile (i.e., those
20% of patients with the highest TBW content relative to body
weight), and those with relative fluid depletion will cluster in
the bottom quintile. TBW prediction was not affected system-
atically in the second, third, and fourth quintiles but tended to
be low in the highest and high in the lowest quintile. The
median prediction error was —16.9% in the top quintile and
9.8% in the bottom quintile, suggesting a moderate bias to TBW
prediction at the extremes of hydration.

30
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Figure 3. Relative estimation error (expressed as regression
residual divided by measured TBW) of Equations 2a and 2b
according to % TBW quintiles. “1” denotes bottom, “5” top

quintile of fractional TBW within the cohort. Dot and error bars
denote mean = SD.

Predictive Accuracy and Precision of Anthropometric
Equations in Children on PD

The comparative analysis of the new PD-specific pediatric
prediction equations with two published anthropometric pre-
diction equations that were derived from healthy children and
another common approximation assuming TBW as a constant
fraction of 60% of body weight is given in Table 3 and Figure 4.
The three alternative equations had an inferior predictive pre-
cision in this pediatric PD cohort, with RMSE ranging from 2.37
to 3.4 L (CV 13.9 to 20.2%). Moreover, TBW was systematically
overestimated with each of the equations (P < 0.0001 for each
comparison).

Relationship of TBW to BSA

The TBW estimates using Equation 1 correlated linearly with
BSA estimates using the Gehan (15) formula (BSA = 0.02350 X
height®#*?*¢ X weight’>1*%); the correlation led to the follow-
ing formulas:

Boys: TBW = 20.88 X BSA — 4.29 [Equation 3a]

Girls: TBW = 16.92 X BSA — 1.81 [Equation 3b]

where BSA is in m? (©* = 0.94, P < 0.0001). These equations
estimate TBW with a mean (SD) difference of —0.16 (2.3) L. The
RMSE is 2.36 L, which corresponds to a CV of 13.9%. Using the
simplified BSA formula (BSA = [(HtWt)/3600]°°) (14), the
resulting correlations are similar:

Boys: TBW = 20.75 X BSA — 3.88

Girls: TBW = 16.96 X BSA — 1.57

Discussion

In this article, we have established a pair of population-
specific equations that allows one to predict with acceptable
accuracy and precision TBW in boys and girls on who are
chronic PD. The equations should prove useful in standardiz-
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Table 3. Accuracy and precision of different anthropometric equations in predicting TBW.
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Mean *+ SD Difference Estimated RMSE Ccv
(L) TBW — Measured TBW (L) (L) (%)
Measured TBW 16.9 =95 — — —
Equations 2a and 2b 16.9 =9.2 0.001 = 2.15 217 12.8
Equations 3a and 3b 16.9 =9.2 —0.001 £ 2.33 2.36 13.9
Mellits & Cheek 19.0 = 11.3% 2.04 = 3.17 2.37 14.0
New Healthy 21.1 = 13.5° 4.19 + 4.99 2.45 14.5
0.6 X Wt 189 + 11.9? 1.96 = 4.53 3.40 20.2
“Significant differences from measured TBW, *P < 0.0001.
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Figure 4. Bland-Altman plots of measured TBW versus difference between measured and estimated TBW using Equations 2a and
2b (A), Mellits and Cheek equations (B), the “New Healthy” equations (C), and 0.6 X body weight (D).

ing PD prescription according to the size of the distribution
space of urea and other small molecules.

An accurate determination of TBW in patients who are on
dialysis is necessary to assess fluid status and to calculate
delivered dialysis dose by Kt/V and has been used in adult and
pediatric studies to assess body composition and nutritional
status (12,16,17). Estimation of TBW by simple formulas, such
as 0.6 times body weight, or by formulas that are based on data
derived from healthy patients is inaccurate, with an inferior
predictive precision accounting for approximately 10% wider
error ranges than prediction derived with the new population-
specific equations. Such errors may have clinical relevance in
the pediatric PD population (18).

The importance of using an adequate TBW approximation
procedure is illustrated by the wide range of the TBW fraction
observed in the pediatric PD population in this and previous
studies (5,6). This wide variability is explained by both physi-
ologic (developmental) changes and disease-related alterations
of hydration: The TBW fraction decreases across childhood,
particularly during the infant years (13). During puberty, dif-
ferential changes of body composition are induced by male and
female sex steroid production (19). Whereas boys experience a
marked increase in lean body mass, girls tend to accumulate
more fat than lean tissue, resulting in reciprocal changes of the
water compartment. These changes held through in the pedi-
atric PD population studied here; fractional TBW was inversely
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correlated with age and was consistently lower in female com-
pared with male adolescents.

Disorders of hydration and nutritional status, which may be
disease related, are superimposed on these physiologic/develop-
mental causes of TBW variability in childhood. These are related
in part to the difficulty of maintaining a neutral fluid balance in
children who are on PD, whose capacity to excrete water is altered
and where fluid retention and excessive fluid losses commonly
occur. Alterations of the nutritional state are common in these
children as well, including malnutrition or obesity. In fact, chil-
dren who are on supplemental tube feeding are frequently sus-
pected to have both increased fat tissue deposition and wasting of
lean body mass. The combined effects of alterations in fluid and
metabolic balance may have little overall impact on body weight
or the BMI but major effects on the distribution of hydrated and
nonhydrated tissue compartments.

While none of the patients in this study displayed signs and
symptoms of grossly altered hydration, subclinical disorders of
fluid status could not be ruled out. We attempted to quantify
the effect of abnormal hydration on anthropometric TBW pre-
diction by defining % TBW quintiles. TBW tended to be under-
predicted in the top quintile and to be overpredicted in the
lowest quintile of fractional TBW distribution. This was ex-
pected because anthropometric prediction is based on the as-
sumption of a constant proportion of water and water-free
tissues. The prediction error at the ends of the hydration spec-
trum was moderate in quantitative terms, averaging at —16.9%
in the 20% of patients with the highest fractional TBW and at
9.8% in the quintile with the lowest TBW content.

Tracer dilution studies are not likely to be performed as a
routine in all children who are on maintenance PD because of the
complexity of the procedure and the expense of the tracer. More
precise TBW estimates can be achieved in children who are on PD
by obtaining additional anthropometric information using bioel-
ectrical impedance (BIA) or skinfold measurements (5). With ei-
ther of these techniques, the CV of the TBW estimation can be
reduced to approximately 8.5% as compared with 12.9% with the
equations presented here. Studies in adult patients confirm the
usefulness of BIA-based prediction equations in predicting TBW
(12,16,17). However, because BIA is not available in most dialysis
units, the anthropometric equations established here should serve
as an acceptable compromise between optimal predictive power
and routine clinical applicability.

The relationship between TBW and BSA has been noted before
(4,20,21). In adult PD patients, this finding has been particularly
relevant in obese patients (20). The finding has been explained by
the fact that in most formulas to calculate BSA, an increase in
weight with no change in height results in a proportionally
smaller increase of BSA. The formulas for BSA therefore are less
subject to the impact of overweight (22). Our previous reanalysis
of data obtained in healthy children suggested that BSA may well
be a better parameter than height or weight alone even on those
who are not obese (4). Certainly, the linear relationship between
TBW and BSA in children who are on PD described above (Equa-
tions 3a and 3b) facilitates an easier estimation of TBW compared
with the more arithmetically complex Equations 2a and 2b. How-
ever, it must be pointed out that adopting the “easier” estimation
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of TBW from BSA will necessarily result in a slight loss of preci-
sion. The RMSE of Equations 3a and 3b is 2.36 L (CV 13.9%)
compared with 2.18 L (CV 12.9%) using Equations 2a and 2b. To
facilitate use of the more precise estimates, we have developed
nomograms (see Appendix 1).

In this work, we took account of the complex changes in body
composition during childhood by constructing gender-specific
prediction equations that comprised an allometric height X
weight term with an additional linear component. This strategy
resulted in an improved quality of the anthropometric estima-
tion. We were able to reduce RMSE to 2.18 L (CV 12.9%). This
level of precision will result in a clinically acceptable error
range of the ultimate Kt/V estimate; e.g., in a 10-yr-old child
with an estimated TBW of 17 L, a calculated weekly Kt/V urea
of 2.0 will correspond to a “true” Kt/V between 1.8 and 2.2 (+1
SD) in 68% of the measurements. Internal cross-validation of
the equations confirmed a very robust, reliable performance in
subsets of the cohort. TBW was predicted equally well and
without systematic deviations in obese and nonobese, tall and
short, and North American and German children, as well as in
randomly selected subsets of the cohort. Although the predic-
tive power of the new equations was superior to previous
anthropometric formulas that were derived in healthy children,
it should be kept in mind that even with the optimized formula,
the 95% confidence interval for TBW predictions is as high as
+4.4 L. Because of the physiologic and pathologic variability of
body composition and fluid balance outlined above, it may be
impossible to reduce further this residual variance of estima-
tion if only height and weight data are available (20,23-25).

In summary, we have verified that anthropometric equations
that are based on healthy individuals can provide only limited
approximations of body composition in a diseased population,
such as children who are receiving chronic PD; truly useful
equations should be constructed and validated in the specific
population of interest. We provide such a set of anthropometric
TBW prediction equations, which permit superior precision
and accuracy compared with previous formulas that were es-
tablished in healthy children. The recommendation to use the
equations of Mellits and Cheek (1) to determine TBW, or V, in
children who are on maintenance PD is now able to be revised.

Acknowledgments

These data were presented in abstract form at the Annual Scientific
Meetings of the American Society of Nephrology in 2000 (October 13 to
16, Toronto, Canada) and 2002 (November 1 to 4, Philadelphia, PA).

Participating centers from the PPDSC: S. Watkins MD, Children’s Hos-
pital Seattle, Seattle, WA; B. Warady, MD, Children’s Mercy Hospital,
Kansas City, MO; G. Lerner, MD, Children’s Hospital Los Angeles, Los
Angeles, CA; B. Morgenstern, MD, Mayo Clinic, Rochester, MN; A. Quan,
MD, Children’s Hospital, Dallas, TX; A. Neu, MD, Johns Hopkins Univer-
sity, Baltimore, MD; P. Brophy MD, C.S. Mott Children’s Hospital, Ann
Arbor, MI; E. Brewer, MD, Texas Children’s Hospital, Houston, TX.

Appendix

TBW Nomograms for children of typical heights and weights. Ex-
tremes of either height or weight have been eliminated. These data are
based on Equations 2a and 2b (see text). For each gender, table a is for
smaller children.
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Male TBW nomogram
a Height (cm)
Weight (kg) 50 54 58 62 66 70 74 78 82 86 90 94 98 102 106 110 114
2 1.6 1.7 1.8 1.9
3 1.9 21 2.2 24
4 2.2 2.4 2.6 2.8 3.0
5 2.4 2.7 29 3.1 3.3
6 2.6 29 3.1 3.4 3.6 3.9 4.1
7 2.8 3.1 3.4 3.6 3.9 4.2 44 4.7 49
8 29 3.2 3.5 3.9 4.1 4.4 4.7 5.0 53 5.5 5.8
9 4.0 44 47 5.0 53 5.6 59 6.2 6.5 6.7
10 4.2 4.6 4.9 5.2 5.6 59 6.2 6.5 6.8 7.1 7.4 7.7
11 4.4 4.8 51 55 5.8 6.2 6.5 6.8 7.1 7.5 7.8 8.1 8.4 8.7
12 4.5 4.9 5.3 5.7 6.0 6.4 6.8 7.1 7.5 7.8 8.1 8.5 8.8 9.1
13 63 6.6 7.0 74 7.8 8.1 8.5 8.8 9.2 9.5
14 6.5 6.9 7.3 7.7 8.0 8.4 8.8 9.2 9.5 9.9
15 6.7 7.1 7.5 7.9 8.3 8.7 9.1 9.5 9.9 10.2
16 6.8 7.3 7.7 8.1 8.6 9.0 3.4 9.8 10.2 10.6
17 8.4 8.8 9.2 9.7 10.1 10.5 109
18 8.6 9.0 9.5 9.9 10.4 10.8 11.2
19 8.8 9.3 9.7 10.2 10.6 11.1 115
20 9.0 9.4 9.9 10.4 10.9 11.3 11.8
b Height (cm)
Weight (kg) 106 110 114 118 122 126 130 134 138 142 146 150 154 158 162 166 170 174 178 182 186 190
20 109 113 11.8 123 127 132 136 140 145 149 153 157
22 114 119 124 128 133 138 143 147 152 157 161 16.6
24 118 123 129 134 139 144 149 154 159 164 168 173 178 183 187
26 122 128 133 139 144 150 155 160 165 170 175 180 185 190 195
28 126 132 138 144 149 155 160 166 171 177 182 187 193 198 203 208 312
30 130 13.6 142 148 154 160 166 171 177 183 188 194 199 205 210 216 221
32 133 140 146 152 158 165 171 177 183 188 194 200 206 212 217 223 229 324 240
34 136 143 150 156 163 169 175 182 188 194 20.0 206 212 218 224 230 23.6 242 247
3 139 146 153 160 167 173 180 187 193 199 206 212 218 224 231 237 243 249 255 261 266
38 142 149 157 164 171 178 184 191 198 204 211 218 224 230 237 243 249 256 262 268 274
40 160 167 174 181 188 195 202 209 21.6 223 230 236 243 249 256 262 269 275 281 288
42 163 170 178 185 192 200 207 214 221 228 235 242 249 255 262 269 275 282 288 295
44 166 173 181 189 196 204 211 218 226 233 240 247 254 261 268 275 282 288 295 302
46 168 176 184 192 200 208 215 223 230 238 245 252 260 267 274 281 288 295 302 309
48 171 179 187 195 203 211 219 227 235 242 250 257 265 272 279 287 294 301 308 315
50 173 182 190 198 207 215 223 231 239 247 254 262 270 277 285 292 300 307 315 322
52 201 210 218 226 235 243 251 259 267 275 282 290 298 306 313 321 328
54 204 213 221 23.0 238 247 255 263 271 279 287 295 303 311 319 327 334
56 207 216 225 233 242 250 259 267 276 284 292 300 308 317 324 332 340
58 209 218 228 237 245 254 263 271 280 288 297 305 314 322 330 338 346
60 212 221 231 240 249 258 267 275 284 293 301 310 318 327 335 344 352
62 214 224 233 243 252 261 270 279 288 297 306 315 323 332 340 349 357
64 217 226 236 246 255 264 274 283 292 301 31.0 319 328 337 345 354 363
66 248 258 268 277 286 296 305 314 323 332 341 350 359 36.8
68 251 261 271 280 29.0 30.0 309 318 328 337 346 355 364 373
70 254 264 274 284 293 303 313 322 332 341 351 36.0 369 378
72 256 266 277 287 297 307 316 326 336 345 355 364 374 383
74 259 269 279 290 300 310 320 33.0 340 349 359 369 378 388
76 261 272 282 293 303 313 323 333 344 353 363 373 383 393
78 263 274 274 295 306 316 327 337 347 357 367 377 387 397
80 265 276 276 298 309 319 330 341 351 361 371 382 392 402
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Female TBW nomogram

a Height (cm)

Weight (kg) 50 54 58 62 66 70 74 78 82 86 90 94 98 102 106 110 114

10 5.1 54 5.8 6.1 6.4 6.8 7.1 7.4 7.7 8.0 8.3 8.6

11 5.3 5.6 6.0 6.4 6.7 7.1 7.4 7.7 8.1 8.4 8.7 9.0 9.3 9.6
12 54 5.8 6.2 6.6 7.0 7.3 7.7 8.0 8.4 8.7 9.1 9.4 9.7 10.0
13 7.2 7.6 8.0 8.3 8.7 9.1 94 9.8 10.1 10.4
14 7.4 7.8 8.2 8.6 9.0 9.4 9.7 10.1 10.5 10.8
15 7.6 8.0 8.5 8.9 9.3 9.7 10.0 10.4 10.8 11.2
16 7.8 8.3 8.7 9.1 9.5 9.9 10.3 10.7 11.1 115
17 9.3 9.8 102 10.6 11.0 114 11.8
18 9.6 100 105 10.9 11.3 11.7 12.2
19 9.8 102 107 111 11.6 12.0 12.5
20 10.0 104 109 114 11.8 123 12.7
b Height (cm)

Weight (kg) 106 110 114 118 122 126 130 134 138 142 146 150 154 158 162 166 170 174 178 182 186 190
20 11.8 123 127 132 136 140 145 149 153 157 161 165
22 123 128 133 137 142 147 151 156 160 164 169 173
24 128 133 138 143 148 152 157 162 167 171 176 180 185 189 194
26 132 137 142 148 153 158 163 168 173 178 183 187 192 197 20.1
28 136 141 147 152 158 163 168 173 179 184 189 194 199 204 209 213 218
30 139 145 151 157 162 168 173 179 184 189 195 200 205 210 215 220 225
32 143 149 155 161 166 172 178 184 189 195 200 206 21.1 217 222 227 232 237 243
34 146 152 158 164 170 177 182 188 194 200 206 21.1 217 223 228 234 239 244 250
36 148 155 162 168 174 181 187 193 199 205 21.1 217 223 228 234 240 245 251 256 262 267
38 151 158 165 171 178 184 191 197 203 210 21.6 222 228 234 240 246 251 257 263 269 274

40 168 174 181 188 195 201 207 214 220 227 233 239 245 251 257 263 269 275 281 286
42 170 177 184 191 198 205 21.1 218 225 231 238 244 250 257 263 269 275 281 287 293
44 173 180 187 195 202 209 215 222 229 236 242 249 255 262 268 274 281 287 293 299
46 175 183 190 198 205 212 219 226 233 240 247 253 260 267 273 280 286 293 299 305
48 178 185 193 200 208 215 223 230 237 244 251 258 265 272 278 285 292 298 305 311
50 180 188 19.6 203 21.1 218 226 233 241 248 255 262 269 276 283 290 297 304 310 317
52 206 214 221 229 237 244 252 259 266 274 281 288 295 302 309 316 322
54 208 216 224 232 240 248 255 263 270 278 285 292 299 307 314 321 328
56 211 219 227 235 243 251 259 266 274 282 289 297 304 311 319 326 333
58 21.3 221 230 238 246 254 262 270 278 285 293 30.1 308 316 323 331 338
60 215 224 232 241 249 257 265 273 281 289 297 305 313 320 328 335 343
62 217 226 234 243 252 260 268 277 285 293 301 309 317 324 332 340 348
64 219 228 237 246 254 263 271 280 288 296 304 313 321 329 336 344 352
66 248 257 265 274 283 291 300 308 316 324 332 341 349 357
68 250 259 268 277 286 294 303 311 320 328 33.6 345 353 361
70 252 261 270 279 288 297 306 315 323 332 340 349 357 365
72 254 264 273 282 291 30.0 309 318 327 335 344 352 361 369
74 256 266 275 284 294 303 312 321 330 339 347 356 365 373
76 258 268 277 287 296 30.6 315 324 333 342 351 36.0 368 373
78 260 270 279 289 299 308 317 327 336 345 354 363 372 381

80 262 272 281 291 301 311 320 330 339 348 357 367 376 385




J Am Soc Nephrol 17: 285-293, 2006

References

1.

2.

10.

11.

12.

NKF-DOQI clinical practice guidelines for peritoneal dial-
ysis adequacy. Am | Kidney Dis 30: S67-5136, 1997

Foster BJ, Leonard MB: Measuring nutritional status in
children with chronic kidney disease. Am | Clin Nutr 80:
801-814, 2004

Mellits ED, Cheek DB: The assessment of body water and
fatness from infancy to adulthood. Monogr Soc Res Child
Dev 35: 12-26, 1970

Morgenstern BZ, Mahoney DW, Warady BA: Estimating
total body water in children on the basis of height and
weight: A reevaluation of the formulas of Mellits and
Cheek. ] Am Soc Nephrol 13: 1884-1888, 2002

Wuhl E, Fusch C, Scharer K, Mehls O, Schaefer F: Assess-
ment of total body water in paediatric patients on dialysis.
Nephrol Dial Transplant 11: 75-80, 1996

Mendley SR, Majkowski NL, Schoeller DA: Validation of
estimates of total body water in pediatric dialysis patients
by deuterium dilution. Kidney Int 67: 20562062, 2005
Wong WW, Cochran WJ, Klish W], Smith EO, Lee LS, Klein
PJ: In vivo isotope-fractioning factors and the measure-
ment of deuterium and oxygen-18-dilution spaces from
plasma, urine, saliva, respiratory water vapor and carbon
dioxide. Am ] Clin Nutr 47: 1-6, 1988

Goran MI, Poehlman ET, Danforth E Jr, Nair KS: Compar-
ison of body fat estimates derived from underwater weight
and total body water. Int | Obes 18: 622—-626, 1994
Schaefer F, Georgi M, Wuhl E, Scharer K: Body mass index
and percentage fat mass in healthy German schoolchildren
and adolescents. Int | Obes Relat Metab Disord 22: 461-469,
1998

CDC Growth Charts: United States Percentile Data Files
with LMS Values. Available: http://www.cdc.gov/nchs/
about/major/nhanes/growthcharts/datafiles.htm.  Ac-
cessed July 3, 2004

Cole TJ, Green PJ: Smoothing reference centile curves: The
LMS method and penalized likelihood. Stat Med 11: 1305-
1319, 1992

Sun SS, Chumlea WC, Heymsfield SB, Lukaski HC, Schoe-
ller D, Friedl K, Kuczmarski R]J, Flegal KM, Johnson CL,
Hubbard VS: Development of bioelectrical impedance
analysis prediction equations for body composition with
the use of a multicomponent model for use in epidemio-
logic surveys. Am | Clin Nutr 77: 331-340, 2003

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

TBW Prediction in Pediatric PD 293

Winters RW: Regulation of normal water and electrolyte
metabolism. In: The Body Fluids in Pediatrics, edited by
Winters RW, Boston, Little, Brown & Co, 1973, pp 95-112
Mosteller RD: Simplified calculation of body surface area.
N Engl ] Med 317: 1098, 1987

Gehan EA, George SL: Estimation of human body surface
area from height and weight. Cancer Chemother Rep 54:
225-235, 1970

de Fijter WM, de Fijter CW, Oe PL, ter Wee PM, Donker AJ:
Assessment of total body water and lean body mass from
anthropometry, Watson formula, creatinine kinetics, and
body electrical impedance compared with antipyrine ki-
netics in peritoneal dialysis patients. Nephrol Dial Trans-
plant 12: 151-156, 1997

Parker L, Reilly JJ, Slater C, Wells JC, Pitsiladis Y: Validity
of six field and laboratory methods for measurement of
body composition in boys. Obes Res 11: 852-858, 2003
Morgenstern B, Nair KS, Lerner G, Neu A, Quan A,
Warady BA; Pediatric Peritoneal Dialysis Study Consor-
tium: Impact of total body water errors on Kt/V estimates
in children on peritoneal dialysis. Adv Perit Dial 17: 260—
263, 2001

Veldhuis JD, Roemmich JN, Richmond EJ, Rogol AD,
Lovejoy JC, Sheffield-Moore M, Mauras N, Bowers CY:
Endocrine control of body composition in infancy, child-
hood, and puberty. Endocr Rev 26: 114-146, 2005
Johansson AC, Samuelsson O, Attman PO, Bosaeus I,
Haraldsson B: Limitations in anthropometric calculations
of total body water in patients on peritoneal dialysis. ] Am
Soc Nephrol 12: 568-573, 2001

Hume R, Weyers E: Relationship between total body water
and surface area in normal and obese subjects. | Clin Pathol
24: 234-238, 1971

Wang Y, Moss ], Thisted R: Predictors of body surface area.
J Clin Anesth 4: 4-19, 1992

Tzamaloukas AH, Murata GH, Vanderjagt DJ, Glew RH:
Estimates of body water, fat-free mass, and body fat in
patients on peritoneal dialysis by anthropometric formu-
las. Kidney Int 63: 1605-1617, 2003

Tzamaloukas AH, Murata GH: Urea volume estimates in
peritoneal dialysis: Pitfalls and corrections [Editorial]. Int |
Artif Organs 19:321-324, 1996

Tzamaloukas AH: In search of the ideal V [Editorial; com-
ment]. Perit Dial Int 16:345-346, 1996



Errata

Correction
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Red-Stained Area in Serial Biopsies from Area under Concen-
tration-over-Time Curves—Guided Cyclosporine versus Tacroli-
mus-Treated Renal Transplant Recipients at One Year. ] Am Soc
Nephrol 17: 305-312, 2006.

There is an error in the name of one of the article’s authors.
The sixth author of this article is Marian C. Roos-van Gro-
ningen. The authors and publisher regret this error.
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Correction
Caramori et al.: Enhancing the Predictive Value of Urinary

Albumin for Diabetic Nephropathy. | Am Soc Nephrol 17: 339—
352, 2006.

In this article, the authors regretfully report an error in Table
4 (on page 347). The odds ratio (OR) for returning from mac-
roalbuminuria (MA) to normoalbuminuria (NA) should be pre-
sented as 1.48 per % decrease (not increase) in glycated hemo-
globin (HbA,.) during follow-up.
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Correction The authors regretfully report a number of erroneous values
Morgenstern et al.: Anthropometric Prediction of Total Body in the tables that appeared as an Appendix to their article. The

Water in Children Who Are on Pediatric Peritoneal Dialysis. corrected tables are shown here:
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Male TBW nomogram

a Height (cm)

Weight (kg) 50 54 58 62 66 70 74 78 82 86 90 94 98 102 106 110 114

2.8 3.1 3.4 3.6 3.9 4.2 44 47 49
29 3.2 3.5 3.9 4.1 44 4.7 5.0 5.3 5.5 5.8

2

3

4

5 . . . .

6 2.6 29 3.1 34 3.6 3.9 41

7

8

9 4.0 44 4.7 5.0 53 5.6 59 6.2 6.5 6.7

10 4.2 4.6 49 52 5.6 5.9 6.2 6.5 6.8 7.1 7.4 7.7

11 44 4.8 5.1 5.5 5.8 6.2 6.5 6.8 7.1 7.5 7.8 8.1 8.4 8.7
12 45 49 53 5.7 6.0 6.4 6.8 7.1 7.5 7.8 8.1 8.5 8.8 9.1
13 6.3 6.6 7.0 7.4 7.8 8.1 8.5 8.8 9.2 9.5
14 6.5 6.9 7.3 7.7 8.0 8.4 8.8 9.2 9.5 9.9
15 6.7 7.1 7.5 7.9 8.3 8.7 9.1 9.5 9.9 10.2
16 6.8 7.3 7.7 8.1 8.6 9.0 9.4 9.8 10.2 10.6
17 8.4 8.8 9.2 9.7 10.1 10.5 10.9
18 8.6 9.0 9.5 9.9 10.4 10.8 11.2
19 8.8 9.3 9.7 10.2 10.6 11.1 11.5
20 9.0 9.4 9.9 10.4 10.9 11.3 11.8

b Height (cm)

Weight (kg) 106 110 114 118 122 126 130 134 138 142 146 150 154 158 162 166 170 174 178 182 186 190
20 109 113 118 123 127 132 136 140 145 149 153 157
22 114 119 124 128 133 138 143 147 152 157 161 16.6
24 118 123 129 134 139 144 149 154 159 164 168 173 178 183 187
26 122 128 133 139 144 150 155 160 165 170 175 180 185 190 195
28 126 132 138 144 149 155 160 166 171 177 182 187 193 198 203 208 21.3
30 130 13.6 142 148 154 160 166 171 177 183 188 194 199 205 210 216 221
32 133 140 146 152 158 165 171 177 183 188 194 200 206 212 21.7 223 229 234 240
34 136 143 150 156 163 169 175 182 188 194 200 206 212 21.8 224 230 23.6 242 247
36 139 146 153 16.0 167 173 180 187 193 199 206 212 218 224 231 237 243 249 255 261 266
38 142 149 157 164 171 178 184 191 198 204 211 218 224 230 237 243 249 256 262 268 274

40 160 167 174 181 188 195 202 209 21.6 223 230 236 243 249 256 262 269 275 281 288
42 163 170 178 185 192 200 207 214 221 228 235 242 249 255 262 269 275 282 288 295
44 166 173 181 189 196 204 211 218 226 233 240 247 254 261 268 275 282 288 295 302
46 168 176 184 192 200 208 215 223 23.0 238 245 252 260 267 274 281 288 295 302 309
48 171 179 187 195 203 21.1 219 227 235 242 250 257 265 272 279 287 294 301 308 315
50 173 182 190 198 207 215 223 231 239 247 254 262 270 277 285 292 300 307 315 322
52 201 210 218 226 235 243 251 259 267 275 282 290 298 306 313 321 328
54 204 213 221 230 238 247 255 263 271 279 287 295 303 311 319 327 334
56 207 216 225 233 242 250 259 267 276 284 292 300 308 317 324 332 340
58 209 218 228 237 245 254 263 271 280 288 297 305 314 322 330 338 346
60 212 221 231 240 249 258 267 275 284 293 301 310 318 327 335 344 352
62 214 224 233 243 252 261 270 279 288 297 306 315 323 332 340 349 357
64 217 226 236 246 255 264 274 283 292 301 31.0 319 328 337 345 354 363
66 248 258 268 277 286 29.6 305 314 323 332 341 350 359 368
68 251 261 271 280 290 300 309 318 328 337 346 355 364 373
70 254 2064 274 284 293 303 313 322 332 341 351 360 369 378
72 256 206 277 287 297 307 316 326 336 345 355 364 374 383
74 259 269 279 290 300 31.0 320 330 340 349 359 369 378 388
76 261 272 282 293 303 313 323 333 344 353 363 373 383 393
78 263 274 285 295 306 3l.6 327 337 347 357 367 377 387 397

80 265 276 287 298 309 319 330 341 351 361 371 382 392 402
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Female TBW nomogram
a Height (cm)
Weight (kg) 50 54 58 62 66 70 74 78 82 86 90 94 98 102 106 110 114
2 2.0 2.1 2.2 2.4
3 2.4 2.6 2.8 2.9
4 2.8 3.0 3.2 3.4 3.6
5 3.1 3.3 3.5 3.8 4.0
6 3.3 3.6 3.8 4.1 4.3 4.6 4.8
7 3.5 3.8 4.1 4.4 4.8 4.9 52 55 57
8 3.7 4.0 4.3 4.6 4.9 52 55 5.8 6.1 6.4 6.6
9 4.9 52 5.5 5.8 6.1 6.4 6.7 7.0 7.3 7.6
10 5.1 5.4 5.8 6.1 6.4 6.8 7.1 7.4 7.7 8.0 8.3 8.6
11 53 5.6 6.0 6.4 6.7 7.1 74 7.7 8.1 8.4 8.7 9.0 9.3 9.6
12 5.4 5.8 6.2 6.6 7.0 7.3 7.7 8.0 8.4 8.7 9.1 9.4 9.7 10.0
13 7.2 7.6 8.0 8.3 8.7 9.1 9.4 9.8 10.1 10.4
14 7.4 7.8 8.2 8.6 9.0 9.4 9.7 10.1 10.5 10.8
15 7.6 8.0 8.5 8.9 9.3 9.7 10.0 10.4 10.8 112
16 7.8 8.3 8.7 9.1 9.5 9.9 10.3 10.7 11.1 115
17 9.3 9.8 102 10.6 11.0 114 11.8
18 9.6 100 105 10.9 11.3 11.7 12.2
19 9.8 102 10.7 11.1 11.6 12.0 125
20 100 104 109 11.4 11.8 123 12.7
b Height (cm)
Weight (kg) 106 110 114 118 122 126 130 134 138 142 146 150 154 158 162 166 170 174 178 182 186 190
20 118 123 127 132 136 140 145 149 153 157 161 165
22 123 128 133 137 142 147 151 156 160 164 169 173
24 128 133 138 143 148 152 157 162 167 171 176 180 185 189 194
26 132 137 142 148 153 1568 163 168 173 178 183 187 192 197 201
28 136 141 147 152 158 163 168 173 179 184 189 194 199 204 209 213 218
30 139 145 151 157 162 168 173 179 184 189 195 200 205 210 215 220 225
32 143 149 155 161 166 172 178 184 189 195 20.0 206 211 217 222 227 232 237 243
34 146 152 158 164 170 177 182 188 194 200 206 21.1 217 223 228 234 239 244 250
3 148 155 162 168 174 181 187 193 199 205 21.1 217 223 228 234 240 245 251 256 262 267
38 151 158 165 171 178 184 191 197 203 21.0 2l.6 222 228 234 240 246 251 257 263 269 274
40 168 174 181 188 195 201 207 214 220 227 233 239 245 251 257 263 269 275 281 286
42 170 177 184 191 198 205 211 218 225 231 238 244 250 257 263 269 275 281 287 293
44 173 180 187 195 202 209 215 222 229 236 242 249 255 262 268 274 281 287 293 299
46 175 183 19.0 198 205 212 219 226 233 240 247 253 260 267 273 280 286 293 299 305
48 178 185 193 20.0 208 215 223 230 237 244 251 258 265 272 278 285 292 298 305 311
50 180 188 19.6 203 21.1 218 226 233 241 248 255 262 269 276 283 290 297 304 310 317
52 206 214 221 229 237 244 252 259 266 274 281 288 295 302 309 316 322
54 208 216 224 232 240 248 255 263 270 278 285 292 299 307 314 321 328
56 211 219 227 235 243 251 259 266 274 282 289 297 304 311 319 326 333
58 213 221 230 238 246 254 262 270 278 285 293 301 308 316 323 331 338
60 215 224 232 241 249 257 265 273 281 289 297 305 313 320 328 335 343
62 217 226 234 243 252 260 268 277 285 293 301 309 317 324 332 340 3438
64 219 228 237 246 254 263 271 280 288 29.6 304 313 321 329 336 344 352
66 248 257 265 274 283 291 300 308 316 324 332 341 349 357
68 250 259 268 277 286 294 303 311 320 328 336 345 353 361
70 252 261 270 279 288 297 306 315 323 332 340 349 357 365
72 254 264 273 282 291 30.0 309 318 327 335 344 352 361 369
74 256 266 275 284 294 303 312 321 330 339 347 356 365 373
76 258 268 277 287 296 306 315 324 333 342 351 360 368 377
78 260 270 279 289 299 308 317 327 336 345 354 363 372 381
80 262 272 281 291 301 311 320 330 339 348 357 367 376 385




