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and racial origin (β –9.86, p = 0.04).  Conclusions:  Variation in 
body composition between ethnic groups potentially leads 
to over-estimation of delivered dose for some ethnic groups 
and underestimation for others when using anthropometric 
equations. MF-BIA assessments of body water should be 
evaluated as a method for dosing dialysis patients. 

 © 2013 S. Karger AG, Basel 

 Introduction 

 Although there is debate as to the toxicity of urea  [1, 
2] , the first randomized, controlled trial of haemodialysis 
dosing, the National Co-Operative Dialysis Study (NCDS) 
 [3] , defined an ‘adequacy’ threshold based on dialyser 
urea clearance. Whereas endogenous renal function is 
typically corrected for body surface area, urea clearance 
was corrected for body water. Urea clearance is expressed 
as Kt/V, where K is dialyzer urea clearance, t is the dura-
tion of the dialysis session and V is the urea volume of 
distribution. The NCDS study reported that for standard 
thrice-weekly haemodialysis, complication-free survival 
was reduced when the sessional Kt/V was <0.9  [4] . Great-
er patient survival rates were subsequently reported with 
higher doses  [5, 6]  and so by consensus, sessional Kt/V 
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 Abstract 

  Introduction:  Haemodialysis dosing is traditionally based on 
urea clearance (Kt/V). Aiming for the same Kt/V target, some 
racial groups have better survival. We investigated whether 
body composition differs with ethnicity and may lead to dif-
ferences in Kt/V delivered.  Methods:  We compared total 
body water (TBW) measured by multifrequency bioelectrical 
impedance analysis (MF-BIA) that calculated from standard 
anthropometric equations.  Results:  Three hundred and sev-
enty-one adult patients, with a mean age of 58.2 ± 16.6 years, 
60.6% of whom were male, 29.1% diabetic, 38.5% Caucasoid, 
29.4% African/Afro-Caribbean, 24.8% South Asian and 5.4% 
East Asian, were studied. TBW measured by MF-BIA differed 
significantly from that predicted by anthropometric equa-
tions. Body fat of women and diabetics was greater, and 
muscle mass in South Asians was reduced. The difference 
between the TBW MF-BIA measurement and that of the 
equation by Watson et al.  [11]  was associated with % muscle 
mass (β –10.8, p < 0.001), age (β 0.23, p < 0.001), serum albu-
min (β –0.24, p < 0.001), body mass index (β 0.91, p = 0.001) 
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targets were increased to 1.2  [7] . However, the haemodi-
alysis (HEMO) study did not find that increasing Kt/V 
further improved survival  [8] , although secondary analy-
sis suggested that women may benefit from higher Kt/V 
doses  [8] . As men and women typically differ in body 
composition, this led to speculation that dialysis dosing 
using anthropometric equations could lead to under-dos-
ing for small women  [9, 10] . In healthy patients, there is 
a strong correlation between these anthropometric equa-
tions [11, 12] and total body water (TBW) measured by 
bio-impedance techniques  [13] . However, body compo-
sition not only varies between sexes but also with chronic 
disease and other factors  [14–17] . We therefore decided 
to compare TBW estimation by standard anthropometric 
equations and bio-impedance in an ethnically diverse 
haemodialysis population.

  Methods and Patients 

 Three hundred and seventy-one established haemodialysis 
outpatients attending for their mid-week dialysis session were 
audited. Patient ethnicity was taken from NHS records, patients 
were categorized as Caucasoid, South Saharan African or Afro- 
Caribbean, South Asian (India, Bangladesh and Pakistan), or 
Eastern Asian (China, Thailand and the Philippines) or other 
racial groups (typically North African), with cases of mixed racial 
origin being excluded.

  Multifrequency bioelectrical impedance analysis (MF-BIA) 
measurements were made after dialysis (InBody 720 Body Com-
position Analysis, Biospace, Seoul, South Korea)  [18] , using tet-
rapolar 8-point tactile electrodes  [19] . Patients with cardiac pace-
makers, implantable defibrillators, amputees and those unable to 
stand on the bio-impedance device were excluded. All patients 
dialysed using Fresenius F4000H or 5000H dialysis machines (Fre-
senius, Bad Homburg, Germany), polysulfone high flux dialyzers 
(Nipro Corporation, Osaka, Japan)  [20] , with ultrapure quality di-
alysis water and anticoagulated with a low molecular weight hepa-
rin (Tinzaparin, Leo Laboratories, Princes Risborough, UK)  [21] . 
Pre- and post-dialysis dialysis blood samples were measured with 
a standard laboratory auto-analyser (Roche Integra, Roche diag-
nostics, Lewes, UK) and haemoglobin (XE-2100 Sysmex Corpora-
tion, Kobe, Japan).

  Body water was calculated using a series of anthropometric 
equations  [11, 12, 15, 22]  and previous bio-impedance-derived 
equations  [14, 17]  (online suppl. appendix; for all suppl. material, 
see www.karger.com/doi/10.1159/000355009).

  Ethical approval was granted by the local ethical committee as 
part of the UK NHS Audit and Clinical Service Development.

  Statistical Analysis 
 Results are expressed as mean ± standard deviation, or median 

and interquartile range or percentage. Statistical analysis was by 
χ 2  analysis, corrected for small numbers by the Yates correction, 
the Student t test for parametric data and the Mann-Whitney U 
test for nonparametric data, with the Bonferroni correction for 

multiple analyses where appropriate, and by ANOVA with the 
Tukey post hoc correction. Bland-Altman analysis was used to 
compare TBW by different equations and MF-BIA. Simple cor-
relation analysis was performed with the Spearman rank correla-
tion and then multiple linear regression analysis using backward-
step multivariate analysis was used, excluding variables that were 
not significant and did not improve the fit of the model and retain-
ing variables where the 95% confidence intervals for the estimate 
did not include zero or there was an improvement in model fit (as 
demonstrated by the –2 log likelihood), and with nonparametric 
variables log-transformed to allow analysis. Statistical analysis 
used Graph Pad Prism version 6.0 (Graph Pad, San Diego, Calif., 
USA), Analyse-It (Leeds, UK) and SPSS version 17 (University 
Chicago, Ill., USA). Statistical significance was taken at or below 
the 5% level.

  Results 

 We studied 371 adult patients, mean age 58.2 ± 16.6 
years, 60.6% male, 29.1% diabetic and dialysis vintage 51 
(10–82) months. Ethnic distribution was 38.5% Cauca-
soid, 29.4% South Saharan African or Afro-Caribbean, 
24.8% South Asian, 5.4% East Asian and 1.9% other races, 
typically North African. Patient weight pre-dialysis was 
72.3 ± 16.2 kg and height 165.5 ± 10.4 cm, dialysis session 
time 3.9 ± 0.05 h with a urea reduction ratio 73.4 ± 7.1%. 
Pre-dialyis blood results included haemoglobin 114.0 ± 
15.0 g/l, albumin 40.9 ± 3.8 g/l, median C-reactive protein 
4 (2–11) mg/l and glucose 5.9 (4.8–8.4) mmol/l.

  Post-dialysis body mass index (BMI) was 25.8 ± 5.3. 
TBW, measured by MF-BIA post-dialysis was 35.1 ± 7.5 
litres, intracellular water 21.6 ± 4.7 litres and extracellular 
water (ECW) 13.5 ± 2.8 litres. Skeletal muscle mass was 
determined at 26.3 ± 6.2 kg, fat mass 22.9 ± 11.9 kg, giv-
ing a percentage body skeletal muscle content of 37.6 ± 
6.9% and a fat content of 31.4 ± 13%.

  TBW measured by MF-BIA differed significantly from 
that predicted in the equations derived by Watson et al. 
 [11] , Hume and Weyers  [12] , Lee et al.  [14] , Chumlea et 
al.  [15] , Chertow et al.  [17]  and the HEMO study  [22]  
( fig. 1 ). Bland-Altman analysis showed that TBW mea-
sured by MF-BIA was lower than that estimated by these 
equations ( table 1 ).

  As expected, percentage body fat was greater in women 
than in men (36.6 ± 10.5 vs. 28.6 ± 13.6%) and corre-
spondingly, skeletal muscle mass was greater in men than 
in women (39.6 ± 6.6 vs. 34.2 ± 6.0%), p < 0.05 (online 
suppl. table 1). Similarly, percentage body fat was greater 
in diabetic patients compared to non-diabetics (36.1 ± 10.1 
vs. 29.6 ± 13.6%) and correspondingly, skeletal muscle 
mass was greater in non-diabetics than in diabetics (38.9 ± 
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7.0 vs 34.3 ± 5.4%), p < 0.05 (online suppl. table 1). There 
was no difference in the proportion of male and female 
diabetic patients (χ 2  = 0.79, p = 0.41). Compared to the 
other major ethnic groups, those from the South Asian 
subcontinent had a greater percentage of body fat and less 
muscle, despite a similar BMI ( table 2 ). The ratio of ECW/
TBW post-dialysis was significantly lower in the African/
Afro-Caribbean than in both Caucasoids and South 
Asians, 0.38 ± 0.1 versus 0.39 ± 0.1, p < 0.05. There was no 
difference in sex distribution between the ethnic groups 
(χ 2  = 6.15, p = 0.188); however, relatively more South 
Asians were diabetic (40.2%) when compared to the Cau-
casoid (28.7%), African/Afro-Caribbean (24.8%) and East 
Asian (10%) patients (χ 2  = 12.96, p = 0.011). As such, body 

Table 1.  Comparison of TBW in 371 haemodialysis patients measured by anthropometric equations and by standard MF-BIA

Watson et al. [11] Hume and Weyers [12] Chumlea et al. [15] HEMO study [22] Chertow et al. [17] Lee et al. [14]

Correlation 0.12 0.02 0.12 0.44 0.06 0.23
Bias 1.45 2.18 2.66 –4.77 4.74 1.33
95% CL 1.03–1.87 1.78–2.59 2.24–3.09 –5.4 to –4.3 4.34–5.15 0.91–1.74
t Statistic 6.74 10.67 12.36 –21.07 23 6.21
SD 4.13 3.94 4.15 4.35 3.97 4.11
95% LA –6.66 to 9.55 –5.54 to 9.9 –5.47 to 10.8 –13.29 to 3.76 –3.04 to 12.53 –6.7 to 9.38

 Bland-Altman correlation of absolute difference versus average (Correl), bias and 95% confidence limits (95% CL), t statistic, stand-
ard difference (SD) and 95% limits of agreement (95% LA). p < 0.0001.
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  Fig. 1.  TBW calculated by anthropometric equations and mea-
sured by MF-BIA.  *  *  *   p < 0.001 versus MF-BIA. Equations are 
displayed in the supplementary appendix. 

Table 2.  Comparison of TBW measurements (in litres) amongst 
patients from different ethnic backgrounds taken from 
anthropometric equations, MF-BIA and MF-BIA-derived body 
composition

Caucasoid Africana South 
Asian

East 
Asian

Other

Number of 
patients

143 110 92 20 7

BMI 26.3±5.3 25.9±5.6 25.1±4.9 23.7±3.7 25.7±5.6

Watson 
et al. [11] 37.3±6.9 37.3±6.6 32.4±7.2 33.6±8.2 37.3±4.7

Hume and 
Weyers [12] 38.4±6.9 38.1±6.3 35.6±7.7 33.5±7.9# 36.8±4.9

Chumlea 
et al. [15] 38.8±7.4 38.3±7.3 36.4±7.9 34.5±8.4 40.1±7.5

HEMO 
study [22] 30.3±5.8 32.0±5.7 29.1±6.4 27.7±7.1# 30.6±4.0

Chertow 
et al. [17] 40.9±7.7 32.0±5.7 29.1±6.4# 36.0±8.4 39.4±5.3

Lee et al. 
[14] 37.6±7.4* 37.4±6.9 34.7±8.0 32.3±8.3 35.9±5.1

MF-BIS 36.2±7.5* 36.8±7.1 32.4±7.2 32.1±7.8 34.0±3.8

ICW 22.2±4.7* 22.8±4.6* 19.8±4.5 19.9±5.1 21.2±2.4

ECW 14.0±2.8* 14.0±2.6* 12.5±2.8 12.2±2.8 12.8±1.5

% SMM 37.4±6.3 39.0±7.4* 36.0±6.9 39.4±7.1 35.7±5.6

% Fat 31.2±10.6 30.6±17.0 33.4±7.9 25.9±8.1 35.5±9.5

 Values expressed as mean ± SD or percentage. After Bonferroni 
correction for multiple analyses, * p < 0.05 versus South Asian and # p < 0.05 versus African/Afro-Caribbean. SMM = Skeletal muscle 
mass.

a African/Afro-Caribbean.
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composition differed not only between sexes and accord-
ing to diabetic status, but also between ethnic groups.

  South Asians typically had more fat and less muscle 
than the Caucasoid and Afro-Caribbean groups, and so 
had a relatively lower TBW, adjusting single-pool ses-
sional Kt/V for the volume of urea distribution. Delivered 
Kt/V was greater using MF-BIA and the HEMO equation 
compared to the equation by Watson et al.  [11]  and low-
er when TBW was estimated by the equation by Chumlea 
et al.  [15]  ( fig. 2 ).

  To investigate the difference between TBW measured 
by MF-BIA and that calculated by the equation of Watson 
et al.  [11] , the simple Spearman correlation analysis was 
performed and there was an association for age, sex, dia-
betes, weight, height, BMI, urea reduction ratio, post-di-
alysis blood pressure, haemoglobin and both skeletal 
muscle mass and body fat (online suppl. table 2). A mul-
tiple step-wise regression model was then constructed, 
using the factors in  table   3  and other variables with a 
p value of <0.1, including albumin and C-reactive pro-
tein. Variables were then subsequently eliminated, if they 
were not significant or did not improve the model fit. 
Age, pre-dialysis serum albumin, BMI, percentage skel-
etal muscle mass, diabetic status, sex and ethnicity re-
mained significant in the statistical model ( table 3 ).

  Discussion 

 The NCDS study helped define a lower limit for dialy-
sis dosing, based on urea clearance  [3, 4] , but subsequent 
prospective studies failed to show that simply increasing 
dialysis Kt/V improves patient survival  [8] . Previous 
studies from the USA reported greater mortality for Cau-
casoid patients, particularly women, than for African-
Americans  [23] , whereas women in the general popula-
tion outsurvive men. On the other hand, there appears to 
be a survival advantage for the morbidly obese (BMI >35) 
haemodialysis patient whereas in the general population, 
the morbidly obese have increased mortality. Kt/V-based 
dosing for haemodialysis could potentially lead to a 

Table 3.  Multiple linear regression backward-step analysis of factors associated with the percentage difference between TBW measured 
by MF-BIA and by the equation by Watson et al. [11]

Variable F β SE t 95% CL p value

Age, years 172.1 0.226 0.017 13.1 0.19 to 0.26 <0.0001
Albumin, g/l 11.5 –0.238 0.07 –3.39 –0.38 to –0.10 <0.0001
BMI, kg/m2 184.1 0.913 0.067 13.57 0.78 to 1.05 0.001
% SMM 1,531.4 2.40 0.06 39.13 2.28 to 2.52 <0.0001
DM 3.35 –10.79 4.32 –2.50 –19.6 to –2.28 0.068
Race 2.54 –9.86 4.94 –1.99 –19.5 to –0.15 0.04
Sex, male 185.4 10.46 4.43 2.36 1.8 to 19.2 <0.0001
DM + race 1.8 11.51 4.46 2.58 2.74 to 20.28 0.147
DM + sex 5.29 4.85 2.16 2.25 0.61 to 9.09 0.022
Race + sex 5.14 –10.5 4.56 –2.31 –19.4 to –1.57 <0.0001
Race/sex/DM 1.47 –1.8 2.95 0.61 –7.6 to 4.0 0.23

 Final r2 value for model 0.876 (corrected r2 = 0.868). CL = Confidence limits; DM = diabetes mellitus; SE = standard error; SMM = 
skeletal muscle mass.
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  Fig. 2.  Rescaled delivered Kt/V in South Asians, using TBW calcu-
lated by anthropometric equations and that measured by MF-BIA. 
 *  *  *  p < 0.001 versus the equation by Watson et al.  [11] . Equations 
are displayed in the supplementary appendix. 
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shortening of dialysis session times for women but to ex-
tended times for the morbidly obese, potentially impact-
ing on both phosphate and middle molecule clearances 
 [24] , but also on volume control and sodium balance 
 [25] .

  The newer generation of haemodialysis machines is 
equipped with on-line clearance measurements that as-
sess delivered Kt/V. However, the algorithms used by 
these devices typically rely on V which has been derived 
from anthropometric equations. In the UK, the size and 
body composition of the general population has changed 
since records were kept after the Second World War, with 
the general population increasing in both height and 
weight over time. The standard equation for calculating 
TBW used by Watson et al.  [11] , which is recommended 
by many clinical guideline committees, was derived from 
a series of earlier studies of around 700 adults from the 
1950s and 1960s. For the studies where height was not 
available, this was recalculated using body surface equa-
tions derived from reports dating back to around the First 
World War  [26] . Although it is well recognized that mus-
cle and fat mass change with age, it is also clear that body 
composition is affected by obesity  [27]  and other co-mor-
bidities, including diabetes  [28] . In addition, body com-
position differs between ethnic groups  [29] . The esti-
mates of TBW varied with the different anthropometric 
equations, and this probably reflects differences in the 
composition of the original study cohorts, for example, 
the equation by Chumlea et al.  [15]  was derived from a 
Caucasoid population with no ethnic minorities  [15] , and 
it is generally recognized that African-Americans have 
greater bone mineral density and body protein than Cau-
casoids  [30] , in keeping with the lower ECW/TBW mea-
sured with MF-BIA. We measured TBW using MF-BIA 
equipment validated in healthy controls, the obese  [31]  
and dialysis cohorts  [16, 32] . TBW calculated using an-
thropometric equations was generally overestimated 
TBW when measured by MF-BIA, in keeping with an ear-
lier report using single-frequency bio-impedance  [33] . 
The HEMO equation  [22] , which was a modification of 
the equation by Watson et al.  [11] , had the greatest cor-
relation with MF-BIA, but had a significant negative bias. 
Our patient cohort differed from the HEMO study pa-
tients, not only in terms of ethnicity, but also patient size, 
as the HEMO study only recruited patients who could 
achieve a target Kt/V within a relatively short dialysis ses-
sion. As such, the very obese were excluded from the 
HEMO study. The HEMO study equation may have also 
overestimated the effects of changes that occur in the di-
ameter of the dialysis blood lines at high blood-flow rates 

and during shorter high-efficiency dialysis treatments, 
the apparent urea distribution volume may be somewhat 
less than TBW  [34] . In addition, our MF-BIA-measured 
TBW was less than that predicted from two equations de-
rived from previous bio-impedance estimations. Howev-
er, the equation by Chertow et al.  [17]  was based on a 
single-frequency bio-impedance that was measured pre-
dialysis, when patients were volume-overloaded  and 
similarly, the equation by Lee et al.  [14]  used an earlier 
bio-impedance device with a reduced spectral frequency 
range, and the accuracy of bio-impedance for body com-
position measurements increases with the spectrum of 
electrical frequencies used  [35] .

  Patients with chronic kidney disease may suffer from 
protein energy wasting which will alter body composition 
and body water content. As such, when using TBW to 
dose haemodialysis by Kt/V, then overestimation of TBW 
for any given predicted Kt/V will result in an increased 
delivered dose of dialysis whereas underestimation of 
TBW for the predicted same Kt/V will reduce this dose. 
In our study, the average difference between measured 
TBW with MF-BIA and that calculated from the equation 
of Watson et al.  [11]  was greater for men than for women, 
for diabetics compared to non-diabetics, and for South 
Asians compared to African/Afro-Caribbean subjects. 
The greatest differences between measured TBW by MF-
BIA and that estimated by anthropometric equations oc-
curred in patients with similar BMI, but with more fat and 
reduced muscle mass. This may help to explain the appar-
ent paradox of increased survival for the very obese hae-
modialysis patients in North America compared to those 
with a normal BMI  [36] , as the patients have proportion-
ately much more fat and so to achieve an adequate Kt/V 
based on anthropometric equations, they require more 
prolonged dialysis sessions, potentially increasing sodi-
um and middle molecular weight clearances  [37] . On the 
other hand, underdosing of various groups could also oc-
cur, because on multiple regression analysis, the differ-
ence between measured and calculated TBW was affected 
by pre-dialysis serum albumin, BMI and percentage skel-
etal muscle mass as well as diabetic status, sex and ethnic-
ity. The body composition of Caucasoids and African/
Afro-Caribbean subjects was different, particularly for 
women. This may help explain, to some extent, some of 
the differences in mortality previously reported between 
different ethnic groups and sexes  [23] , as female Cauca-
soids are more likely to receive lower dialysis doses than 
Africans/Afro-Caribbean subjects. In addition to ethnic 
differences, we also noted changes with diabetes, again 
leading to increased body fat and loss of muscle mass. 
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This was most apparent in our South Asian population, 
who tended to have a lower muscle mass than Caucasoids 
and Africans/Afro-Caribbean subjects.

  An alternative approach to try and prevent underdos-
ing of haemodialysis patients has been to rescale Kt/V 
according to body surface area  [22] . When the dose of 
dialysis in the HEMO study was normalized to body sur-
face area rather than TBW, then the dose of dialysis de-
livered to women was found to be substantially lower 
than that for men  [22] . As the lowest surface-area-nor-
malized dose was delivered to those women randomized 
to the lower or conventional dose arm, this could pos-
sibly explain the difference in dialysis dose and survival 
in the women reported  [8] . More recently, there have 
been reports of surface-area-based dialysis dosing re-

sulting in mortality rates that are substantially different 
from those with volume-based dosing, again suggesting 
that repetitive underdosing of women due to volume-
based Kt/V prescription leads to increased patient mor-
tality  [37] .

  Our data show that the differences between calculated 
and measured body water are not only related to body 
surface area, but are also affected by body composition. 
As changes in skeletal muscle and fat mass vary with age, 
ethnicity and also diabetes, body composition can be sig-
nificantly different between individuals despite a similar 
BMI or body surface area. Thus, further studies, using 
MF-BIA to measure body composition and TBW are re-
quired to determine how best to prescribe dialysis so that 
all patients indeed receive an adequate dose. 

 References 

  1 Johnson WJ, Hagge WW, Wagoner RD, Di-
napoli RP, Rosevear JW: Effects of urea load-
ing in patients with far-advanced renal fail-
ure. Mayo Clin Proc 1972;   47:   21–29. 

  2 Davenport A, Jones SR, Goel S, Astley JP, Har-
tog M: Differentiation of acute from chronic 
renal impairment by detection of carbamylat-
ed haemoglobin. Lancet 1993;   341:   1614–1617. 

  3 Lowrie EG, Laird NM, Parker TF, Sargent JA: 
Effect of the haemodialysis prescription of 
patient morbidity: report from the National 
Cooperative Dialysis Study. N Engl J Med 
1981;   305:   1176–1181. 

  4 Gotch FA, Sargent JA: A mechanistic analysis 
of the National Cooperative Dialysis Study 
(NCDS). Kidney Int 1985;   28:   526–534. 

  5 Parker TF 3rd, Husni L, Huang W, Lew N, 
Lowrie EG: Survival of haemodialysis patients 
in the United States is improved with a great-
er quantity of dialysis. Am J Kidney Dis 1994;  
 23:   670–680. 

  6 Held PJ, Port FK, Wolfe RA, Stannard DC, 
Carroll CE, Daugirdas JT, Bloembergen WE, 
Greer JW, Hakim RM: The dose of haemodi-
alysis and patient mortality. Kidney Int 1996;  
 50:   550–556. 

  7 Morbidity and mortality of dialysis. NIH 
Consens Statement Online 1993;   11:   1–33. 

  8 Eknoyan G, Beck GJ, Cheung AK, Daugirdas 
JT, Greene T, Kusek JW, Allon M, Bailey J, 
Delmez JA, Depner TA, Dwyer JT, Levey AS, 
Levin NW, Milford E, Ornt DB, Rocco MV, 
Schulman G, Schwab SJ, Teehan BP, Toto R, 
Haemodialysis (HEMO) Study Group: Effect 
of dialysis dose and membrane flux in main-
tenance haemodialysis. N Engl J Med 2002;  
 347:   2010–2019. 

  9 Spalding EM, Chandna SM, Davenport A, 
Farrington K: Kt/V underestimates the hae-
modialysis dose in women and small men. 
Kidney Int 2008;   74:   348–355. 

 10 Davenport A, Farrington K: Dialysis dose in 
acute kidney injury and chronic dialysis. Lan-
cet 2010;   375:   705–706. 

 11 Watson PE, Watson ID, Batt R: Total body 
water volume for adult males and females es-
timated from simple anthropometric mea-
surements. Am J Clin Nutr 1980;   33:   27–39. 

 12 Hume R, Weyers E: Relationship between to-
tal body water and surface area in normal and 
obese subjects. J Clin Pathol 1971;   24:   234–
238. 

 13 Campos AC, Chen M, Meguid MM: Compar-
isons of body composition derived from an-
thropometric and bioelectrical impedance 
methods. J Am Coll Nutr 1989;   8:   484–489. 

 14 Lee SW, Song JH, Kim GA, Lee KJ, Kim M: 
Assessment of total body water from anthro-
pometry based equations using bioelectrical 
impedance as reference in Korean adult con-
trol and haemodialysis subjects. Nephrol Dial 
Transplant 2001;   16:   91–97. 

 15 Chumlea WC, Guo SS, Zeller CM, Reo NV, 
Baumgartner RN, Garry PJ, Wang J, Pierson 
RN Jr, Heymsfield SB, Siervogel RM: Total body 
water reference values and prediction equa-
tions for adults. Kidney Int 2001;   59:   2250–2258. 

 16 Fürstenberg A, Davenport A: Comparison 
of multifrequency bioelectrical impedance 
analysis and dual-energy X-ray absorptiom-
etry assessments in outpatient haemodialy-
sis patients. Am J Kidney Dis 2010;   57:   123–
129. 

 17 Chertow GM, Lazarus JM, Lew NL, Ma L, 
Lowrie EG: Development of a population-
specific regression equation to estimate total 
body water in haemodialysis patients. Kidney 
Int 1977;   51:   1578–1582. 

 18 Booth J, Pinney J, Davenport A. Do changes 
in relative blood volume monitoring correlate 
to haemodialysis-associated hypotension? 
Nephron Clin Pract 2010;   117:c179–c183. 

 19 Papakrivopoulou E, Booth J, Pinney J, Daven-
port A: Comparison of volume status in asymp-
tomatic haemodialysis and peritoneal dialysis 
outpatients. Nephron Extra 2012;   2:   48–54. 

 20 Vernon K, Peasegood J, Riddell A, Davenport 
A: Dialyzers designed to increase internal fil-
tration do not result in significantly increased 
platelet activation and thrombin generation. 
Nephron Clin Pract 2011;   117:c403–c408. 

 21 Davenport A: Low-molecular-weight heparin 
as an alternative anticoagulant to unfraction-
ated heparin for routine outpatient haemodi-
alysis treatments. Nephrology (Carlton) 2009;  
 14:   455–461. 

 22 Daugirdas JT, Greene T, Chertow GM, 
Depner TA: Can rescaling dose of dialysis to 
body surface area in the HEMO study explain 
the different responses to dose in women ver-
sus men? Clin J Am Soc Nephrol 2010;   5:  
 1628–1636. 

 23 Owen WF Jr, Chertow GM, Lazarus JM, Low-
rie EG: Dose of haemodialysis and survival: 
differences by race and sex. JAMA 1998;   280:  
 1764–1768. 

 24 Davenport A, Gardner C, Delaney M: Do 
differences in dialysis prescription impact 
on KDOQI bone mineral targets? The Pan 
Thames Renal Audit. Blood Purif 2010;   30:  
 111–117. 

 25 Davenport A: How best to improve survival in 
haemodialysis patients: solute clearance or vol-
ume control? Kidney Int 2011;   80:   1018–1020. 

 26 Dubois D, Dubois EF: A formula to estimate 
the approximate surface area if the height and 
weight be known. Arch Intern Med 1916;   863:  
 17. 

 27 Strain GW, Wang J, Gagner M, Pomp A, 
Inabnet WB, Heymsfield SB: Bioimpedance for 
severe obesity: comparing research methods for 
total body water and resting energy expenditure. 
Obesity (Silver Spring) 2008;   16:   1953–1196. 



Kumar/Khosravi/Massart/Potluri/
Davenport

Nephron Clin Pract 2013;124:60–66
DOI: 10.1159/000355009

66

 28 Davenport A, Willicombe MK: Does diabetes 
mellitus predispose to increased fluid over-
load in peritoneal dialysis patients? Nephron 
Clin Pract 2010;   114:c60–c66. 

 29 Whincup PH, Nightingale CM, Owen CG, 
Rudnicka AR, Gibb I, McKay CM, Donin AS, 
Sattar N, Alberti KG, Cook DG: Early emer-
gence of ethnic differences in type 2 diabetes 
precursors in the UK: the Child Heart and 
Health Study in England (CHASE Study).  
 PLoS Med 2010;   20:e1000263. 

 30 Wagner DR, Heyward VH: Measures of body 
composition in blacks and whites: a compara-
tive review. Am J Clin Nutr 2000;   71:   1392–1402. 

 31 Sartorio A, Malovolti M, Agosti F, Marinone 
PG, Caiti O, Battistini N, Bedogni G: Body 
water distribution in severe obesity and its as-
sessment from eight polar bioelectrical im-
pedance analysis. Eur J Clin Nutr 2005;   59:  
 155–160. 

 32 Fürstenberg A, Davenport A: Assessment of 
body composition in peritoneal dialysis pa-
tients using bioelectrical impedance and dual-
energy X-ray absorptiometry. Am J Nephrol 
2011;   33:   150–156. 

 33 Basile C, Vernaglione L, Lomonte C, Bellizzi 
V, Libutti P, Teutonico A, Di Iorio B: Com-
parison of alternative methods for scaling di-
alysis dose. Nephrol Dial Transplant 2010;   25:  
 1232–1239. 

 34 Kloppenburg WD, Stegeman CA, de Jong PE, 
Huisman RM: Anthropometry-based equa-
tions overestimate the urea distribution vol-
ume in haemodialysis patients. Kidney Int 
2001;   59:   1165–1174. 

 35 Chamney PW, Wabel P, Moissl UM, Müller 
MJ, Bosy-Westphal A, Korth O, Fuller NJ: A 
whole-body model to distinguish excess fluid 
from the hydration of major body tissues. Am 
J Clin Nutr 2007;   85:   80–89. 

 36 Lowrie EG, Li Z, Ofsthun N, Lazarus JM: 
Body size, dialysis dose and death risk rela-
tionships among hemodialysis patients. Kid-
ney Int 2002;   62:   1891–1897. 

 37 Ramirez SP, Kapke A, Port FK, Wolfe RA, Sa-
ran R, Pearson J, Hirth RA, Messana JM, 
Daugirdas JT: Dialysis dose scaled to body 
surface area and size-adjusted, sex-specific 
patient mortality. Clin J Am Soc Nephrol 
2012;   7:   1977–1987.   


