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Introduction

In this article, we will discuss an important but under-
recognized topic in nephrology. Indeed, indexing glomeru-
lar filtration rate (GFR) for body surface area (BSA) is often
done by habit, because everyone does it and without rais-
ing any questions. Only a scant literature on this topic has
been published in recent decades. Regarding guidelines on
estimating and measuring GFR, only the Australian ones
deeply discuss this topic. However, indexing GFR is not
free from criticisms and may be misleading, especially in
some specific populations. As we have pointed out, index-
ing GFR for BSA has very limited consequences on GFR
results in a ‘normal’ body size population, but its conse-
quences are substantial in other populations such as obese
or anorectic patients [1,2]. In this editorial, we would like
to show the limitations of such an indexation and give some
evidence of its inadequacy.

Indexing GFR for BSA: the genesis

The original article regarding indexation of GFR for BSA
was published in 1928 by McIntosh [3]. This author was also
the first to use the factor 1.73 m?” for that indexation, which
is itself questionable, as it has been elegantly shown by Heaf
[4]. McIntosh compared renal function, as urea clearance,
in 18 adults and 8§ children. Indexing GFR for BSA gave
comparable urea clearance results between children and
adults [3]. In other words, the values for GFR became less
dispersed by the indexation. These data were confirmed
in 1931 by Holten who studied 90 children and adoles-
cents using creatinine clearance [5]. However, decreasing
the dispersion of the data is not a strong argument for BSA
indexing [6]. McIntosh had also built his indexation the-
ory with experience from earlier American physiological
studies [3]. In 1923, Taylor described an ‘approximately’

direct correlation between urea excretion and the weight
of the kidney in 23 rabbits [7]. Parenthetically, ‘approxi-
mate’ correlations would not pass muster today. This author
also described a better correlation between kidney weight
and BSA than between kidney weight and animal’s weight.
Such a conclusion had also been made by Stewart on a
limited number of dogs [8]. We have re-calculated this cor-
relation with data given by Taylor in his original article
and noted that the correlation between BSA and kidney
weight (r = 0.94) was not different from that between kid-
ney weight and body weight (» = 0.96). In 1932, MacKay
illustrated a direct correlation between BSA and kidney
weight and between BSA and urea excretion in humans [9].
From these observations, McIntosh concluded that BSA
was strongly correlated with renal function [3]. However,
this conclusion may be viewed as too optimistic, as BSA
had not been directly compared to GFR, but just to urea ex-
cretion. Holten described a correlation between creatinine
clearance and BSA, but he thought that this relationship
was not direct but linked to the common relation to basal
metabolic rate (BMR). He based this hypothesis on stud-
ies showing that thyroidectomy decreased kidney weight
on one hand and that giving thyroid hormones increased
protein metabolism and kidney weight on the other hand
[5]- This ‘BMR’ hypothesis has recently been reviewed by
Singer [10].

Whatever the equivalences that were used (kidney func-
tion = urea excretion = kidney weight = BSA), this theory
received great success [3]. Once again, the decreased dis-
persion of the data was a ‘proof’ of the performance of
the BSA indexing. Nevertheless, this argument may lead to
some curiosities. Thus, indexing GFR for BSA leads to GFR
values that are comparable between adults and children. In
newborns, GFRs indexed for BSA are classically lower and
several authors argue that it is linked to the time of matura-
tion for the kidneys [11-16]. This concept of kidney matu-
ration is based on GFR measurements because histological
studies on healthy babies have not been done [13]. Never-
theless, the way the GFR is indexed in babies will influence
the time of the maturation. This was shown by Rubin in
1949: GFR values in children are similar to adults’ values at
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Fig. 1. Illustration of mathematical prerequisites for the use of BSA
indexing.

2 years if GFR is indexed for BSA, at 5 months if indexed
for kidney weight, before 6 months if body weight is used
and after several years if BMR or height is used for indexa-
tion. Rubin finally favoured for indexation BSA because ‘it
is most commonly used in the literature’, a disappointing
argument [16]. The argument of ‘decreasing dispersion of
data’ is thus questionable but can also cynically be used
against the indexation. Indeed, indexing GFR for BSA or
height induces differences in GFR normal values between
men and women (logically as men are heavier and higher)
that will fully disappear if absolute GFR is used [17]. It is
also interesting to underline that differences of GFR normal
values are identical in men and women if GFR is indexed
for extracellular volume fluid (ECFV) [18]. Although the
subject is complex, differences of GFR between genders
have been advanced by some authors as an illustration of
the fallacy of the BSA indexation [17,18].

The true ‘mathematical’ evidence that could justify the
use of indexing for BSA is well known and easy to under-
stand [1,17]. Firstly, the relationship between GFR and BSA
must be strong and linear, with a slope not different from 1.
The correlation line must pass through the 0 point, without
an intercept. Secondly, the relationship between GFR and
BSA must totally disappear when GFR is indexed for BSA
(Figure 1). Actually, such prerequisites are not found in the
literature [17,19-23]. Confirmation of these prerequisites
will require the study of a very large sample of ‘nephrolog-
ically’ healthy subjects (including lean and obese), which
would be difficult. We will thus advance indirect evidence.

Indexing GFR for BSA is misleading: reductio ad
absurdum from the study of ‘abnormal body size’
patients

Several theoretical arguments do exist against the use of
BSA indexing. The inadequacy of such use is, however, dif-
ficult to describe in normal body size populations because
in them, indexation has nearly no consequences on GFR

Nephrol Dial Transplant (2009) 24: Editorial Reviews

Table 1. Bias induced by the MDRD study equation in an obese popula-
tion with GFR indexed by BSA or not.

Mean difference
between MDRD and

Mean difference
between MDRD and

indexed GFR absolute GFR
Obesity (n = 81, GFR  +14 £ 18 mL/ —11 4+ 20 mL/min
over 60 mL/min) min/1.73 m?

results [1]. We have thus studied two different abnormal
body size populations, i.e. obese and anorectic patients. We
will use the topic of estimating GFR by creatinine-based
equations (and especially the MDRD study equation) to
illustrate our hypothesis [24,25].

First, GFR and creatinine have been measured in 100
obese patients. Of these 100 patients, only patients with
measured GFR >60 mL/min were considered for analy-
sis (n = 81). Most of these patients were hospitalized for
weight reduction. They were frankly obese as their mean
weight and body mass index (BMI) were 113 + 28 kg
(range: 76-258 kg) and 41 + 9 kg/m?, respectively. The
mean absolute GFR was 101 4= 24 mL/min (measured with
the plasma clearance of Cr-EDTA [26]) although the mean
indexed GFR was 76 &+ 16 mL/min/1.73 m? (mean differ-
ence between absolute and indexed: 25 &+ 14 mL/min). The
mean serum creatinine (measured with an IDMS traceable
method, the compensated Jaffé method from Roche) was
0.80 & 0.23 mg/dL. Estimated GFR with the MDRD study
equation [GFR = 175 x creatinine™""13* x age %203 x
0.742 (if woman)] in this population was 90 £+ 22 mL/
min/1.73 m?. If absolute GFR is used as the reference,
the MDRD study equation underestimates measured GFR
(mean difference: —11 £ 20 mL/min). If the indexed GFR
is used as the reference, the MDRD equation overestimates
measured GFR (mean difference: + 14 £+ 18 mL/min/
1.73 m?) (Table 1). Using indexed GFR as reference, the
MDRD study equation will overestimate GFR results in
our obese population. Although obese, all the patients in-
cluded have a measured GFR >60 mL/min. From several
studies, it can be concluded that the MDRD study equa-
tion systematically underestimates GFR in healthy subjects
(and in subjects with ‘normal’ or ‘near normal’ creatinine
levels) [24,27,28]. There are no good reasons to believe
that this well-established underestimation in low creati-
nine values does not occur in the obese population. In the
same way, there is no reason to believe that the creatinine-
based MDRD equation overestimates measured GFR in this
population, as it is the case when indexed GFR is consid-
ered. GFR underestimation by the MDRD equation is only
found in our obese patients when absolute GFR measure-
ments are used. In other words, if indexed GFR is used, we
have to conclude that the MDRD study equation overesti-
mates GFR in healthy obese subject, which is astonishing.
If absolute GFR is used, our conclusion will be that this
equation underestimates GFR in these subjects, which is
expected. It could be argued that the MDRD study equation
includes BSA indexation and that back-correction is neces-
sary using Dubois’ formula [29]. In the MDRD study, the
mean weight was 79.6 & 16.8 kg [25]. In our former work
[1], we have clearly shown that BSA correction has little
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influence on GFR results in non-obese patients. However,
using this formula, developed and adapted for non obese
patients, re-correcting its results by BSA with obese param-
eters and asserting that the result represents non-corrected
GFR are thus a nonsense.

Another example of BSA inadequacy can be done with
the other ‘extreme population’, i.e. anorectic patients [2].
GFR was systematically measured in 27 patients with
anorexia nervosa. As expected, the population was young
(30 & 13 years old) and very thin (mean weight: 42 +
7 kg, mean BMI: 15 % 2 kg/m?). The mean measured GFR
was 68 + 23 mL/min and the GFR range was large (13—
134 mL/min), if absolute GFR was used. In this population,
the serum creatinine has a very poor sensitivity to detect
GFR < 60 mL/min/1.73 m?. Fifty six percent of sensitiv-
ity means that one anorectic patient out of two will have
kidney disease with serum creatinine in the normal range
[2]. This lack of sensitivity is not surprising because serum
creatinine concentration is largely dependent on muscular
mass, as creatinine is the catabolite of the muscular protein
creatine [30]. Because anorectic patients have a decreased
muscular mass, their serum creatinine will not rise as ex-
pected in renal failure. Now, we are showing our results if
indexed GFR for BSA is used in place of absolute GFR.
In this condition, mean indexed GFR is logically higher
(80 mL/min/1.73 m? versus 68 £ 23 mL/min if abso-
lute GFR). The creatinine sensitivity (determined by ROC
curves) to detect GFR < 60 mL/min/1.73 m? would be also
higher, i.e. 75%. Based on the well-known creatinine sensi-
tivity in the general population, the sensitivity of creatinine
in this anorectic population could be seen as good (or even
better) than of the ‘normal’ body size population [2,31].
This is not possible.

Our last example comes from the recent study of
Moranne ef al. [32]. In their large sample (n = 1038),
the authors have studied the impact of GFR on chronic kid-
ney disease-related complications. Cr-EDTA was used for
measurement of the GFR. Twenty percent of the popula-
tion was obese (BMI >30 kg/m?). We will focus on one
intriguing result. From their multivariate analysis, the au-
thors found that obesity was associated with a lower risk for
anaemia. The physiological basis for such a conclusion is
questionable. Interestingly, if statistics are done with abso-
lute GFR (and not indexed GFR), the relationship between
obesity and risk of anaemia totally disappears (personal
communication). From our point of view, indexing GFR
will artificially decrease GFR in obese patients. So, obe-
sity will be erroneously considered as a protector against
anaemia in kidney disease although these patients have, in
fact, no kidney disease at all.

Which alternative to BSA indexation?

Which alternative could be proposed in place of BSA in-
dexing? If indexation must be used (which remains to be
proved [6,33]), several ways of indexing have been sug-
gested (reminded in [1]). Among these suggestions, height
and ECFV are the most often considered. Regarding height,
studies have shown that corrected GFR for height is identi-
cal in obese and non-obese populations, whereas corrected
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GFR for BSA is inadequately lower in the obese population
[34,35]. However, we have already criticized this kind of
argument (i.e. lowering dispersion of data). As the range
of height in the population is narrower than the range of
weight (giants and dwarfs are less numerous than obese
or anorectic), it is logical that indexing for height will de-
crease dispersion of data in the adult population. However,
it is not sufficient. Indeed, the fundamental prerequisite
(figure 1) has not been studied. Some authors proposed
that GFR must be indexed for ECFV [36-39]. Indeed, it
seems intuitively better to correct GFR for ECFV because
one of the roles of the kidney is to regulate body fluid com-
position. Nevertheless, ECFVs are not so easy to measure.
Indexing GFR for ECFV could only be done when GFR is
measured with urinary clearance [18,40]. Moreover, math-
ematical prerequisites have been poorly studied, too. Peters
et al. argue that using ECFV indexing had excellent re-
producibility on GFR measurement [41], and makes GFR
‘normal’ values identical in male and women [18,37] and in
young infants and adults [38,39]. However, once again, all
these ‘proofs’ are indirect [42]. Even with these limitations
and even if indexing for ECFV is still using a ratio and is
thus ‘mathematically’ questionable [6,33], we agree with
these authors: indexing GFR for ECFV is of interest and
we need additional researches on this topic [1].

Conclusions and perspective

There are several limitations to the use BSA for GFR index-
ation. This indexation could be considered as a myth. In-
deed, it is based on very poor physiological data. Moreover,
we have also shown that this indexation may be misleading.

Applying BSA indexation has a ‘numerical’ effect in the
‘abnormal’ body size population, i.e. patients with extreme
BMI (<18 kg/m? and >30 kg/m?). This effect is probably
largely overestimated. Moreover, the estimation of BSA by
classical equations is neither precise nor accurate, espe-
cially in obese patients [1,4]. So why use it?

For teaching reasons, we have especially insisted on the
effect of BSA indexation on the extreme body size popu-
lation. However, BSA indexation could have consequences
even in non-obese studies. For example, Bosma ef al. have
well illustrated that BMI can be considered as a predictor of
GFR if GFR is indexed for BSA, but not if GFR is indexed
for height [43].

Nowadays, even if other indexations have been pro-
posed [1,18,40], we recommend to use absolute, non-
indexed GFR, especially in ‘abnormal’ body size popu-
lations. Definitive arguments for not using BSA indexation
will come from studies using appropriate statistics [17]
and including a large sample of healthy adults with a large
range of body sizes. For example, the large database of
living kidney donors recently published by Poggio et al.
could certainly be used to study indexation (are the fig-
ure 1 prerequisites met for BSA, or not?) and the effect
of indexation on percentiles of ‘normal’ reference values
[44]. If indexation is not recommended, GFR from children
and adults would not be still comparable. The definition of
‘normal’ GFR values must thus move from simple ‘cut-offs’
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to percentiles, as it has been shown by Piepsz in children
[40] and suggested by others in adults [44,45].

Acknowledgement.

We want to deeply thank Professor Eric Cohen for his

help in the redaction of the manuscript. We also thank Dr Marc Froissart
for his collaboration.

Conflict of interest statement. None declared.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Delanaye P, Radermecker RP, Rorive M et al. Indexing glomerular
filtration rate for body surface area in obese patients is mislead-
ing: concept and example. Nephrol Dial Transplant 2005; 20: 2024—
2028

. Delanaye P, Cavalier E, Radermecker RP et al. Cystatin C or creatinine

for detection of stage 3 chronic kidney disease in anorexia nervosa.
Nephron Clin Pract 2008; 110: c158—163

. McIntosh JF, Méller R, Van Slycke DD Studies on urea excretions:

III. The influence of body size on urea output. J Clin Invest 1928; 6:
467-483

. Heaf JG. The origin of the 1 x 73 m? body surface area normalization:

problems and implications. Clin Physiol Funct Imaging 2007; 27:
135-137

. Holten C. The dependence of the normal kidney function on the size

of the body. Acta Paediatr Stock 1931; 12: 251-267

. Tanner JM. Fallacy of per-weight and per-surface area standards, and

their relation to spurious correlation. J Appl Physiol 1949; 2: 1-15

. Taylor FB, Drury DR, Addis T. The regulation of renal activity. The

relation between the rate of urea excretion and the size of the kidneys.
Am J Physiol 1923; 65: 55-61

. Stewart GN. Possible relations of the weight of the lungs and other

organs to body-weight and surface area (in dogs). Am J Physiol 1921;
58:45-52

. MacKay EM. Kidney weight, body size and renal function. Arch Intern

Med 1932; 50: 590-594

Singer MA. Of mice and men and elephants: metabolic rate sets
glomerular filtration rate. Am J Kidney Dis 2001; 37: 164-178
McCance RA, Young WF. The secretion of urine by newborn infants.
J Physiol 1941; 99: 265-282

Barnett HL, Hare K. Measurement of glomerular filtration rate in
premature infants. J Clin Invest 1948; 27: 691-699

Dean RF, McCance RA. Inulin, diodone, creatinine and urea clear-
ances in newborn infants. J Physiol 1947; 106: 431-439

Gordon HH, Harrison HE, McNamara H. The urea clearance of young
premature and full term infants. J Clin Invest 1942; 21: 499-504
Schoenthal L, Lurie D, Kelly M. Urea clearance in normal and in
dehydrated infants. Renal function in intestinal intoxication. Am J Dis
Child 1933; 45: 41-53

Rubin MI, Bruck E, Rapoport M. Maturation of renal function in
childhood: clearance studies. J Clin Invest 1949; 28: 1144-1162
Turner ST, Reilly SL. Fallacy of indexing renal and systemic hemody-
namic measurements for body surface area. Am J Physiol 1995; 268:
R978-R988

Visser FW, Muntinga JH, Dierckx RA et al. Feasibility and impact
of the measurement of extracellular fluid volume simultaneous with
GFR by 125I-iothalamate. Clin J Am Soc Nephrol 2008; 3: 1308—1315
Morgan DB, Dillon S, Payne RB. The assessment of glomerular func-
tion: creatinine clearance or plasma creatinine? Postgrad Med J 1978;
54:302-310

Nyengaard JR, Bendtsen TF. Glomerular number and size in relation
to age, kidney weight, and body surface in normal man. Anat Rec
1992; 232: 194-201

Watson WS. Body surface area correction in single-sample methods
of glomerular filtration rate estimation. Nucl Med Commun 2000; 21:
121-122

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Nephrol Dial Transplant (2009) 24: Editorial Reviews

Dooley MJ, Poole SG. Poor correlation between body surface area
and glomerular filtration rate. Cancer Chemother Pharmacol 2000;
46: 523-526

Krovetz LJ. The physiologic significance of body surface area.
J Pediatr 1965; 67: 841-862

Delanaye P, Cohen EP. Formula-based estimates of the GFR: equa-
tions variable and uncertain. Nephron Clin Pract 2008; 110: c48—53
Levey AS, Bosch JP, Lewis JB ef al. A more accurate method to
estimate glomerular filtration rate from serum creatinine: a new pre-
diction equation. Modification of Diet in Renal Disease Study Group.
Ann Intern Med 1999; 130: 461-470

Brandstrom E, Grzegorczyk A, Jacobsson L ef al. GFR measurement
with iohexol and 51Cr-EDTA. A comparison of the two favoured GFR
markers in Europe. Nephrol Dial Transplant 1998; 13: 1176-1182
Froissart M, Rossert J, Jacquot C et al. Predictive performance of the
modification of diet in renal disease and Cockcroft—Gault equations
for estimating renal function. J Am Soc Nephrol 2005; 16: 763-773
Delanaye P, Cavalier E, Krzesinski JM et al. Why the MDRD equation
should not be used in patients with normal renal function (and normal
creatinine values)? Clin Nephrol 2006; 66: 147—148

Rigalleau V, Chauveau P, Lasseur C et al. Indexing glomerular fil-
tration rate for body surface area is useful in obese subjects. Nephrol
Dial Transplant 2006; 21: 821-822

Perrone RD, Madias NE, Levey AS. Serum creatinine as an index of
renal function: new insights into old concepts. Clin Chem 1992; 38:
1933-1953

Shemesh O, Golbetz H, Kriss JP et al. Limitations of creatinine as
a filtration marker in glomerulopathic patients. Kidney Int 1985; 28:
830-838

Moranne O, Froissart M, Rossert J et al. Timing of onset of CKD-
related metabolic complications. J Am Soc Nephrol 2009; 20: 164—171
Kronmal RA. Spurious correlation and the fallacy of the ratio standard
revisited. J R Statist Soc A 1993; 156: 379-392

Schmieder RE, Beil AH, Weihprecht H ef al. How should renal hemo-
dynamic data be indexed in obesity? J Am Soc Nephrol 1995; 5:
1709-1713

Anastasio P, Spitali L, Frangiosa A et al. Glomerular filtration rate
in severely overweight normotensive humans. Am J Kidney Dis 2000;
35:1144-1148

White AJ, Strydom WJ. Normalisation of glomerular filtration rate
measurements. Eur J Nucl Med 1991; 18: 385-390

Peters AM. Expressing glomerular filtration rate in terms of extracel-
lular fluid volume. Nephrol Dial Transplant 1992; 7: 205-210

Peters AM, Gordon I, Sixt R. Normalization of glomerular filtration
rate in children: body surface area, body weight or extracellular fluid
volume? J Nucl Med 1994; 35: 438-444

Bird NJ, Henderson BL, Lui D ef al. Indexing glomerular filtration
rate to suit children. J Nucl Med 2003; 44: 1037-1043

Piepsz A, Tondeur M, Ham H. Escaping the correction for body
surface area when calculating glomerular filtration rate in children.
Eur J Nucl Med Mol Imaging 2008; 35: 1669-1672

Bird NJ, Peters C, Michell AR et al. Reproducibilities and responses to
food intake of GFR measured with chromium-51-EDTA and iohexol
simultaneously and independently in normal subjects. Nephrol Dial
Transplant 2008; 23: 1902—1909

Delanaye P, Cavalier E, Froissart M et al. Reproducibility of GFR
measured by chromium-51-EDTA and iohexol. Nephrol Dial Trans-
plant 2008; 23: 4077-4078

Bosma RJ, Van Der Heide JJ, Oosterop EJ ef al. Body mass index
is associated with altered renal hemodynamics in non-obese healthy
subjects. Kidney Int 2004; 65: 259-265

Poggio ED, Rule AD, Tanchanco R ef al. Demographic and clinical
characteristics associated with glomerular filtration rates in living
kidney donors. Kidney Int 2009; 75: 1079-1087

Wetzels JF, Willems HL, den Heijer M. Age- and gender-specific
reference values of estimated glomerular filtration rate in a Caucasian
population: results of the Nijmegen Biomedical Study. Kidney Int
2008; 73: 657-658

Received for publication: 4.5.09; Accepted in revised form: 3.8.09




