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INTRODUCTION

I
n clinical and epidemiologic practice, estimated
glomerular filtration rate (eGFR) is most often calcu-

lated using serum creatinine-based equations, such as
the Chronic Kidney Disease-Epidemiology Collabora-
tion (CKD-EPI) equation.1,2 There is considerable global
variability in the accuracy of these equations, which
have largely been developed and validated in high-
income settings. Some of the variability can be
explained by genetic differences in renal function, di-
etary habits, body composition, and age distribution
of the population, among other factors.3 Importantly,
the common practice of including race/ethnicity coeffi-
cients in eGFR equations has finally been questioned
owing to the lack of a biological basis and for obscuring
the social determinants leading to inequity in kidney
health.4

Another potentially important cause of systematic
bias in GFR estimates is the use of body surface area
(BSA) indexing. Because GFR is strongly associated
with metabolic rate and body size, GFR-estimating
equations have most often incorporated BSA adjust-
ments to allow for GFR comparisons between in-
dividuals. This practice began in the field of
comparative animal physiology and was subsequently
adopted into human nephrology, where it allows for
clinicians to meaningfully compare GFR estimates be-
tween males and females and across a range of body
sizes.5 An implicit assumption of this approach is that
BSA indexing largely controls for the association
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between GFR and is linear across a broad range of
metabolic rates and body sizes. Although this is
generally correct, this assumption does not hold true at
the extremes of the weight and height distributions.6

BSA indexing of both creatinine-based and cystatin
c-based equations can underestimate GFR in very obese
individuals and overestimate GFR in individuals with
sarcopenia with chronic illness.6,7

Less well appreciated is how BSA indexing may
affect GFR estimates in low-resource settings, where
endemic undernutrition affects adult body pro-
portions. Guatemala has one of the highest prevalence
of child stunting (low height-for-age) worldwide,
which persists into adulthood as a fixed height deficit.
Indeed, Guatemalan women are among the shortest
adult populations in the world, and a rising prevalence
of obesity leads to the so-called “double burden of
malnutrition” (overweight and short stature). At the
extremes of the anthropometric distribution, some have
advocated for “deindexing” of eGFR by correcting BSA
adjustments for individually calculated BSA.8 In this
brief research report, we assessed the impact of dein-
dexing BSA on eGFR estimates obtained with the CKD-
EPI equation in a population-representative sample
from rural Guatemala.9
RESULTS

Anthropometric and serum creatinine data were
analyzed from a sample of 807 adults living in rural
Guatemala, 793 with creatinine and 785 with
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anthropometric data. Full details of the sample have
previously been published, and additional analysis is
included in the Supplementary Methods.9

We first compared the distribution of height,
weight, body mass index, and BSA data from our
sample as compared with the original CKD-EPI devel-
opment cohort.1 There were marked differences in
baseline anthropometrics. For example, the mean
height from our sample was 150.7 � 8.7 cm, compared
with 170 � 10.0 cm for the CKD-EPI cohort. Similarly,
mean weight was 61.8 � 13.9 kg compared with 82.0 �
20.0 kg, and BSA was 1.57 � 0.19 m2 compared with
1.93 � 0.20 m2. In practical terms, this means that the
BSA of 42% of our sample falls below �2 Z-scores and
80% below �1 Z-scores for the CKD-EPI development
cohort (Figure 1).

We next assessed the impact of deindexing eGFR from
BSA by multiplying the eGFR obtained from CKD-EPI
by the calculated BSA divided by 1.73 m2. Because of
the scarcity of established CKD in our data set, in a first
analysis, we excluded those with eGFR <60 ml/min per
1.73 m2, n ¼ 26, and compared eGFR with deindexed
eGFR. In this analysis, the deindexed eGFR was signif-
icantly lower than the eGFR, except at the highest height
and weight quintiles. These differences were similar
whether using the original CKD-EPI equation or the 2021
revised equation with recalculated coefficients after
removal of the race coefficient. Mean eGFR was higher
using the 2021 CKD-EPI equation (115.1 � 15.6 ml/min
per 1.73 m2 vs. 105.8 � 18.2 ml/min per 1.73 m2). In the
lowest height quintile, the mean difference between
0
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Figure 1. Kernel density estimates for weight, height, body surface area,
compared with the CKD-EPI development cohort. CKD-EPI, chronic kidne
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deindexed eGFR and eGFR was �20.0 (95% CI �21.4
to �18.6) ml/min using the original CKD-EPI equation
and �21.7 (95% CI �23.2 to �20.3) ml/min using the
revised 2021 equation. In the lowest weight quintile, the
mean difference was�24.9 (95% CI�25.9 to�23.8) ml/
min using the original CKD-EPI equation and �26.6
(95% CI �27.7 to �25.5) ml/min using the revised 2021
equation. These findings are represented in Figure 2 for
both the highest and lowest height andweight quintiles,
disaggregated by sex.

Next, we evaluated the impact of deindexing on the
Kidney Disease Improving Global Outcomes kidney
disease risk map including both individuals with and
without established CKD, comparing the percentage of
individuals falling into each risk category
(Supplementary Figure S1).9 For the original CKD-EPI
equation, 3.3% of individuals were classified as stage
G3a or higher and 19.5% as stage G2. After deindexing
for BSA, these proportions increased to 6.6% and
33.5%, respectively (Supplementary Figure 1A). For
the revised 2021 CKD-EPI equation, 2.1% of the in-
dividuals were classified as stage G3a or higher and 7%
as stage G2. After deindexing for BSA, these pro-
portions increased to 3.8% and 19.8%, respectively
(Supplementary Figure 1B).
DISCUSSION

To determine the burden of CKD in low-resource
settings worldwide, accurate GFR estimates are
required. The practice of adjusting GFR estimates for
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Figure 2. Effect of deindexing eGFR estimates obtained using the CKD-EPI equation for body surface area in a population sample from rural
Guatemala. Difference between deindexed eGFR and eGFR are given for the highest and lowest weight and height quintiles disaggregated by
sex for both the original (blue, red) and revised (orange, green) 2021 CKD-EPI equations. CKD-EPI, chronic kidney disease-epidemiology
collaboration; eGFR, estimated glomerular filtration rate.

RESEARCH LETTER
race/ethnicity coefficients is fortunately falling out of
favor, because it may perpetuate racism and lacks a
biological basis. However, multiple genetic and envi-
ronmental factors do play an important role in deter-
mining population-level variation in GFR.

In this analysis, we use data from Guatemala to high-
light the marked anthropometric deviations found in a
low-resource setting from the reference norms used to
validate GFR-estimating equations. Although the impli-
cations of BSA indexing of eGFR in obese and populations
with sarcopenia in high-resource settings is most often
discussed,we are unaware of any similar discussion of the
implications of BSA indexing on constitutionally small
adult populations, where low weight and height may be
primarily driven by a pervasive endemic of chronic fetal
and postnatal undernutrition.

In summary, we find that except at the upper end of
the BSA distribution, deindexing eGFR for BSA produces
GFR estimates that are significantly lower than standard
CKD-EPI estimates for both women and men. In addition,
deindexing results in classifying more individuals as
Kidney Disease Improving Global Outcomes stage G3a or
higher and reclassifies a substantial number of
Kidney International Reports (2022) 7, 1707–1710
individuals from stage G1 to G2. These findings were
observed with both the original and revised 2021 CKD-
EPI equations and suggest that, in constitutionally small
populations, CKD-EPI may systematically overestimate
GFR, leading to underdetection of CKD.

This analysis has several limitations. First, and
most importantly, we do not have measured GFR
values to confirm these findings. Therefore, our
analysis remains exploratory. Second, the proportion
of women in our sample (65%) is significantly higher
than the CKD-EPI development cohort (43%) which
skews the anthropometric distributions presented in
Figure 1. However, the patterns observed for dein-
dexed eGFR are similar when stratified by sex
(Figure 2).

Our findings stress the urgency of obtaining
measured GFR values from diverse global populations,
especially those with chronic undernutrition, which
have to date been under-represented in rigorous
studies of global CKD burden.
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Figure S1. Effect on KDIGO kidney disease risk map of de-

indexing eGFR estimates obtained using the CKD-EPI

equation for body surface area in a population sample

from rural Guatemala. Proportions before and after dein-

dexing are indicated by arrows for both the original CKD-

EPI equation (A) and the revised 2021 equation (B).
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