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ABSTRACT
Objectives: First objective was to compare eGFR by Updated Schwartz (US) and Simple Height Independent
(SHID) formula with Original Schwartz (OS) in children with Severe Acute Malnutrition (SAM). The second
objective was to compare eGFR in children below and above two years. Methods: This analytic study on
estimation of GFR was based on retrospective data collected from 78 children with SAM at Services hospital
Lahore from October 2017 - March 2018. Glomerular filtration rate was calculated using serum creatinine (S. Cr)
and height in Original Schwartz, US and by age in SHID equation and compared with OS as standard. Data was
analyzed using descriptive statistics. Results: There were 78 children in this study. Males were 39(50%). Mean age
of patients was 18±15.53 months with 62(79.48%) ≤24 months. Mean weight, height and Mid Upper Arm
Circumference was 5.69±2.42kg, 68.52+13.59 cm and 10±1.57 cm respectively. Mean eGFR by OS, US and SHID
formula was 71.45±49.89, 58.06±3.91 and 59.33±3.73ml/min/1.73m2 respectively. There was significant
difference (0.001) in mean eGFR calculated by three different formulae. Majority of children (73%) had subnormal
GFR (<90 ml/min /1.73 m2). There was a significant difference in GFR ≥90ml calculated by US compared to OS
(0.025) and by SHID with OS (0.04) in children below two years and no difference in children above two years.
But there was no difference in other categories of eGFR calculated by either of formula in both age groups.
Conclusion: We found a significant difference in eGFR in ranges above 90 ml/min/1.73 m2 by US compared to
OS as well as by SHID with OS in children below two years and no difference in children above two years. Also,
there was no difference in GFR categories below 90 ml/min /1.73 m2 calculated by either of formula in both age
groups. So, we may conclude that either of formula can be used in clinical practice for eGFR in mild to severe
renal dysfunction in severely malnourished children.
KEYWORDS: eGFR, Updated Schwartz (US), Severe Acute Malnutrition (SAM).
INTRODUCTION
Glomerular filtration rate (GFR) is most important
measure of kidney function. The accurate measurement
of GFR is important in clinical practice in establishing
diagnosis of acute and chronic renal damage, for
adjustment of drug doses, in intensive care settings as
well as in outpatient follow up and in organ
transplantation.[1-3]
Many methods for assessment of accurate GFR are
available but require administration of substances like
inulin,51Cr-EDTA, iohexol or 99mTC-diethylene triamine
penta- acetic acid.[4,5] Gold standard for measurement of
GFR is renal clearance of inulin but this is not commonly
used due to its relative inva-siveness and time
consuming.[1] Other methods use measurement of
endogenous clearance of creatinine (Ccr) or the clearance
of filtration markers like 51Cr-EDTA or iothalamate.[1]
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These drugs are freely fil-tered from glomerulus and are
neither secreted nor absorbed by tubules.[5] These
methods require either accurate and timed urine
collection or injection of radio-labelled compounds with
multiple sampling of blood.[1] But measuring GFR from
these techniques is difficult to perform, time consuming,
invasive and are not available in all health care
facilities.[1,5]
To avoid these problems alternate bedside formulas have
been developed to estimate GFR using serum creatinine
(S. Cr) as a marker of renal function. [1,2,5] For pediatric
population most frequently used is Schwartz formula.[1]
Other formulas are updated Schwartz(US), Simple height
independent(SHID), FM equation, Q age and Q height
equation.[1,5]
Many factors affect the level of S. Cr including
variability of muscle mass, gender, age, diet, amount of
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Cr filtered by glomerulus, tubular secretion and tubular
reabsorption.[1,6,7] This renders a problem in calculating
GFR in children. At birth GFR is low, at 24 hours S. Cr
falls and GFR rises progressively and continues to rise
till the age of 18 months when it is normalized with body
surface area and become independent of age.[7]
Updated Schwartz is derived from the children with GFR
range of 15-75 ml/min/1.73 m2 using Iohexol clearance,
so its application to children with mild renal
insufficiency is also questionable.[5] SHID equation is
adjusted for age so it can be used in children. So, its
clinical application may be useful when height is not
available.[5]
Though, validation of eGFR in pediatric population has
been carried out from India and in adults with chronic
kidney disease (CKD) from Pakistan. [8,9] Yet there is no
data available about eGFR formula in our children with
CKD and severe acute malnutrition (SAM).Keeping in
view, this specialized group of children, we analyzed the
eGFR based on serum creatinine with the aim to provide
local data on use of different formula in children with
SAM. The main objective of our study was to compare
GFR estimated by Updated Schwartz (US) and Simple
Height Independent (SHID) formulas with Original
Schwartz (OS) in children with SAM. The second
objective was to compare eGFR in children below and
above 2 years.
METHODS
This analytic study was carried out on retrospective data
collected from 78 children with SAM in the Services
hospital lahore from October 2017 - March 2018. Ethical
approval was taken from hospital review committee.
Children aged 2-60 months with SAM (either bilateral
pitting edema or weight for height z-score -3), admitted
in NRU during the study period were enrolled. Formal
consent from parents or care givers was taken and
children were excluded if refused or left against medical
advice.

The clinical information including age, gender,
presenting illness, physical findings like weight, height,
edema, mid upper arm circumference (MUAC) and
laboratory data including complete blood count, serum
electrolytes, calcium and phosphorus was obtained from
record. Serum creatinine (S Cr) was measured by Jaffe
reaction and applied in GFR estimation in three formulas
as follows.[10] Original Schwartz (OS): eGFR = k x
height (cm) /S Cr (mg) where k = 0.45 for full term
infants, 0.33 for preterm infants, 0.55 for children above
12 months. Updated Schwartz (US): eGFR = k x height
(cm) / S Cr (mg) where k = 0.413 and Simple height
independent (SHID) equation: eGFR = 107.3 / S Cr /Q
where Q = 0.0270 x age in years +0.2329. Original
Schwartz formula was taken as standard and US and
SHID formulas were compared with OS using student ttest.
Estimated glomerular rate was categorized accord-ing to
severity of renal impairment as recommend-ed by
Kidney Diseases Initiative Global Outcome (KDIGO)
guidelines. According to these guidelines severity is
categorized as ≥ 90 ml/min/1.73 m2, 60-89 ml, 30-59 ml,
15-29 ml and < 15 ml/min /1.73 m2.11 GFR calculated by
US and SHID equation was compared with OS in each
GFR category. We also compared the severity of eGFR
calculated by above formulae in two age groups; ≤2
Years and >2 Years.
Data was entered and analyzed using SPSS version 16.
For categorical variables, frequency and for numerical
variables mean ±SD was calculated. Estimated GFR by
US and SHID equation was compared with OS using
student t-test. P-value < 0.05 was considered as
significant.
RESULTS
There were 78 children in this study. Males were
39(50%). Mean age of patients was 18±15.53 months.
62(79.48%) of children were ≤2 years of age while
16(20.51%) were above two years.

Table-I: Demographic, clinical and laboratory features of children with severe acute malnutrition. Demography
& Anthropometry.
Gender
Age groups
Overall
≤ 2 years
> 2 years
Clinical Presentations
Diarrhea
Pneumonia
Dehydration
Persistent Diarrhea
Edema
Sepsis
Hypothermia
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Female 39 (50%)
Male 39 (50%)
Age (months)
N (%)
mean ± SD
78(100)
18±15.53
62(79.49)
11.35±7.1
16(20.51)
44.25±10.7

Weight(kg)
mean ± SD
5.69±2.42
6.07±9.98
8.58±1.7

Height(cm)
mean ± SD
68.52±13.59
63.67±10.13
87.33±6.73
N (%)
41 (52.6)
28 (35.9)
19 (24.4)
17 (21.8)
14 (17.9)
14 (17.9)
7 (8.9)

*MUAC(cm)
mean ± SD
10±1.57
9.781.57
10.95±1.19
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Others
Laboratory Parameters
Hemoglobin (G/dl)
Urea (mg/dl)
Creatinine (mg/dl)
Na (mEq/L)
K (mEq/L)
HCO -3 (mEq/L)
*MUAC: mid upper arm circumference.
Demographic, clinical and biochemical features (73%)
had subnormal eGFR (< 90 ml/min /1.73 m2). in the
study population are shown in Table-I. Mean
Comparative estimated GFR using different formuweight, height and mid upper arm circumference las
based on severity of renal impairment is shown (MUAC)
was 5.69±2.42 kg, 68.52±13.59cm and in Table-II. This
table shows that mean eGFR by OS, 10±1.57cm
respectively. Most (82.05%) of children US and SHID
formula was 71.45±49.89, 58.06±3.91 were marasmus
whereas, 17.9% had edematous and 59.33±3.73ml/min
/1.73m2 respectively. There malnutrition. was significant
difference (0.001) in mean eGFR cal- Common reasons
for admission of children culated by three different
formulae. with SAM (Table-I) were acute watery
diarrhea On comparison of US with OS, there was a
41(52.6%), anemia 34(43.6%), pneumonia 28(35.9%),
significant difference in GFR ≥90ml (p-value 0.025)
persistent diarrhea 17(21.8%), septicemia 14(17.9%)
whereas there was no difference in other GFR and others
8(10.2%). Fourteen (24.4%) children categories below
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8 (10.3)
(Mean ± SD)
8.66±2.4
29.02±17.37
0.68±0.48
137.05±6.715
3.97±1.16
21.57±7.4

90 ml/min/1.73 m2. were dehydrated and 7(8.9%) were
hypothermic When we compared eGFR by SHID with
OS at the time of admission. Laboratory parameters
equation, there was a significant difference in GFR
(Table-I) shows that mean Hb, urea, Cr, Na+, K+, ≥90
ml (p-value 0.04), while there was no difference and
HCO3- were 8.66±2.4 g/dl, 29.02±17.37 mg/ in other
categories (Table-II). dl, 0.68±0.48 mg/dl, 137.05+6.71
mEq/L, 3.97±1.16 Table-III shows comparison of eGFR
in children mEq/L, 21.57±7.4 mEq/L respectively. aged
≤ 2 years (n=62) and in above two years (n=16). By
Schwartz formula, mean eGFR was 71.45±49.89 In
children ≤ 2 years, there was significant difference
ml/min /1.73 m2 (9.54-261 ml). Majority of children in
eGFR by US with OS (p=0.028) in category of ≥90
ml/min /1.73 m2 but there was no difference in other
GFR categories. While comparing SHID with OS, there
was no significant difference in any of eGFR categories.
In children above two years, there was no significant
difference on comparison of eGFR by US and SHID
formula with OS in any eGFR category.

Table II: Comparative eGFR Categories using different formulas based on Severity of Renal Impairment in
Children with Severe Acute Malnutrition (N=78).
P-value
P-value
OS*
US**
SHID***
US vs OS SHID vs OS
eGFR ml /min/1.73 m2 mean ±SD
71.45±49.89
58.06±3.91 59.33±3.73
0.001
0.001
≥90ml (N, %)
21(26.92)
9(11.54)
10(12.82)
0.025
0.04
60-89 ml
18(23.08)
22(28.21)
23(29.49)
0.58
0.46
30-59 ml
27(34.62)
33(42.31)
33(42.31)
0.41
0.41
15-29 ml
8(10.26)
9(11.54)
9(11.54)
1.00
1.00
<15 ml
4(5.13)
5(6.41)
3(3.85)
0.500
1.00
*OS: Original Schwartz formula, **US: updated Schwartz, ***SHID: Simple height independent.
DISCUSSION
Determination of GFR accurately and its monitoring is
important tool in diagnosing and management of acute
and CKD in early stages to avoid end stage renal
failure.[1-3] Serum creatinine is commonly used
biomarker of renal function in clinical practice. Though,
it is easily measured and available but it levels depends
upon muscle mass which varies greatly with age, height,
protein intake, and nutritional status.[4,7] Schwartz
formula is most commonly used, though many equations
have been developed after Schwartz like US, SHID but
OS is still accepted as reliable for estimating GFR in
various stage of kidney damage.[1,5,7]
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This study is unique since it was conducted in severely
malnourished children below 60 months who were
hospitalized due to one or more than one complications
of SAM like diarrhea and pneumonia. Since, subnormal
GFR was observed in most of study population (73%)
and among children with subnormal GFR, majority
(47.36%) were falling in GFR between 30-59
ml/min/1.73.[2] This could be explained based on various
complications with which majority of children with SAM
were admitted. These findings have been published
recently by us.[12] Significant proportion of children
(79.48%) were ≤ 2 years so this may also be explained
on the maturity of kidney function as we know that GFR
become equal to adult level by the age of 18-24
months.[7]

318

Arooj et al.

World Journal of Pharmaceutical and Medical Research

Table III: Comparison of eGFR in Children less than or 2 years and above 2 years (N=78).
Original Schwartz
formula

Updated
Simple height
P-value
P-value
Schwartz
independent
US** vs OS* SHID*** vs OS
Age ≤ 2yrs(n=62)
GFR Mean ± SD
67.97±48.38
55.56±32.93
57.74±31.92
≥90ml N (%)
15(24.19)
5(8.06)
8(12.9)
0.028
0.165
60-89 ml
14(22.58)
18(29.03)
17(27.42)
0.538
0.678
30-59 ml
22(35.48)
24(87.1)
24(87.1)
0.852
0.852
15-29 ml
7(11.29)
11(17.74)
10(16.13)
0.444
0.601
<15 ml
4(6.45)
4(6.45)
3(4.84)
0.100
0.697
Age >2 yrs(n=16)
GFR Mean ± SD
84.96±54.86
67.77±39.70
65.49±37.14
≥90 ml
6(37.5)
4(25)
2(12.5)
0.445
0.102
60-89 ml
4(25)
4(25)
5(31.25)
>0.999
0.694
30-59 ml
5(31.25)
7(43.75)
8(50)
0.465
0.281
15-29 ml
1(6.25)
0
1(6.25)
0.500
>0.999
<15 ml
0
1(6.25)
0
0.500
--*OS: Original Schwartz formula, **US: updated Schwartz, ***SHID: Simple height independent.
The clinical application of Schwartz formula has been
validated in many studies using either iohexol or
Cystatin-C or inulin based clearance.[6,13-15] Stanely et al.
compared the Schwartz with measured Ccr and found
similar results of GFR estimation and recommended that
Schwartz formula can be used for routine screening
children for CKD.[4]
In present study, our main objective was to compare the
eGFR by US and SHID formula with OS and we found
that there was a significant difference (0.001) in overall
mean eGFR by these formulae as well as in eGFR levels
≥ 90 ml /min/1.73 m2, in all age groups but no difference
in eGFR categories below 90 ml by either formula. This
may suggest that in addition to OS formula the US and
SHID may be considered as useful in estimating GFR in
all cases of mild to severe renal impairment (eGFR< 90
ml/min/1.73 m2).

finding the expected correlation can be explained on the
basis that our children with SAM were admitted with one
or more than one complications which may have affected
the serum creatinine and eGFR.
Hari P et al. has found in regression analysis of local data
that value of K as 0.42 in Indian children where S. Cr
was measured by Jaffe method, same method was used
in the current study.[8] Consistent with our findings of
variation in eGFR above 90 ml/min/1.73 m 2, Bacchatta
et al and Pottel et al have shown that US formula are not
accurate above GFR 90 ml/min/1.73m2.[22,23]
Limitations: We did not compare US and SHID formula
with standard inulin clearance because all children were
admitted due to complications of malnutrition and had
has no primary renal disease.
CONCLUSION

When we compared eGFR in children ≤ 2 years, there
was significant difference in eGFR by US with OS
(p=0.028) in category of ≥90 ml/min /1.73 m2 but there
was no difference in other GFR categories (<
90ml/min/1.73 m2) and no difference with comparison of
other formulas in any GFR category. So, in children ≤ 2
years; all three formulas were comparable in estimating
GFR <90ml categories in our study. Similar variation in
eGFR has been found in other studies. [16-18]
In children above two years, there was no significant
difference on comparison of US and SHID formula with
OS in any eGFR category. So, in children above two
years US and SHID formulas were comparable with OS.

We found a significant difference in eGFR in ranges
above 90 ml/min/1.73 m2 by Updated Schwartz and
Original Schwartz in children below two years compared
to children above two years. However, there was no
difference in GFR categories below 90 ml/min /1.73 m 2
calculated by either of formula in both age groups. So, it
is concluded that either of formula can be used in clinical
practice for eGFR in mild to severe renal dysfunction in
severely malnourished children. However, more
evidence is needed in children with SAM and chronic
kidney disease.
REFERENCES
1.

Though we know that S. Cr is dependent on body mass
and in our study children were severely malnourished
and we expect low S. Cr and thus higher eGFR as shown
by Hari P et al but we could not observe this over
estimation of GFR and majority of children in our study
had eGFR< 90 ml/min/1.73m2.[10,19-21] This failure of

www.wjpmr.com

2.

Schwartz GJ, Work FD. Measurement of estimation
of GFR in children and adolescents. Clin J Am Soc
Nephrol, 2009; 4: 1832-1843.
doi: 10.2215/CJN.01640309.
Siddique K, Leonard D, Borders L, Seikaly MG.
Validation of the CKiD formulae to estimate GFR in
children post renal transplant. Pediatr Nephrol,

319

Arooj et al.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

2014; 29(3): 445-451. doi: 10.1007/s00467-0132660-z.
Filler GM. The challenges of assessing acute kidney
injury in infants. Kidney Int., 2011; 80(6): 567-568.
doi: 10.1038/ ki.2011.172.
Hellerstein S, Berenbom M, Di Maggio S, Erwin P,
Simon S, Wilson N. Comparison of two formulae
for estimation of glomerular filtration rate in
children. Pediatr Nephrol, 2004; 19: 780-784.
doi: 10.1007/s00467-004-1453-9.
Gao A, Cachat F, Faouzi M, Bardy D, Mosig D,
Meyrat BJ, et al. Comparison of the glomerular
filtration rate in children by the new revised
Schwartz formula and a new generalized formula.
Kidney Int., 2013; 83(3): 524-530.
doi: 10.1038/ki.2012.388.
Deng F, Finer G, Haymond S, Brooks E, Longman
CB. Applicability of estimating glomerular filtration
rate equations in pediatric patients: comparison with
a measured glomerular filtration rate by iohexol
clearance. Translational Res., 2015; 165: 437-445.
doi: 10.1016/j.trsl.2014.10.004.
Kher KK, Schnaper HW, Greenbaum LA (editors).
Clinical Pediatric Nephrology 3rd Ed 2017, CRC
Press Ch.4, 45-72.
Hari P, Biswas B, Pandey R, Kalaivani M, Kumar R,
Bagga A. Updated height- and creatinine-based
equation and its validation for estimation of
glomerular filtration rate in children from
developing countries. Clin Exp Nephrol, 2012; 16:
697-705. doi: 10.1007/s10157-012-0618-2.
Sheikh GM, Khan DA, Khan FA, Ali MK.
Validation of Estimated GFR in chronic kidney
disease patients. J Coll Physician Surg Pak., 2012;
(23): 793-797.
Hoste L, Dubourg L, Selistre L, De Souza VC,
Ranchin B, Hadj-Aïssa A, et al. A new equation to
estimate the glomerular filtration rate in children,
adolescents and young adults. Nephrol Dialysis
Transplant, 2013; 29(5): 1082-1091. doi:
10.1093/ndt/gft277.
Cattran DC, Feehally J, Cook HT, Liu ZH, Fervenza
FC, Mezzano SA et al. Kidney disease: Improving
global outcomes (KDIGO) glomerulonephritis work
group. KDIGO clinical practice guideline for
glomerulonephritis. Kidney Int Suppl, 2012; 2(2):
139-274. doi: 10.1038/kisup.2012.9.
Anjum M, Moorani KN, Sameen I, Mustufa MA,
Kulsoom S. Functional and structural abnormalities
of the kidney and urinary tract in severely
malnourished children-A based study. Pak J Med
Sci., 2016; 32(5): 1135-1140.
doi: 10.12669/pjms.325.10457.
Hari P, Ramakrishna L, Gupta R, Kumar R, Bagga
A. Cystatin-C based glomerular filtration rate
estimating equation in early chronic kidney disease.
Indian Pediatr, 2014; 51: 273-277.
doi: imsear.hellis.org/ handle/123456789/170574.
Schwartz GJ, Munos A, Schneider MF, Mak RH,
Kaskel F, Warady BA. New equations to estimate

www.wjpmr.com

World Journal of Pharmaceutical and Medical Research

15.

16.

17.

18.

19.
20.

21.

22.

23.

GFR in children with CKD. J Am Soc Nephrol,
2009; 20(3): 629-637.
doi: 10.1681/ASN.2008030287.
Schwartz GJ, Schneider MF, Maier PS, Moxeymims M, Dharmidharka VR, Warady BA. Improved
equations estimating GFR in children with CKD
using an immunonephelometric determination of
cystatin. Kidney Int., 2012; 82(4): 445-453.
doi: 10.1038/ki.2012.169Get.
Abitbol CL, Seeherunvong W, Galarza MG,
Matsoukis C, Francoeur D, DeFreitas M, et al.
Neonatal kidney size and function in preterm
infants: ¿what is a true estimate of glomerular
filtration rate? J Pediatr, 2014; 164(5): 1026-1031.
doi: 10.1016/j.jpeds.2014.01.044.
Azzi A, Cachat F, Faouzi M, Mosig D, Ramseyer P,
Girardin E, et al. Is there an age cutoff to apply adult
formulas for GFR estimation in children? J Nephrol,
2015; 28(1): 59-66. doi: 10.1007/s40620-014-0148y.
Dart AB, Zappitelli M, Sood MM, Alexander RT,
Arora S, Erickson RL, et al. Variation in estimated
glomerular filtration rate at dialysis initiation in
children. Pediatr Nephrol, 2017; 32(2): 331-340.
doi: 10.1007/s00467-016-3483-5.
Sethi SK. Estimating accurate glomerular filtration
rate in children. Indian Pediatr, 2014; 51: 263-264.
Rule AD, Bailey KR, Lieske JC, Peyser PA, Turner
ST. Estimating the glomerular filtration rate from
serum creatinine is better than from cystatin C for
evaluating risk factors associated with chronic
kidney disease. Kidney Int., 2013; 83(6): 1169-1176.
doi: 10.1038/ki.2013.7.
Hari P, Bagga A, Mahajan P, Lakshmy R. Effects of
malnutrition on serum creatinine and cystatin -C
levels. Pediatr Nephrol, 2007; 22: 1757-1761. doi:
10.1007/s00467-007-0535-x.
Bacchetta J, Cochat P, Rognant N, Ranchin B, HadjAissa A, Dubourg L. Which creatinine and cystatin
C equations can be reliably used in children? Clin J
Am Soc Nephrol, 2011; 6(3): 552-560. doi: 10.2215/
CJN.04180510.
Pottel H, Hoste L, Martens F. A simple heightindependent equation for estimating glomerular
filtration rate in children. Pediatr Nephrol, 2012;
27(6): 973-979. doi: 10.1007/ s00467-011-2081-9.

320

