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Introduction

Chronic kidney disease (CKD) is a growing public health 
problem throughout the world.1 An annual incidence of 
over 2% has been reported for CKD among the Iranian 

population.2 In addition, the prevalence of pediatric CKD is high-
er in Iran, compared to Western countries.3 Estimated glomerular 

adjustment in drug dosage.4
Serum creatinine is the most widely used marker for estimat-

ing GFR,5 which is the best index of renal function.6–8 Estimating 
GFR from serum creatinine has been emphasized by members of 
NKF CKD (National Kidney Foundation chronic kidney disease), 
and their recommended equations are Schwartz and Counahan-
Barratt formulas.9 

Compared to the Jaffe method for serum creatinine measure-
-

atinine values,10–13 enzymatic methods for creatinine measure-

10 and superior, especially in children14,15 
who generally have higher non-creatinine chromogens.16 How-
ever, creatinine measurement with the Jaffe method is still widely 
used15,17 mainly for economical reasons.17 

Renal development could overlay any possible renal damages, 
which complicates the assessment of renal function in children.5 
Inadequate, pediatric reference values could lead to misdiagnosis 

18 Establishing pediatric reference 
values is a challenging task and very limited data are available.14,18 
Factors such as age, gender, dietary patterns, genetics, and ethnic-
ity affect laboratory indices,19 possibly due to variations in muscle 
mass. There is a difference in serum creatinine concentration be-
tween Caucasians, Chinese, Indians and Malays.20 Using normal 
laboratory values of external populations could result in selection 

clinical research. To the best of our knowledge, there is no report 
of pediatric reference values of serum creatinine and eGFR in 
Iran. Hence, the aim of this study was to determine pediatric age- 

eGFR values using data from a population-based study in Iran. 

Materials and Methods

Subjects 
The Tehran Lipid and Glucose Study (TLGS) initiated in 1999 

to determine the prevalence of non-communicable disease risk 
factors.21 -
nique was used in this study to select 15,005 persons aged over 
3 years, from Tehran.22 In the current study, 1594 subjects, aged 
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3 – 18 years, participants of phase 4 TLGS (June 2008 to Sep-
tember 2011), were included. Excluded were those with cancer 
and diarrhea or those using cigarette or any medications including 
steroids, diuretics, betablockers, digitals, calcium channel block-
ers, angiotensin converting enzyme inhibitors, aspirin and other 
anticoagulants, lipid lowering drugs, anti-diabetic drugs, male or 
female hormones, or drugs for thyroid disorders. Moreover, sub-
jects with a history of hospitalization during the past 3 months 

months were also excluded. After application of exclusion crite-
ria, 1502 apparently healthy non-smoker participants (778 boys 
and 724 girls), aged 3 to 18 years, remained for analysis; none of 
the female subjects were pregnant or lactating. The ethics com-
mittee of the Research Institute for Endocrine Sciences approved 
the study; and written informed consent was obtained from both 

obtained from all participants < 15 years.

Anthropometric and clinical assessments
Details of data collection in the TLGS have been previously 

published;22 in brief, weight and height were measured accord-
ing to standard protocols. Body mass index (BMI) was calculated. 
Blood pressure was measured twice after 15 minutes of rest and 
the mean of two measurements was reported. 

Creatinine measurement
Blood samples were obtained in a sitting position after 12 – 

14 hours overnight fasting and centrifuged within 30 to 45 minutes 
of collection; all blood analyses were done in the TLGS research 
laboratory on the day of sample collection. Serum creatinine was 
measured using the photometric Jaffe method (Pars Azmoon Kit, 
Tehran, Iran) in which creatinine reacts with picrate in an alka-
line medium to yield an orange-red color, read at 505 nm. In 47 
samples, creatinine measurement was done with both the Jaffe 
and enzymatic p-aminophenazone (PAP) methods. Comparison 
between the Jaffe and PAP methods for measuring serum creati-
nine concentration showed a good correlation between the two 
methods, with a regression line of: CrPAP(mg/dL) = 1.046 × CrJaffe 
(mg/dL) _ 0.398 (r = 0.979, n = 47, P < 0.001). This equation was 
then used for calculating compensated creatinine values for the 
complete data (Figure 1A). Mean bias between the two methods 

(Figure 1B). Creatinine measurement with the Jaffe method has 
-

mately 20% – 30%, due to non-creatinine chromatogens, mainly 
proteins.10-13 To overcome the problem, a constant value is sub-
tracted from values obtained by the original Jaffe assay and results 
are considered compensated Jaffe values.

Intra-assay CVs were 1.7% and 4.4% for the Jaffe and PAP 
methods respectively (n = 8). Bland-Altman method comparison 
was used for comparing creatinine measurements by these two 
methods.

Serum glucose, total cholesterol (TC), triglycerides (TG), and 
high-density lipoprotein cholesterol (HDL-C) were measured 
using the enzymatic colorimetric method. For glucose measure-
ment, glucose was oxidized to gluconic acid and H2O2 by glu-
cose oxidase. For TC assay, cholesteryl ester was converted to 
cholesterol by cholesteryl ester hydrolase; and cholesterol was 
oxidized by cholesterol oxidase to cholesterol-4-en-3-one and 
H2O2. For TG measurement, glycerol was released from TG by 
lipoprotein lipase, followed by phosphorylation of glycerol to 
glycerol phosphate by glycerokinase; glycerol phosphate oxidase 
converted glycerol phosphate to dihydroxyaceton phosphate and 
H2O2. Measurement of HDL-C was done after precipitation of the 
apolipoprotein B containing lipoproteins with phosphotungstic 
acid and magnesium ions. In all the above-mentioned assays, the 
colorimetric indicator is quinoneimine, which is generated from 
4-aminoantipyrine and phenol by H2O2 and measured at 546 nm. 
Low-density lipoprotein cholesterol (LDL-C) concentrations in 
samples with TG < 400 mg/dL (4.52 mmol/L) were calculated 
with the Friedewald equation:23 LDL-C = TC – HDL-C – TG/5. 
The analyses were performed using commercial kits (Pars 
Azmoon Inc., Tehran, Iran) and a Selectra Pro M auto-analyzer 

for TC and TG, as well as 2.9% for HDL-C.

Calculating eGFR
Equations of Schwartz

 [eGFR (mL/min/1.73 m2) =
K  Height (cm)

Serum creatinine (mg/dL) [ 

Figure 1. A)
analysis yielded a regression line equation of: CrPAP Jaffe P <0.001); B) Bland and Altman analysis of serum cre-
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and Counahan-Barratt

 [eGFR (mL/min/1.73 m2) = 0.43  Height (cm)
Serum creatinine (mg/dL) [

 have been used for calculating eGFR.24,25 In the Schwartz for-
mula, the considered k values were 0.55 for girls and boys < 12 

25 

Outliers’ determination
The Dixon outlier range statistic was used to determine outliers, 

as recommended by Clinical and Laboratory Standards Institute 
(CLSI) for reference values determined by the nonparametric 
procedure.26 In the Dixon test, if the ratio D/R exceeds 1/3, the 
extreme value is considered as an outlier and should be deleted, 
where D is the absolute difference between the most extreme 
value and the next most extreme value and R is the range of the 
values.

Determination of serum creatinine and eGFR reference values
For determining reference values, the CLSI/IFCC guidelines, 

and non-parametric method were used.27,28 The retrospective (pos-
teriori) selection of individuals from a population-based study 
was used as it is considered ideal for the study of exclusion and 
partitioning criteria according to IFCC.29 For the IFCC non-para-
metric method, which is recommended for determining reference 
values,30 values were sorted in ascending order and rank numbers 
were assigned to values. Rank numbers of the 0.025 and 0.975 
fractiles were computed as 0.025 × (N + 1) and 0.975 × (N + 1) 
respectively and considered as reference values. 

Statistical analysis 
For comparing baseline variables between boys and girls, the 

independent sample t-test was used. The pearson correlation coef-

serum creatinine. Differences between serum creatinine con-
centrations in different age groups were compared by one-way 
analysis of variance. The Tukey post-hoc was used for multiple 
comparisons. Two-sided P-values < 0.05 were considered statisti-

creatinine values, linear regression analysis was used with age and 
BMI as independent and serum creatinine as dependent variables. 

these variables and serum creatinine, age and BMI were includ-
ed.5,31,32

obtained equation in data of children with normal creatinine val-
ues in phase 5 TLGS. The software SPSS (SPSS Inc., Chicago, 

IL, USA; Version 15) was used for all statistical analyses except 
for the Bland-Altman method comparison, for which GraphPad 
Prism version 5.00 for Windows (GraphPad Software, San Diego 
California USA) was used.

Results

This study was conducted on 1502 healthy children and adoles-
cents (778 boys and 724 girls), age range 3 to 18 years. As shown 
in Table 1, boys had higher values of systolic blood pressure, dia-
stolic blood pressure, and fasting serum glucose, whereas other 
parameters were comparable between genders. 

-
cantly increased with age and there were positive correlation be-
tween age and serum creatinine in both boys (r = 0.786, n = 778, P 
< 0.001) and girls (r = 0.638, n = 724, P < 0.001). In addition, the 

compared to girls (0.86 ± 0.01 vs. 0.80 ± 0.01 mg/dL, P < 0.001). 
Based on our results, we propose the following formula: se-
rum creatinine (mg/dL) = k × age (year) + 0.5, where k was 
0.03 for boys and 0.02 for girls. Including BMI in the equation, 
following formula has been provided: serum creatinine (mg/
dL) = [k × age (year)] + [0.001 × BMI] + 0.5, where k was 0.03 for 

estimated creatinine in children with normal creatinin levels of 
phase 5 TLGS were 0.76 and 0.64 in boys and girls, respectively. 
The difference between measured and estimated values was 4.7% 
(1.1% in boys and 8.5% in girls). Regarding age groups, serum 

9 – 12, 12 – 15, and 15 – 18 year age groups than corresponding 
age groups in girls (Figure 2).

Reference values for serum creatinine according to age and sex, 
are presented in Tables 2 and 3 for the conventional and compen-
sated Jaffe methods respectively. In both genders, upper limits of 
reference values were increased with age. Overall, 95% reference 
values for serum creatinine concentrations, using the conventional 
Jaffe method, ranged between 0.60 – 1.20 mg/dL and 0.60 – 1.00 mg/dL 
in boys and girls respectively. Because reference values of serum 
creatinine in the 3 – 6 and 6 – 9 year age groups were similar 
in boys and girls, we determined reference values for both boys 
and girls < 10 years, which ranged between 0.50 to 0.90 mg/dL, 
according to the conventional Jaffe method. Reference val-

Boys, (n = 778) Girls, (n = 724) P-valueb

Age (years) 12.1 ± 3.7 12.3 ± 3.7 0.386
Body mass index, kg/m2 20.2 ± 4.9 20.6  ± 6.7 0.177
Systolic blood pressure, mm Hg 102 ± 13 98 ± 12 < 0.001
Diastolic blood pressure, mm Hg 66.0  ± 11.3 64.6 ± 11.1 0.027
Total cholesterol, mg/dL 155.9 ± 29.3 157.2 ± 27.6 0.345
Triglycerides, mg/dL 80.2 (77.8–82.8) 82.5 (90.0-85.1) 0.204
HDL-C, mg/dL 51.3 ±11.4 51.2 ± 11.1 0.778
LDL-C, mg/dL 86.7 ± 25.5 87.9 ± 24.2 0.365
Fasting serum glucose, mg/dL 93.2 ± 7.1 90.8 ± 7.2 < 0.001

 
independent t-test; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.

Table 1. Characteristics of study subjectsa
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method were 0.70 – 1.20 and 0.60 – 1.00 mg/dL, respectively.
Reference values for eGFR are presented in Table 4; the highest 

values were documented among age groups of 12 – 15 and 9 – 12 
years for boys and girls respectively. Overall, their 95% reference 
values for eGFR ranged between 81 – 154 mL/min/1.73 m2 and 
80 – 129 mL/min/1.73 m2.

Discussion

This study presents reference values for serum creatinine con-
centrations and eGFR in apparently healthy Iranian children and 
adolescents from a population-based study; values which could 
be used for accurate interpretation of laboratory results in disease 
diagnosis and treatment.

In the present study, reference values for serum creatinine con-
centration according to the conventional Jaffe method were found 
to be 0.60 – 1.20 mg/dL and 0.60 – 1.00 mg/dL in boys and girls, 

respectively. According to the compensated Jaffe method, these 
values were 0.23 – 0.86 mg/dL and 0.23 – 0.65 mg/dL, respec-
tively. The creatinine assay according to the conventional Jaffe 
method yields higher values due to interference with this assay.18 

chromogens, a constant value is subtracted and the results are con-
sidered as compensated Jaffe values. The constant value which 
ranges between 0.17 and 0.32 mg/dL in adults,33 may be higher 
in children due to higher non-creatinine chromogens;16 this value 
in our study was 0.35 mg/dL. Finney, et al. studying182 children 
and adolescents, aged 1 – 17 years, in the UK have reported se-
rum creatinine reference values of 0.4 – 1.03 mg/dL and 0.37 
– 0.97 mg/dL in boys and girls, respectively.5 Schlebusch, et al. 
studying 257 German children, aged 3 – 15 years, have reported 
reference values for serum creatinine to be 0.31 – 0.87. Accord-
ing to the compensated Jaffe method;17 the corresponding range 
was 0.23 – 0.65 mg/dL in our study. Upper limits of our reference 

Figure 2. A) Correlation between serum creatinine values and age; B) Comparison of serum creatinine concentration according to sex and age. In both 
P P < 0.001) 

Age (years) n 95% Reference intervals Mean  ±  SD Median IQR Min Max

Boys

3–6 47 0.50–0.80 0.63  ±  0.08 0.60 0.60–0.70 0.50 0.80

6–9 125 0.60–0.90 0.73 ± 0.08 0.70 0.70–0.80 0.60 1.00

9–12 185 0.60–1.00 0.78 ± 0.09 0.80 0.70–0.80 0.50 1.20

12–15 195 0.70–1.10 0.87 ± 0.10 0.90 0.80–0.90 0.60 1.20

15–18 226 0.80–1.20 1.00 ± 0.11 1.00 1.00–1.10 0.70 1.30

All 778 0.60–1.20 0.86  ±  0.16 0.80 0.70–1.00 0.50 1.30

Girls

3–6 46 0.50–0.80 0.65 ± 0.08 0.60 0.60–0.70 0.50 0.80

6–9 108 0.60–0.90 0.73 ± 0.08 0.70 0.70–0.80 0.50 0.90

9–12 166 0.60–0.90 0.75 ± 0.08 0.75 0.70–0.80 0.50 0.90

12–15 183 0.60–1.00 0.82 ± 0.10 0.80 0.80–0.90 0.60 1.20

15–18 219 0.70–1.10 0.88 ± 0.09 0.90 0.80–0.90 0.70 1.10

All 724b 0.60–1.00 0.80 ± 0.12 0.80 0.70–0.90 0.40 1.20

a: According to Clinical and Laboratory Standards Institute (CLSI)/ International Federation of Clinical Chemistry (IFCC) criteria, non–parametric method; 
b: Outliers were excluded in each age group separately; therefore the total number is not equal to sum of number of subjects in each group; IQR: interquartile 
range; To convert creatinine values from milligram per deciliter to micromole per liter, multiply by 88.4.

Table 2.
methoda
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values for serum creatinine are almost similar to those recently 
reported by the CALIPER (Canadian Laboratory Initiative in Pe-
diatric Reference Intervals) study for 839 boys (0.39 – 1.10 mg/
dL) and 850 girls (0.39 – 0.88 mg/dL), aged 1 – 18 years.18 

 In line with previous reports,5,17,18,31,34,35 in our study, reference 
values for serum creatinine, in particular the upper limits, which 
are medically more important than the lower ones,36 increased 
with age. It has been reported that the largest creatinine increase 
occurs between 9 – 17 years of age with the onset of the puberty.5 

Our results indicated that, compared to girls, boys had higher 
-

ment with results of the CALIPER study18 and other reports,31 but 
contradictory to others that have reported no sex differences for 
serum creatinine values in pediatrics.5,17,35 Endogenous creatinine 
production and serum creatinine values are proportional to muscle 
mass,5,31,32 which could explain the increase in serum creatinine 
with age and higher values in males. 

In our study, according to the Schwartz equation, refer-

Age (years) n 95% Reference intervals Mean  ±  SD Median IQR Min Max

Boys

3–6 47 0.13–0.44 0.26 ± 0.08 0.23 0.23–0.33 0.13 0.44

6–9 125 0.23–0.54 0.37 ± 0.08 0.33 0.33–0.44 0.23 0.65

9–12 185 0.23–0.65 0.42 ± 0.10 0.44 0.33–0.44 0.13 0.86

12–15 195 0.33–0.75 0.51 ± 0.11 0.54 0.44–0.54 0.23 0.86

15–18 226 0.44–0.86 0.67 ± 0.12 0.65 0.65–0.75 0.33 0.96

All 778 0.23–0.86 0.50 ± 0.16 0.44 0.33–0.65 0.13 0.96

Girls

3–6 46 0.13–0.44 0.28 ± 0.08 0.23 0.23–0.33 0.13 0.44

6–9 108 0.23–0.54 0.36 ± 0.08 0.33 0.33–0.44 0.13 0.54

9–12 166 0.23–0.54 0.38 ± 0.09 0.39 0.33–0.44 0.13 0.54

12–15 183 0.23–0.65 0.46 ± 0.11 0.44 0.44–0.54 0.23 0.86

15–18 219 0.33–0.75 0.52 ± 0.09 0.54 0.44–0.54 0.33 0.75

All 724b 0.23–0.65 0.44 ± 0.12 0.44 0.33–0.54 0.02 0.86

a: According to Clinical and Laboratory Standards Institute (CLSI)/ International Federation of Clinical Chemistry (IFCC) criteria, non–parametric method; 
b: Outliers were excluded in each age group separately; therefore the total number is not equal to sum of number of subjects in each group; To convert 
creatinine values from milligram per deciliter to micromole per liter, multiply by 88.4; IQR: interquartile range.

Table 3.
methoda

Shwartz equation Counahan–Barrattequation

Age 
(years) n 95% Reference 

intervals Mean  ±  SD Median IQR Min Max 95% Reference 
intervals

Mean  ±  
SD Median IQR Min Max

Boys

3–6 44 73–121 94  ±  12 94 86–103 72 122 57–95 73 ± 9 73 68–81 56 96

6–9 124 76–122 95  ±  10 95 88–100 73 129 59–95 74  ±  8 74 69–79 57 101

9–12 181 81–137 100  ±  13 99 91–108 59 150 63–107 78  ±  10 77 71–85 46 117

12–15 192 108–164 131  ±  15 129 120–140 97 171 66–101 81  ±  9 79 74–86 60 105

15–18 221 98–142 121  ±  13 119 112–130 92 179 60–92 74  ±  8 73 69–80 57 110

All 762 81–154 113 ± 19 112 97–126 59 179 61–99 77 ± 9 76 70–82 46 117

Girls

3–6 45 67–124 93  ±  13 92 81–103 66 125 53–97 73  ±  10 72 64–81 52 98

6–9 107 79–117 96  ±  11 95 87–103 75 128 62–91 75  ±  8 74 68–80 59 100

9–12 164 86–134 106  ±  13 105 96–114 79 158 67–105 83  ±  10 82 75–89 62 124

12–15 182 85–130 106  ±  12 106 97–114 73 147 66–102 83  ±  10 83 76–89 57 115

15–18 217 81–125 100  ±  10 99 93–108 77 131 63–97 79  ±  8 77 73–84 60 103

All 717b 80–129 102  ±  13 101 93–110 66 158 62–101 80  ±  10 79 73–86 52 124

a: According to Clinical and Laboratory Standards Institute (CLSI)/ International Federation of Clinical Chemistry (IFCC) criteria, non–parametric method; b: 
Outliers were excluded in each age group separately; therefore the total number is not equal to sum of number of subjects in each group; IQR: interquartile range; 
To convert creatinine values from milligram per deciliter to micromole per liter, multiply by 88.4.

Table 4. 2) in healthy children according to age and sexa
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ence values for eGFR were 81 – 154 mL/min/1.73 m2 and 
80 – 129 mL/min/1.73 m2 in boys and girls, respectively. Normal 
GFR in children and adolescents has been reported to be 
79 – 187 mL/min/1.73 m2 in 2 – 12 year old males and females, 
and 80 – 200 mL/min/1.73 m2 and 82 – 170 mL/min/1.73 m2 in 
13 – 21 year old males and females, respectively.37 In addition, 
it has been reported that the correct interpretation of GFR values 
in children and adolescents require awareness that normal GFR 
values vary according to age, gender, and body size.37

As a rule of thumb, we proposed a regression equation to esti-
mate serum creatinine in Iranian children. Initially, BMI was also 
included in the regression analysis due to the reported relationship 
between body mass and serum creatinine levels,5,31,32 but since the 

-
ber equation. When we applied this equation on creatinine data of 
children of the same age in phase 5 TLGS, only 4.7% difference 
was observed between estimated and measured values. Hence, 
this equation is applicable for simply screening renal function in 
Iranian children.

as the intervals between and including two numbers, the lower 

95%, of a healthy reference population;38 they differ from cut-
offs, which may be lower than the upper limit of reference val-
ues39,40 and should not be confused for the upper reference lim-
its.41

as values above or below those are considered diagnostic for a 
-

cal outcomes.42

a disease.42

Strengths of this study include the large sample size that permits 
a more accurate estimate of reference values. In addition, our sam-
ples were obtained from a population-based study which could 
provide the best reference values for use in preventive medicine.43 
Finally, this study reports reference values for eGFR alongside 
creatinine which has been reported to provide a useful tool for 
clinicians in the detection and management of CKD.44 

factor used in this study for the compensated Jaffe method may 
produce overcorrection and underestimation of creatinine values45 
and does not take into account the normal variation in serum ma-
trix components.15 In addition, there is a high variation of proteins 
as the major part of pseudocreatinines in children.46 Second, we 
used the Schwartz25 and Counahan-Barratt24 formulas for estimat-
ing GFR as recommended by NKF CKD.9 The gold standard of 
measuring GFR is however insulin clearance, using an inulin-type 

procedure in children; some equations have been suggested for 
estimating GFR in clinical medicine.47–49 The Schwartz and Cou-
nahan-Barratt formulas have been shown to have the best perfor-

2.50 In addition, at higher 
GFR values, the error of eGFR calculations increases and un-
derestimates the results.48 It has been reported that for GFR < 60 
mL/minute/1.73 m2, Counahan-Barratt equation outperforms the 
Schwartz one.50

In conclusion, this study demonstrates pediatric reference values 
for serum creatinine levels to be 0.6 – 1.20 mg/dL and 0.6 – 1.00 mg/dL 

and for eGFR values to be 81 – 154 mL/min/1.73 m2 and 80 – 129 
mL/min/1.73 m2 in Iranian boys and girls respectively. It can be 
said that for Iranian children   aged 3 – 18 years, serum creati-
nine (mg/dL) = k × age (year) + 0.5, where k = 0.03 for boys and 

therapeutic purposes.
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