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Abstract: This population-based prospective study was undertaken in Mahatma Gandhi 

Medical College to estimate the renal function in young healthy Indian adults. A young healthy 

heterogeneous Indian cohort comprising 978 individuals, predominantly medical students, was 

assessed by a detailed questionnaire, and variables such as height, weight, body mass index 

(BMI), birth weight, and blood pressure were documented. Laboratory investigations included 

serum creatinine, serum cystatin C, blood sugar, urine protein, and imaging of the kidneys with 

ultrasound. The mean age of the cohort was 25±6 years, comprising 672 males and 306 females. 

The estimated glomerular filtration rates (eGFRs) by the Cockcroft–Gault formula for BMI 

<18.5 kg/m2, 18.5–24.99 kg/m2, 25–29.99 kg/m2, and ≥30 kg/m2 were 71.29±10.45 mL/min, 

86.38±13.46 mL/min, 98.88±15.29 mL/min, and 109.13±21.57 mL/min, respectively; the eGFRs 

using cystatin C for the four groups of BMI were 84.53±18.14 mL/min, 84.01±40.11 mL/min, 

79.18±13.46 mL/min, and 77.30±10.90 mL/min, respectively. This study attempts to establish 

a normal range of serum creatinine and cystatin C values for the Indian population and shows 

that in young healthy Indian adults, eGFR and kidney volume vary by BMI and sex.

Keywords: eGFR, birth weight, renal volume

Introduction
Genetic diversity and prenatal factors may have an impact on renal volume, number of 

glomeruli, and renal function. Previous publications have linked low birth weight and 

high risk of albuminuria, hypertension (HTN), salt sensitivity, and diabetes mellitus 

(DM).1,2 Brenner et al3 postulated and confirmed later by observing the relationship 

between low number of nephrons and HTN.4,5 The differences in lifestyle, dietary 

influences, and epigenetic mechanisms may account for the differences in body size 

and body weight changes with time, which correspond to changes in renal volume and 

renal function. Several studies have shown age-associated nephron loss.6,7 Increased 

kidney volume in healthy young adults is associated with higher body surface area 

(BSA). There are limited data on the kidney to body mass index (BMI) ratio in the 

young Indian adult population. Others have postulated that healthy adult Indians have 

lower glomerular filtration rate (GFR) in comparison to other ethnic groups.8 There 

were two previous studies looking at the normal range of GFR in adult Indian poten-

tial kidney donors who were of mean ages 35.16 years and 44.7 years, respectively.9
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Studies have suggested no apparent tubular secretion of 

cystatin C although some have found tubular secretion in a 

defined group of hypertensive subjects.10 Thus, estimation 

of cystatin C is a robust marker and reflects GFR more 

accurately than serum creatinine.11 Therefore, cystatin C 

measurement significantly improves clinical decision making 

to justify its cost for detection of early renal impairment and 

prediction of long-term outcome.12 With that being said, equa-

tions based on serum creatinine that take into account age, 

sex, and race have been developed to improve its accuracy 

in the prediction of GFR.13

The reciprocal of cystatin C levels has been found to cor-

relate well with measured GFR, and many equations based on 

cystatin C in specific populations have also been developed. 

Comparison of cystatin C-based equations with creatinine-

based equations such as Schwartz, Modification of Diet in 

Renal Disease (MDRD), and Cockcroft–Gault (CG) formula 

has been rigorously assessed. Many found cystatin C-based 

equations to be superior to creatinine-based estimated GFR.11

Urinary clearance is cumbersome to measure in clinical 

practice and is often inaccurate because of incomplete urine 

collection. Hence, we used serum creatinine level and serum 

cystatin C levels to estimate GFR in our cohort.14

In addition to the GFR, the serum creatinine level depends 

on creatinine generation from muscle, extrarenal elimination, 

and tubular secretion. Using serum creatinine alone to esti-

mate GFR is unsatisfactory and leads to delays in diagnosis 

and treatment of chronic kidney disease. For this reason, we 

also applied concurrent cystatin C measurements to estimate 

the GFR in our young healthy population.15,16 This population-

based prospective study was undertaken in a medical college 

and hospital setting to estimate the renal function in young 

healthy Indian adults.

Materials and methods
We selected a young adult population (n=978) who came 

from different states, and hence, the cohort represented a 

diverse Indian population.

After obtaining approval from the institutional eth-

ics committee at Mahatma Gandhi Medical College and 

Research Institute and written informed consent, health 

science students between the ages of 20 years and 35 years 

were recruited for a renal function assessment at Mahatma 

Gandhi Medical College & Research Institute, Puducherry, 

India, between June 2009 and December 2009.

The subjects were assessed by a detailed questionnaire 

that included demographic characteristics such as age, sex, 

height, weight, BMI, birth weight, and blood pressure. 

Laboratory investigations were conducted for serum samples 

of creatinine, cystatin C, fasting blood sugar, urine protein, 

and imaging of the kidneys with ultrasound.

The exclusion criteria from entering the study were pres-

ence of DM, presence of HTN (>140/90 mmHg), a family 

history of HTN, presence of chronic kidney disease, smoking, 

presence of proteinuria >1+, and subjects under medication 

and any concurrent medical illness. Out of the 1,000 subjects 

enrolled in the study, 32 were excluded.

BMI and BSA were calculated using the given data. Fast-

ing blood sugar was measured by glucose oxidase–peroxidase 

method and serum creatinine by Jaffe’s Kinetic test.17 Cystatin 

C kits were exclusively purchased from abroad and after 

several standardization runs were used for the study. Roche 

Diagnostics’ Hitachi 902 machine was used for estimating 

serum creatinine and cystatin C using a latex-enhanced 

immunoturbidimetric assay. Urine protein was assessed by 

dipstick method. Estimated GFR (eGFR) was calculated from 

serum creatinine by CG formula and from serum cystatin C 

using Hoek’s formula GFR =-4.32+(80.35/Cystatin C) × 

BSA. The individuals were subjected to ultrasonography to 

calculate their renal volume. Ultrasonography was done by 

trained professionals who were blinded to the serum creati-

nine and cystatin C values. The dimensions of both the left 

and right kidneys were measured separately, and the volume 

was calculated on the ultrasonogram machine. The volume 

was calculated by the same group of trained doctors over the 

study period, and no new people were involved. The machine 

error was very low, and the operator error was ±5 mL.

The cohort was divided into four groups according to 

their BMI based on the WHO international classification, 

<18.5  kg/m2 (underweight), 18.5–24.99  kg/m2 (normal), 

25–29.99 kg/m2 (overweight), and  ≥30 kg/m2 (obese), and 

the groups were further subdivided by sex.

Serum creatinine, serum cystatin C, estimated creatinine 

clearance (CG formula), eGFR based on MDRD, cystatin 

C-based eGFR, and kidney volume were correlated with 

the  four different groups of BMI as well as were based 

on sex.

The data were analyzed using SPSS . Student’s t-test, chi-

square test, and one-way analysis of variance with post hoc 

Tukey’s test were used with a P-value <0.05 to be considered 

as statistically significant. The data were represented as mean 

± standard deviation.

Results
After applying our exclusion criteria, there were 978 healthy 

young adults who formed the study group. They included 
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672 males and 306 females with a mean age of 25±6 years 

and a mean BMI of 22.3±2.5 kg/m2.

Baseline demographics are shown in Table 1.

Based on BMI, sex, and both, renal parameters such as 

serum creatinine, cystatin C, creatinine clearance using CG 

formula, eGFR from MDRD, and eGFR from cystatin C were 

compared and are shown in Tables 2–4.

Table 1 Baseline demographics of our patient population

Demographic Mean ± SD

Age 25±6
Random blood sugar 91±40
BMI 22.3±2.5
Systolic blood pressure 114±9
Diastolic blood pressure 72±6
Birth weight 2.6±0.4

Abbreviations: SD, standard deviation; BMI, body mass index.

Table 2 Serum creatinine, cystatin C, and estimated creatinine clearance according to BMI

BMI (kg/m2) n (%) Creatinine  
(mg/dL)

Cystatin C  
(mg/dL)

eGFR CG CrCL  
(mL/min)

eGFR MDRD  
(mL/min)

eGFR (cystatin C 
based; mL/min)

<18.5 168 (17) 1.03±0.12 0.94±0.17* 71.29±10.45* 76.70±19.74 84.53±18.14
18.5–24.99 557 (57) 1.04±0.13 0.95±0.16 86.38±13.46* 76.44±11.54 84.01±40.11
25–29.99 202 (21) 1.06±0.12 0.99±0.16* 98.88±15.29* 76.87±12.57 79.18±13.46
≥30 51 (5) 1.05±0.13 1±0.13 109.13±21.57* 75.55±11.88 77.30±10.90
Total 978 (100) 1.05±0.13 0.96±0.16 87.56±17.05 76.53±11.63 82.75±31.95

Note: *P-value <0.05 via post hoc Tukey’s test between the subgroups in a column.
Abbreviations: BMI, body mass index; n, number of patients; eGFR, estimated glomerular filtration rate; CG CrCL, Cockcroft and Gault-based creatinine clearance; min, 
minute; MDRD, Modification of Diet in Renal Disease.

Table 3 Serum creatinine, cystatin C, and estimated creatinine clearance according to sex

Sex n (%) Creatinine  
(mg/dL)

Cystatin C  
(mg/dL)

eGFR CG CrCL  
(mL/min)

eGFR MDRD  
(mL/min)

eGFR (cystatin C 
based; mL/min)

Female 672 (68.7) 1.01±0.11* 0.94±.016* 87.38±17.09 73.81±13.40* 84.75±31.81*
Male 306 (31.2) 1.12±0.10* 1.01±0.15* 88.14±16.88 76.8±11.46* 78.7±30.21*
Total 978 (100) 1.05±0.13 0.96±0.16 87.62±17.02 74.77±12.8 82.8±31.4

Note: *P-value <0.05 via post hoc Tukey’s test between the subgroups in a column.
Abbreviations: n, number of patients; eGFR, estimated glomerular filtration rate; CG CrCL, Cockcroft and Gault-based creatinine clearance; min, minute; MDRD, 
Modification of Diet in Renal Disease.

Table 4 Serum creatinine, cystatin C, and estimated creatinine clearance according to BMI and sex

Sex BMI (kg/m2) n Creatinine  
(mg/dL)

Cystatin C  
(mg/dL)

eGFR eGFR MDRD  
(mL/min)

eGFR (cystatin C 
based; mL/min)

Female <18.5 136 1.01±0.10 0.92±0.17 72.02±10.56 70.13±9.24 113.03±23.20
18.5–24.99 388 1.01±0.12 0.93±0.16 87.11±13.74 69.06±10.27 112.54±49.15
25–29.99 112 1.02±0.11 0.98±0.14 100.13±15.63 89.38±12.01 104.03±16.18
≥30 36 1.01±0.10 0.98±0.12 108.56±21.27 91.63±10.00 104.14±12.98

Male <18.5 32 1.13±0.11 1.02±0.15 68.52±9.53 59.79±6.92 100.15±15.95
18.5–24.99 169 1.13±0.10 1.00±0.15 84.79±12.89 78.49±9.29 104.60±48.64
25–29.99 90 1.11±0.12 0.99±0.17 97.49±14.80 79.55±10.85 103.42±17.52
≥30 15 1.14±0.15 1.07±0.14 110.50±22.96 78.49±15.02 95.42±13.39

Abbreviations: BMI, body mass index; n, number of patients; eGFR, estimated glomerular filtration rate; MDRD, Modification of Diet in Renal Disease; min, minute.

Ultrasound-based renal volume according to sex and BMI 

is presented in Table 5.

The creatinine-based eGFR was statistically significantly 

different based on different BMI groups (P<0.01), but was 

not statistically significantly different based on cystatin C, 

except in 34% of the study cohort.

Overall, serum creatinine and serum cystatin C were 

significantly different (P-value <0.05) based on sex as shown 

in Table 3.

Discussion
Our study is unique in several aspects. The Barai and Mahajan 

study was done on healthy kidney donors with a mean age 

of 35.16 years and 44.7 years.9 This study is unique because 

renal function and kidney biomarkers such as serum creati-

nine and cystatin C were established in healthy young adults 
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(25±6 years). Hence, the effect of aging on the attrition of 

nephrons is negligible in our study. Furthermore, by exclud-

ing people with overt renal disease, DM, HTN, family history 

of DM, HTN, and previous significant illness and those on 

concurrent medications, there is very little chance of error in 

our establishment of normal GFR in a young heterogeneous 

Indian population.

Estimates of glomerular numbers in Europeans, 

Scandinavians, Australians, Americans, African Americans, 

and Australian Aboriginals demonstrated an average of 

~900,000 glomeruli and a less than eightfold range with esti-

mates ranging from just >200,000 to nearly 2 million glom-

eruli per kidney with differences in kidney volume.4,7,18,19 

In our cohort, the eGFR was 87.56±17.05  mL/min by 

creatinine clearance estimation using CG formula and 

82.75±31.95 mL/min by cystatin C eGFR estimation. The 

creatinine-based eGFR was statistically significantly dif-

ferent based on different BMI groups (P<0.01), but was 

not statistically significantly different based on cystatin C, 

except in 34% of the study cohort.

In another multicultural study, kidney weight correlated 

with BSA at all ages, varying 3.4-fold among adults, while 

kidney weight per meter square varied 3.7-fold. The per-

centage of sclerosed glomeruli varied from 0% to 23% and 

correlated strongly with age. Females had smaller kidneys 

than males and, marginally, fewer glomeruli. There were no 

significant variations by ethnic group.17

A postmortem study on glomerular volume, although 

in a small cohort, has shown that BMI has a direct corre-

lation with glomerular function and hence kidney size in 

Africans, African Americans, Australian Aboriginals, and 

Australians.17,20 In our study, we analyzed the correlation 

of kidney volume with BMI and sex and found a direct 

correlation between them. Other studies done in Kuwait, 

Denmark, and Austria have assessed renal volumes in their 

population by either ultrasound or computed tomography 

and have helped establish a baseline of renal volume for 

their countries.21–24

Differences in body build and body composition between 

different ethnic groups suggest that creatinine-based esti-

mated GFR (eGFR) derived for European populations may 

not be appropriate for others as muscle mass is a key deter-

minant of serum creatinine levels and hence eGFR.25 Healthy 

Indians have lower muscle mass in comparison to Africans 

and Caucasians and hence a lower serum creatinine.26 It is 

interesting that our study showed that the kidney volume is 

lower in young healthy Indians compared to Caucasians and 

Africans. The kidney volume correlated with BMI in accor-

dance with the existing studies, which reported an increase in 

kidney volume with increase in BMI. Contrary to prevalent 

data from developed countries, only 5% of our cohort had a 

BMI ≥30 kg/m2 and 20% were overweight with BMI between 

25 kg/m2 and 29.99 kg/m2.27

Apart from several trial runs and patronage by a few 

corporate hospitals, cystatin C has not been widely used 

or accepted in the Indian medical practice. Though there is 

enough evidence to say that cystatin C is a better marker of 

kidney function and cardiovascular outcome, it is not used for 

estimation of GFR owing to its higher cost. In this prospective 

study, cystatin C as a biomarker was tested on a large cohort 

of 978 healthy subjects. Apart from establishing a baseline 

value for cystatin C in healthy young adults, this study will 

also promote the use of this biomarker to follow in healthy 

populations and those with kidney disease.

Although the study was conducted in just one institution, 

the participating subjects represent diversity as they come 

from different states in India covering all regions. Thus, this 

is a cross-sectional study not limited to a specific population 

from one part of the nation and is different from other previ-

ous studies (2×).28

The advantage of this cross-sectional study is that it 

recruited predominantly medical students who can be fol-

lowed up in the future to see the effect of aging on GFR and 

kidney volume. If this cohort develops comorbidities such 

as DM, HTN, obesity, and chronic kidney disease, they can 

be followed up for future analysis and management.

CG formula has limitations for people with deranged 

kidney function and elderly and obese individuals. The 

equation should be used cautiously, if at all, in patients with 

fluctuating serum creatinine concentrations such as the criti-

cally ill individuals with acute kidney injury and patients 

requiring renal replacement therapy. Discrepancies between 

the CG- and MDRD-derived drug dosing regimens have been 

observed in elderly patients. Our prospective cohort consisted 

of healthy young individuals with no comorbid conditions, 

and hence, the CG formula may be a good estimate of GFR.

Table 5 Ultrasound-based renal volume according to sex and 
BMI

Group BMI classification 
criteria (kg/m2)

Kidney volume (R+L; cc)

Male Female

1 <18.5 177.20+35.23 149.28+30.17
2 18.5–24.99 198.70+46.41 164.72+33.04
3 25–29.99 205.33+49.46 175.74+32.05
4 ≥30 228.23+62.04 201.85+49.68

Abbreviations: BMI, body mass index; R, right; L, left.
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Conclusion
We analyzed a large cohort of young healthy Indians for 

estimation of kidney function using serum creatinine, cystatin 

C, BMI, kidney volume, urine protein, and birth weight. We 

have also tried to establish a normal range of values of serum 

creatinine and cystatin C for a heterogeneous group of young 

healthy Indians. We found that they have a lower eGFR and 

kidney volume compared to Africans and Caucasians. This 

cohort can be followed up longitudinally for changes in eGFR 

if they develop comorbidities.

Disclosure
The authors report no conflicts of interest in this work.
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