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Abstract 

Background: Serum cystatin C (CysC) is a promising biomarker of renal function, which has 

higher accuracy and sensitivity when compared with creatinine. To better utilise serum CysC 

in clinical practice, this study aimed to establish continuous paediatric reference intervals (RIs) 

for serum CysC.  

Methods: The study subjects consist of healthy term neonates, and children aged 30 days to 18 

years. Venous blood samples were collected and serum CysC levels were measured using the 

immunotubidimetric measurement principle. Fractional polynomial regression model and 

quantile regression was applied in the statistical analysis to generate continuous RIs.   

Results: A total of 378 samples with equal numbers of males and females were analysed for 

serum CysC and no outliers were found in this analysis. The continuous RIs are presented as 

equations and graphical scatterplots.  

Conclusions: This study established continuous paediatric reference intervals (RIs) for serum 

CysC in a healthy term neonates and children. The continuous RIs generated from this study 

showed the age-based dynamic changes as well as blood group and gender-specific differences 

for serum CysC. 
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Introduction 

Cystatin C (CysC), a low-molecular weight (13 kDa) basic protein, is produced throughout the 

body by all nucleated cells and is found in a variety of body fluids, including blood [1, 2]. Since 

first described in 1961 by Jorgen Clausen [3] in human cerebrospinal fluid, CysC has been 

extensively investigated and is considered as a promising biomarker in nephropathy related 

diabetes [4], amyloidosis and Alzheimer disease [5, 6], cancer [7] and particularly in kidney 

diseases [8, 9]. 

CysC is filtered from the circulation by glomerular ultrafiltration and is enzymatically degraded 

at a constant rate [2], which correlates to kidney function, as measured by glomerular filtration 

rate (GFR) using serum creatinine clearance [10, 11]. Serum creatinine levels may be 

influenced by non-renal factors such as muscle mass, weight and height [8, 12], whilst serum 

CysC has improved accuracy and sensitivity because of its relatively constant secretion rate, 

exclusive renal catabolism and without the influence of factors such as diet and muscle mass 

[2, 13]. Indeed, in 2009, serum CysC level was officially included in the GFR formula as an 

index aiming to improve precision of renal function estimation [14].  

To better utilise serum CysC in clinical practice, establishing well-defined reference intervals 

(RI) is required for an accurate interpretation of the serum CysC results. According to the latest 

Clinical & Laboratory Standards Institute (CLSI) guidelines published in 2010 [15], the RI is 

defined as a range encompassing 95% of the results for apparently healthy individuals, and is 

normally represented by the 2.5th and 97.5th percentile of the distribution of test results. 

Recently, RIs for serum CysC have been established for different populations, including 

children, the elderly and the African population [16-18]. In terms of the paediatric population, 

dynamic age related development is the key variable that influences the physiological changes 

of biomarkers and the representation of RI [19-21]. Thus, paediatric RIs are often established 

by partitioning the results into several age-groups in different categories of sex and ethnicity 

[15, 22, 23]. However, the partitioned RIs can be problematic and can even lead to misdiagnosis, 

especially when a child that is being investigated just crosses an age “cutoff”, because of the 

large difference between the original and the RI of the next age-group [19].  

Therefore, continuous RIs across ages are recommended to replace current partitioned RIs for 

serum CysC. Compared with partitioned RIs, continuous RIs established smooth curves of 

reference values and reflect the dynamic relationship between age and target biomarkers. 



Recently, continuous RIs have been successfully implemented in several age-dynamic 

biomarkers such as alkaline phosphatase, alanine aminotransferase and creatinine [20, 24, 25], 

showing higher accuracy and superiority. In addition, a head to head comparison for 30 

common biochemistry analytes in the same reference population was performed and published 

by Hoq et al. [26], showing that the feasibility and the superiority of the continuous RIs. 

The Harmonising Age Pathology Parameters in Kids (HAPPI Kids) study is a prospective 

cross-sectional study that collects paediatric blood samples for commonly requested 

biomarkers, aiming to address the existing gaps in reference interval studies [26, 27]. In this 

paper, as a part of HAPPI Kids study, continuous paediatric RIs for serum CysC were 

established by prospectively collecting blood samples from healthy neonates and children, 

from birth until 18 years of age.  

Materials and Methods 

Study design 

The study protocol was approved by The Royal Children’s Hospital (RCH), Melbourne, 

Australia, Ethics in Human Research Committee (HREC) and subsequently approved by the 

HRECs of all participating hospitals (HREC 34183). An outline of the study protocol is 

provided and full details are published elsewhere [27]. The study contributors are listed in 

Supplemental table 1 that accompanies the online version of this article at: 

http://www.clinchem.org/content/vol65/issue10. 

Study subjects and Sample size 

Details of participant recruitment and sample collection were described in our previous 

publication [27]. Briefly, the study subjects consisted of healthy term neonates (from birth up 

to a maximum of 72 hours post-birth) and children aged 30 days to 18 years (undergoing minor 

day surgical procedures such as circumcision). Due to the limitation of the ethics approval, we 

did not collect any samples after the neonatal period up until 30 days of age, as healthy infants 

generally don’t present to RCH for a minor day procedure within 30 days of life. 

Participant recruitment occurred during the period from February 2015 through December 

2016. Written consents and study questionnaires [27] were first obtained from parents or 

guardians of participants by the pathology collection staff to confirm study inclusion and 

exclusion criteria status. Participation was excluded on the presence of any systemic 

abnormalities, haematological diseases, immune diseases, endocrine diseases or metabolic 
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diseases, history of liver or renal diseases, and/or failure to thrive or a requirement for an 

interpreter. In addition, the child’s medical record was reviewed to assess and document the 

child’s general health.  

A minimum of 20 samples were collected from neonates and from each age group from 30 

days to 18 years with equal numbers of male and female participants, resulting in a total of 378 

samples (2 samples were excluded). Specifically, neonatal blood samples were collected from 

healthy term neonates following routine intramuscular administration of 1mg of vitamin K in 

the delivery suites, while venous blood samples were obtained from healthy children aged 30 

days to 18 years. Only one attempt to collect blood per participant was allowed.  

Sample processing and testing 

Standardized laboratory procedures used are described elsewhere [27]. Briefly, venous blood 

samples were collected into S-Monovette serum gel tubes (Sarstedt). Samples were centrifuged 

at 5000rpm (4472g) at 6 °C for 5mins, separated into 400μL aliquots, and stored for a maximum 

period of 24 months at -80 °C. Preanalytical processing was completed within 4 hours of 

sample collection. 

All the tests were performed in the laboratory at the RCH, which is accredited to ISO15189 by 

the National Association of Testing Authorities at the time of testing and met required 

analytical performance specifications. Immunotubidimetric measurement principle (Roche) 

was applied for serum CysC measurement. Roche Cobas Cystatin C (Generation 2) kit was 

used on Roche Cobas c501. This method is standardised against ERM-DA471/IFCC reference 

material. Analytical performance of the Cystatin C assay was assessed using two internal 

Quality Control from Biorad Laboratories, Liquicheck unassayed chemistry Level 2 (n=329, 

mean=0.65 mg/L, SD=0.02, CV=3.37 and measurement of uncertainty = 6.73%) and 

Liquicheck Immunology Level 1(n=334, mean=0.44 mg/L, SD=0.02, CV=3.88 and 

measurement of uncertainty=7.77%). External quality assurance (QAP) for the Cystatin C 

assay was conducted via the UKNEQAS Immunoglobulin (IG3/18) program and CV from 

external QAP IG3/18 (n=191 international labs) at 2.29 mg/L=8.24% and at 0.732 

mg/L=10.1%. For determination of blood groups (ABO), samples were collected into 500𝜇𝜇L 

S-Monovette EDTA tubes and processed in the laboratory within 24 hours of collection.  



Statistical methods 

Test results for serum CysC were plotted to identify outliers, explore distribution normality 

and to assess the association between level and age. The details of the RIs establishment were 

full described in previous publications [26, 27]. Briefly, for the age specific RIs, data were first 

normally distributed by applying a fractional polynomial regression model of age separately 

for each gender. Outliers were identified and removed by calculating the residuals of the best 

fitting fractional polynomial model. If the residual was greater than 3 times the interquartile 

range above or below the third and first quartile, respectively, the result was considered an 

outlier [28], and removed. Afterward, 2.5th and 97.5th centiles were estimated using quantile 

regression and the 95% CI of the reference intervals were estimated based on the fitted model 

for the reference limits. Similar statistical methods were applied on the establishment of blood 

groups specific RIs. 

All statistical analyses were performed using Stata 15.1, StataCorp LLC [29]. 

Results 

A total of 378 samples with equal numbers of males and females from birth to 18 years are 

analysed for serum CysC and no outlier is found in this analysis.  

Age-specific continuous serum CysC RIs estimation 

The common reference limits for the 2.5th and 97.5th percentile are reported as functions of age 

and sex in Table 1, and the scatterplots presented and split by genders (Figure 1). Our results 

demonstrate the age and sex related dynamics in serum CysC activity. Starting with a peak in 

infancy, the percentiles show a similar-shaped pattern both in males and females.

Blood group type-specific continuous serum CysC RIs estimation 

In this study, blood group types were also considered as another potential variable and were 

investigated using the same statistical method. Blood type data were supplied for 147 samples, 

and Table 2 below shows the blood group frequencies. The common reference limits for the 

2.5th and 97.5th percentile are reported as functions of age and blood group type in Table 1, 

and the scatterplot presented and split by both Rh blood group and ABO blood group, 

respectively (Figure 2, 3). Due to low group size, 95% CI could not be calculated for the AB 

blood. The percentiles show a similar-shaped pattern among the ABO blood groups and Rh 

blood groups. 



Subgroups analysis 

In addition, further fractional polynomial models were explored, including grouping variables 

(gender and blood groups) as model covariates and interaction terms. Results showed that 

blood groupings did not significantly contribute to modelling, with neither significant covariate 

nor interaction terms. However, gender was found to be a significant covariate, as well as 

interaction with the best-fitting fractional polynomial model [ysCysC=β1*ln(age) + β2*age+ 

constant]. Consistent with Figure 1 in the manuscript, results suggest that males show a 

significant linear increase in serum CysC with age. 

After the RIs establishment, the new continuous RIs for serum CysC was examined by using 

the same sample group that used for constructing the RIs. For each gender group,  the 

frequencies of cases lower than 2.5% or above 97.5% RI are 3.2% in male (n=6) and 4.2% in 

female (n=8). For each blood subgroup, the frequencies are 1.4%, 1.9% and 0 in blood group 

O (n=1), A (n=1) and B (n=0) respectively, as well as 3.1% and 0 in RhD group positive (n=4) 

and negative (n=0) respectively. 

Discussion 

Serum CysC is a promising renal biomarker with age dynamic feature and appropriate RIs are 

necessary for physicians to diagnose, monitor and screen for renal diseases [2, 13]. This study 

reports the first continuous RIs for serum CysC in healthy term neonates and children. 

Significant age related changes of serum CysC and gender differences in the age specific RIs 

were well represented by scatterplots and equations.  

The study design and clinical implementation 

The main strengths of this study are the representative healthy reference population, large 

sample size and compatibility of fitting the results into different laboratory information system 

(LIS). 

Proper healthy reference population is of critical to establish representative RIs for serum CysC. 

Due to the challenges in accessing a healthy reference population [30], in previous documented 

RIs for serum CysC, limitations of sampling are obvious such as unbalanced gender proportion 

[31, 32], samples containing both healthy and pathological subjects [33] and samples restricting 

neonates population only [34, 35], which can cause the significant bias during the RI 

establishment. Recently, Ziegelasch et al. [36] established paediatric RIs for serum CysC in a 

group based fashion at the age of 3, 6, and 12 months and thereafter up to once a year. While 

our study was performed prospectively, careful consideration of the reference population and 



cross-sectional sampling method of healthy neonates and children with equal gender proportion 

were applied to eliminate the potential variable. However, due to the difficulty of accessing the 

children between the neonatal period and 30 days, we acknowledge that the absence of this 

group is a limitation of our study. 

Whilst serum creatine has been shown to be affected by ethnicity [11], previous studies 

including children from different ethnic backgrounds showed similar RIs for serum CysC [23, 

31-34, 36-38]. However, this could be due to limited precision of partitioned RIs, which were 

calculated to perform best near the centre of the partition, thus the subtle differences between 

ethnicities could be masked. Our study utilised an ethnically heterogeneous population to 

eliminate potential bias [27], and as such increases the generalisability of the presented RIs. 

Further comprehensive investigations such as head to head comparison of RIs for serum CysC 

between ethnicities should be considered to confirm whether the serum CysC is ethnicity 

independent. 

Adequate sample size is required in RIs establishment, which is the balance between the study 

budget and reliability of getting robust conclusion [39]. According to the CLSI [15], a sample 

size of  120 in each discrete age group is sufficient for establishing RIs. However, there is lack 

of studies investigating the sample size for continuous RIs. In previous studies, establishment 

of continuous RIs was based on retrospective data only [19, 20]. In this study, detail of sample 

size calculation was described in previous publication [27]. The sample size calculation is 

based on Royston et al. publication [40], which proposed that the ratio of the standard error of 

the estimated limits from the reference population need to be no more than 10% of the standard 

deviation of the variation in the population. Therefore, recruiting 378 children across neonates 

and 30 days to <18 years is considered adequate for establishing serum CysC continuous RIs 

with 95%CI. However, better guidance for recruiting appropriate sample size is needed to 

ensure reliable characterisation of age-specific analyte dynamics for continuous RIs 

establishment.  

The considerable variation in LISs among vendors such as software version, programme 

compatibility and mathematical functions are main obstacles for introducing the continuous RI 

to clinical implementation. Recently, continuous RIs for serum CysC published by Ziegelasch 

et al. [36] were presented by figures, but it would be difficult to utilise when identifying 

whether the result from a patient with specific age is within normal range by clinical diagnosis 



laboratory. To overcome this difficulty, we present our continuous RIs as equations of age and 

sex for serum CysC to facilitate their integration into current LISs. 

Comparison with documented RIs for serum CysC  

We established RIs for serum CysC that are peak immediately after birth and are followed by 

a significant decrease within the first year of life. This is in contrast with previously published 

partitioned RIs, where the serum CysC level were described as a constant value between this 

period [23, 31-34, 37, 38], and even in following partitioned age groups. In these studies, the 

age related dynamics of serum CysC was ignored because of the limited precision of the 

partitioned RIs as mentioned above. While compared with the studies focusing on neonatal 

population [23, 36], the serum CysC levels in those study showed similar patterns within the 

first year of the neonates, which were consistent to our results. Unlike creatinine, which could 

be transmitted from mothers through placental barrier, Kristensen et al. [41] and Cataldi et al. 

[42] reported that there is no correlation being found between serum CysC levels of the mothers 

and infants because serum CysC does not cross the placental barrier. No significant difference 

between serum CysC levels of the umbilical cord blood of infants and their venous blood were 

found by Bahar et al., which supports the hypothesis that CysC metabolism and production in 

infants are independent from the mother [43]. CysC is filtered from the circulation by 

glomerular ultrafiltration, but for newborns, the kidney is still immature, so the proportion 

reabsorbed is likely to be much less [37]. Therefore, all these evidences indicate that the high 

serum CysC levels in newborns is due to the immaturity of kidney, and the subsequent decrease 

of the values reflects the maturation of the glomerular filtration capacity [44].  

We observed gender based differences in serum CysC levels, showing a slight increase in 

serum CysC levels for males while continuous decrease for females after the age of 6 years, 

which haven’t been shown in published partitioned RIs for serum CysC. Continuous RIs for 

serum CysC published by Ziegelasch et al. [36] which also described an similar increase in 

serum CysC levels in male and a decrease in female adolescents but the divergence occurred 

after the age of 12 years. In addition, studies conducted among Saudi adults and Chinese adults 

reported opposite RIs for serum CysC, showing lower levels in men compared to women [45, 

46]. This could be due to the geographical difference but further studies need to be considered.  

Apart from age, gender and ethnicity, blood type has also been shown to influence the 

concentration of specific biomarkers [20, 22, 47-49]. Therefore, in this study, we also took the 

participant blood group into consideration when establishing RIs for serum CysC. The blood-



group-based analysis demonstrated no statistical difference for serum CysC RIs between ABO 

blood groups nor Rh blood groups. However, these results need to be interpreted with caution 

since the sample numbers for this hypothesis were too small to obtain a confident conclusion. 

Conclusion 

This is the first study to determine continuous age specific RIs for serum CysC in healthy term 

neonates and children. Prospective sampling methods and comprehensive fractional 

polynomial regression model and quantile regression were applied in the establishment of these 

RIs establishment.  
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Table 1. Parametric equations for common lower and upper limits of serum CysC for healthy 

term neonates and children. 

  Lower limit (Y2.5%) Upper limit (Y97.5%) 

Gender

s 

Male 
-0.5417 + 0.9641*ln(age) - 

1.2833*age 

-0.9278 + 1.1991*ln(age) - 

2.0563*age 

Female  -0.4549 + 1.2653*ln(age) -1.0827 + 0.7831*ln(age) 

Rh 

Blood 

Groups 

RhD 

pos. 

-0.5885 + 1.0963*ln(age) - 

0.3544*age 

-1.0611 + 1.0200*ln(age) + 

0.2981*age 

RhD 

neg. 
-0.6455 - 0.1812*age-1/2 -1.0078 - 0.1280*age-1/2 

ABO  

Blood  

Groups 

O 
-1.5861 + 9.9974*age1/2 - 

4.4298*age1/2*ln(age) 

-1.9425 + 9.3855*age1/2 - 

3.4626*age1/2*ln(age) 

A -0.5960 + 1.0866*ln(age) -1.0292 + 1.2043*ln(age) 

B -0.7306 + 0.9549*ln(age) -1.0587 + 0.7150*ln(age) 

AB -0.6487 - 0.0353*age-2 -0.8092 - 0.0208*age-2 

 
Table 2. Blood group frequencies 

ABO 

Group 

RhD Group 

Positive Negative Total 

O 62 7 69 

A 48 6 54 

B 16 3 19 

AB 5 0 5 

Total 131 16 147 

 
 



 
Figure 1. Scatterplot of Cystatin C by age (years), including 2.5% and 97.5% reference intervals, split by gender. 

 
Figure 2. Scatterplot of Cystatin C by age (years), including 2.5% and 97.5% reference intervals, split by Rh blood group. 



 
Figure 3. Scatterplot of Cystatin C by age (years), including 2.5% and 97.5% reference intervals, split by ABO blood group. 
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