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ABSTRACT 

Introduction  

Reference intervals for markers of renal function are critical in determining the point 

estimates for renal disease intervention before and during disease management. Estimates of 

glomerular function are becoming more practical than the traditional methods beset by 

insensitivity and high mean errors during estimation. Current tests for renal function tests 

diagnose renal insufficiency when less than a third of the nephrons are remaining in the both 

kidneys.  Serum cystatin C and derived serum cystatin based estimated glomerular filtration 

rate are critical as a comparative determinant of values to distinguish diseased from health 

individuals being important markers for renal function which need to be diagnosed before the 

renal mass has been irreversibly diminished. However, reference intervals for the protein are 

not yet established amongst black in Southern Africa and it is necessary to determine these as 

it appears their usage in renal function estimation is becoming a viable alternative to 

traditional renal function markers. 

Methodology: 

A cross sectional study was conducted with participants drawn from the Zimbabwe National 

Blood Service. A non-random sample of 222 participants were enrolled and after exclusion of 

64 participants, while 158 participants fitted the inclusion criteria of being non-reactive 
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results for HIV, syphilis, hepatitis B, hepatitis C, highly sensitive C-reactive protein result 

<3ug/ml and a normal serum creatinine result.  

Serum cystatin C was assayed on RX Daytona chemistry analyser (Randox Laboratories 

United Kingdom). The estimated glomerular filtration rate was calculated using CKD EPI, 

MDRD and Randox formulae.  The reference interval was estimated by the non-parametric 

method.  

Results 

Serum cystatin-C reference interval was 0.49 (CI 0.40-0.51) - 0.90 (CI 0.85- 1.01) mg/l for 

all participants. Males had significantly higher cystatin C levels than females (p=0.000). The 

eGFR RI for CKD EPI cystatin C, CKD EPI creatinine, MDRD and Randox were 89 -147 (median 

127) ml/min/1.73m
2
, 

78
-152(median 108) ml/min/1.73m

2
, 72-161 (median 108) 

ml/min/1.73m
2
 and 85-159(median 121) ml/min/1.73m

2
 respectively. 

Conclusion 

This study has determined the reference interval of Serum cystatin-C concentrations and 

eGFR of adult healthy Zimbabwean blood donors. Cystatin C and creatinine based eGFR 

values showed good agreement. The interpretation of Serum cystatin-C results may need to 

consider the patient’s gender in order to diagnose renal disease appropriately.  

Keywords: Reference interval, Serum Cystatin-C, Glomerular filtration rate, estimated 

glomerular filtration rate, Serum Creatinine, Chronic kidney disease 

Abbreviations: eGFR- estimated glomerular filtration rate, CKD-chronic kidney 

disease  

 

1.0 Introduction  

Clinical laboratory results are important in the diagnosis and management of patients because 

80% of medical decisions made by clinicians are based on them [1-3]. These results are 

reported with a population-based reference interval (RI) or medical decision limit in a 

laboratory report, for the results to be meaningful.  

Chronic kidney disease (CKD) is a substantial health burden in sub-Saharan Africa which is 

triggered by many communicable and non-communicable diseases [4]. According to 

Zimbabwe Kidney Foundation (ZKF), there is a gradual increase of CKD on a yearly basis 
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[5].   The estimated Glomerular Filtration Rate (eGFR) is a well-accepted proxy for renal 

function estimation in clinical practice. Glomerular filtration rate (GFR) is estimated by 

formulae based on creatinine, cystatin C or both, for instance, the chronic kidney disease- 

Epidemiological Collaboration (CKD-EPI) or Modification of Diet for Renal Disease 

(MDRD) [6]. 

Cystatin C, a serine protease plasma protein has been postulated to be a better marker for 

renal function than the commonly used serum creatinine [7]. Serum cystatin C is filtered 

freely at the glomerulus, reabsorbed in the proximal tubular cells and catabolised there [6, 8-

9, 10-11] and not secreted by renal tubules and is presumed to be not affected by sex, race, 

muscle mass or age [9-10].
.
  

Serum cystatin C screening has been recommended in patients with borderline creatinine 

based eGFR, patients at high risk of CKD e.g., in diabetics and conditions that make 

creatinine insensitive for detecting CKD e.g., unpredictable muscle mass in HIV infection 

[12].
.
 Serum cystatin C improves specificity of CKD diagnosis rather than sensitivity of CKD 

detection. Some clients with CKD, usually missed by serum creatinine estimations, are 

clearly identified by serum concentration of cystatin C [12].
.
 

 In conditions where measured GFR (mGFR) is considered critical, then cystatin C based 

eGFR is clinically useful as well as a prognostic indicator for risks to poor health outcomes. 

Therefore, targeted use of SCC could offset the increased cost of serum cystatin C as opposed 

to serum creatinine, as a kidney function biomarker [13].  

To the best of our knowledge, there is scant to no data on the RI for cystatin C in a healthy 

Zimbabwean population and on factors that may contribute to its variability. Some studies 

have shown interracial differences in mean SCC levels with non- Hispanic whites having 

higher levels than non- Hispanic blacks and Mexican American individuals. Differences in 

SCC based on gender have been reported with males having higher mean SCC levels than 

females 
(8,14).

 However, whether these differences apply to the Zimbabwean population, is not 

well defined.  

In consideration of the growing importance of cystatin C, it is imminent that the analyte will 

find its way into laboratories in Zimbabwe sooner than later. Therefore, it is of paramount 

importance that a good RI appropriate for the population, be determined in order to interpret 
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results correctly. Consequently, this results in less under diagnosis of latent CKD and reduce 

the burden of the disease in the country. 

This study, therefore, sought to establish the RI for SCC concentrations and eGFR values in 

an adult blood donor population in Zimbabwe. This data will form an initial first stage in 

establishing population-based RI which may be used as a decision-making tool in diagnosis, 

monitoring and management of CKD, and interpretation of results in CKD research work. 

 

2.0 Materials and Methods 

A cross sectional study was conducted in Zimbabwe. The participants were recruited from 

National Blood Service Zimbabwe (NBSZ) clinics, as they came in consecutively to donate 

blood. The participants were deemed to be healthy after a general examination which 

included a brief medical interview, measurement of weight, height, blood pressure, pulse and 

haemoglobin check by copper sulphate test.  A structured questionnaire was administered to 

record sociodemographic characteristics of the participants. 

A total of 222 participants were enrolled into the study whilst 64 participants were excluded 

for various reasons after signing an informed consent form. The inclusion criteria were 18 

years and above of age, non-reactive results for HIV, syphilis, hepatitis B, hepatitis C (to 

exclude possible infection), hs-CRP result <3ug/ml (to rule out micro inflammation) and 

serum creatinine result within the reference interval (to exclude participants of CKD). 

The exclusion criteria included <18years of age, self-reported history of renal disease, 

chronic health problems, inflammation, advanced age, obesity, smoking and thyroid 

dysfunction were excluded. Similarly, participants who were reactive to HIV, syphilis, 

hepatitis B and hepatitis C were excluded from the study. An hs-CRP result > 3ug/ml 

indicated underlying inflammation in the participants and formed part of the exclusion 

criteria. 

A blood sample was collected in a plain tube from each participant for testing of 

transmissible infections in line with blood donation protocols. Another sample was collected 

specifically for this study in a serum separator tube (SST) for testing of cystatin C, high-

sensitive C- Reactive Protein (hs-CRP) and creatinine. The samples were centrifuged before 

serum was separated and aliquoted into two cryotubes of about 1.5ml each and stored at -
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20
0
C pending laboratory analysis. After the recruitment phase, the samples were then 

transported under cold chain to Life Sciences Laboratory in Harare for testing of creatinine 

and cystatin C and College of Health Sciences, Department of Chemical Pathology 

Laboratory for testing of hs-CRP. 

Cystatin C was measured using an endpoint immunoagglutination method using the RX 

Daytona chemistry analyser (Randox Laboratories Limited, United Kingdom) with reagents 

from Randox Laboratories (Cat No. CYS 4004). Serum creatinine was measured using a 

kinetic colorimetric method based on the Jaffe reaction using a random-access chemistry 

analyser Cobas c111 (Roche Diagnostics Ltd, Switzerland) with reagents from the analyser 

manufacturer. Serum hsCRP was measured using an enzyme linked immunosorbent assay 

(ELISA) method on an RT-2100C Microplate reader (Rayto Life & Analytical Sciences Co. 

Ltd, China). 

 

The estimated GFR values were derived using an eGFR calculator on the National Kidney 

Foundation website based on the following 4 equations:  

 

1. The CKD-EPI creatinine equation (2009) is outlined below: 

141 × (minimum of standardised serum creatinine[mg/dl]/κ, 1) 
α
 × (maximum of standardised 

serum creatinine/κ or 1) 
−1.209

 × 0.993
Age

 [ × 1.018 if female] [ × 1.159 if black], 

  κ is 0.7 for females and 0.9 for males, α is −0.329 for females and −0.411 for males [15-16]. 

 

2. The CKD-EPI cystatin C equation (2012) is outlined as: 

eGFR= 133 × (minimum of serum cystatin C/0.8 or 1) 
−0.499

 × (maximum of serum cystatin 

C/0.8 or 1
) −1.328

 × 0.996
Age

 [× 0.932 if female] [17]. 

 

3. The CKD-EPI creatinine–cystatin C equation (2012) is outlined as: 

EGFR = 135 × (minimum serum creatinine[mg/dl]/κ, 1)
α
 × (maximum serum 

creatinine[mg/dl]/κ or 1) 
−0.601

 × (minimum serum cystatin C/0.8 or 1) 
−0.375

 × (maximum 

serum cystatin C/0.8, 1) 
−0.711

 × 0.995
Age

 [× 0.969 if female] [× 1.08 if black] [17]. 

where κ is 0.7 for females and 0.9 for males, α is −0.248 for females and −0.207 for males  

[17].  
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4. The MDRD study equation states: 

eGFR = 175 × (standardized serum creatinine [mg/dL]) 
−1.154

 × age 
−0.203

 × (0.742 if female) × 

(1.212 if black) [15-16]]
.
   

Randox, the manufacturer of the reagents for cystatin C used in this study, recommends the 

following formula for calculation of eGFR: 

5. Estimated GFR (ml/min/1.73m
2
) = -4.32 + 80.35/ cystatin C [18].

.
  

  

2.1 Ethical considerations. 

All participants gave a signed written consent after explanation of the study by the 

phlebotomists. Ethical clearance for the study obtained from the Joint Research Ethical 

Commission for the university of Zimbabwe and Parirenyatwa Group of Hospitals. (JREC 

Ref:39/18). Permission to access participants and their sociodemographic data was granted by 

the NBSZ. Life Sciences Laboratory also granted access to equipment, reagents and related 

consumables for analysis of samples. Eligible participants who refused to participate in the 

current study were not barred from donating blood. The anonymised donor numbers were 

maintained throughout the study to maintain participant confidentiality. 

 

2.2 Statistical analysis. 

Data was captured using the Microsoft Excel spreadsheet and statistical analyses were 

performed using the STATA statistical software version 13.0 (STATACORP, Texas, USA). 

Results were expressed as median (interquartile range) (IQR). The Pearson chi-squared test 

performed a non-parametric k sample test on the equality of medians, testing the null 

hypothesis that the groups of samples that is males and females were drawn from a 

population with the same median. The Spearman correlation test was used to determine the 

association between SCC with   age, weight, height, body mass index (BMI), creatinine and 

hs-CRP. The reference intervals were estimated by the non-parametric method and expressed 

as the 2.5
th
 and 97.5

th
 percentile as outlined in the IFCC guidelines. Ninety percent 

confidence intervals (90% CI) were also estimated for the lower and upper reference limit. In 

summary, the reference values are ranked according to the magnitude and consecutive rank 

numbers are assigned to each value. The lower and upper reference limit values of the 



 cognizancejournal.com 

Colleen Rakabopa et al, Cognizance Journal of Multidisciplinary Studies, Vol.2, Issue.9, September 2022, pg. 1-24 
(An Open Accessible, Multidisciplinary, Fully Refereed and Peer Reviewed Journal) 

ISSN: 0976-7797 
Impact Factor: 4.843 

 

©2022, Cognizance Journal, cognizancejournal.com, All Rights Reserved                                            7 

conventional RI correspond to rank number equal to 0.025 *(n+1) and 0.975 * (n+1) 

respectively [19-20]. The Shapiro Wilks test was done to check for normality of data. Outlier 

identification was done by visual inspection of Box and Whisker plots. The agreement of the 

different formulae used to compute eGFR was done by the Bland and Altman (B &A) 

analysis. For all statistical tests p<0.05 was considered significant. 

 

3.0 RESULTS 

Demographic and laboratory findings summaries on the study participants are summarised in 

Table 1 below. In that same Table 1, the study participants were further stratified by gender 

with median (IQR) values compared between males and females using the Pearson chi-

squared test.  

Table 1: Summary of characteristics of participants. 

Parameter 

 

                                Median (IQR) p- value 

 

 

All(n=158) Males(n=100) Females(n=58)  

Age(years) 

 

30.5(13.5-47.5) 35(20-50) 25(13-37) 0.003 

Weight(kg) 

 

70(53-87) 72(51.5-92.5) 65.8(52.3-79.3) 0.024 

Height(m) 

 

170(158-182) 175(165-185) 164(156-172) <0.0001 

BMI (kg/m
2
) 

 

24(18-30) 24(18-30) 24(17-31) 0.422 

Serum cystatin C(mg/l) 

 

0.64(0.53-0.75) 0.67(0.57-0.77) 0.60(0.49-0.71) <0.0001 

Serum creatinine(umol/l) 

 

80.8(58.8-102.8) 87.8(71.4-104.3) 68.3(50.9-85.7) <0.0001 

Serum hs-CRP (ug/ml) 

 

0.68(0.01-1.62) 0.66(0.01-1.4) 0.93(0.01-2.21) 0.509 



 cognizancejournal.com 

Colleen Rakabopa et al, Cognizance Journal of Multidisciplinary Studies, Vol.2, Issue.9, September 2022, pg. 1-24 
(An Open Accessible, Multidisciplinary, Fully Refereed and Peer Reviewed Journal) 

ISSN: 0976-7797 
Impact Factor: 4.843 

 

©2022, Cognizance Journal, cognizancejournal.com, All Rights Reserved                                            8 

CKDEPIcreat(ml/min/1.73m
2
) 

 

118(89-147) 117(93-142) 120(84 -156) 0.741 

 CKD 

EPIcystatin(ml/min/1.73m
2
) 

127(111-143) 126(109-143) 128(115-141) 0.716 

CKDEPIcreatinine-cystatin 

C(ml/min/1.73m
2
) 

127(103-151) 125(103 -147) 129(106-152) 0.187 

MDRD (ml/min/1.73m
2
) 

 

108(79-137) 108(81-134) 110(75-145) 0.488 

Randox(ml/min/1.73m
2
) 

 

121(101-141) 115(96 -133) 128(103 -153) 0.001 

 

Abbreviations: IQR- interquartile range, BMI- body mass index, hs-CRP- high -sensitive C 

Reactive Protein, eGFR- estimated Glomerular Filtration Rate, CKD EPI- Chronic Kidney 

Disease Epidemiological Collaboration, MDRD- Modification of Diet For Renal Disease, 

creat- creatinine, The Pearson chi-squared test was used to compare medians between males 

and females. Alpha set at 0.05 for all statistical comparisons. 

 

There were significant statistical differences in median age, weight, height, serum cystatin C, 

serum creatinine and eGFR calculated using the Randox formula between males and females 

(all p<0.05).  Conversely on comparing males against females, there were no significant 

differences in the medians of BMI, hs-CRP and eGFR calculated using the CKD EPI creatinine, 

CKD EPI cystatin C, CKD EPI creatinine-cystatin C and MDRD formulae.  

The RI was estimated using the non- parametric method and expressed as the 2.5
th

 and 97.5
th

 

percentile as outlined in the IFCC guidelines. The 90% CI for each reference limit were also 

computed. The findings are presented in Table 2 below. 
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Table 2: Reference interval of serum cystatin C. 

Group  n Reference 

interval 

90% Confidence Interval 

 

 

    Lower limit Upper limit 

 

 

All  158 0.49 – 0.90 0.40 – 0.51 0.85 – 1.01 

 

 

Males  100 0.51 – 0.96 0.40 – 0.55 0.86 – 1.01 

 

 

Females  58 0.48 – 0.78 0.48-0.51 0.69 – 0.89 

 

 

Abbreviations: n- number of participants, RI- reference interval, CI- confidence interval. 

The non-parametric reference interval for serum cystatin C was 0.49-0.90 mg/L. The 90% CI 

for the lower and upper limit were 0.40 -0.51 and 0.85-1.01 respectively for all participants. 

The RI for males was 0.51-0.96 mg/l and 0.48-0.78 for females. (Table 4 2).  
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Table 3: Reference interval of serum cystatin C stratified by 10- year interval age group. 

Group n Reference interval 90% Confidence Interval 

 

 

 Lower limit Upper limit 

 

 

18 – 27 years 63 0.49 – 0.84 0.48 – 0.51 0.71 – 0.86 

 

 

28 – 37 years 44 0.41 – 0.89 0.40 – 0.51 0.80 – 0.90 

 

 

38 – 47 years 43 0.52 – 1.01 0.52 – 0.56 0.89 – 1.01 

 

 

48 – 59 years 8 0.59 – 0.85 0.59 – 0.62 0.75 – 0.85 

 

 

 

The reference interval for 18-27 years was 0.49- 0.84mg/l; 28-37 years was 0.41-0.89 mg/l; 

38-47 years was 0.52-1.01 and 48-59 years was 0.59-0.85 mg/l as shown in Table 3.  The 

results show a steady increase of SCC levels as the age increases except for 48-59-year age 

group. 

Reference intervals for the eGFR were calculated based on each of the previously described 

eGFR formulae. The reference intervals and the corresponding 90% confidence intervals for 

the upper and lower limits are presented in Table 4 below. 

 

 

 



 cognizancejournal.com 

Colleen Rakabopa et al, Cognizance Journal of Multidisciplinary Studies, Vol.2, Issue.9, September 2022, pg. 1-24 
(An Open Accessible, Multidisciplinary, Fully Refereed and Peer Reviewed Journal) 

ISSN: 0976-7797 
Impact Factor: 4.843 

 

©2022, Cognizance Journal, cognizancejournal.com, All Rights Reserved                                            11 

Table 4: Estimated GFR reference intervals calculated from different formulae. 

Formula Number Reference interval 90% confidence interval 

 

 

 Lower limit Upper limit 

 

 

Randox 158 85 - 159 75 – 90 153 – 196 

 

 

CKD EPI 

creatinine 

158 78 – 152 68 – 83 147 – 166 

 

 

CKD EPI cystatin 158 89 – 147 82 – 106 143 – 168 

 

 

CKD EPI 

creatinine-cystatin 

158 93 – 157 80 – 99 149 – 169 

 

 

MDRD 158 72 – 161 65 – 77 154 – 221 

 

 

CKD EPI- chronic kidney disease epidemiological collaboration, MDRD-modification of diet 

in renal disease.  

The eGFR reference intervals derived from different formulas were as follows: Randox 85-

159 ml/min/1.73m
2
(median 121)); CKD EPI creatinine 78-152 ml/min/1.73m

2
(median 118); 

CKD EPI cystatin C 89-147ml/min/1.73m
2 

(median 126.5); CKD EPI creatinine-cystatin 93-157 

ml/min/1.73m
2 

(median 127)  and MDRD 72-161 ml/min/1.73m
2
 (median 108) as shown in 

Table 4 above.  
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The same data was illustrated in Figure 16 below in a Box and Whisker plot revealing how 

the different formulae derived eGFR values compare with each other. 

 

 

Figure 1: Box and Whisker plot showing eGFR value ranges determined by different 

formulae for all participants. 

 

Figure 16 illustrates the Box and Whisker plot, with the middle line in a box representing 

median values and IQR for eGFR values for all participants computed by different formula. 

The extreme bars for each box illustrate the range of the values. The dots outside of the range 

represent the outliers for each group of values. The IQR boxes overlap showing that the 

formulas are comparable. 

 

Bland and Altman (B & A) plots were generated for cross comparison of eGFR results 

derived from different formulae as previously stated. Figures 1-3 illustrate the cross-group B 

& A plots for the eGFR. 
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Figure 2: Bland and Altman plot for eGFR values determined by CKD EPI cystatin C and CKD 

EPI creatinine. 

Figure 2 above, the B&A scatter plot illustrates the mean differences of the eGFR by CKD 

EPI cystatin C and CKD EPI creatinine represented by the middle solid line, the upper and lower 

lines represent the limits of agreement (LOA). 

 

 

Figure 3: Bland and Altman plot for eGFR values determined by CKD EPI cystatin C and CKD 

EPI creatinine-cystatin C. 
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Figure 4: Bland and Altman plot for eGFR values determined by CKD EPI cystatin C and 

Randox. 

 

Figure 5: Bland and Altman plot for eGFR values determined by CKD EPI cystatin C and 

MDRD 

All previously described formulae show good agreement with cystatin C based formula CKD 

EPI cystatin C because more than 95% of the points are within the LOA. (Figure 3-5). 
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4.0 Discussion  

The non-parametric RI for serum cystatin C and eGFR was determined for healthy adult 

Zimbabwean blood donors according to the IFCC guidelines. The results of this study 

revealed a RI of SCC of 0.49-0.9 mg/L (median 0.64) for overall participants. The 90% 

confidence interval for the lower and upper limit were 0.48-0.51 and 0.85-0.97 respectively 

for all participants. The RI for males was 0.51-0.96 mg/L (median 0.67) and for females 0.48-

0.78 mg/L (median 0.60).  The comparison of the medians of serum cystatin C levels 

revealed that males had significantly higher levels than females.  Hence it may be necessary 

to partition the RI-based on gender. 

Several studies from African settings have determined the adult RI of SCC. For instance, 

Okonkwo et al (2018) established a RI of 0.64-1.12 mg/L (median 0.86) in an adult Nigerian 

population.  The RI of SCC of the present study was lower than that from Nigeria with a 

difference in medians of 26%. Okonkwo et al also noted that there was no significant 

difference in RI of SCC between males and females which is contrary to findings of the 

present   study 
(8).

 The RI of SCC in a Cameroonian population were 0.6-1.1mg/L overall, 

0.57- 1.03mg/L for females and 0.70- 1.10 mg/L for males. Generally, these intervals are 

higher than those obtained in the present study. Men had significantly higher levels than 

females and this was in concordance with findings from the present study [21]. 

The SCC results from the present study continued to fare lower than those reported from 

other parts of the world. For example, Finney et. al (2000) in the United Kingdom, 

established the adult RI of SCC at 0.51-0.98mg/L for all participants, 0.49-0.94 mg/L for 

females and 0.56- 0.98mg/L for males.  Males had slightly higher SCC levels than females, 

but the differences were clinically insignificant to warrant a separate RI based on gender [22]. 

However, findings from the United Kingdom study were also in concordance with findings of 

the present study. In an adult Han population of Chinese origin, the RI of SCC was between 

0.73-1.49 mg/L for all participants.  The females from that study had significantly lower 

levels of SCC compared to males, although the difference may not have been clinically 

significant [23]. The difference of SCC level by gender reported in the Han population 

corroborated findings of this study. It was reported that a study done on a Saudi population 

by Al Wakeel et al 2008) noted that women had higher SCC levels than men which is 
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contrary to the findings of this study [21]
.
 The women in the Saudi population had a higher 

BMI than men and a positive correlation between SCC and BMI could have explained the 

higher SCC in women. Cystatin C is highly expressed in adipose tissue and therefore it may 

be increased with obesity [24]. This is consistent with the findings of the present study that 

SCC had a significant positive correlation with BMI. It is apparent, that there is a plurality of 

assertions on the influence of gender on SCC. Some researchers have reported that gender 

has no influence of SCC whilst others have claimed that gender has significant influence on 

SCC levels. Further research is warranted in this respect. 

The results of this study showed a RI of SCC for 18-27 years was 0.49- 0.84mg/L; 28-37 

years was 0.41-0.89 mg/L; 38-47 years was 0.52-1.01mg/L and 0.59-0.85 mg/L for the 48-

59years strata (Table 5).  There was a gradual increase in the mean levels of Cystatin C as 

the age groups progressed from 18-27 years, 28-37 through to 38-47 and a slight decrease in 

48-59 years (Figure 5). The decrease in the age group 48- 59 years is not expected, probably 

due to the fact the sample size of that group is very small and hence its statistical inference 

maybe misleading. The noted gradual increase in the mean levels of cystatin C in the present 

study, is consistent with the fact that GFR decreases as one ages depicting the gradual 

decrease in renal function.  Delanaye et al (2012) evaluated the natural decrease of GFR with 

age to be at the rate of 10ml/min/1.73m
2
 per decade [25]. In concordance with findings from 

the present study, an increase of approximately 0.047mg/L SCC per every ten years was 

reported in the Chinese Han population [23].  Another report from work done by Okonkwo et 

al (2018) revealed that SCC is positively correlated with age [8]. Therefore, it may be 

necessary to consider the age of a patient in the interpretation of SCC results, especially when 

the new era of targeted medical client management is considered. 

 The differences noted in the RI of SCC for the various studies may be attributed to the 

variation in physiology, underlying genetic factors across race and ethnic groups. These 

factors may affect the synthesis and disposal of cystatin C [8]. There have been conflicting 

reports on the effect race or ethnicity on the level of SCC. It has been reported that non -

Hispanic whites had higher SCC levels than non-Hispanic blacks and Mexican American 

individuals. Furthermore, in patients with renal dysfunction, blacks have been reported as 

having higher SCC levels than whites [8]. The difference in SCC levels between races could 
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be explained by the fact that there is evidence that blacks have more lean tissue and lower 

GFR than Caucasians [21]. However, despite the various assertions made of race differences 

in the level of cystatin C, there seems to be an agreement that race exerts a modest effect 

which is clinically insignificant on use of SCC as a kidney function biomarker [8]. 

There are more reasons which can be attributed to differences in reference intervals 

determined in various studies. Analytical variation, biological variation and bias contribute to 

these differences all summed up as uncertainty measurement. Cystatin C shows an 

unexceptional diurnal rhythm, with slight increases in levels during the day and lower levels 

during the night. This has been explained by the high glomerular filtration during the day and 

low glomerular filtration during the night [26]
.
 The modest intra individual variation suggests 

that serum cystatin C is suitable for serial monitoring of kidney function [27]. The sample 

collection time for this study spanned over a period of normal working hours (0800 hours to 

1600 hours) and may have been different from the times at which specimen collection for the 

other studies occurred. 

Another reason that may contribute to the differences in reference intervals from different 

studies are the use of different methods. PETIA assays are reported to generally produce 

higher results compared to PENIA assays. Failure of manufacturers to ensure traceability of 

calibrators to reference measurement systems may also render the results incomparable 

across testing platforms. The IFCC guideline recommends the 2.5
th

 and 97.5
th

 percentile as 

the lower and upper reference limit for estimating RIs respectively. Other studies might have 

used different cut offs to define these limits for example median (IQR). This will contribute 

to observable differences in reference intervals generated by different studies [8]. 

The manufacturer of the reagents used in this study cited a RI of SCC of 0.57-1.05 mg/L. 

This was derived from 103 volunteers of whom 31(36.5%) were males and 72 (63.5%) were 

females. Only slight differences were observed in the RI cited by the reagent manufacturer 

and that observed in the present study. The differences observed could be ascribed to 

differences between Caucasians and Blacks. Differences between these populations have also 

been observed in commonly measured parameters such as creatinine [3]. Secondly, the 

differences could be due to differences in assay technology. The method used in the 

evaluation by the manufacturer was PENIA which is different from PETIA used in this study 
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[8]. Thirdly the number of participants used in the evaluation by the manufacturer was less 

than 120, the minimum recommended by the IFCC guidelines on establishing RI [28]. 

Fourthly there is a bias towards females in the sample of participants used in the 

manufacturer derived RI and fifthly, the cut off points used in the present study and that by 

the manufacturer to determine the RI may have been different. 

 

The between-assay CV of cystatin C in the present study were 4.8% and 3.3 % for 0.78mg/L 

and 3.37 mg/L respectively. This was lower than the target CV which were 6.2% and 4.3% 

respectively for the same levels. The method used in this assay based on PETIA was 

traceable to the reference certified calibrator ERM -DA471/IFCC [29]. It can be concluded 

that the results of the present study are more precise compared to the results reported by the 

manufacturer.  

 

The results of this study showed that cystatin C had positive and significant correlation with 

age, weight, height, BMI and creatinine. Hs-CRP was positively correlated with cystatin C 

but at an insignificant level. These findings mirror those from Edinga- Melenge et al (2019) 

who reported a positive significant correlation of SCC with creatinine [21]. Their correlation 

coefficient was higher than one for the present study, probably because they used the Pearson 

correlation test as opposed to the Spearman correlation test used in this study. Okonkwo et al 

(2018) in a study done in Nigeria reported a moderate positive correlation between cystatin C 

and BMI, though the relationship was concluded to be biologically insignificant [8]. Also, in 

concordance with our findings, is a study done on a Greek adult population that reported a 

positive correlation between cystatin C with BMI, gender, age and cigarette smoking [10]. On 

the contrary, Lu Wei et al (2014) asserted that BMI was not associated with cystatin C in 

young participants but in concordance with our findings reported lack of significant 

correlation between SCC and hs-CRP. It might therefore be prudent to consider these 

variables like age, gender and BMI during interpretation of SCC results. 

The findings of the present study also revealed statistically different medians for the 

following variables: age, weight, height and creatinine between males and females. The sex-

related differences noted are in line with findings from other studies. For instance, a sub-
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Saharan study reported a quantile regression analysis showing that gender influenced serum 

creatinine levels, across all models, whilst adjusting for age and body surface area (BSA) 
(21).

 

The higher muscular mass in males compared to females, accounts for the differences in 

serum creatinine, and indeed height and weight.  

 

 Estimation of glomerular filtration rate is standard practice to assess renal function in routine 

clinical practice [21]. The KDIGO (2012) guideline recommends the use of cystatin C based 

eGFR to confirm an eGFR based on creatinine of between 45- 59 ml/min/1.73m
2
 [13]. The 

results of this study showed the reference interval of eGFR computed from CKD EPI cystatin C 

as 89-147 ml/min/1.73m
2 

(median 127), CKD EPI creatinine-cystatin C as 93-157 ml/min/1.73m
2
 

(median 126.5) and CKD EPI creatinine as 78-152 ml/min/1.73m
2
 (median 118  ). The RI of 

eGFR for MDRD was 72-161ml/min/1.73m
2
 (median 108) and for Randox was 85-159 

ml/min/1.73m
2 

(median 120). The median test revealed that the medians of the eGFR 

between males and females were not different for all the formulae except for the Randox 

formulae. Perhaps, this may mean that the Randox formulae may need to consider gender in 

its computation of eGFR. Delanaye et al (2012) reported a statistically significant difference 

in measured GFR between males and females though it was considered clinically irrelevant. 

The authors then hypothesised that the difference could be due to differences between males 

and females in physiological demand for GFR that is inadequately catered for by BSA [25].  

 

MDRD equation showed the lowest median value of eGFR. This concurs with the fact that 

the equation was established using CKD patients with low GFR and hence it is systematically 

biased to underestimate GFR in individuals with GFR >60ml/min/1.73m
2
. The participants in 

this study were all healthy individuals with GFR >60ml/min/1.73m
2
. The CKD EPI creatinine 

which uses the same variables as MDRD reduces the bias [16]. Despite the improvement 

rendered by CKD EPI creatinine, it still gives errors in CKD staging and precision is poor [25]. 

 

The B &A analysis done in the present study showed good agreement of CKD EPI cystatin with 

CKD EPI creatinine, the composite formula CKD EPI creatinine-cystatin, MDRD and Randox 
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formulae. This gives confidence to use of cystatin C in a formula as it corroborates well with 

the commonly used creatinine-based formulae. 

 

It was reported by Meeusen et al (2015) that the performance of eGFR equations when 

compared with mGFR are dependent on patient characteristics [13]
.
 Their study showed that 

bias was smaller with CKD EPI cystatin and CKD EPI creatinine-cystatin when compared to CKD 

EPI creatinine. The composite formula CKD EPI creatinine-cystatin is useful in patients that are 

critically dependent on mGFR, for example dosing of vancomycin. Whilst the use of cystatin-

based equation was asserted to confirm creatinine based eGFR between 45- 60 

ml/min/1.73m
2
, they also improved the classification of patients as having mGFR <60 

ml/min/1.73m
2   

amongst CKD patients. The clinical value of the confirmatory testing has 

little clinical value since patients are already diagnosed with CKD. Cystatin C could be used 

together with patient characteristics to estimate the risk of ESRD and other poor health 

outcomes such as mortality [16]. 

 

One of the latest developments in the area of RI is the setting up of multi-centre studies in 

order to help countries come up with RI’s appropriate for their populations [30]. In 

Zimbabwe, the reference laboratories can be tasked to coordinate suitable laboratories dotted 

throughout the country, which are up to the task of generating common RI and relieve the 

burden on individual laboratories of this mammoth task [30]. It has been advocated that the 

future in this area is the establishment of genotype-specific reference intervals [30]. This 

would be in line with the evolving concept of personalised medicine. Some authors have 

questioned the use of 95% RI because of the changed probabilities due to repeated testing and 

misuse of the reference limits as decision limits. They also advocate for use of individual RI 

for a single person if available, criticising the use of population-based RI [31]. 
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5.0 Conclusion  

In conclusion, this study determined the reference interval of SCC levels and derived eGFR   

values in adult healthy blood donors in Zimbabwe. Males had significantly higher SCC levels 

than females.  There was a steady increase of SCC levels as the age increased. Therefore, the 

interpretation of SCC results may consider the patient’s age and gender in order to diagnose 

renal disease appropriately. 

This data stimulates further research to conduct a population-based reference interval study 

which will be more representative of the whole country. It is further recommended to 

partition the reference interval based on gender on larger sample sizes of equal numbers of 

males and females matched for age and weight. 

 

6.0 Study limitations 

Several limitations have been noted in this study. Firstly, the results of this study need to be 

interpreted with view of the limitation arising from use of non- random sampling method. 

The representativeness of the study population and generalisation of our results to the entire 

Zimbabwean population would be better obtained with randomisation. Secondly, the numbers 

of females, males and age group strata are all well below the required 120 for estimation of 

RI. Thirdly, the ratio between males and females was biased towards males, precluding the 

study evaluation of potential gender differences. Fourthly, the measurement of cystatin C was 

done in single measurements which precludes the identification of random error result.  

Fifthly, the generalisability of this work to other races maybe limited because only black 

Africans were enrolled into this study. Sixthly, participants were selected based on absence of 

renal function which could only be determined by measurement of GFR using exogenous 

substances like inulin. Nonetheless, absence of risk factors for renal disease and normal 

creatinine results represented an indirect indicator of normal renal function. 
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