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Abstract
Background: Chronic kidney disease of uncertain aetiology (CKDu) is one of the major 

health concerns among agricultural communities in Sri Lanka. Individuals involved in severe 
agricultural works for their livelihood are highly vulnerable for this disease and patients have been 
detected with persisting proteinuria at community-level screening. The current study was designed 
to evaluate the diagnosis of two functional markers of kidney damage using individuals with 
persisting proteinuria as the baseline. 

Methods: One hundred and fifty hard-working agricultural farmers from high-prevalence 
area for CKDu (Madawachchiya) were screened three times for proteinuria; 66 proteinuric 
and 21 non-proteinuric were identified as the baseline classification. Selected individuals were  
analysed further for creatinine, protein and cystatin C in urine and creatinine, cystatin C in serum. 
Urine protein-to-creatinine ratio (UP/UC) was calculated. 

Results: Based on creatinine and cystatin C cut-off levels in serum, individuals were 
classified as high or normal. Diagnosis of two functional markers (creatinine and cystatin C) 
were evaluated using receiver operating characteristic (ROC) curve and in terms of sensitivity 
and specificity using UP/UC as the baseline. Creatinine and cystatin C-based eGFR (estimated 
Glomerular filtration rate) levels were calculated, and Pearson's correlation coefficient was 
determined between different eGFR measurements using UP/UC. 

Mean (SD) UP/UC ratio, serum creatinine, and serum cystatin C levels of the proteinuric 
subjects were 129.0 (18.4) mg/mmol, 1.35 (0.39) mg/dL, 1.69 (0.58) mg/L. For non-proteniuric 
individuals, the results were found to be 14.4 (2.28), 1.22 (0.40) mg/dL, 0.82 (0.25) mg/L.  
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between GFR and serum creatinine is such that 
large GFR declines are caused by small rises in 
serum creatinine (6). Notably in this regard, in 
diminutive or elderly (age > 60 years) people 
with small muscle mass, serum creatinine will 
remain within the reference limits despite 
substantial kidney damage (7). 

Measurements of urinary creatinine does 
not provide a solution as the results are often 
inaccurate due to tubular creatinine secretion 
and by errors in specimen collection (6). 
Measurements of creatinine clearance can be 
useful in patients on a vegetarian diet or with 
low muscle mass. Renal clearance of infused 
‘tracers’ such as inulin, iothalamate or iohexol, 
can provide accurate measurements of GFR, but 
they are expensive and inappropriate for routine 
clinical use and screening (8). 

The need for dependable markers of 
impaired renal function or injury is clear. In this 
context, cystatin C (9), a small plasma protein 
of ~13 kDa that inhibits cysteine proteases (7), 
remains an alternative. It is produced by all 
nucleated cells and is small enough to filter 
itself out of the blood at the glomerulus. The 
serum cystatin C concentration correlates 
inversely with GFR, and assays for cystatin C are 
commercially available. The production rate of 
cystatin C was initially claimed to be constant, 
although recent studies have detected decreased 
cystatin C production in transplant patients 
with low GFR (10, 11). Although this may hinder 
the interpretation of cystatin C concentrations 
under advanced renal failure, it may not limit the 
use of cystatin C measurements to detect early 
renal dysfunction. Other low-molecular-weight 
proteins and a glyco-conjugate of tryptophan 
(12) have also been tested as markers of renal 
function, but they have not been investigated 
thoroughly. 

CKDu is widely spread in the North Central 
Region (NCR) of Sri Lanka. Epidemiological 
characteristics explained that 92% of the patients 

Introduction

Chronic kidney disease (CKD) is a public 
health problem with a prevalence of about 
10% in many populations worldwide (1). 
According to the Kidney Disease Outcomes 
Quality Initiative (KDOQI) Clinical Practice 
Guidelines, all individuals should be evaluated 
at first encounter to determine whether they 
are at increased risk of developing CKD (2). 
Ascertainment of risk factors should be done by 
considering patients’ sociodemographic, past 
health records and family history. Moreover, 
blood pressure, and blood glucose or HbA1C 
levels enable the clinician to determine whether 
a patient is at increased risk of this disease. 
Identified individuals should be evaluated 
further (2, 3). Clinical evaluation of patients at 
increased CKD risk encompasses measurements 
of blood pressure, serum creatinine to estimate 
glomerular filtration rate (GFR), and the 
protein or albumin to creatinine ratio in 
urine. Examination of urine sediments for 
erythrocytes and white blood cells is also part of 
the examination. Beyond screening approaches, 
patients at high risk should be evaluated by 
ultrasound imaging, urine-specific gravity 
or osmolality, serum electrolytes and kidney 
biopsies (2, 4). 

The KDOQI proposes that CKD diagnosis, 
staging and monitoring should be based on 
GFR estimates (2). Several formulae have been 
developed based on serum creatinine, such as 
modification of diet in renal disease (MDRD) 
and Cockcroft-Gault (CG) equations. However, 
serum creatinine is an insensitive marker of 
kidney injury for two reasons (5). First, there 
is a broad reference range because creatinine 
production differentiates among variable muscle 
mass. Individuals who are involved in extensive 
muscle labour on the day before testing are likely 
to render unreliable results. This is true among 
farmers. Secondly, the inverse relationship 

The ROC analysis showed excellent accuracy in using cystatin C for identifying proteinuric patients 
than creatinine area under the curve (AUC): 0.9675, P < 0.001). Cut-off points were identified as 
1.015 mg/dL for serum creatinine and 0.930mg/L for cystatin C. Furthermore, cystatin C based 
Hoek formula showed the better correlation (0.635, P < 0.001) with UP/UC compared with 
creatinine based modification of diet in renal disease (MDRD) formula. 

Conclusion: The study showed elevated serum cystatin C in patients with persisting 
proteinuria compared with non-responding serum creatinine. Moreover, cystatin C-based 
eGFR equations were more accurate to determine the kidney function than serum creatinine in 
proteinuric patients who are vulnerable for CKDu in high-prevalence areas.   
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chronic and significant illnesses (medically 
reported) such as diabetes mellitus, were 
excluded from the study. 

Urine protein, urine creatinine and urine 
protein to creatinine ratio (turbidimetric assay, 
accuracy 2mg/dL and Jaffe rate-blanked and 
compensated for the Hitachi System) were 
determined in three early morning urine samples 
at two-week intervals. Sixty-six individuals 
with persistent proteinuria (> 15 mg/mmol) 
of creatinine at all three measurements 
were identified as proteinuric patients and 
21 identified as non-proteinuric individuals 
(< 15 mg/mmol) of creatinine in all three 
measurements. The study group thus comprised 
of 87 subjects, and other 58 individuals were 
excluded. 

Whole blood (5 mL) was collected from 
each of the 87 identified subjects. Blood was 
centrifuged within 1 h of collection and serum 
was stored at 20 °C for 1 day. Creatinine in serum 
was analysed using picric acid (Roche reagents, 
Jaffe rate-blanked and compensated for Hitachi 
912 System). Serum cystatin C was estimated by 
Human sandwich ELISA method. Urine protein 
to creatinine ratio (UP/UC) of each individual 
was calculated (2, 18) and used as a criteria of 
identifying proteinuric patients. Urine protein to 
creatinine ratio greater than 15 mg of protein to 
mmol of creatinine was considered proteinuric 
and less as normal individuals (2).

Upper limits of the serum creatinine 
and cystatin C levels of all individuals were 
determined according to the gender specific 
normal ranges of the test kits. The differences 
of two functional markers as serum creatinine 
and cystatin C were compared in proteinuric and 
non-proteinurin individuals with students’ t-test. 
Further individuals were classified as patients 
(test positive) or as normal (test negative) for 
both serum creatinine and cystatin C. Serum 
creatinine greater than 1.2 mg/dL and 1.1 mg/
dL for males and females, respectively were 
considered as test positive (2). Serum cystatin C 
levels greater than 1.0 mg/L for both males and 
females were considered as test-positive. True 
positive, false positive, true negative and false 
negative individuals were identified separately 
with relation to the proteinuria-based diagnosis 
(proteinuric or non-proteinuric). The sensitivity, 
specificity, maximum likelihood ratios and 
position of cut-point values were analysed by 
using Receiver Operating Characteristic (ROC) 
curves compared to UP/UC ratio. 

are farmers. According to medical statistics, 
over 150,000 patients have been treated (13) 
and the age-adjusted prevalence is increasing 
from 30–40 years, it was over 20% in people 
aged over 50 years. Five main high prevalence 
clusters for CKDu have been identified, namely 
Madawachchiya, Padaviya, Kabithigollawa, 
Elahara and Girandurukotte (13). 

Farmers aged over 30 years, involved in 
severe agricultural activities for more than five 
years, cultivating more than two hectares of 
land, using agrochemicals and having family 
history of CKDu were identified as risk factors 
(14, 15). CKDu was initially identified by 
measuring persisting proteinuria (urine dipstick 
protein positive on two consecutive occasions) 
at community level screening programmes 
(16). Urine protein-to-creatinine ratio is used 
to confirm dipstick and kidney function is 
determined by creatinine-based eGFR. However, 
histopathological research conducted on 
asymptomatic patients revealed that 27% and 
50% of the patients were in stage 1 and stage 3, 
respectively (17). Therefore, the current study 
was designed to compare the serum creatinine-
based eGFR measurements with cystatin C as 
a promising marker for identifying the level of 
kidney function using the UP/UC ratio as the 
base line.    

Materials and Methods

Five high-prevalence areas (clusters) for 
CKDu were identified in Sri Lanka and one 
area, Madawachchiya, was selected randomly 
for the study. The prevalence of CKDu in this 
area was around 10% and the sample size was 
calculated to indicate a size of 138 subjects. 
Therefore, an estimate of 150 individuals were 
selected and recruited for the study, they were 
chosen randomly from three selected villages 
in the Medawachchiya area. The study was 
conducted throughout a 6-month period starting 
from November 2013 to July 2014, covering 
the main cultivating season (Maha season) of 
paddy-farming communities. Small clusters of 
individuals who were working on the paddy for 
land preparations and other extensive works 
were recruited. According to the risk factors for 
the disease, farmers aged between 30–60 years, 
involved in agricultural activities for more than 
five years, cultivating more than two hectares of 
land, frequently using agrochemicals and having 
family history of CKDu were selected. Currently 
diagnosed CKD patients and patients with other 



Malays J Med Sci. Nov–Dec 2018; 25(6): 67–75

www.mjms.usm.my70

as proteinuric and 21 as non-proteinuric. Mean 
UP/UC ratios were not significantly different  
(P = 0.163) between male and female subjects. 

Significant differences were noticed in 
the cystatin C levels of proteinuric individuals 
with non-proteinuric individuals in both males 
and females (P = 0.038). However, the serum 
creatinine levels of two groups were similar  
(P = 0.282) between the genders (Table 2).

Individuals identified as proteinuric and 
non-proteinuric (Table 1) were further divided 
based on their serum creatinine and cystatin C. 
Serum creatinine greater than 1.2 mg/dL and 
1.1 mg/dL for males and females, respectively, 
was considered as test positive. Serum cystatin 
C levels greater than 1.0 mg/L for both males 
and females were identified as test positive. 
Identified individuals based on the proteinuria, 
sensitivity and specificity of serum creatinine 
and serum cystatin C were analysed using 
ROC curves (Table 3). According to the ROC 
analysis (Figure 1), cystatin C showed excellent 
correlation with UP/UC compared with serum 
creatinine for identifying proteinuric patients (2).

No significant difference was observed 
between mean eGFR (MDRD) levels of 
proteinuric patients and non-proteinuric 
individuals in the creatinine-based formula 
(Table 4). However, significant decreases of 

Estimated GFR was calculated with serum 
creatinine levels of both proteinuric patients and 
normal individuals using MDRD formula:

eGFR (mL/min/1.73 m2) = 186.3 × (serum 
creatinine mg/dL)−1.154 × (age)−0.203 × 0.742 (if 
female). 

eGFR values were also calculated using the 
following formulae with serum cystatin C (19, 7),

1. Hoek eGFR = −4.32 + 80.35 × L/cystatin 
C in mg/L

2. Larsson eGFR = 77.239 × cystatin C in 
mg/L−1.2623

The relationships among the above 
calculations were tested with UP/UC ratio in 
terms of Pearson correlation co-efficient. The 
study was approved by the Ethical Review 
Committee, Faculty of Medicine, University of 
Peradeniya, Sri Lanka the Provincial Director 
(Health Services), Anuradhapura, Sri Lanka.

Results

There were 53 males and 34 females in the 
study group with the mean (SD) age of 47 (12). 
According to the KDOQI guidelines (2), based 
on the UP/UC ratio, 66 subjects were identified 

Table 1. Distribution of proteinuric status on urinary protein/ creatinine (UP/UC) among paddy 
farmers in Medawatchchia area 

Urinary status (n) Gender (n) UP/UC, mean (SD) 
(mg/ mmol) 

Age, mean (SD)
(years)

Proteinuric (66) Male (40)
Female (26)

138.1 (12.3)
120.(10.6)

49 (17) 
47 (11)

Non-proteinuric (21) Male (14)
Female (7)

14.0 (2.3)
14.5 (2.1)

45 (9)
47 (19)

UP/UC of ≥ 15 mg/mmol and < 15 mg/mmol were considered proteinuric and non-proteinuric (healthy), respectively.

Table 2. Serum cystatin C and creatinine concentrations of proteinruric and non-proteinuric subjects 
as determined by urinary protein to creatinine ratio

Sex (n) Serum Cystatin C (mg/L)  
Mean (SD) (range)

Serum creatinine (mg/dL) 
Mean (SD) (range)

Proteinuric (66) Male (40)
Female (26)

1.93 (0.52) (0.89–3.0)a

1.86 ( 0.58) (0.82–2.6)c
1.42 (0.60) (0.65–2.0)
1.22 (0.30) (0.60–1.8)

Non-proteinuric (21) Male (14)
Female (7)

0.86 ( 0.30) (0.55–1.22)b

0.82 (0.25) (0.55–1.04)d
1.35 (0.4) (0.90–1.93)
1.19(0.4) (0.96–1.72)

a & b, c & d: P < 0.001 (students t-test) between proteinuric and non-proteinuric groups within same sex. Data presented as mean 
(SD) (range observed)
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creatinine (Table 5). The best correlation of UP/
UC ratio was noted with the Hoek formula which 
was 0.635, P < 0.001 (Table 6).

Discussion 

The current study was designed to 
compare the conventional diagnostic method 
of identifying and monitor CKD patients 
(proteinuria followed by serum creatinine-
based eGFR measurements) over serum cystatin 
C-based eGFR, an alternative marker. Persistent 
proteinuria was confirmed by UP/UC which 

eGFR were noticed (P < 0.05) in both cystatin 
C-based values between proteinuric patients and 
non-proteinuric patients.  

In addition, the stages of CKD in both 
patients and normal individuals were analysed 
according to the estimated GFR using the serum 
creatinine (MDRD) levels. The results revealed 
that normal eGFR (> 90 mL/min/1.73 m2) and 
serum creatinine levels were reported in stage 1; 
however, serum cystatin C levels were elevated 
(1.37 mg/L). Furthermore, serum cystatin C 
levels were elevated in all stages (stages 1–4) 
of proteinuric patients compared with serum 

Table 3. Diagnostic performance of serum creatinine and cystatin C (ROC analysis) for identifying 
proteinuria (UP/UC as base line)

Creatinine (mg/dL) Cystatin C (mg/L)

Area under the ROC curve (AUC) 0.5390 0.9675*
Standard Error 0.0655 0.0183
95% confidence interval 0.4104 to 0.6675 0.9316 to 1.003
P-value 0.5922 0.0001
Max likelihood ratio 2.12 6.790
Cut-off value 1.015 0.9300

*AUC: -0.9675 (P < 0.001)

Figure 1. ROC of serum creatinine and cystatin C for identifying the proteinuric patients

Table 4. Performance of serum creatinine and cystatin C based eGFR estimates (mL/min/1.73 m2) on 
proteinuria as base line 

eGFR-MDRD eGFR-Hoek eGFR-Larsson 

Proteinuric 63 (24) 46 (16)a 44 (17)c

Nonproteinuric 68 (16) 101 (28)b 109 (37)d

a & b: P = 0.012, c & d: P = 0.008 (students t-test) between proteinuric (n = 66) and non-proteinuric 
(n = 21) individuals. Data presented as mean (SD) 
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farming communities is rarely identified despite 
its importance for the prevention of CKDu in the 
country.   

Serum creatinine levels were similar  
(P > 0.05) between the proteinuric and non-
proteinuric groups (Table 2). Notably, serum 
cystatin C level was elevated in the proteinuric 
group (P < 0.05) as compared with the non-
proteinuric group. As a marker, it is known 
that serum creatinine remains less sensitive, 
and late in detecting kidney disease; false 
positives may emerge in people who engage 
in agricultural work in the field (7). In this 
context, the diagnostic accuracy of serum 
creatinine and cystatin C was evaluated in 
terms of sensitivity and specificity, with the  
UP/UC ratio as the base line. Cystatin C showed 
excellent diagnostic accuracy (AUC, 0.9675) 
compared with serum creatinine (AUC, 0.5390) 
for identifying individuals with proteinuria. 
The maximum likelihood ratio in ROC analysis 
(Table 3) was taken as a cut-off value to detect 
the proteinuric patients. This was 0.93 mg/L 
for serum cystatin C and 1.015 mg/dL for 
serum creatinine. Furthermore, both serum 
creatinine and cystatin C showed significantly 
positive correlation with UP/UC ratio, and 
serum cystatin C showed the highest correlation 
coefficient (Table 6). Hojs et al. observed that 
cystatin C was an important option, it could be 
an alternative to serum creatinine for diagnosing 
and possibly for monitoring kidney function 
(23). They concluded that, if the purpose of the 
testing strategy is to monitor the progression 
of kidney disease in a diagnosed patient, an 
estimated GFR using serum creatinine, improved 
through validated equations, is recommended.  
However, if the purpose of testing is to detect 
disease in a population at risk for kidney disease, 
cystatin C-based diagnosis is recommended.

was considered the base-line (2) for proteinuria. 
The eGFR estimations were conducted based on 
both serum creatinine and cystatin C (16). Stage 
1 CKD patients are the most suitable sample for 
the present study, but they are rarely present 
at clinics for CKD in high-prevalent areas. 
Therefore, a highly susceptible population was 
screened, and 87 individuals were selected as 
proteinuric and non-proteinuric for the current 
study (13).

Only 33% (n = 66) of the individuals 
were confirmed as proteinuric using three 
early morning urine samples obtained over 
3 weeks. Consequently, subjects with normal 
urinary protein levels in all three samples were 
identified as normal or healthy. Individuals with 
two positive results were excluded from the 
study to increase the accuracy. Proteinuria was 
confirmed by analysing UP/UC ratio of early 
morning urine sample of selected individuals. 
Long-standing diabetes mellitus is one of the 
risk factor of proteinuria. The proportion of 
proteinuria among the diabetic patients was 
suggested in several studies and it varied from 
14% to 48%, depending on the population (20–
22). However, prevalence of proteinuria among 

Table 5. CKD stage distribution among proteinuric patients (n = 66) with reference to serum 
creatinine

CKD stage 
Proteinuric 

patients 
n (%)

UP/UC 
(mg/mmol)

eGFR (MDRD) 
(mL/min/1.73m2)

Serum 
creatinine 
(mg/dL)

Serum cystatin C 
(mg/L)

1 10 (15%) 70.0 (4.8) 105 (10) 0.92 (0.16) 1.16 (0.33)
2 24 (37%) 86.0 (2.3) 72 (08) 1.19 (0.21) 1.37 (0.30)
3 30 (45%) 119 (8.2) 43 (08) 1.3 (0.20) 1.90 (0.32)
4 2 (3%) 245 (16) 26 (03) 1.88 (0.38) 2.85 (0.62)

CKD stages 1, 2, 3 and 4 were identified by serum creatinine based eGFR (MDRD equation) to be at > 90, 89–60, 59–30, and 29–
15 (mL/min/1.73m2), respectively. Stage 5 was not observed.UP/UC of ≥ 15 mg/mmol was considered proteinuric. Data presented 
as mean + SD unless otherwise stated.

Table 6. Association of kidney dysfunction 
markers with urine protein to 
creatinine ratio (UP/UC) 

Pearson correlation 
coefficient

serum creatinine 0.587*
serum cystatin C 0.887*
eGFR-MDRD −0.421*
eGFR-Hoek −0.635*
eGFR-Larsson −0.592*

*P < 0.001
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