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Abstract

Background: The use of dipstick proteinuria to screen Chronic Kidney Disease of uncertain aetiology (CKDu) in Sri
Lanka is a recently debated matter of dispute. The aim of this study was to assess the suitability of biomarkers:
serum creatinine, cystatin C and urine albumin to creatinine ratio (ACR) for screening CKDu in Sri Lanka.

Methods: Forty-four male CKDu patients and 49 healthy males from a CKDu-endemic region were selected.
Meanwhile, 25 healthy males from a non-endemic region were selected as an absolute control. The diagnostic
accuracy of each marker was compared using the above three study groups.

Results: In receiver operating characteristics (ROC) plots for creatinine, cystatin C and ACR, values of area under the
curve (AUC) were 0.926, 0.920 and 0.737 respectively when CKDu was compared to non-endemic control. When
CKDu was compared to endemic control, AUCs of above three analytes were distinctly lower as 0.718, 0.808 and 0.
678 respectively. Cystatin C exhibited the highest sensitivity for CKDu when analyzed against both control groups
where respective sensitivities were 0.75 against endemic control and 0.89 against non-endemic control. ROC-
optimal cutoff limits of creatinine, cystatin C and ACR in CKDu vs non-endemic control were 89.0 μmol/L, 1.01 mg/L
and 6.06 mg/g-Cr respectively, whereas in CKDu vs endemic control the respective values were 111.5 μmol/L, 1.
22 mg/L and 12.66 mg/g-Cr.

Conclusions: Amongst the three biomarkers evaluated in this study, our data suggest that Cystatin C is the most
accurate functional marker in detecting CKDu in endemic regions, yet the high cost hinders its usability on general
population. Creatinine is favorable over dipstick proteinuria owing to its apparent accuracy and cost efficiency,
while having the ability to complement the kidney damage marker (ACR) in screening. ACR may not be favorable
as a standalone screening marker in place of dipstick proteinuria due to its significant decline in sensitivity against
the CKDu-endemic population. However, creatinine and ACR in a complementary manner could overcome current
shortcomings of dipstick proteinuria and such a dual marker tool could be commodious in screening CKDu-type
tubulointerstital diseases. Furthermore, use of ACR may also increase the ability to clinically discriminate CKDu from
other glomerular nephropathies.
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Background
A remarkable increase in renal diseases has been ob-
served during the time period between 1990 and 2007 in
Sri Lanka. Around the year 2000, it was observed that
the number of CKD patients from the North Central
Province (NCP) has risen and a retrospective study at
that time reported a new form of CKD which was not
associated with conventional risk factors [1]. Due to the
illusive nature of its aetiological factors it has been
named “Chronic Kidney Disease of uncertain aetiology”
(CKDu). CKDu is not limited to Sri Lanka; similar cases
have been discovered in El Salvador, Nicaragua, Costa
Rica, Srikakulam District in Andhra Pradesh, India and
the Balkan region [2–10]. Athuraliya et al. (2011) re-
ported that in Sri Lanka, CKDu is regionally biased to-
wards the North central region of the country [11].
Anuradhapura, Polonnaruwa and parts of Badulla dis-
trict have been identified as CKDu-endemic regions with
higher incidence and prevalence of CKDu in Sri Lanka
[11]. The initial CKDu screening tool, the semi-
quantitative dipstick proteinuria, has detected macro al-
buminuria range in late-stage CKDu cases. However, ac-
cumulating evidence has demonstrated that this
biomarker is not optimal to detect CKDu in early stages.
Dipstick proteinuria based observational studies on
prevalence of CKDu among a large number of popula-
tions show that it lacks in accuracy to be implemented
into routine CKDu management [12].
CKDu is clinically defined as kidney damage in the ab-

sence of a past history of diabetes mellitus, chronic or
severe hypertension, snake bite with systemic envenom-
ation, glomerular nephritis or obstructive nephropathies.
Presence of renal dysfunction when HbA1c < 6.5%,
blood pressure < 160/100 mmHg untreated or <140/
90 mmHg on up to two antihypertensive medications,
residing in a CKDu endemic area for more than five
years, exhibition of bilateral echogenic kidneys and a
renal biopsy indicating a pathology of tubular interstitial
disease can be denoted as demarcating parameters of
CKDu [13]. Histopathological studies have reported that
CKDu features tubular lesions as the major pathological
characteristic while glomerular and vascular lesions are
predominant in hypertensive or diabetic CKD [14]. The
cause of CKDu in Sri Lanka is unknown; Nevertheless,
subsequent studies suggest that the cause for CKDu in
NCP might be an environmental factor, possibly related
to drinking water or food [1, 12, 13, 15–17].
In the absence of known etiology, intervention in the

early stages and modification of known CKD risk factors
seems to be more effective to prevent and delay the pro-
gression to End Stage Renal Disease (ESRD). The protein
detecting urine dipstick method in CKD screening is a
widely used screening tool supported by many studies
[11, 18, 19]. Proteinuria is an established marker in CKD

diagnosis, progression and prediction of cardiovascular
complications [20]. This is an inexpensive and rapid
point-of-care diagnostic test that has high specificity and
around 40% sensitivity in detecting proteinuria [21].
CKDu endemic populations were screened using dipstick
proteinuria at the time of the study. Dipstick positive
cases were confirmed with ACR, serum creatinine
(S.Cr), renal ultrasound scan and renal biopsy in the de-
tailed assessment.
The limitations of dipstick test include a high false-

positive rate due to variation in individual reading, diffi-
culty in getting early-morning first-void urine for testing
as well as orthostatic proteinuria in untimed spot urine
samples [22]. Moreover, nephrologists who are engaged
in CKDu screening have observed early CKDu in Sri
Lanka as a minimally-proteinuric disease exhibiting a
sub-nephrotic range like other tubulointerstitial ne-
phropathies. Due to these limitations, dipstick-negative
subjects at preliminary screenings were later detected in-
cidentally at an advanced stage challenging the initial
screening process [23]. Nanayakkara et al. (2012) re-
ported manifestation of elevated urinary tubular protein:
α1-microglobulin in early CKDu in Sri Lanka. Similarly,
low-molecular-weight proteins were detected in Chinese
herbal nephropathy, Dent’s disease and some other
forms of tubular diseases [24–26]. Majority of patients
in the north central region of the country were screened
with predominantly albumin detecting dipstick and were
found to be positive in stages four and five at the detec-
tion [12]. Hence, it is evident that a more efficient, sensi-
tive and a quantitative screening marker instead of urine
dipstick proteinuria is required for early detection of the
disease to achieve improved patient safety and reduced
morbidity. No previous study has attempted to evaluate
screening markers for CKDu in Sri Lanka. This study
was designed to explicitly evaluate the usability of alter-
native CKD biomarkers in screening and diagnosis of
CKDu in Sri Lanka.
In our study, efficiency of three biomarkers, serum

cystatin C (S.Cys), and S.Cr as functional serum markers
as well as urine ACR as a renal damage marker were
tested on CKDu patients and two control groups.
Among the biomarkers evaluated, ACR is a well-
accepted, widely available, point of care marker, which is
sensitive for low levels of albumin and it has been used
as a successful biomarker for screening CKD in Indo-
Asian populations by Jafar et al. in 2007 [27]. Further, it
has been shown to be capable of detecting early stage
CKD and effective in patients with hypertension or dia-
betes [28]. Even though urine based tests are more con-
venient as screening tests in field clinics, albumin or
protein based tests can produce negative results even in
advanced non-proteinuric types of tubular interstitial
diseases. Due to this fact, we considered two serum
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based markers: Creatinine and Cystatin C. Creatinine is
a breakdown product of a non-enzymatic process involv-
ing creatine phosphate and is a well-recognized en-
dogenous marker in diagnosis and determination of the
progression of CKD [29, 30]. Cystatin C is a small
plasma protein molecule that is freely filtered at kidney
glomerulus [31, 32]. It is a sensitive biomarker of kidney
function in mild-to-moderate kidney disease. S.Cys was
utilized as studies suggest it to be a superior indicator of
estimated Glomerular Filtration Rate (eGFR) in compari-
son to S.Cr while being independent from age and sex-
associated conditions [33–36]. A general overview of
characteristics of the biomarkers in concern is presented
in Table 1.

Methods
This study, as depicted in Fig. 1, sequentially attempts to
discriminate CKDu from true controls followed by en-
demic controls and finally general CKD patients. Poten-
tial alternative biomarkers (S.Cr, S.Cys and ACR:
hereafter denoted as target markers) were tested for all
above mentioned patient and control groups alongside
dipstick proteinuria.
Patient data was gathered based on a systematic

screening strategy. Forty-four biopsy-proven male CKDu
cases were selected as the patient group. Those patients
had been initially referred to the renal clinic either from
population screening programs or presented to clinicians
at acute interstitial nephritis stage [23]. Hospital records
were used to select a subset of patients such that a ran-
dom demographic distribution was obtained. Voters’ lists
were used to select 49 endemic controls to obtain a
similar representation from the same regions. 25 non-
endemic controls were similarly selected from a CKDu
non-endemic area. In particular, both control groups
had insignificant medical history and normal blood pres-
sure values. All control subjects went through a routine
screening protocol including detailed medical history to
exclude subjects with renal diseases. Endemic controls
were considered as ‘at risk controls’ whereas non-
endemic controls were taken as ‘true controls’. Renal bi-
opsy was taken as the gold standard for diagnosis of
CKDu patients. Thirty CKD patients were selected for a
comparative ROC analysis against CKDu where 9, 13
and 8 patients were selected from stage two, three and

four respectively who represented proportions of differ-
ent CKD etiologies in Sri Lanka according to a recent
study [30]. CKD aetiologies were such that 11, 7 and 12
patients were from diabetic nephropathy, hypertensive
nephropathy and other renal disorders respectively [all
CKD patients were under Renin Angiotensin- Aldoster-
one System (RAAS) blockade]. General CKD patients
were not subjected to further statistical analysis, there-
fore, the data is provided as a supplementary repository.
Blood samples for serum analysis were collected from

a peripheral vein. Early morning first-void urine samples
were collected in to polypropylene tubes and immedi-
ately stored at 4 °C after acquisition and transported to
the laboratory. Laboratory analyses were performed at
ISO 15189: 2007 certified Durdans laboratories, Sri
Lanka LTD (Accreditation No: ML 010-01). S.Cys con-
centrations were measured by particle enhanced
immuno-turbidimetry using the Dakocytomation assay
kit (DAKO Ltd., Code No. LX002, Denmark, Standard-
ized against ERM-DA471/IFCC). Creatinine was deter-
mined colorimetrically using picric acid based Jaffe’s
reaction method (non IDMS-traceable). HbA1c was de-
termined using a Bio-Rad D-10 HPLC analyzer while
Urinary ACR was measured by Hitachi 911 and 912
auto-chemistry analyzers.
Statistics are reported as mean and standard deviation

(SD), for frequency of continuous data. The Pearson’s
correlation coefficient was used to evaluate the correl-
ation between variables. Endemic and non-endemic con-
trol groups were subjected to an independent sample
T-test. ROC curves were used to determine the clinical
accuracy of target biomarkers. ROC plots were con-
structed and AUCs with 95% Confidence Interval (CI),
sensitivity (Sn) and specificity (Sp) were calculated. An
additional ROC plot was generated comparing CKDu
patients and an equal number of stage- matched CKD
patients. Optimal cutoff values for discrimination be-
tween the positive and negative diagnosis were set. Stat-
istical analysis was performed using the SPSS software
version 18.0 for Windows.

Results
Characteristics of the three examined study groups are
shown in Table 2. Systolic and diastolic blood pressures
were normal and comparable among all groups. Mean-
while, the age compositions were similar among CKDu
cases and non-endemic controls. Stage of renal disease
computed by the Modified Diet for Renal Diseases
(MDRD) formula indicated that 75% of the patients
belonged to stage two and three. HbA1c levels were com-
parable only among the two control groups. Mean values
for target biomarkers measured for each study group is
given in Table 3 with reference ranges used in Sri Lanka.

Table 1 A qualitative comparison of biomarkers of this study

Dipstick proteinuria Creatinine Cystatin C ACR

Point-of-care test Laboratory Laboratory Laboratory

Semi quantitative Quantitative Quantitative Quantitative

Non-invasive Minimally-
invasive

Minimally-
invasive

Non-
invasive

Interpreter bias None None None
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S.Cr values of 88% of CKDu patients were above
the current reference level for CKD. For S.Cys and
ACR it was 95% and 32% respectively. S.Cr and S.Cys
seems to work in an analogous manner. Non-endemic
controls exhibited homogeneity and total diagnostic
negativity in terms of S.Cr. However, two and five in-
dividuals in non-endemic control group were indi-
cated as positive by ACR and S.Cys respectively. The
mean S.Cr and S.Cys were observed lowest among
non-endemic controls. Figure 2 depicts dispersion
plots drawn for all measured parameters for the three
study groups.
Among CKDu patients, a noticeably wider distribution

of target markers was observed and is represented as a
higher SD for CKDu group in Table 3. In terms of all
target markers, non-endemic controls expressed a highly
homogeneous pattern whilst, endemic controls exhibited
a medium distribution falling in between CKDu cases
and non-endemic controls.
Figure 3 depicts simultaneous ROC plots generated for

the target markers as: CKDu cases against endemic and
non-endemic controls respectively. Table 4 denotes re-
spective AUCs estimated for each plot with 95% CI.
With respect to ROC plots of CKDu patients against

endemic controls, highest AUC was observed for S.Cys
followed by S.Cr and ACR. The percentage difference in
AUCs of S.Cr and S.Cys was 11.3%. However, in ROC
plots constructed against non-endemic controls, S.Cr ex-
hibited the highest AUC followed closely by S.Cys. Both

S.Cr and S.Cys seemed to perform similarly well in
terms of AUC and the percentage difference in AUCs
between S.Cr and S.Cys was only 0.6%. When AUCs
were determined for a combined parameter consisting of
S.Cr and ACR, slightly improved values than values of
independent S.Cr were observed (CKDu vs non-endemic
control: 0.927, CKDu vs endemic control: 0.725). Table 5
presents optimal cutoff values for each examined
marker with the best combination of corresponding Sn
and Sp.
When CKDu cases were analysed against non-endemic

controls, Sn vales for S.Cr, S.Cys and ACR were higher
by 32%, 16% and 23% respectively compared to when
CKDu cases were analysed against endemic controls. Sp
values of S.Cys and S.Cr were comparable in ROCs gen-
erated against both endemic and non-endemic controls.
Interestingly for ACR, Sp was 22% lower against non-
endemic controls. As ROCs could not be generated for
non-continues results of dipstick proteinuria, manually
calculated Sn and Sp values are denoted for comparison
(Table 5). A ROC plot was generated to compare stage-
matched (stage 2 – 4) CKDu and CKD patients which is
depicted in Fig. 4.
The three target markers were evaluated on their abil-

ity to differentiate between CKDu and CKD. S.Cr and
S.Cys both did not exhibit demarcation capabilities
higher than the probability of pure chance. Interestingly,
ACR exhibited an outstanding demarcation capability
corresponding to a Sn of 0.74 and Sp of 0.83.

Fig. 1 Sequence of study objectives

Table 2 Case/control stratified characteristics of the study groups

CKDu
(SD)

Non-endemic
control (SD)

Endemic
control (SD)

Number (N) 44 25 49

Mean age (Years) 47.6 (8) 47.8 (13) 41.4 (9)

Mean eGFR (ml/min/1.73m2) 60.5 (23.4) 107 (25) 79 (16)

Mean BPa-Systolic (mmHg) 114.6 (16) 118.1 (16.5) 115.5 (14.3)

Mean BP-Diastolic (mmHg) 76 (10) 76.6 (8.4) 75.3 (8.5)

Mean HbA1c (%) 5.71 (0.38) 5.18 (0.27) 5.15 (0.41)
aBlood pressure

Table 3 Mean values of target biomarkers stratified by the
study group

Parameter with
reference value

CKDua

(SD)
Non-endemic
controlb (SD)

Endemic
controlc (SD)

S.Cr (53–116 μmol/L) 140.1 (66.8) 74.1 (13.7) 102.5 (35.4)

S.Cys (0.59–1.03 mg/L) 1.7 (0.7) 0.86 (0.2) 1.08 (0.4)

ACR (<30 mg/g-Cr) 88.6 (177) 8.6 (13.4) 8.2 (8)
aCKDu patients from CKDu endemic regions (Giradurukotte)
bControls from CKDu non-endemic regions
cControls from CKDu endemic regions (Giradurukotte)
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Discussion
The global prevalence of diabetic and hypertensive CKD
is considered to be around 8–16%. CKDu which has
been observed in rural Sri Lanka, Central America and
the Balkan region is becoming a global epidemic. For
proper management of this disease, early detection and
intervention is crucial.
Male predominance in CKDu has been identified by

previous studies [12, 37, 38]. Due to the limited number
of biopsy proven female patients among participants, bi-
opsy proven male participants were prioritized. Healthy
subjects were selected after exclusion of CKD/CKDu by
means of clinical history, an examination and renal
functional tests. CKDu exclusion by renal biopsy exam-
ination was not practiced on healthy individuals due to
its invasive nature. CKDu patients of thisstudy had been
diagnosed between 2009 and 2012 and that time interval
between first diagnosis and recruitment was more than a
year for each patient.

Dipstick proteinuria ≥1+ indicates that protein excre-
tion is in the macro-albuminuria range (>300 mg/g-Cr).
Biopsy-proven CKDu patients who showed micro or
macro proteinuria or hypertension after diagnosis were
treated with RAAS blockers and subsequently, protein-
uria could have diminished. Rest of the CKDu cases,
considered minimally-proteinuric, were not on RAAS
blockers. According to available data, about 44% of the
current biopsy proven CKDu cohort, of which this study
group is a subset, is under RAAS medication. Majority
of early stage CKDu cases were manifesting in the
microalbuminuria range which could not be detected by
dipstick proteinuria. This observation is corroborated by
a study done in similar areas of Sri Lanka by Selvarajah
et al. (2016), which support that early CKDu cases were
mainly present with microalbuminuria range of protein-
uria (30–300 mg/g-Cr). In an anti-proteinuric drug trial
for CKDu patients, early CKDu cases (n = 130) were
subjected to a course of Enalapril for 12 months and, as

Fig. 2 Individual values of: a S.Cr, b S.Cys and c ACR in patients and controls. Study group 1 – CKDu, 2 – Endemic control, 3 – Non-endemic control

Fig. 3 ROC plots for target markers: a CKDu against endemic control, b CKDu against non-endemic control
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an outcome, the baseline ACR had reduced from 162 to
55.4 mg/g-Cr while the placebo group (n = 133) exhib-
ited an increased ACR from 197.9 to 253.2 mg/g-Cr
[39]. Since the albumin sensitivity of the dipstick test is
>300 mg/g-Cr, the above changes due to the RAAS
blocker could not have been detected by the dipstick test
[40]. This corroborates on the reasons why an alterna-
tive kidney damage marker is required in place of dip-
stick proteinuria test for CKDu screening in Sri Lanka.
Further, the micro-albumin range or below levels of
ACR, manifestation in CKDu cases (Table 3) implied
that albumin excretion by itself may not be a successful
candidate marker for CKDu screening in Sri Lanka
under current cutoff values. This is in agreement with
the experience of clinicians in CKDu endemic regions of
the country.
A notable observation was that higher AUCs were ob-

tained for all three markers when CKDu patients were
analysed against non-endemic controls. When compared
to endemic controls, AUCs were distinctly lower (Table
4). This contrast in AUCs may reflect on the fraction of
undetected patients through screenings in endemic areas
by having negative dipstick proteinuria. In ROC plots for
CKDu cases against endemic and non-endemic controls,
a difference in cutoff limits exceeding 50% was observed
for ACR meanwhile 20% and 17% for S.Cr and S.Cys
respectively. Currently accepted ACR cut off is 30 mg/g-
Cr as per standard guidelines. Cutoffs for ACR against
endemic controls and non-endemic controls in CKDu
fall substantially below 30 mg/g-Cr. This observation
suggests that use of cutoff values derived from general
population may not be accurate in CKDu endemic areas.

A similar pattern was observed between S.Cr and S.Cys
for which a positive Pearson’s correlation coefficient of
0.922 was observed. This corroborates Rule et al. (2006)
who suggested the complementary behavior of S.Cys to
S.Cr [29]. In the attempt of distinguishing non-endemic
controls, the effectivity of functional markers: S.Cr and
S.Cys show similar results as a screening tool for CKDu.
However, when demarcating against endemic controls
S.Cys was observed to be superior. When CKDu cases
were analysed against CKD cases by means of a ROC plot
(Fig. 4), only ACR expressed a separation capability with
an acceptable Sp and Sn. This observation clearly suggests
that ACR may be able to detect the differences in albumin
excretion patterns between CKD and CKDu patients
In clinical practice, kidney damage markers such as

ACR have predominantly been used complementary
with serum markers such as creatinine and cystatin C. A
direct comparison between these two types was beyond
the scope of this study. Rather, an evaluation of the
ROC-based case-control demarcation capability of each
type was targeted. As CKDu features interstitial damage
represented by tubular atrophy, filtered albumin which
is unable to be reabsorbed by tubules should appear in
the urine [38]. Theoretically, the albumin excretion
should be proportionate to the degree of renal damage.
However, in the actual situation, ACR exhibited a sub-
par sensitivity for CKDu patients against both control
groups and S.Cr and S.Cys emerged to be superior. This
observation is unique concerning CKDu in Sri Lanka
and complies with the current knowledge of CKDu as a
minimally-proteinuric disease in comparison to CKD. It
further suggests that screening with dipstick proteinuria
may result in poor detection.
The restricted number of CKDu cases and controls is a

limitation of this study. The total number of biopsy proven
CKDu cases (male and female) identified for the study were
less than 100 due to lack of patients' consent for the biopsy
test. Among 51 patients who participated, 44 were male for-
cing the exclusion of female cases which led to a noticeable
depletion in the original cohort size of patients and controls
in the study. Limited biopsied cases further affected this
study by enforcing the recruitment of already intervened
and non-intervened cases together. Already intervened cases
under RAAS blockers may have interfered with the absolute
discriminating ability of the target biomarkers. Intervened,
biopsied cases were justified over un-intervened cases in this
study. This was mainly due to the unavailability of inter-
nationally accepted case demarcation parameters defined for
CKDu. Despite the fact that novel tubular proteins have
commendable capabilities, they were not employed for this
study. Respective reasons were limited experience, technical
difficulties, high cost and infeasibility as field tests. Distin-
guishing total protein rather than albumin through a protein
detection test (protein: creatinine ratio) may have been a

Table 4 AUCs for target markers used in the differentiation of
CKDu against endemic control and non-endemic control

CKDu against non-endemic
control (lower & upper bound at
95% CI)

CKDu against endemic control
(lower & upper bound at
95% CI)

S.Cr 0.926 (0.868–0.984) 0.718 (0.610–0.827)

S.Cys 0.920 (0.857–0.984) 0.808 (0.718–0.898)

ACR 0.737 (0.619–0.855) 0.678 (0.566–0.790)

Table 5 Specificity (Sp), Sensitivity (Sn) and cutoff values of
target biomarkers for CKDu cases against non-endemic and
endemic controls

CKDu against
non-endemic control

CKDu against
endemic control

Cutoffa Sn Sp Cutoffa Sn Sp

S.Cr 89 0.84 0.88 111.5 0.57 0.88

S.Cys 1.01 0.89 0.80 1.22 0.75 0.84

ACR 6.06 0.70 0.64 12.66 0.54 0.82

Dipstick proteinuriab 0.4 0.8
aCutoff values in same units as in Table 3
bdipstick proteinuria (≥1+ and including trace)
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competitive alternative, but not utilized due to lower sensi-
tivity and high false positive rates.

Conclusions
CKDu in rural Sri Lanka has started to reach epidemic
proportions. High cost associated with management of
end stage renal failure due to CKDu has substantially
impacted both rural and the national economy. The
credibility of screening CKDu by means of dipstick pro-
teinuria, which is the current method, has been ques-
tioned due to its limited sensitivity, subjectiveness and
high probability for human error.
No previous studies have assessed the sensitivity and

specificity of currently used CKD screening markers for
CKDu in Sri Lanka. This study emphasizes the limita-
tions of using dipstick proteinuria for screening CKDu
in Sri Lanka while investigating strengths and weak-
nesses of S.Cys, S.Cr and ACR. It is obvious that S.Cys is
the best functional marker to distinguish CKDu cases
from healthy subjects in mass screening programs. The
high cost of S.Cys could be unfavorable in practice.
Therefore, as an appreciably accurate and a cost-efficient
functional marker: S.Cr along with ACR: a renal damage
marker, could be used for successful detection of CKDu
cases in mass screenings. Due to the inferior sensitivity
against endemic population, ACR does not seem to be
favorable as an individual substitute marker. Moreover,
when identifying CKDu patients in disease-endemic re-
gions, contrasting ROC-based cutoff levels against en-
demic and non-endemic controls suggested that using
cutoff values derived from general population may not
be accurate for an endemic population. Given the min-
imally proteinuric nature of CKDu, lowering the current
ACR cutoff limit below 30 mg/g-Cr may be a viable op-
tion to improve detection of CKDu cases. However, ex-
tensive clinical investigations are needed before such

measures are implemented. Further studies, involving
larger study samples and more biomarkers, are greatly
needed to conclusively elucidate and fine tune an opti-
mal screening tool for accurate identification of CKDu
patients in Sri Lanka.

Abbreviations
ACR: Albumin to creatinine ratio; AUC: Area under curve; CI: Confidence
Interval; CKDu: Chronic kidney disease of uncertain aetiology;
eGFR: estimated Glomerular Filtration Rate; ESRD: End Stage Renal Disease;
MDRD: Modification of Diet for Renal Disease; NCP: North Central Province;
RAAS: Renin Angiotensin- Aldosterone System; ROC: Receiver operating
characteristic; S.Cr: Serum creatinine; S.Cys: Serum cystatin C; SD: Standard
deviation; Sn: Sensitivity; Sp: Specificity

Acknowledgements
The authors wish to acknowledge the support provided by Prof. M.D.
Lamawansa, the former Dean, pre-intern medical officers: Dr. Prabhath
Godamudunage and Dr. Ravindu Mataraarachchi of Faculty of Medicine,
University of Peradeniya. Authors are thankful to Dr. Hemalika Karunaratne
and Miss T.W.G.F. Mafaziya Nijamdeen of Faculty of Science, University of
Peradeniya for their contributions in statistics and English language improvement.
Further, we appreciate the invaluable contribution of Dr. Lishantha Gunaratne and
the staff of the satellite renal centre at Giradurukotte, Sri Lanka. We also wish to
thank the ministry of health and National Research Council (NRC) of Sri Lanka.

Funding
Ministry of Health, Sri Lanka provided funding for this study. Scope of
funding covered the following avenues: Shortlisting of potential markers
suitable for screening CKDu in the country, designing of a research
methodology to assess the potential of selected markers, sample collection
from relevant populations followed by analysis by an accredited laboratory
and as the outcome, providing conclusions and recommendations to the
ministry of health on which biomarkers could be utilized in future screenings
in CKDu endemic and non-endemic areas of the country. Funding was
mainly utilized on laboratory analysis, medical consumables and transport.
No payments to medical/administrative staffs were conducted by the grant.

Availability of data and materials
The data supporting the conclusions of this article is available at Open
Science Framework repository [https://mfr.osf.io/render?url=https://osf.io/
5ga4s/?action=download%26mode=render].

Authors’ contributions
NN, TA and RK designed the study. SR, ZB and NR collected the data. All
authors contributed in interpretation of data. SR prepared the manuscript.

Fig. 4 ROC plots for target markers: CKDu against CKD

Ratnayake et al. BMC Nephrology  (2017) 18:199 Page 7 of 8

https://mfr.osf.io/render?url=https://osf.io/5ga4s/?action=download%26mode=render
https://mfr.osf.io/render?url=https://osf.io/5ga4s/?action=download%26mode=render


NN, TA, ZB, NR and RK revised the manuscript. All authors read and
approved the final manuscript.

Competing interests
The authors declare no competing interests. Results presented in this paper
have not been published previously in whole or part except in abstract format.

Consent for publication
Not applicable (No data of an individual person or information disclosing
personal identification is included in this manuscript).

Ethics approval and consent to participate
The Institutional Ethical Review Committee (IERC) of the Faculty of Medicine,
University of Peradeniya approved this study. Both patients and healthy
controls gave their informed written consent.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Center for Research and Training on Kidney Diseases (CERTKiD), Faculty of
Medicine, University of Peradeniya, Peradeniya, Sri Lanka. 2Sri Lanka Institute
of Nanotechnology (SLINTEC), Homagama, Sri Lanka. 3Transplant and Dialysis
unit, Teaching Hospital, Kandy, Sri Lanka. 4Department of Pathology, Faculty
of Medicine, University of Peradeniya, Peradeniya, Sri Lanka. 5Department of
Community Medicine, Faculty of Medicine, University of Peradeniya,
Peradeniya, Sri Lanka.

Received: 4 December 2016 Accepted: 7 June 2017

References
1. Wanigasuriya K. Aetiological factors of chronic kidney disease in the North

Central Province of Sri Lanka: A review of evidence to-date. Journal of the
College of Community Physicians of Sri Lanka. 2012;17:15–20.

2. Ordunez P, Martinez R, Reveiz L, et al. Chronic kidney disease epidemic in
Central America: urgent public health action is needed amid causal
uncertainty. PLoS Negl Trop Dis. 2014;8(8):e309.

3. Gorry C. Sounding the alarm on Chronic Kidney Disease in farming
communities. MEDICC Rev. 2013;15:8–10.

4. Torres C, Aragón A, González M, et al. Decreased kidney function of
unknown cause in Nicaragua: a community-based survey. Am J Kidney Dis.
2010;55(3):485–96.

5. Wesseling C, Crowe J, Hogstedt C, et al. The epidemic of chronic kidney
disease of unknown etiology in Mesoamerica: a call for interdisciplinary
research and action. Am J Public Health. 2013;103(11):1927–30.

6. Reddy D, Gunasekar A. Chronic kidney disease in two coastal districts of
Andhra Pradesh, India: Role of drinking water. Environ Geochem Health.
2013;35:439–54.

7. Orantes CM, Herrera R, Almaguer M, et al. Chronic kidney disease and
associated risk factors in the Bajo Lempa region of El Salvador: Nefrolempa
study. MEDICC Rev. 2011;13(4):14–22.

8. Peraza S, Wesseling C, Aragon A, et al. Decreased kidney function among
agricultural workers in El Salvador. Am J Kidney Dis. 2012;59(4):531–40.

9. O’Donnell JK, Tobey M, Weiner DE, et al. Prevalence of and risk factors for
chronic kidney disease in rural Nicaragua. Nephrol Dial Transplant.
2011;26(9):2798–805.

10. Cerdas M. Chronic kidney disease in Costa Rica. Kidney Int. 2005;68:31–3.
11. Athuraliya NT, Abeysekera TD, Amerasinghe PH, et al. Uncertain etiologies of

proteinuric-chronic kidney disease in rural Sri Lanka. Kidney Int. 2011;80(11):1212–21.
12. Jayasekara KB, Dissanayake DM, Sivakanesan R, et al. Epidemiology of

Chronic Kidney Disease, with special emphasis on chronic kidney disease of
uncertain etiology, in the North Central region of Sri Lanka. J Epidemiol.
2015;25(4):275.

13. Jayatilake N, Mendis S, Maheepala P, et al. Chronic kidney disease of
uncertain aetiology: prevalence and causative factors in a developing
country. BMC Nephrol. 2013;14(1):180.

14. Chandrajith R, Nanayakkara S, Itai K, et al. Chronic kidney diseases of
uncertain etiology (CKDue) in Sri Lanka: geographic distribution and
environmental implications. Environ Geochem Health. 2011;33(3):267–78.

15. Chandrajith R, Dissanayake CB, Ariyarathna T, et al. Dose-dependent Na and
Ca in fluoride-rich drinking water—another major cause of chronic renal
failure in tropical arid regions. Sci Total Environ. 2011;409(4):671-5.

16. Wanigasuriya KP, Peiris-John RJ, Wickremasinghe R. Chronic kidney disease
of unknown aetiology in Sri Lanka: is cadmium a likely cause?. BMC
Nephrol. 2011;12(1):32.

17. Bandara JM, Senevirathna DM, Dasanayake DM, et al. Chronic renal failure
among farm families in cascade irrigation systems in Sri Lanka associated
with elevated dietary cadmium levels in rice and freshwater fish (Tilapia).
Environ Geochem Health. 2008;30(5):465–78.

18. Wen CP, Yang YC, Tsai MK, et al. Urine dipstick to detect trace proteinuria: an
underused tool for an underappreciated risk marker. Am J Kidney Dis. 2011;58(1):1–3.

19. Matsushita K, Velde M, Astor BC. Association of estimated glomerular filtration
rate and albuminuria with all-cause and cardiovascular mortality in general
population cohorts: a collaborative meta-analysis. Lancet. 2010;375(9731):2073–81.

20. Eknoyan G, Hostetter T, Bakris GL, et al. Proteinuria and other markers of
chronic kidney disease: a position statement of the national kidney
foundation (NKF) and the national institute of diabetes and digestive and
kidney diseases (NIDDK). Am J Kidney Dis. 2003;42(4):617–22.

21. Kashif W, Siddiqi N, Dincer AP, et al. Proteinuria: how to evaluate an
important finding. Cleve Clin J Med. 2003;70(6):535–7.

22. White SL, Yu R, Craig JC, et al. Diagnostic accuracy of urine dipsticks for detection of
albuminuria in the general community. Am J Kidney Dis. 2011;58(1):19–28.

23. Badurdeen Z, Nanayakkara N, Ratnatunga NV, et al. Chronic kidney disease
of uncertain etiology in Sri Lanka is a possible sequel of interstitial nephritis!
Clin Nephrol. 2016;86(13):106.

24. Kabanda A, Jadoul M, Lauwerys R, et al. Low molecular weight proteinuria
in Chinese herbs nephropathy. Kidney Int. 1995;48(5):1571–6.

25. Norden AG, Scheinman SJ, Deschodt-Lanckman MM, et al. Tubular
proteinuria defined by a study of Dent’s (CLCN5 mutation) and other
tubular diseases. Kidney Int. 2000;57(1):240–9.

26. Nanayakkara S, Senevirathna ST, Karunaratne U, et al. Evidence of tubular
damage in the very early stage of chronic kidney disease of uncertain
etiology in the North Central Province of Sri Lanka: a cross-sectional study.
Environ Health Prev Med. 2012;17(2):109–17.

27. Jafar TH, Chaturvedi N, Hatcher J, et al. Use of albumin creatinine ratio and
urine albumin concentration as a screening test for albuminuria in an Indo-
Asian population. Nephrol Dial Transplant. 2007;22(8):2194–2200.

28. Brenner BM. The kidney. 1st ed. Saunders Philadelphia, PA; 2004.
29. Rule AD, Rodeheffer RJ, Larson TS, et al. Limitations of estimating

glomerular filtration rate from serum creatinine in the general population.
Mayo Clinical Proceedings. 2006;81(11):1427–1434.

30. Wijewickrama ES, Weerasinghe D, Sumathipala PS, et al. Epidemiology of
chronic kidney disease in a Sri Lankan population: experience of a tertiary
care center. Saudi J Kidney Dis Transpl. 2011;22(6):1289.

31. Newman DJ. Cystatin C. Ann Clin Biochem. 2002;39:89–104.
32. Spanaus KS, Kollerits B, Ritz E, et al. Serum creatinine, cystatin C, and β-trace

protein in diagnostic staging and predicting progression of primary
nondiabetic chronic kidney disease. Clin Chem. 2010;56(5):740–749.

33. Woitas RP, Stoffel-Wagner B, Poege U, et al. Low-molecular weight proteins
as markers for glomerular filtration rate. Clin Chem. 2001;47(12):2179–2180.

34. Laterza OF, Price CP, Scott MG, et al. Cystatin C: an improved estimator of
glomerular filtration rate?. Clin Chem. 2002;48:699-707.

35. Schaeffner ES, Ebert N, Delanaye P, et al. Two novel equations to estimate
kidney function in persons aged 70 years or older. Ann Intern Med. 2012;
157(7):471–481.

36. Sharma D, Hawkins M, Abramowitz MK. Association of sarcopenia with eGFR
and misclassification of obesity in adults with CKD in the United States. Clin
J Am Soc Nephrol. 2014;9(12):2079–2088.

37. Almaguer M, Herrera R, Orantes CM. Chronic kidney disease of unknown
etiology in agricultural communities. MEDICC Rev. 2014:09–15.

38. Nanayakkara S, Komiya T, Ratnatunga N, et al. Tubulointerstitial damage as
the major pathological lesion in endemic chronic kidney disease among
farmers in North Central Province of Sri Lanka. Environ Health Prev Med.
2012;17(3):213–21.

39. Selvarajah M, Mendis S, Jayasinghe S, et al. Randomized Controlled Trial of
Treatment of Chronic Kidney Disease of Uncertain Aetiolgy with Enalapril. J
Clin Toxicol. 2016;6(1):281.

40. Burden R, Tomson C. Identification, management and referral of adults with
chronic kidney disease: concise guidelines. Clin Med. 2005;5(6):635–42.

Ratnayake et al. BMC Nephrology  (2017) 18:199 Page 8 of 8


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Results
	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Publisher’s Note
	Author details
	References

