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Introduction: In the last two decades, chronic kidney disease of unknown etiology (CKDu) has emerged as a 
significant contributor to the burden of chronic kidney disease (CKD) in rural Sri Lanka. It is characterized by the 
absence of identified causes for CKD. The prevalence of CKDu is 15.1–22.9% in some Sri Lankan districts, and 
previous research has found an association with farming occupations.
Methods: A systematic literature review in Pubmed, Embase, Scopus, and Lilacs databases identified 46 eligible 
peer-reviewed articles and one conference abstract.
Results: Geographical mapping indicates a relationship between CKDu and agricultural irrigation water sources. 
Health mapping studies, human biological studies, and environment-based studies have explored possible 
causative agents. Most studies focused on likely causative agents related to agricultural practices, geographical 
distribution based on the prevalence and incidence of CKDu, and contaminants identified in drinking water. 
Nonetheless, the link between agrochemicals or heavy metals and CKDu remains to be established. No definitive 
cause for CKDu has been identified.
Discussion: Evidence to date suggests that the disease is related to one or more environmental agents, however 
pinpointing a definite cause for CKDu is challenging. It is plausible that CKDu is multifactorial. No specific guidelines 
or recommendations exist for treatment of CKDu, and standard management protocols for CKD apply. Changes 
in agricultural practices, provision of safe drinking water, and occupational safety precautions are recommended 
by the World Health Organization.
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Introduction
Sri Lanka has a population of approximately 20 million and 
agriculture is a major component of the economy.1 Chronic 
kidney disease (CKD) is a major burden on the health-
care system of Sri Lanka. Diabetes, hypertension, and the 
various forms of glomerulonephritis are well-recognized 
etiologies.2–4 With increasing prevalence of non-commu-
nicable diseases, in particular diabetes and hypertension, 
the burden of CKD is expected to rise.5 Since the 1990s, a 
new CKD, where no obvious cause is identifiable, has been 
described in Sri Lanka. This new condition has resulted 
in a rise in the incidence of CKD in rural Sri Lanka, and 
has been aptly named chronic kidney disease of unknown 
etiology (CKDu).6,7 Alternate suggested names for this 
condition include chronic agricultural nephropathy (CAN) 
and CKD of multifactorial origin (CKD-mfo).8,9 Similar 
entities with unknown cause for CKD exist in other parts 

of the world. Environmental agents and conditions, such as 
heavy metals and industrial chemicals, have been linked to 
the development of CKDu in other parts of the world.10,11 
In this systematic review, we seek to synthesize research 
on the cause(s) and treatment modalities of CKDu in Sri 
Lanka. We describe the epidemiology, clinical features, 
and diagnosis of this new entity in Sri Lanka, and explore 
the implicated etiologies.

Methods
Pubmed, Embase, Scopus, and Lilacs databases were 
searched in April of 2016 for publications containing at 
least one the following keywords: ‘proteinuria,’ ‘chronic 
kidney disease,’ ‘CKD,’ chronic renal failure,’ ‘CRF,’ 
‘renal failure,’ ‘CKD-U,’ ‘CKDu,’ ‘renal,’ ‘kidney,’ ‘glo-
merular’ AND ‘Sri Lanka’ OR ‘Lanka’ in any combina-
tion in the title, abstract or MeSH terms. The search was 
not time restricted. This search resulted in 727 papers. 
Endnote X5® was used to combine, remove duplicates, 
and filter the abstracts. Two authors (SR and MCS) read 
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the abstracts and identified relevant papers. All three 
authors read the full text of relevant papers, and relevant 
information was extracted and summarized in tables. The 
inter-rater agreement was 100%. Related references were 
also included. Forty-six papers provided relevant informa-
tion for our study objective. One peer-reviewed abstract of 
a presentation from an international scientific conference 
was also included in the review.

Results
Defining CKDu
CKD is considered to be of unknown origin in the absence 
of recognized conditions which cause renal disease, such 
as diabetes mellitus, chronic or severe hypertension, 
snake bite, glomerulonephritis or urological diseases, 
together with normal HbA1c (<6.5%), blood pressure 
<160/100 mm Hg untreated or <140/90 mm Hg on up 
to two antihypertensive medications. This definition was 
developed by the Scientific Committee of the National 
Research Programme for CKDu launched by World Health 
Organization and the Ministry of Healthcare and Nutrition 
of Sri Lanka.12 The disease is graded into four stages 
based on proteinuria and cut-off values of eGFR (in ml/
min/1.73 m2):>90, 60–89, 30–59, <30. Stage one disease 
is characterized by proteinuria with preserved eGFR.13,14

Epidemiology of CKDu
A recent population-based cross-sectional study has 
estimated the point prevalence of CKDu between 15.1 
and 22.9% in the Sri Lankan districts of Anuradhapura, 
Polonnaruwa, and Badulla, with an association with farm-
ing (OR 1.195, 95% CI 1.007–1.418 p = 0.041), in particu-
lar ‘chena’ cultivation13 (‘chena’ cultivation is a primitive 
form of cultivation where a farmer cuts down the trees of 
a small area of land in the jungle, sets fire to the woody 
growths, and cultivates the land, moving on the next year 
to fresh land). A community-based cross-sectional study 
conducted across five provinces in Sri Lanka showed that 
a previously established cause for CKD was not found 
in 84, 81, and 72% of CKD patients in the North Central 
Province, the Uva Province, and the Eastern Province, 
respectively.15 These three provinces are predominantly 
agricultural areas. In a study conducted in the Central and 
Southern Provinces where chena cultivation is uncommon, 
CKDu patients comprised 2.9 and 9.1% of the CKD bur-
den, respectively. The point prevalence of CKD ranged 
from 2.3 to 9.5% in these areas.16 The burden of CKDu 
has been estimated at over 50% of all CKD cases in some 
tertiary nephrology centers in Sri Lanka close to affected 
areas.3 The incidence is low in Colombo, which is not an 
immediate catchment area for affected regions.4 The dis-
ease is more common in males between the ages of 40 and 
69 years, in farming communities in rural Sri Lanka, with 
conflicting evidence of familial clustering.3,4,16–18 Studies 
using geographical mapping show that villages with a high 

prevalence of CKDu are often related to irrigation water 
sources and/or located below the level of the water table.19

Clinical characteristics of CKDu
Proteinuria (albumin–creatinine ratio [ACR] ≥ 30 mg/g) 
and deranged renal function are the principal abnormali-
ties seen in CKDu. In the past, clinical presentation was 
often late, with many patients presenting in end-stage 
CKD.7 Since the diseases have gained wider recognition, 
community screening programs have been directed toward 
early identification of the condition. Clinically, CKDu is 
indistinguishable from CKD due to other causes. Edema 
and hypertension occur late in the disease progression.20 
Increased excretion of alpha-1 microglobulin in the urine 
has been observed in CKDu, and may be a potential early 
biomarker for screening purposes.16,17 However, other stud-
ies have demonstrated that alpha-1 microglobulin excre-
tion is not exclusive to CKDu and is seen in a variety of 
renal tubular disorders as well as some non-nephrological 
conditions.21 Thus, there is inadequate evidence currently 
to recommend alpha-1 microglobulin as a screening test 
for CKDu in Sri Lanka.

Histopathological findings in CKDu
Tubulointerstitial disease is a prominent feature in subjects 
with suspected CKDu.15,16,20,22,23 A recent study in asymp-
tomatic CKDu patients with proteinuria showed that the 
majority of subjects had varying degrees of interstitial 
fibrosis, interstitial inflammation, glomerulosclerosis, 
and tubular atrophy.18 In this study, interstitial fibrosis in 
more than 5% of cortical area was seen in 93% of study 
subjects. Severe renal scarring was uncommon. Tubular 
involvement appears to occur early in the disease, and 
this is further supported by the presence of elevated 
levels of urinary alpha-1 microglobulin (a tubular bio-
marker) in asymptomatic disease.17 The role of interstitial 
inflammation in the initiation of the disease is, however, 
unclear. In asymptomatic proteinuric patients, intersti-
tial fibrosis without inflammation has been shown to be 
common.18 Nonetheless, it is postulated that interstitial 
inflammation may play a role in the progression of the 
disease.20,23 Another study conducted between 2008 and 
2009 demonstrated glomerular changes, included global 
sclerosis (37.1%), ischemic-type obsolescence, wrinkled 
and collapsed glomerular tufts (17.6%), and glomerular 
enlargement (36%).18 Focal segmental glomeruloscle-
rosis was uncommon (3.6%). Tubulointerstitial inflam-
mation was universally present, and comprised mainly 
of mononuclear infiltrate. Vasculitic changes were nota-
bly absent. Overall, tubulointerstitial changes appear to 
predominate over glomerular and vascular changes in 
CKDu. Hypertension appears to correlate with arteriolar 
hyalinosis (p = 0.02) and interstitial fibrosis (p = 0.06).18 
A recently published study attempting to correlate clin-
ical disease with the histopathological appearance from 
biopsy specimens showed progressive interstitial fibrosis 
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and increasing inflammation corresponding with the stage 
of CKDu with tubular atrophy and glomerulosclerosis 
becoming apparent in stage 4 disease.24

Causative factors – epidemiological studies
Studies exploring the etiology of CKDu have focused on 
likely causative agents related to agricultural practices, 
geographical distribution based on the prevalence and inci-
dence of CKDu, and contaminants identified in drinking 
water. Health mapping studies, human biological stud-
ies, and environmental studies have explored a variety 
of possible causative agents. It is hypothesized from the 
distribution and epidemiology that the condition is linked 
to the environment and is likely to be related to human 
activities, in particular agriculture. Despite available data 
suggesting that CKDu is an environmentally acquired dis-
ease, no definitive causative factor has been identified. 
Geographic distribution and research findings favor a 
multifactorial etiology.25,26 Although heat stress has been 
proposed as a cause for CKDu in Central America, there 
is no evidence to attribute heat stress as a cause for the 
CKDu in Sri Lanka.9

Communities that source drinking water from shallow 
wells in close proximity to irrigation systems developed 
for agriculture with demonstrable seepage from irrigation 
system to the wells are more affected by CKDu compared 
to communities without irrigation seepage into wells. 
Affected villages are often located below the level of the 
water table. In contrast, communities living in geographi-
cal close proximity to irrigation systems who obtain drink-
ing water from wells sourced by natural springs appear 
to be less affected by CKDu.19 Fertilizer run-off from 
upstream agricultural activities in the hill country and 
consequent changes in the ionicity causing a Hofmeister-
type protein denaturing nephropathy has been postulated 
to be linked with CKDu.27

Studies have shown an association between drinking 
water drawn from wells and the use of pesticides with 
proteinuric nephropathy.14,28 The geographical distribu-
tion of the disease correlates with agricultural provinces. 
Thus, substances contained in drinking water, especially 
substances connected to agricultural practices, have been 
considered as possible causes of CKDu in many studies.

Various metals, metalloids, and minerals have been 
studied as likely etiological agents for CKDu. High 
levels of cadmium and fluoride, and complex interactions 
between the ratio of dissolved sodium and calcium in the 
presence of fluoride have been hypothesized to cause 
CKDu in endemic areas of Sri Lanka.29 Analysis of levels 
of different heavy metals in water, soil, plants, and fish 
from CKDu-prevalent regions initially suggested a likely 
exposure relationship between elevated cadmium levels in 
the environment and CKDu. Cadmium originates from the 
use of triple super phosphate fertilizers and weedicides. 
Water from several tributaries of the river Mahaweli, which 
is the primary source of irrigation in affected regions, has 

been shown to contain high levels of cadmium, well in 
excess of the recommended safe level of 5 ug/L.30–32 Hence 
cadmium has been extensively investigated as a putative 
causative agent in endemic areas; however studies have 
shown mixed findings.13,14,29–31,33–35 Two recent studies 
evaluating the role of heavy metal contaminants (arsenic 
[As], cadmium [Cd], lead [Pb], and uranium [U]) in 
drinking water in relation to urinary excretion of these 
agents concluded that CKDu cannot be clearly linked with 
the presence of these contaminants in drinking water.32,33 
In another recent important study subjects from endemic 
regions had higher concentrations of excreted heavy metal 
and glyphosate in the urine, exceeding the reference range.36 
The creatinine-adjusted values were also higher compared 
to non-endemic subjects. In this study, the researchers 
have proposed the synergistic effect of multiple heavy 
metals and agrochemicals as a possible mechanism for 
nephrotoxicity; however, further well-designed studies 
are needed to explore this concept further. Overall, none 
of the current epidemiological studies provide conclusive 
evidence of a causative link between heavy metals and 
CKDu.

Fluoride levels have also been found to be signifi-
cantly elevated in endemic sources of water in affected 
regions.29,33 Ionic interaction between dissolved calcium, 
sodium, and fluoride triggered by a critical range in the 
ratio determined by the concentration of dissolved cal-
cium and sodium has been studied as a putative cause of 
CKDu.29 The basis for this is that sources of drinking water 
in affected and non-affected regions have different ratios 
of calcium and sodium despite having similar levels of 
fluoride. The Na+/Ca++ ratio in water has been observed to 
be in the range of 1.6 to 6.6 in CKDu regions as opposed to 
34 to 469 for the non-endemic regions. When the Na+/Ca++ 
ratio is high, complexes of fluoride with Na+ are created in 
drinking water, reducing both the toxicity of fluoride ions 
in the human body, and the absorption of Ca++. Conversely, 
higher Ca++ levels which cause low Na+/Ca++ ratios potenti-
ates the damage on tubular cells in the presence of fluoride. 
It is notable however that the prevalence of CKDu is low 
in some areas with high fluoride levels, hence the ratios of 
Ca+ and Na+ ions probably determine its toxicity.29

Causative factors – human studies
High levels of urinary cadmium have been demonstrated in 
biological specimens from patients with CKDu compared 
to controls from affected and non-affected areas.13 This 
community-based cross-sectional study showed higher 
urinary cadmium levels in CKDu patients compared with 
healthy controls in both endemic and non-endemic areas; 
a dose responsive relationship between the CKDu stage 
and urinary cadmium concentration (p < 0.05) was seen. 
The mean urinary cadmium concentration was signifi-
cantly elevated in patients with CKDu (1.039 μg/g) com-
pared to controls from both endemic and non-endemic 
areas (0.646 μg/g, p < 0.001 and 0.345 μg/g, p < 0.05), 
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acetylcholine esterase (AChE) inhibitor pesticides was 
explored in a study conducted in affected areas when 
the disease entity was newly recognized.41 AChE levels 
were shown to be significantly lower in AChE inhibitor 
pesticide exposed-CKD patients as compared to unex-
posed-CKDu patients (p < 0.05), however a definite 
association could not be established in the study because 
AChE levels of exposed non-CKD farmers were histor-
ical data obtained from farmers living in another part of 
the country. Prior pesticide poisoning has not been linked 
to the development of CKDu.28 In a case control study, 
metabolites of neonicotinoid insecticides were shown 
to be lower in farmers with CKD compared to healthy 
controls living in Japan.42

Aristolochic acid is a well-known nephrotoxin.43 It’s 
role in CKDu has not yet been evaluated adequately. 
In multivariate logistic regression analysis of a case- 
control study in 2007 at Anuradhapura Teaching Hospital, 
past use of ayurvedic/native medication was found to be 
significantly associated with CKDu (p < 001).28 Some of 
these ayurvedic medications contain aristolochic acid. 
However, an increase in urothelial tumors which are seen 
in association with aristolochic acid are not reported in 
association with CKDu. Post-infective causes of CKDu 
have also been postulated,44 drawing parallels to the epi-
demic of CKD in Singapore three decades ago, however 
evidence is lacking.45

Despite various hypotheses being considered, no par-
ticular agent is conclusively established, including heavy 
metals, metalloids or minerals, mycotoxins, pesticides or 
native medications, to cause CKDu. Despite geograph-
ical associations with agricultural areas, no strong evi-
dence exists linking any agriculture-related substance 
or practice with the development of CKDu. Thus, we 
feel it is premature to consider renaming it chronic agri-
cultural nephropathy.9 It is quite plausible that CKDu is 
multifactorial and available evidence suggests that it is 
an environmentally acquired disease.8,11,26 Pinpointing a 
definite cause for CKDu is challenging task; the biggest 
difficulty is dissociating random associations from caus-
ative relationships.

Disease progression & death in CKDu
In a cohort study carried out over 6.5 years (n = 143), 
hypertension was a consistent factor in disease pro-
gression throughout all stages of CKDu. Observational 
studies find that low body mass index is also associated 
with disease progression among patients with stage 2–3 
CKDu. Mortality rates increased with the stage of CKDu, 
as expected.18

Early detection or CKDu
At present eGFR and urinary albumin–creatinine ratio are 
used for screening. Dipstick proteinuria appears unreliable 
and has low sensitivity. While some have suggested that 
urinary excretion of alpha 1-microglobulin measurements 

respectively. This study also demonstrated that urinary 
lead and arsenic levels were similar in CKDu cases and 
healthy controls. Urine concentrations of sodium, potas-
sium, calcium, magnesium, copper, zinc, and titanium 
in CKDu patients were within normal limits. The study 
concluded that cadmium exposure is a risk factor for the 
pathogenesis of CKDu.

However in another study, higher levels of cadmium 
were found in the urine of healthy controls compared to 
cases with CKDu, after correction for urinary creatinine 
levels.33 This finding disputes its causative relationship, 
and suggests that cadmium may merely be an inciden-
tal association.33 Another similar study from Japan also 
found lower levels of cadmium in the urine of patients 
with CKDu (n = 106) compared to unaffected controls 
(n = 50), and cadmium levels were similar in affected 
Japanese patients with CKDu and unaffected controls 
from Sri Lanka.22 There was no significant dose–effect 
relationship between the concentration of arsenic, lead, 
or selenium in urine and the stage of CKDu, however 
deficiency in selenium appeared to be an association. 
Serum and urinary studies do not suggest aluminum as 
a causative agent for CKDu.13,33 Tubular concentrating 
ability is impaired in CKDu and therefore metal con-
centration should be adjusted to urinary creatinine lev-
els, and absolute urinary metal concentrations may be 
misleading.33

In a study where hair and urine samples collected 
from both CKDu patients and controls were analyzed for 
arsenic, 68% of CKDu patients and 28% of controls had 
urine arsenic levels above the threshold limit of 21 μg/g 
creatinine for arsenic-related nephropathy, thus suggest-
ing a potential link between chronic arsenic toxicity and 
CKDu.37 A study comparing consumption of white rice as 
staple food in CKDu cases and matched controls showed 
no association with CKDu.38

One study compared the levels of nephrotoxic myco-
toxins in urine samples from patients with CKDu in the 
North-Central Province of Sri Lanka with healthy relatives 
and healthy Japanese subjects.39 Aflatoxins, ochratoxins, 
and fumonisins were detected in 61.29, 93.5, and 19.4%, 
respectively, of the 31 patients studied. Though similar 
levels of these toxins were detected in healthy relatives of 
CKDu patients, the levels detected in Japanese subjects 
were much lower. Ochratoxin-A, a mycotoxin, has been 
purported as a likely agent, however levels in food items 
in CKDu endemic areas showed low levels, well below 
the maximum safe limits.40 The evidence supporting a 
causative role for nephrotoxic mycotoxins is insufficient 
at present.

Pesticides such as 2,4-D, 3,5,6-trichloropyridinol, 
p-nitrophenol, 1-naphthol, 2-naphthol, glyphosate, and 
AMPA have been detected in the urine of CKDu patients, 
however whether any of these agents appear to have a 
causative role in the etio-pathogenesis of CKDu has not 
been established.13 A causal relationship of CKDu to 



Rajapakse et al CKDu in Sri Lanka

 International Journal of Occupational and Environmental Health  2016  VOL. 22  NO. 3 263

the North Central Region. Early disease is asymptomatic, and 
screening may help in detection and control of accelerating 
factors, e.g. hypertension; such strategies are common to all 
types of CKD, and no specific intervention is yet available 
for CKDu. Symptomatic disease often presents late with 
advanced kidney disease. Despite a fair amount of research, 
the causative agent or agents remain an enigma, though it 
appears to be related to the environment and agriculture. 
Whether this is an entity with a single causative agent or a 
spectrum of nephropathies caused by different agents with 
overlapping clinic-pathological features with the same end 
point is currently unclear. Safe water for consumption and 
prudent farming practices may play a role in containing the 
epidemic.
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