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Abstract

Chronic kidney disease of unknown origin (CKDu) is a global burden among the agricultural communities, this is a non-communicable disease
(NCD) which is asymptomatic and irreversible until latter stages of the disease. The disease has no common features unlike chronic kidney
diseases (CKD’s) making early detection impossible in the patients. The most recent form of CKDu was reported in India, known as the Indian
CKDu in late 2010’s.

In Sri Lanka, CKDu is highly prevalent in the north central province of the country with nearly15.1%-22.9% presented with the disease. This
region is a dry zone in which agricultural and farming activities are carried out as the main occupation. Several studies have been carried out
linking CKDu to various factors such as heavy metals in water, agrochemicals, heat, dehydration and socio-demographics in NCP. Despite
several researches being conducted none of them were able to prove the root cause and causative factors of the disease. Using the available
articles online, studies from countries such as India, Nicaragua, Sri Lanka and South America were chosen in which heat stress, dehydration,
heavy metal involvement, agrochemicals were common causative factors reported in these geographical locations.

Several studies analyzed indicate that the affected CKDu population were part of the agricultural community in rural areas with less or no

proper high school education and family history with CKDu. Recent findings do suggest that a combination study involving socio-
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demographical data and geographical data will help to end the CKDu debate worldwide and provide new insights into early diagnosis.

Introduction

Chronic kidney disease’s is one of the growing health concerns
globally, it is ranked as the 12 most common cause of death by the
Global Burden of Disease Study and a reported 1.1 million patients
die yearly due to kidney failure and a reported 5-10 million people die
due to any form of CKD. Due to the disease having a major impact
on economic burden towards the country the treatment and
management of the disease has been limited in several low- and
middle-income countries such as India, Egypt, Nicaragua, El
Salvador and Sri Lanka [1].

CKD’s have general features of diabetes mellitus, hypertension and
high blood pressure presented in most cases; a new form of the disease
also known as chronic kidney disease of unknown origin (CKDu)
contains no general features as in CKD. The disease is most common
among the low-middle income countries and among the farming
population of rural regions. As there is no universal features presented
by the disease, early diagnosis cannot be made and the patient
prognosis is generally poor as its irreversible.

The first case of CKDu was reported back in 1912, also known as the
Itai-itai disease in Japan which commonly affected postmenopausal
women, the etiology was unknown until 1968 where cadmium was

identified as the main causative agent. Balkan endemic nephropathy

(BEN) was reported in the 1950’s which was the next type of CKDu
identified until the causative agent was identified as Aristolochia
species in 1993. The more recent forms of CKDu, Mesoamerican
nephropathy (MEN), SL CKDu and Indian CKDu the causative
factors are still unidentified and show common similarities between
them [2].

Disease being asymptomatic until end-stage-renal-disease (ESRD),
severity higher in males than females, main occupation as farming are
the common resemblances between MEN, SL-CKDu and Indian-
CKDu. Several studies have been conducted over the past decade to
identify the root cause for the Sri Lankan CKDu, environmental and
occupational hazards have been identified as the most common
features presented among MEN, Indian-CKDu and Sri Lankan
CKDu. Heavy metal contamination, use of agrochemicals, heat and
dehydration, snake bites and occupational health hazards have been
identified as the potential causes of CKDu. However, the underlying
etiologies have not been identified in most places such as the NCP of
Sri Lanka. By analyzing the available evidence from existing
literature papers, the potential causative factors can be identified and
provide better insights into Sri Lankan CKDu [3].
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Methodology

Read by QxMD tool was used to search for the keywords “CKDu”,
“CKD”, “North Central Province”, “heavy metals”, “MEN”, “e-
GFR”, “agrochemicals” were combined with “Sri Lanka”, “Lanka”
and “SL”. Articles were checked on Google scholar for citation scores
and most recent papers released, based on that

36 articles were chosen for the study consisting of review papers,
editorial, preliminary studies conducted recently and research papers.
Relevant information from the papers were summarized and extracted
to identify the main causative agents of CKDu in the region to fulfill
the study objective.

Background

Geographical Setting North central province of Sri Lanka is also
known as the dry zone of the country with temperature levels ranging
from 24.7°C to 28.7°C in the region and rainfall levels of
1368mmover the year. The region consists of two main districts,
Anuradhapura and Polonnaruwa with an estimated 1.3 million people
living in the region with the majority being Buddhists. An
estimated2888 villages are in the NCP and 30% of the income is
generated through agricultural activities carried out in the region
which significantly contributes to the overall GDP of the country
[4,5].

Socio-demographical Factors

The region has agriculture as the main occupation, hence more male
workers are heavily involved than the females. The working age
group in the region lies around second decade and upwards in general
with a minimum of 6-8 hours of paddy harvesting and ploughing
taking place during the seasonal period. Educational levels of the
individuals of the NCP are lower than most parts of the country where
only a reported 25% of individuals have passed O/L and A/L together
[6]. Majority of the families contain more than 2 household members
out of which at least 1 is affected by CKDu. The average income by
the individuals present in the region lies between 3000-10000LKR
and are heavily reliant on the agriculture and harvest of paddy crops
[6,7].

Impact of agrochemicals on CKDu Agrochemicals are widely used in
most South Asian countries to provide a better yield in crop
production, Sri Lanka also uses different forms of these such as
pesticides, herbicides, insecticides and fertilizers commonly. The dry
zone of Sri Lanka uses agrochemicals in high yields, where a study
conducted by [8], the efficiency of cost-usage ratio was 0.37 in this
region indicating an overuse of agrochemicals. In Sri Lanka,
fertilizers are subsidized at high levels making it available for a
cheaper rate for many farmers to use higher than recommended
amounts. Due to this excessive usage of agrochemicals, the water
cycle and the food chain patterns in the region also undergo changes
[9,10]. Most farmers lack education and training to create awareness
about the use of agrochemicals, this results in majority of them being

directly exposed to the chemicals without any protection. Studies

conducted previously has shown agrochemicals can enter the body
through nails and hairs leading to skin diseases and cause damage to
various organs in the body due to high metal content [11]. Excessive
agrochemicals get washed away from the soil leading to excessive
nutrients available for micro-organisms such as algae, bacteria and
fungi to grow and incorporate themselves on the crops which can
directly affect the food cycle chain of humans. Lack of water available
in the region leads to farmers relying on well and spring water sources
for consumption, the agrochemicals washed away from the soil can
leech into the waterway pathways leading to groundwater
consumption being contaminated. Phosphorus is identified as one of
the key

elements that causes “eutrophication” of the water quality and
increases the risk of water drying out in the region [12]. Nitrogen is
another element that harms the ecosystem, excessive nitrogen can
lead to over stimulation of aquatic plants and algae formation which
competes for oxygen with other organisms. Several studies have
shown that many fish species are contaminated with high heavy metal
content and unable to be consumed by the residents of the NCP, with
increasing damage to the ecosystem the quantity of fish present in the
region will begin to reach its extinction with time [13]. Excessive
nitrogen can also cause increase in pollutants present in the region;
ammonia is one of the greenhouse gases formed due to excessive
nitrogen present and this decreases the air quality leading to problems
such as asthma and respiratory tract infections [14].

Potassium is the most important element needed for plant growth,
where it allows movement of nutrients and water into the plants and
needed for ATP production to regulate photosynthesis. Lack of
potassium can lead to plant defects being visible and also can affect
the growth of the plant, most farmers use “potash” a type of potassium
fertilizer that is expensive and needed as an essential component
during harvesting. As the subsidies are lowered in South Asian
countries, the potassium fertilizers are used excessively causing
draining of potassium into groundwater. This could lead to
hyperkalemia, which is a common condition presented among CKD
individuals and lead to kidney dysfunction with time [15].

A combination of three essential elements can lead to long-term harm
to the ecosystem, environment and human health, the impact of
agrochemicals could be a probable cause of CKDu which has not been
proven yet. Heavy metals involvement in CKDu Several heavy metals
have been linked to be causative agents for CKDu, these heavy metals
are present as constituents and waste products of the agrochemicals.
Arsenic is one of main heavymetals present in triple super phosphate
(TSP) which is a common fertilizer used by farmers for the cultivation
of rice. As stated by Rawat [16] nearly 2100kg of arsenic is imported
yearly in the form of TSP fertilizers.

Despite the fact that the WHO considered pesticides containing
arsenic as hazardous many farmers still continue to use them as they

are unaware of the harm caused by these heavy metals [17].
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Chronic arsenic toxicity (CAT) is a common feature presented among
CKDu affected patients, where long term exposure can lead to cancer
and impacts cognitive development in young adults. Arsenic
contaminated ground water and food can lead to ingestion of these
carcinogenic particles that can lead to long term effects as kidneys
acts as the organs that helps to remove the waste products from the
body. This can lead to long term irreversible damage caused to the
kidneys leading to fibrosis and increased proteinuria levels in the
patients’ blood leading to nephrotoxin build up inside the body [18].
Cadmium is another heavy metal that is present in phosphorous
fertilizers which is a carcinogenic compound for human health.
Several countries have banned fertilizers containing cadmium due to
the direct impact it has on the kidneys. European Union passed a bill
to limit the use of cadmium containing fertilizers as its adverse effects
were causing increased reported incidents of kidney and respiratory
system failures due to cadmium exposure [19]. Renal tubular
dysfunction and increased creatinine levels in blood and urine are the
main features observed in individuals with increased cadmium
exposure. This is proven in the NCP of Sri Lanka, where excessive
amount of cadmium was presented in ingested food and water which
could probably be one of the causes of CKDu in these individuals
[20,21]. Rice being the staple food consumed by the residents of the
NCP and the cadmium levels found in rice in this region is well above
the international limits set by the WHO indicating the excessive usage
of agrochemicals in the region. Facts and theories states cadmium has
a major impact like arsenic on the kidneys, but till date there has been
no evidence that link cadmium to be the direct causative agent of SL-
CKDu unlike in “Itai-itai disease” [22].

Glyphosate is another widely used herbicide which has been
identified as one of the probable causative factors of CKDu. Exposure
to glyphosate in minimal amounts has no or less impact on the body
organs or immune system, whereas excessive exposure could lead to
severe complications such as DNA damage in exposed individuals.
Glyphosate unlike arsenic and cadmium shows minimum levels of the
heavy metal presence in the blood or urine and makes slow cellular
damage inside the body. Regardless of the fact the WHO deemed
glyphosate as “probably carcinogenic”, the damage caused by the
heavy metal can significantly impact the growth and metabolism in
individuals when exposed for a long period of time [23]. In Sri Lanka
increased levels of glyphosate is presented in farming lands topsoil
indicating prolonged exposure which can be one of the causative
agents for CKDu [24].

Arsenic and cadmium are released into the environment by the
phosphorous fertilizers and glyphosate is released through herbicides
added for the harvesting process. Three of these heavy metals are
released from the use of agrochemicals and play a significant part in
proliferating damage to the kidneys. The chief contributing causative
agent might be unknown, nonetheless the effect of heavy metals on
kidneys can be understood. Water contamination as a source of CKDu

outbreak Due to the cumulative accumulation of agrochemicals in the
region the overall groundwater quality has impacted the overall
quality of water. lons such as sodium, fluoride, magnesium, calcium,
potassium, lead, ammonium and phosphate are generally present in
drinking water in the region [25]. A study conducted using mice with
the contaminated drinking water sources indicated several deaths
occurring with over consumption of water and formation of necrotic
lesions of kidneys and liver [26]. Patients in the NCP are more liable
to be affected with gastrointestinal and diarrheal diseases due to this
consumption of contaminated water and could possibly cause long
term damage to the kidneys as well. Lack of water available in region
causes individuals to be reliant on water from groundwater sources
such as wells and tanks, even though there are significantly high
amounts of heavy metals mixed in the water content people consume
them without filtering the heavy metals available [27]. Changes in pH
value and electrochemical gradient net charge of water also impacts
this, where at different temperatures in the region the release rate of
heavy metals vary, at high temperatures asin the NCP. Increased
heavy metals deposition in the body leads to oxygen deprivation to
the affected organs, specially the kidneys as the particles get filtered
over here. High heavy metal

deposition also leads to problems in homeostasis and osmoregulation
in the body which could cause increased dehydration in the body.
Several studies [28,29] have stated that the lack of water availability
in the region provides the residents with no option but consume
ground watersources which contains high levels of contaminants and
probable causative factors which can cause progression of CKDu.
Impact of heat and dehydration on CKDu Majority of the workers
affected with CKDu have been found to be working at high
temperatures for several decades. In South American countries
sugarcane plantations and South Asian countries paddy cultivation are
the only difference in terms of farming, whereas the working hours
and climatic demographics are similar. Due to high intensity work
being carried out, a high amount of sodium is lost by the body through
sweat, this leads to an imbalance of ions inside the body leading to
dehydration and dysuria in the farmers. Dehydration can lead to either
farmers consuming excessive contaminated water from closest water
source or else remain dehydrated to prevent drinking contaminated
water. Either way the kidneys get affected due to the heat stress
exerted onto the body leading to symptoms such as headache and
dizziness in most instances. Women are liable to be affected due to
this as the water retention in their bladder is relatively lower than in
males and more liable to be affected by urinary tract infections as
well.

A study carried out in 2015 identified heat stress as the main causative
factor of CKDu in Mesoamerican nephropathy patients in South
America [30] and studies are ongoing currently to prove the
hypothesis made by the research team. Farmers have high endurance
levels which the body is able to resist any form of heat and pressure
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exerted by the surroundings leading to acute kidney injury that can
develop into chronic injury overtime [31]. Recurrent and prolonged
dehydration has been identified as a causative factor that could lead
to glomerular hypertension tubular injury due to the oxidative stress

exerted onto the kidneys [32] which could be a probable pathway

Discussion

The most recent findings about CKDu has helped several countries
burdened by the disease to bridge the gap between understanding the
etiology of the disease and finding the root causative factors. Endemic
regions have been identified over the last decade which show similar
sociodemographic and climatic factors presented among them,
indicating a common causative factor presented among this
community. Sri Lanka was chosen as the ideal region to identify and
point out the causative factors due to the prevalence of the disease
from the 1990’s. Several studies have been conducted since then
highlighting different causative factors and their probable roles in
causing the disease to progress further. North Central Province (NCP)
of Sri Lanka is a unique location which supports all“suggested
hypotheses” worldwide and shows incident rates in the region.
Change in agricultural practices and providing an alternative way of
farming will increase the likelihood of farmers being less exposed by
the disease, although these methods have been suggested there has

been no continuous monitoring carried out which questions the

Conclusion

CKDu is a form of CKD which is a growing concern in the North
Central Province (NCP) of Sri Lanka, several hypotheses have been
suggested and studies have been conducted widely to understand the
impact of the disease. The mortality rate caused by the disease in the
region is relatively high and could be having similar impact across
other low-income countries as well due to the limitations in outpatient
management. Studies needs to be conducted globally across all
affected regions using available resources to identify the cause of the

disease and must be considered as an urgent problem to be addressed.

Disclosure Statement: There are no conflicts of interest in

publishing this article, all author(s) involved gave their consent for
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