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Abstract

Background: Chronic Kidney Disease of unknown origin (CKDu) excludes known
primary renal conditions or systemic disease (such as diabetes mellitus or hyper-
tension). Prominence of CKDu has been noted for some decades in Sri Lanka,
especially among men in particular rural areas, prompting many studies directed
towards environmental causation. This article critically reviews relevant primary
studies.

Methods: Articles for this literature review (n = 86) were found by searching
Medline, Embase, Global Health and ProQuest databases over 2000-2020 utiliz-
ing a standard algorithm. Articles were critiqued according to criteria for diagnosis
of CKDu, aetiological agents investigated, analytic methods employed and
findings.

Results: Criteria for diagnosis of CKDu varied significantly, including pre-selection
by proteinuria, eGFR and biopsy proven interstitial nephritis. Prevalence studies
have been largely conducted in the North Central Province, with recent studies
demonstrating the presence of CKDu in other regions. Aetiological factors investi-
gated in primary studies included water source, use of agrochemicals, agricultural
work, heavy metals, snake bites, ayurvedic medication, heat stress, infectious dis-
eases and usage of tobacco and betel leaf. There is no conclusive evidence for any
one aetiological agent despite consistent evidence of distal factors such as male
sex, rural residence and farming.

Conclusions: The current body of evidence for any aetiological agent as the cause of
CKDu in Sri Lanka is limited. Further research with stronger study designs is neces-
sary to increase knowledge of aetiology of CKDu in Sri Lanka to identify and elimi-
nate exposure to possible causative agent(s) prior to concluding that the disease is

multifactorial.
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environmental exposure/adverse effects, global health, nephritis, interstitial, enal
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SUMMARY AT A GLANCE
This review of 79 reports from the literature found no conclusive evidence linking
CKDu in Sri Lanka to any single aetiological agent despite consistent association with
male sex, rural residence, and the farming industry.

1 | INTRODUCTION (Aristolochia exposure),* and Balkan endemic nephropathy (BEN).?

Chronic kidney disease of unknown aetiology is marked by declining
renal function in the absence of any obvious attributable cause of
renal failure such as diabetes mellitus (DM), glomerulonephritis, hyper-
tension (HT) or structural abnormalities.! The twentieth century has
witnessed several epidemics of chronic kidney disease of unknown
origin (CKDu) including Itai-Itai disease in Japan (cadmium exposure),?
Chinese herbal nephropathy

Queensland lead nephropathy,®

Scientific consensus on the aetiology of BEN and Itai-Itai disease
required extensive research spanning decades. At the end of the
twentieth century, two new epidemics of CKDu were described in
Sri Lanka and Mesoamerica.®” In both regions, the disease is
described as predominantly affecting male agricultural workers with
histopathology showing tubulo-interstitial nephritis on biopsy.® There
are reports of a similar CKDu also occurring in India, Mexico, Sudan,
Tunisia, Tanzania and Egypt.>®~° Research in both Sri Lanka and

Search terms: ‘[renal insufficiency, chronic OR kidney failure,
chronic OR chronic kidney disease] AND [unknown aetiology OR
aetiology OR cause OR origin] AND [Sri Lanka].’

Search period:January
2000-December 2020

Embase: 105 articles
Global Health: 78 articles
Proquest: 133 articles
Medline: 95 articles

Duplicate articles deleted, n = 186

articles

Inclusion criteria: Research examining
CKDu aetiology in Sri Lanka, n = 80

Exclusion criteria:
Review/Theoretical articles, n = 58
Not CKDu, n = 38

Research not in Sri Lanka, n =16

Not examining aetiology, n = 30
Published under another name, n =3

FIGURE 1 Inclusion criteria for review

Additional articles from secondary
searching of bibliography and articles
provided by colleagues, n = 6
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Mesoamerica has failed, thus far, to reach a consensus on the aetiology.
Difficulties in identifying potential exposures arise because CKDu may
present after a considerable time following exposures, and be due to
recurrent low dose chronic exposures.'* CKD due to unknown or other
causes (excluding hypertension, diabetes mellitus and glomerulonephri-
tis) is estimated to have the highest age-standardized rate of disability
adjusted life years of all causes of CKD globally.!?

This article is a narrative review of the current knowledge, and
limitations of empirical research, in understanding the aetiology of
CKDu in Sri Lanka through consideration of the evidence for different
risk factors that have been investigated in the published literature.

2 | METHODS OF REVIEW
Articles for this literature review were found by searching Medline,

Embase, Global Health and ProQuest databases utilizing the following

TABLE 1 Definitions of CKD and CKDu by different organizations

Reference Criteria

Kidney Disease: Improving Global Outcomes
(KDIGO). 2005, updated 2012

search terms '[renal insufficiency, chronic OR kidney failure, chronic
OR chronic kidney disease] AND [unknown aetiology OR aetiology
OR cause OR origin] AND [Sri Lanka]'. The article search period was
from January 2000 to December 2020. The inclusion and exclusion
criteria are summarized in Figure 1.

The aim is to examine the quality of the literature in the area to
assess the progress made in the last 20 years and not to answer a sin-
gle research question. Further, we aim to reduce a priori exclusion of
a substantial number of studies through not limiting inclusion criteria
to a particular methodology or CKDu criteria because of the diverse
research methodologies and varied definitions of CKDu utilized by
research studies in Sri Lanka. Thus, a systematic review methodology
was not adopted. This approach enables a more comprehensive
review of the existing literature and identification of the persistent
gaps in epidemiological studies in Sri Lanka. Each reviewed article was
classified by methodology, with the factors investigated and main

findings summarized within the tables included in Supplementary

Duration over 3 months of: eGFR <60 ml/min/1.73 m?, AND/OR
Albuminuria—with an albumin creatinine ratio (ACR) 230 mg/g AND/OR

Urinary sediment abnormalities e.g. red blood cell casts in proliferative glomerulonephritis, white
blood cell casts in pyelonephritis, oval fat bodies or fatty casts in diseases with proteinuria

AND/OR

Electrolyte abnormalities, e.g. renal tubular acidosis, renal potassium wasting and renal magnesium

wasting AND/OR

Pathological abnormalities detected by histology or inferred, e.g. glomerular diseases, vascular
diseases, tubulointerstitial diseases AND/OR

Structural abnormalities detected by imaging, e.g. polycystic kidneys AND/OR

History of renal transplantation

World Health Organization/Ministry of Health,
Sri Lanka. 2013

Albumin-creatinine ratio 230 mg/g with no history of glomerulonephritis, pyelonephritis, renal
calculi or snake bite, not on treatment for diabetes, HbA1c <6.5%, blood pressure

<140/90 mmHg if on treatment for hypertension or <160/100 mmHg if not on treatment for

hypertension

Sri Lankan Society of Nephrologists. 2018 Suspected CKDu:

eGFR <60 ml/min/1.73 m? using CKD-EPI Equation OR
albuminuria 230 mg/g creatinine OR
proteinuria 2150 mg/g creatinine

Without:

urine protein/creatinine ratio > 3000 mg/g creatinine
diagnosed diabetes, on treatment for diabetes, or random capillary plasma glucose 2200 mg/d|
hypertension with untreated blood pressure > 160/100 mmHg, or on more than two

antihypertensives

previous acute kidney injury requiring dialysis

age > 70 years

Probable CKDu—repeat assessment after 12 weeks showing:
eGFR <60 ml/min/1.73m? using CKD-EPI Equation OR
albuminuria 230 mg/g creatinine OR

proteinuria 2150 mg/g creatinine

Without:

diabetes, as evidenced by fasting glucose 2126 mg/dl, 2-h plasma glucose 2200 mg/dl on oral
glucose test, or HbAlc 26.5%

Clinical, laboratory or ultrasound evidence of other known causes of CKD including polycystic
kidney disease, congenital malformations, autoimmune disease, glomerular diseases, obstructive
nephropathy, kidney stones and, unequal kidney sizes of greater than >1.5 cm

Confirmed CKDu—as for suspected and probable CKDu and:

Histopathological features of CKDu on biopsy OR

Meeting all of the suspected and probable CKDu criteria and renal biopsy not possible
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material. A summary review of the main findings is discussed in the

article by identified aetiological risk factor.

2.1 | Definition of CKDU in Sri Lanka

The earliest official definition of CKDu in Sri Lanka (Table 1), formulated
by the World Health Organization (WHO) and the Sri Lanka Ministry of
Health (MoH) in 2013*® defined CKDu by the presence of proteinuria,
and did not include estimated glomerular filtration rate (eGFR). Studies
have demonstrated that the sensitivity of proteinuria as a marker for
CKDu is <30%.24"1” The Sri Lankan Society of Nephrologists (SLSON)
released an updated official case definition of CKDu in 2018 that clas-
sified cases as one of three stages and included eGFR (Table 1). Protein-
uria remains as a diagnostic option which may encourage its usage as a
low-cost option for screening, but may lead to potential inadequate
capture of CKDu cases. The clinical parameters used to define CKDu in
the empirical studies in Sri Lanka have varied extensively. The different
definitions utilized (Table 2) limit the ability to compare and contrast
studies; with the quality of many studies affected through the use of
definitions that may fail to adequately identify CKDu cases.

2.2 | CKDU prevalence in Sri Lanka

An analysis by the Sri Lanka Medical Statistics Division found a CKD
prevalence rate during 2000-2010 of 1.88 per 1000 population in the
North Central Province (NCP), compared to 0.4 per 1000 in all other
provinces.18 Since then, research studies have considered the NCP to
be the epicentre of CKDu in Sri Lanka. The lack of CKDu outside of
the NCP may be due to lack of surveillance in other regions. Recent
studies have demonstrated CKDu to be present in other areas of
Sri Lanka, such as in the Southern and Uva Provinces.'®' A preva-
lence study published in 2011 found the proportion of CKD cases
attributable to CKDu was as high as 84% in the endemic area of
Medawachchiya, NCP.2° The highest quality prevalence study, utiliz-
ing the Disadvantaged Populations eGFR Epidemiology Study
(DEGREE) protocol, was conducted in 2017 across five Grama
Niladhari (GN) divisions (smallest census unit in Sri Lanka) in the NCP;
of these, two divisions were considered highly endemic for CKDu,

two medium endemic and one low endemic.?* CKDu was defined as

TABLE 2 CKD and CKDu definitions utilized in the literature in
Sri Lanka

Definition of CKD/CKDu Number of studies
Unclear or undefined 14

ACR/dipstick proteinuria/microalbuminuria 13

Biopsy proven CKD/CKDu 9

Use of multiple diagnostic criteria 9

eGFR 7

Serum creatinine 5

Self-reported 2

eGFR <60 ml/min/1.73 m? in the absence of HT, DM or heavy pro-
teinuria. From 3521 participants, 251 met CKDu criteria, with a calcu-
lated prevalence of 11.2% in males and 3.7% in females. There were
no cases in males under the age of 30 years, with CKDu first recorded
in males aged 31-40 years with a prevalence of 3.4%, increasing with
age to 29.4% in males aged 51-60 years.?*

Analysis of hospital data in the NCP from 2003 to 2017 demon-
strated an increase in CKD incidence (CKDu was not distinguished) from
0.47 in Anuradhapura between 2003 and 2008 to 1.43 between 2013
and 2017.22 It is unclear whether the increase in cases was due to the
implementation of organized community screening programmes, and/or
an increased exposure to an unidentified aetiological agent, or other
influences. A subsequent decline in recorded cases in 2016-2017 was
postulated to be due to the provision of safe drinking water.22 This claim
is uncorroborated by any available data, and other reasons should be
considered, including: a decline in incidence following screening and
identification of undiagnosed cases, changing diagnostic criteria, reduc-
tion in screening programmes, natural fluctuations in incidence and/or
variation in exposure to an unidentified aetiological agent. The 5-year
survival rate of CKD/CKDu cases in the NCP in one study was 71.2%,
with 17.5% of cases dying within the first 3 years of diagnosis.??

23 | Sex

Male predominance of CKD in Sri Lanka is most prevalent in adults in
younger age groups and decreases steadily with increasing age from
4.2:1 in the 35-39 years age group, to 2.2:1 in the >60 years age
group.'® Other epidemiological studies have found similar sexual

dimorphism,?%23

with only one study finding higher prevalence in
females.®® The higher risk associated with male sex is probably a con-

sequence of sex-related exposures or behaviour such as occupation.

24 | Water

Fluoride in drinking water has been postulated to be an aetiological
agent. Fluoride levels in groundwater are elevated, compared to
national and international guidelines, across all areas of Sri Lanka, not
only in CKDu endemic zones.?* The absence of clinical signs of fluoro-
sis, and higher levels of fluoride in drinking water in other countries
where CKDu is not reported, imply that fluoride is unlikely to be a risk
factor for CKDu in Sri Lanka.

A cross-sectional study, which identified CKDu through protein-
uria, found an association between the use of shallow wells as a drink-
ing water source and CKDu; odds ratio 5.5 (95% Cl 3.5-8.7)
compared to the referent group that used natural springs.*® Geo-
graphic Information Systems (GIS) mapping has found that CKDu
endemic villages tend to be located below the levels of reservoirs and
canals, which may lead to drinking water being contaminated by dra-
ined irrigated water.?®

Other studies, including the DEGREE prevalence study, found no
association between CKDu and well water usage.?* Conflicting results
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may be a consequence of difficulty in characterization and measure-
ment of exposure, such as collection of water from more than one
source, changing water sources, failure to adjust for social and
economic status (SES), and potential for measurement bias through
retrospective self-reported usage. Detailed data on the types of wells
used, depth of wells, and whether they were designed for human con-
sumption, or are adapted irrigations wells, is often lacking in studies.

Variation in measurement of heavy metals and fluoride in water,
even locally, may be due to timing of specimen collection and calibra-
tion of measurement instruments.

Water hardness has also been suggested as a potential cause of
CKDu, however, currently there is no conclusive evidence with one
study demonstrating mixed results with high levels of water hardness
also recorded in low prevalence areas.?®

Governments and NGOs have endeavoured to provide safe drink-
ing water and there have been anecdotal reports of subsequent
decreases in CKDu.?”-?® Improved taste and appearance of drinking
water may reduce fears held by individuals, leading to a potential posi-
tive impact through increased hydration.?’

2.5 | Agricultural work

Male agricultural workers have been identified as the main group at risk
of CKDu. Nanayakkara et al.,%® in a case-control study, found the
strongest association between farming and CKDu, with an odds ratio
for farming of 9.2 (95% Cl 4.2-20.0). Farmers were under-represented
in study controls (70%), compared to cases (98%). Some studies which
found an association with farming had limitations such as: hospital-
based case-control design; measurement issues of exposure variables;
lack of differentiation between CKD and CKDu; and failure to analyse
sexes separately.?%31-32 Evidence from outside of Sri Lanka has found

10.3435 and not all stud-

CKDu in urban and non-agricultural occupations
ies in Sri Lanka have shown a significant association with farming.?* No
study has separated farming into different subcategories based on
socioeconomic status such as land owners or wage labourers who are
exposed to different levels of labour and agrochemicals.®® Simple occu-
pation questions may also fail to capture agricultural exposures under-

taken in home gardens by non-farmers.

2.6 | Agrochemicals
Increased usage of agrochemicals commencing during introduction of
larger industrial style farming in the 1960s, has been postulated as a
cause for CKDu.3” Triple Super Phosphate fertilizer was suggested to
be a potential aetiological agent, and a possible source of arsenic.%®
There is no evidence that the NCP utilizes more phosphate fertilizer
than non-endemic CKDu areas of Sri Lanka.

Studies measuring agrochemical levels in CKDu cases have been
limited, and generally of insufficient study size to derive robust con-
clusions. One study demonstrated higher levels of neonicotinoid

insecticides in Japanese controls than Sri Lankan CKDu cases.>’

Another study found lower levels of blood acetyl choline esterase
(AChE) in CKD farmers than controls, which can be due to exposure
to AChE lowering pesticides.*® AChE levels generally recover within
3 months of exposure to pesticides, while CKD may follow exposure
by a number of years, or even decades; and, in addition, AChE levels
may not be an accurate measure of kidney toxicity.

Various agrochemicals have been banned in parts of Sri Lanka at
various times, with many reintroduced. No relationship has been
documented between agrochemical bans and CKDu prevalence. The
Northern Province experienced an extended ban (due to concerns of
munition manufacture during the Civil War). CKDu has not been
reported in the Northern Province, whether through lack of data or
absence of cases, and current agrochemical usage between the NCP,
NP and other provinces has not been compared.

Currently, no available studies have sufficient evidence to estab-
lish causality for agrochemical usage as a putative exposure for CKDu.
A clear link between agrochemical usage and CKD has been demon-
strated in other settings, with a recent review of NHANES data dem-
onstrating an increased risk of kidney disease associated with both
acute and chronic pesticide exposure.** Many existing studies in
Sri Lanka are of limited utility in making conclusions due to possible
bias in: timing of sample collection, selection of locations, recall self-
report bias, failure to distinguish between different agrochemical
usage, and failure to adequately capture usage of personal protective
equipment (PPE). Differences in exposure measurement between
studies may have contributed to some case-control and prevalence

23,31,33

studies showing a strong association, while others have shown

a weak or no association,. 32021

2.7 | Heavy metals

There is no conclusive evidence of heavy metals having a causative
role in CKDu in Sri Lanka despite known associations in other epi-
demics. Extensive testing for chromium, arsenic, lead and cadmium in
1435 dug and tube wells from all provinces in Sri Lanka, as well as
67 rice samples from endemic areas, and 24 samples from non-
endemic areas, did not demonstrate elevated levels of any tested
heavy metals compared to Sri Lankan and WHO parameters.*? Sam-
pling of drinking water samples from CKDu endemic villages has dem-
onstrated no elevated levels of lead, thallium, caesium, cadmium,
molybdenum, strontium, rubidium, arsenic, zinc, carbon, nickel, cobalt,
iron, manganese, chromium, vanadium and aluminium in water sam-
ples compared to WHO and United States Environmental Protection
Agency guidelines.3° Other biological measurements of heavy metals
have shown urinary cadmium clearance to be higher in Japanese con-
trols than both Sri Lankan cases and controls.*® Renal biopsies have
shown no localized distribution of cadmium in renal biopsies, and cad-
mium levels were higher in Australian controls than Sri Lankan CKDu
cases.** Dietary sources of heavy metal have been suggested as a
potential cause of CKDu, with one study finding elevated dietary
intake of lead and cadmium.*> However, no comparison was made to

non-prevalent CKDu areas. Other potential sources of heavy metal
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which have been identified in other settings such as ayurverdic
medication,***” betel leaf*® and household sources such as paint49

have not been studied in relation to CKDu in Sri Lanka.

2.8 | Tobacco and betel

Associations between tobacco and CKDu have been proposed. Most
studies?>2° failed to analyse the sexes separately, or to control for sex
and socio-economic status, despite large differences in daily smoking
rates between males (19%) and females (0%),°° and smoking being
more prevalent among individuals of lower socio-economic status.>® An
association between CKDu and smoking has been reported on analysis
of the sexes separately, with males OR 1.9 (95% Cl 1.1-3.2).2! Chewing
of tobacco is also more common in males (36%) than females (4%).>°
No studies have considered the different types of tobacco chewing,
such as that associated with betel nut use (areca nut, slaked lime, and
betel piper leaf). Only one small case-control study has considered the
relationship between betel nut use and CKDu, finding an OR of 5.95
(95% ClI 1.9-18.9).>! The authors do not mention if sex and socioeco-

nomic confounders are controlled for in the analysis.

2.9 | Snake bites

Snakebite has the potential to cause acute and chronic renal injury. A
clinical cohort study demonstrated that 37% of 54 patients presenting
to hospital with AKI post snake bite in Sri Lanka, progressed to CKD
within 1 year.>? Biopsies of seven of the cases demonstrated intersti-
tial nephritis with some glomerular sclerosis and tubular and cortical
necrosis.’?> A community-based survey found the incidence of self-
reported snake bite to be 398 per 100 000 per year.’® Previous statis-
tics based on hospital data, indicate that not everyone seeks medical
attention after snake bite>® suggesting that kidney injuries after snake
bite may also be under-reported. Prevalence and case-control stud-
ies®%32 have suggested CKDu may be associated with a history of a
snake bite. The DEGREE prevalence study found an association
between snake bite and CKDu, with a non-significant OR of 1.7 (95%
Cl 0.8-3.4, p = .17) for males, and an OR of 1.8 (95% Cl 0.7-4.7,
p = .22) for females.2* Snake bite may also be a potential confounder

due to association with rural living and outdoor work.

210 | Family history and genetics

Familial history of CKDu has been an identified risk factor which may
be due to genetic influences, or common exposure to the same
aetiological agent in the entire family group. Nanayakkara et al. found
through whole exome-sequencing of eight cases and eight controls
that gene variant rs34970857 on the KCNA10 gene was associated
with CKDu.>* While a genetic predisposition may explain why not
everyone with the same risk factors develops CKDu, it does not

explain which aetiological agent is responsible.

211 | Avyurverdic medication

Qualitative research has revealed that ayurverdic medication usage is
common in rural areas in Sri Lanka, with villagers more likely to seek
ayurvedic than allopathic medical treatment for symptoms which may
indicate an acute kidney injury.>®> Ten medicinal recipes in the
Sri Lanka Ayurveda Pharmacopoeia utilize Aristolochia indica as an
ingredient.>® CKD from aristolochia exposure has previously been
associated with increased frequency of ureteral tumours; in the Chi-
nese herbal nephropathy epidemic in Belgium almost half of the
affected cohort developed comorbid urothelial tumours. Urothelial
tumours have not been reported in Sri Lanka.*®

212 | Heat stress

Heat stress can be due to environmental exposures, such as climatic
conditions and lack of shade as well as impacted upon by other fac-
tors including water intake. There is currently no clear mechanism for
heat stress to cause CKDu through hypotheses have been proposed,
such as vasopressin increases and damage due to hyperuricemia.®”
Renal biopsies in heat stress patients generally show acute tubular
necrosis in contrast to the tubulo-interstitial disease seen in CKDu in
Sri Lanka.>® Heat stress has been investigated less in Sri Lanka than in
Mesoamerica. Measurement of heat stress in one cross-sectional and

one case-control study®3°?

of CKDu in Sri Lanka were subject to
recall bias, and provide low quality evidence for an association
between heat stress and CKDu. Critics of the heat stress hypothesis
in Sri Lanka point to the absence of reported CKDu in the agricultural
Northern Province, which has hotter conditions than the NCP, as well
as the absence of CKDu in other occupations exposed to high temper-
atures such as construction workers.3”%%¢! Heat, as measured by sun
exposure time, was not found to be a risk factor for CKDu in the

DEGREE Sri Lanka study.?*

213 | Infectious diseases

Elevated levels of IgG antibodies for hantavirus have been found in a
case-control study of 132 CKDu cases (54%), compared to 200 com-
munity controls (14%).%? Recruitment of participants was not stated,
and potentially unmatched controls for agricultural exposures may
have biased results. Hantavirus is transmitted through contact with
rodent urine, faeces and saliva. Leptospirosis has had known out-
breaks in Sri Lanka,®® and can cause acute kidney injury with tubulo-
interstitial nephritis® and has been postulated to be a potential cause
of CKDu.#®

214 | Acute cases

Subclinical acute kidney injury (AKI), or recurrent injuries, have been

postulated as potential precursors to CKDu in Sri Lanka. The
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TABLE 3

Study
Types?

Methods

Findings

Limitations
of current
research

Suggestions
for future
research

Cross-
sectional (n = 15)
Prevalence of CKDu/

CKD by area, and by
individual putative
risk factors

Identifies NCP as high
prevalence area.
Suggestive evidence
of CKDu in other
provinces. Some
high-quality
prevalence studies

Examined: Farming,
family history, drink
well water,
dehydration,
pesticide spray,
urinary glyphosate,
tobacco

G

PETT ET AL.

Case-Control (n = 29)

Comparison of selected
cases of CKDu/CKD
with non-cases
(controls)

Examined family
history, farming,
work in heat,
agrochemical,
exposure, male,
tobacco, drink well
water, Ayurvedic
medication,
hantavirus
antibodies, snake
bite, As in hair/nails

Case Series (n = 15)

Characteristics of cases
of CKD/CKDu and
acute renal injury,
with follow-up in
some instances

Renal histopathology:
tubulo-interstitial
nephritis

Acute kidney injury
possible precursor to
CKDu. Some data on
disease progression
and mortality

Summary of published research findings, limitations and scope for future research

Ecological/
Environmental (n = 32)

Measures of
environmental risk
factors with
comparisons to
guidance levels (not
toxicity) and/or
between areas

Analyses of water, food
and soil for Cd, As,
Pb, & other heavy
metals, plus trace
elements to compare
to guidance levels
(not toxicity) from Sri
Lankan and WHO
advice

Consistent evidence of influence of distal risk factors including rural residence, male sex and farming
Identification of possible proximate/intermediate risk factors such as water source, agrochemicals, ayurverdic medication

Lack of evidence for proximate causes e.g., environmental heavy metal contamination of water, soil or food

Measures prevalence
not incidence

Lack of quality research
in various provinces
limit comparisons of
prevalence and
localized risk factors

Cases often not
matched on
demographic
variables

Cases and controls
often hospital
recruited

No comparison to non-
cases

Biopsies unable to
demonstrate
causative agent

Environmental samples
assessed without
explicit linkage to
CKDu prevalence

Possible issues with
instrument
calibration or timing
of sample collection

Inconsistent definitions of CKD and CKDu and failure to distinguish between the two conditions

Prevalent cases with uncertain period of exposure

Other (n = 3)

Qualitative study (1)
Experimental studies in
animals (2)

Qualitative research
offers perception of
CKDui risk factors

Experimental studies
relate contaminated
water source to CKD
in rats

Perception of risk
factors may not
relate to actual risk

Animal studies may not
relate to risk in
humans

Inconsistent and/or undefined measures of exposure factors e.g. drinking water sources, agrochemical exposure
Limitations of ability to relate exposures over time to CKDu diagnosis
Non-random recruitment of participants in many studies

Difficulties in capture of historical exposure, e.g., changing water sources and agrochemicals use over time

Often only one measurement of renal function for inclusion as acute or chronic kidney disease

Random recruitment of
participants

High quality prevalence
surveys to be
conducted in all
areas

Random community-
based recruitment

Cases and controls
matched on
demographic
variables

Measurement and
comparison of
further potential
exposures, e.g.,
agrochemical levels
in blood

Detailed case history
interviews may
provide further
details on potential
novel exposures for
investigation

Linkage of population
level data on CKDu
prevalence to
environmental
samples in surveys of
different high and
low risk areas

Usage of consistent and accepted definition of CKDu that is distinguished from CKD
Improved and consistent definition of measured exposure factors such as agrochemical exposure, different types of farming and

water sources

Investigation of exposures that have been less well investigated, e.g., Ayurvedic medication
Repeated measurement of renal function (e.g., 3 months apart) to ensure that disease is chronic

Further qualitative
research to identify
novel risk factors for
investigation by visits
to high and low
CKDu prevalence
areas

Cohort studies 22 years would establish incidence and prevalence, and exposure measurement prior to clinical presentations, from
periodic routine testing of the cohort for acute kidney injury AKlu and CKDu

2If more than one study was published within the same article, each study was counted and reviewed separately for the purposes of critiquing the studies.
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interconnectedness of acute and chronic kidney disease has been
suggested elsewhere.® A case series of patients at Kandy Teaching
Hospital, presenting with symptomatic AKI, found a mixture of acute
and chronic tubulo-interstitial nephritis, and glomerular sclerosis, in
renal biopsies.®” The acute and chronic cases may be potentially
linked because of occurrence in the same area, similarities in biopsy
results, and parallel characteristics reported in both affected groups

(predominantly males and agricultural workers).%”

2.15 | Discussion

Currently there is no strong evidence for any one aetiological expo-
sure to be the putative cause of CKDu. The lack of substantive proof
for a particular exposure has led some research to conclude that
CKDu is a consequence of multiple exposure factors although lack of
evidence for a singular cause does not mean that the cause is multi-
factorial. Previous CKDu endemics such as Itai-Itai disease (cadmium)
and Balkan endemic nephropathy (Aristolochia) required decades of
research before scientific consensus was achieved on a singular cause.
A number of studies have shown that there is a lack of effect for vari-
ous possible causes, such as heavy metal exposures. Current studies
show evidence of distal casual exposures such as rural residence, male
sex and occupation in farming, albeit with some exceptions (Table 3
and supplementary tables). Further research is required to establish
which proximate elements associated with these factors lead to
increased risk for CKDu.

The DEGREE study,?* conducted in the region of Anuradhapura,
provides the current most robust evidence from a prevalence study
investigating CKDu in Sri Lanka, by use of a standardized definition
and research protocol. Strengths of the study include: a clear defini-
tion of CKDu and distinction from CKD; random selection of partici-
pants; and inclusion of both high and low prevalence areas within the
same province. Limitations of the study include the estimation of
exposure (measurement, and retrospective recall), and the calculation
of association using prevalence data. These limitations are applicable
to many other studies and have been summarized in Table 3. The
study was also limited to one geographical area and was not able to
contrast and compare potential exposures and prevalence between
different regions. The majority of the studies undertaken to investi-
gate CKDu in Sri Lanka have been affected by methodological
issues, and gaps remain in understanding the aetiology of CKDu,
which have been discussed throughout the article and summarized in
Table 3. Some issues have arisen due to constraints of the research
environment such as existing hospital datasets, lack of distinction
between CKD and CKDu, difficulties associated with conducting field
research, and costs associated with some potential research designs
(e.g., cohort studies).

Areas of future research interest and ideas to close gaps in knowl-
edge have been summarized in Table 3. The main areas of improve-
ment for all future studies would be: the consistent application and
usage of a recognized definition of CKDu separated from CKD; ran-

dom community-based selection of participants; improved definitions

of exposure factors including specific agrochemical exposure that con-
siders duration of exposure and use of personal protective equipment;
and ensuring high quality research in all provinces so that CKDu is
recognized where it exists. Ideally, to move beyond the current under-
standing of CKDu in Sri Lanka the evidence base must move beyond
the initial enquiries that have been undertaken (generally ecological,
cross-sectional studies and case-control) which have not provided
clear answers to the aetiology question. It appears a higher order
methodologically stronger approach will be needed, such as long term
appropriately funded cohort studies with clearly defined measures of

exposures and outcomes.

3 | CONCLUSION

The current body of evidence for any aetiological agent as the proxi-
mate cause of CKDu in Sri Lanka is limited. The failure to find a defini-
tive cause has led to several review papers concluding that the
disease is multifactorial.28¢0%85? previous CKDu epidemics, such as
Itai-ltai disease in Japan (cadmium) required decades of research
before a consensus on aetiology was achieved showing a singular
aetiological agent.? Positive findings from research are that the dis-
ease is most common in male agricultural workers, that there may be
exposures through some drinking water sources, and that there is
probably a relation between acute episodes and chronic renal disease
of unknown cause. There is also evidence of absence of effects of
some exposures, such as heavy metals. Further in-depth research with
stronger study designs is necessary to increase knowledge of
aetiology of CKDu in Sri Lanka in order to identify and eliminate expo-

sure to causative agent(s).
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