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INTRODUCTION

C
hronic kidney disease of unknown etiology (CKDu)
is an emerging form of CKD that predominantly

affects working-age adults belonging to agricultural
communities living in discrete geographic areas. Dis-
ease hotspots have been identified in several countries,
including El Salvador, Nicaragua, Guatemala, Mexico,
India, Egypt, and Sri Lanka.1 Despite its widespread
distribution, the main clinicopathological features of
the disease are similar among the different
communities.2

In Sri Lanka, CKDu is prevalent in the north-central
region and the most affected communities are involved
in paddy farming. The prevalence of the disease in this
region range from 6% to 15%.3,4 Similar environ-
mental, socioeconomic, and occupational risk factors
for CKDu are prevalent in other areas of Sri Lanka,
specifically among the sugarcane and paddy-farming
communities living in the south-eastern dry zone.
Nevertheless, these populations have not been a com-
mon focus of epidemiological studies on CKDu.

Although the exact etiology of CKDu is yet to be
explained, it is considered a disease of multifactorial
origin primarily resulting from environmental factors.5

Renal damage can progress even in the absence of
continuous exposure to the risk factors. Therefore,
community screening is of utmost importance in the
detection and management of CKDu. The conventional
markers, serum creatinine (sCr), and urine albumin
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creatinine ratio (uACR), are not sensitive and specific
enough for the diagnosis of CKD or CKDu in their
asymptotic early stages. On the contrary, novel
markers such as urinary b2 microglobulin (ub2M),
could provide better specificity and sensitivity in the
early diagnosis.

A cross sectional study was conducted in 6 selected
Grama Niladhari divisions located within the Buttala
Divisional Secretariat in Moneragala district in Sri
Lanka (Supplementary Figure S1 and S2)
(Supplementary Methods) to assess the prevalence of
CKD and CKDu, the value of ub2M as a biomarker in
the early diagnosis of CKD or CKDu, and to investigate
the association of heavy metals such as cadmium, lead,
and arsenic with CKD or CKDu.
RESULTS

Of the 352 individuals included, 194 (55.1%) were
males. The median age was 47 years (interquartile range
36–57; Range ¼ 12–83). In addition, 81% were farmers
with the majority involved with either paddy or sug-
arcane cultivation or both (Supplementary Table S1).
Deep (36.6%) and shallow (38.6%) wells were the main
sources of drinking water with only 15.6% having
access to tap water. Approximately two-thirds of the
study population have used pesticides (67.4%) or fer-
tilizer (67.7%). Of the participants, 26.7%, 25.8%, and
39.8% were involved with alcohol consumption,
smoking, and betel chewing, respectively.
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Figure 1. (a) Urinary cadmium and (b) lead excretion and its association with CKD and CKDu. Median, interquartile distance and range is
illustrated for each data set. Cd, cadmium; eGFR, estimated glomerular filtration rate. *Denotes statistical significance (P < 0.05) in comparison
to the group with no CKD.
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Twenty-seven (7.7%) had diabetes and 31 (8.8%)
had hypertension. In addition, 47 (13.4%) had CKD
with 2.6%, 1.4%, 4%, 3.1%, 0.9%, and 1.4% in CKD
stages 1, 2, 3A, 3B, 4, and 5, respectively. Among the
individuals with CKD, 6 (12.7%) had diabetes and 11
(23.4%) had hypertension. Suspected CKDu cases rep-
resented 30 of 47 (63.8 %) of the total CKD cases. The
suspected CKDu prevalence within the study
2304
population was 30 of 352 (8.5 %). There was a male
predominance (73.3%) in the suspected CKDu popula-
tion (Chi-squared test; P ¼ 0.0003).

Median urinary cadmium and lead excretion was
significantly higher among individuals with suspected
CKDu compared to individuals without CKD (Figure 1)
(Supplementary Table S2). No such increase in the
median urinary cadmium and lead excretion was
Kidney International Reports (2022) 7, 2303–2307



Figure 2. Correlation of urinary cadmium excretion with (a) eGFR and (b) urinary b2 microglobulin excretion. CKD, chronic kidney disease; CKDu,
chronic kidney disease of unknown etiology.
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observed among individuals with CKD presumed to be
secondary to diabetes or hypertension (non-CKDu).
There was a progressive increase in the median urinary
cadmium excretion from the individuals without CKD,
to individuals with CKD (non-CKDu), and to in-
dividuals with suspected CKDu (Kruskal-Wallis
statistic ¼ 9.646, P ¼ 0.008) (Figure 1). There was no
significant difference in median urinary arsenic excre-
tion between individuals with suspected CKDu, CKD
(non-CKDu) and without CKD (Supplementary
Table S2). There was a significant negative correlation
of eGFR with urinary cadmium excretion (Spearman
r ¼ �0.19, confidence interval [CI] �0.3 to �0.07, P ¼
0.001) (Figure 2a) but not with urinary arsenic or lead
excretion.

Median ub2M level was significantly elevated among
individuals with suspected CKDu compared to in-
dividuals without CKD (153.9 mg/g creatinine vs. 20.4
mg/g creatinine, P < 0.0001). ub2M performed well in
discriminating individuals with suspected CKDu from
those without CKD with an AUC-ROC value of 0.790
(95% CI 0.689�0.891) (Supplementary Figure S3).
Nevertheless, both sCr and uACR performed better
than ub2M in discriminating individuals with CKDu
from those without CKD with AUC-ROC values of 0.854
and 0.861 respectively. Ub2M levels were higher in
CKD stages 3B to 5 compared to CKD stages 1, 2 and 3A
(Supplementary Table S3). There was a significant
positive correlation between ub2M level and urinary
cadmium excretion (Spearman r ¼ 0.32, P < 0.0001)
(Figure 2b).
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Increased age (odds ratio ¼ 1.07; 95% CI 1.04–1.10),
lower body mass index (odds ratio ¼ 0.87; 95% CI
0.79–0.96), betel chewing (odds ratio ¼ 2.28; 95% CI
1.35–4.95) and tubular dysfunction, as defined by
ub2M more than or equal to 300 mg/g (odds ratio ¼
9.40; 95% CI 3.58–24.63), were significantly associated
with suspected CKDu (Supplementary Figure S4).
DISCUSSION

This study provides new evidence that CKDu is present
in areas outside the traditional CKDu endemic areas in
the country. There were significantly high levels of
cadmium and lead in urine among individuals having
suspected CKDu. Furthermore, urinary cadmium level
had a significant negative correlation with the eGFR
suggesting a possible cadmium associated kidney
damage.

The urinary cadmium level is an indicator of total
body burden of cadmium. The critical urinary cad-
mium level associated with renal injury is considered as
2 mg/g to 10 mg/g creatinine, which corresponds with a
renal cortical cadmium concentration of approximately
150 mg/g to 200 mg/g renal tissue.6 Nevertheless, a more
recent study has shown that even a lower urinary
cadmium level of more than 0.5 mg/g creatinine could
be associated with CKD.7 Therefore, cadmium exposure
could be considered as a potential risk factor for CKD in
our population.

We observed a significant correlation between uri-
nary cadmium and ub2M level in the study population.
2305
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Similar observations have been made in other pop-
ulations exposed to cadmium.S1–S3 B2-microglobulin is
a low molecular weight protein that is freely filtered
by the glomerulus and almost completely reabsorbed
and catabolized by proximal tubular cells.8 Elevated
levels of ub2M suggest renal tubular damage and have
been observed in the setting of nephrotoxin associated
renal injury.8,S4 In a previous Sri Lankan study,
significantly higher ub2M levels were observed in
CKDu subjects compared to the healthy individuals
and ub2M with a receiver operating characteristic-area
under the curve value of 0.853 has shown a high
sensitivity and a low specificity in diagnosing in-
dividuals with CKDu.9

Although ub2M performed well in discriminating
individuals with CKDu from those not having CKD in
our study, sCr and uACR performed better. Consid-
ering that both sCr and uACR are part of the criteria
used to diagnose CKDu, assessing ub2M against histo-
pathological changes of CKDu would have given a more
accurate in understanding of its true value as a
biomarker in the diagnosis of CKDu. Furthermore,
ub2M showed a significant positive correlation with the
urinary cadmium excretion in our study, suggesting
that it could be a useful biomarker in the setting of
cadmium associated CKD.

One of the key limitations of the present study was
the classification of CKD based on a single measurement
of sCr and/ or uACR, rather than 2 measurements 3
months apart as recommended by the KDIGO guide-
lines. It is also possible that some of the individuals
classified as CKD due to hypertension or diabetes could
actually be having CKDu.

Our study provides useful insights into the preva-
lence, distribution and risk factors of CKDu in a non-
CKDu endemic area in Sri Lanka. It is clear that the
disease is not limited to the traditional endemic areas of
Sri Lanka, and is found in other parts of the country
that share similar geographical, environmental, and
socioeconomic characteristics to those of the north-
central province. Our findings also support the
possible association of CKDu with exposure to heavy
metals, such as cadmium and lead. It also suggests that
ub2M could be used as a potential biomarker for early
diagnosis of CKDu.
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