Cadmium, the real link to chronic kidney disease causation in hotspots of
rural Pondicherry and coastal Cuddalore areas!
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Chronic kidney disease (CKD) is rightly called as the silent
killer; a major killer disease which accounts for being the
18" leading cause of death in the world population.!Y Prevalence
of CKD is estimated to be 8-16% worldwide. 9 out of 10
people who have stage 3 CKD (moderately decreased kidney
function) do not know it.>*! Worldwide, diabetes mellitus is
the most common cause of CKD.F! High blood pressure is the
second leading cause of kidney failure in the US>

Glomerulonephritis and unknown causes of CKD are more
common incountries of Asiaand sub-Saharan Africa.’ Besides
diabetes mellitus, hypertension, old age, and polypharmacy;
other unknown intriguing causes are topped by entities
such as chronic interstitial nephritis triggered by a whole
gamut of environmental toxins and modern food additives.
The incidence of renal failure increases with age and is
three- to five-fold higher in ethnic minority populations. The
poorest populations are at the highest risk.”? In India, North
Africa and several Middle Eastern countries, environmental
pollution, toxins, pesticides, other chemicals, analgesic
abuse, herbal medicines, and unregulated food additives have
been attributed as causes of CKD.I'% Kai-Uwe eckardt and
colleagues reported on the global burden of kidney disease
affects more than 10% of the world’s population, a similar
burden to diabetes.!'!)

Clusters of the cases of CKD of unknown origin have been
reported insome areas of Sri Lanka and India.["? Contamination
of water, food, or both, by heavy metals, industrial chemicals,
fertilizers, and pesticides has been suspected.!*l The unknown
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causes of CKD in most nephrology registries worldwide
should raise alarm bells as its prevalence is either greater or
comparable to other traditional causes for CKD.

In 2001, the average annual cost of the maintenance of CKD
therapy was between the US $70 and $75 billion worldwide
excluding kidney transplantation, and the predicted number
of CKD patients will reach over 2 million in 2010.3:4141¢ The
enormous costs of treatment lead to a large burden for the
health-care systems, particularly in developing countries.

As there are well-preserved people with elevated renal
parameters and in those without any obvious etiology, the
question arising is whether it is worthwhile to speculate if this
entity is some form of interstitial nephritis caused by some
environmental contaminant, food additives, or habits that
per se are contributory or causative factors and accelerated
by other coincidental diseases or comorbidities. In the order
of implication, we readily think of contaminants in (1) water,
(2) sand/soil, (3) beverages and beer/alcoholic drinks, and
(4) food common staple diet of the coastal areas being fishes.

A possible ubiquitous element is cadmium, present in
water, food, meat, fish, soil/sand, and beer (alcoholic
drinks).['¥) Many patients present with the late-presenting
chronic interstitial nephritis, are well preserved and have
smallish kidneys and have evidence of predominantly
tubulointerstitial, non-glomerular damage. This presentation
is well noted in the Indo-Asian population, and it will be of
great value to note its incidence in this part of India. Lead,
chromium, arsenic, and mercury are the other commonly
implicated heavy metals, but no associated features of their
renal toxicity are commonly known.

Chronic toxic injury and depletion of intrinsic protective
mechanisms result in chronic interstitial nephritis in the long
run.'”’ Cadmium accumulates in renal tubular cells bound to
metallothionein, a small protein containing 30% cysteine.
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Figure 1: Mechanism of toxic damage to the kidney caused by cadmium

Metallothionein protects against nephrotoxicity by binding
to cadmium in a nontoxic form. Chronic interstitial damage
occurs when the critical concentration of cadmium in the
renal cortex exceeds about 200 mg ms/g."¥! Most of the
cadmium applied through phosphate fertilizers (especially in
India) in sandy soils tend to stay in mobile forms (soluble or
exchangeable). Hence, the risk of it leaching to underground
water or its uptake by plants is higher.'”) Water pollution
with cadmium causes Fanconi syndrome, osteomalacia, and
chronic interstitial nephritis especially in old women, who
were living near the riverside: Itai-itai disease.””! An itai-
itai model can be made in rats by long-term IV injection of
cadmium chloride.! Exposure to occupational or relatively
low environmental levels of cadmium appears to be a
determinant for the development of end-stage renal disease.?!!

What if all the three, diabetes mellitus, hypertension, and
CKD are caused by a single environmental toxin? More
importantly, there is such a hotspot locality existing in coastal
areas of Cuddalore in South India. There is a presence of heavy
metal, cadmium in the water and obviously in the soil/sandy
areas of the coastal town of Cuddalore, adjoining Pondicherry.
The sipcot area community environmental monitors analysis
from State Industries Promotion Corporation of Tamil Nadu
(SIPCOT) area found that samples from four locations,
including overhead tanks that cater to drinking water needs,
contained high levels of carcinogens such as cadmium and
chromium and other toxic heavy metals such as lead and
iron. The levels of cadmium in samples collected from
SIPCOT project office and other locations show a frightening
concentration of 3—130 times above permissible limits.?!

Common sources of cadmium are cigarettes and marijuana,
refined foods (white flour, white sugar, etc.), tap water,
some cold drinks, margarine, canned fruits and beverages,
petrochemical pollution, nickel cadmium batteries, and
fish and shellfish. There is the presence of cadmium in the

industrial wastes, and many such industries exist in Cuddalore
and Pondicherry. Cadmium levels are noted in wine, beer,
and other alcoholic beverages, as these beverages are widely
consumed, they contribute a large fraction of cadmium intake,
and strict control of this element is advisable.

There is a high level of the consumption of alcohol as the
tax levied on these drinks is low in these localities. There
is a high probability of the serum uric acid being high in
these alcohol consumers. Cadmium is known to concentrate
heavily in the presence of uric acid. Cadmium concentrates in
the presence of hyperuricemia. The Land horse concentrates
cadmium to the level of 200 mg/kg body weight in the
renal cortex. In mammals and birds, cadmium accumulates
at a concentration of 0.1-2 mg/kg and 1-10 mg/kg net wt.
Kidneys in penguins show 5-160 mg/kg of cadmium: All
exhibit chronic interstitial nephritis.¥

The soil in coastal areas is sandy and porous. The level of
groundwater has been steadily decreasing. There is a saline
intrusion from the sea. All these factors cause increased
cadmium intake which deposits in the kidneys and eventually
cause CKD Figure 1. We can draw a parallel here with the
balkan nephropathy,?! itai-itai disease in Japan,*” and the
battery factories in Sweden.!?!

Cadmium has the potential to destroy the beta cells in the
pancreas and cause diabetes mellitus. Recent epidemiological
studies suggest a positive association between exposure to
the environmental pollutant cadmium and the incidence and
severity of diabetes. Findings indicate that cadmium may be
a factor in the development of some types of diabetes and
they raise the possibility that cadmium and diabetes-related
hyperglycemia may act synergistically to damage the kidney.”®

Cadmium also causes the development of hypertension. The
conclusions are that one common form of hypertension is
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probably an example of the accumulation of cadmium in the
kidney.?”

Adverse effects of cadmium on kidney and bone have
been observed in environmentally exposed populations
at frequencies higher than those predicted from models
of exposure.”® One study supports the hypothesis that
environmental exposure to cadmium may increase the risk
of hypertension.*”! Some findings add to the concern of renal
and cardiovascular cadmium toxicity at chronic low levels of
exposure in the general population.[%

This part of rural India cannot afford dialysis as most of the
local population is poor. Hence, it is of utmost urgency that
the population be screened on a war footing for the presence
of cadmium nephropathy and CKD and educate the people.

It is important that we revert to “our past ancestors habits in
the caveman days” by modifying our present day lifestyle
with the use of umpteen preservatives in all our foods. Our
modern lifestyle has a penchant for artificial, attractive
packaged foods with loss of all the protective elements
such as zinc in them caused by the various processes of
refining, cutting, and polishing. This allows the heavy metal
to attack the organs with impunity as there are no protective
elements to challenge them. Early detection and education
can help prevent the progression of kidney disease to kidney
failure.['0153135] Late detection is the lost opportunity for
making any lifestyle changes and treats the aggravating
factors.t!1:33]

Primary prevention of CKD may be initiated by first looking
for risk factors/antecedent conditions in the population
involved with age >50 years, hypertension, diabetes mellitus,
and family history of CKD, to aim for better control of risk
factors involved, promote better awareness of CKD, and
educate the population involved at risk using comprehensive
public health initiatives and strategies. Screening must be
done for cadmium/heavy metals by spectrophotometric
analysis in blood, urine of high-risk individuals and in the
soil samples, fertilizers, fruits, and vegetables, fish, alcohol,
and groundwater samples especially in the affected areas in
Cuddalore/Pondicherry.

The government and the industries must be aware of their
social obligations and to try to dispose of the industrial wastes
away from water sources using better ingenious methods.
Effective legislation needs to be put in place to check the
deficiencies or errant behaviors by the concerned industries.
Efforts should be directed to ban usage of cadmium in
fertilizers and Nickel Cadmium batteries as done in Europe.

REFERENCES

1. BMC Public Health81. Lozano R, Naghavi M, Foreman K,
Lim S, Shibuya K, Aboyans VV, et al. Global and regional

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

mortality from 235 causes of death for 20 age groups in 1990
and 2010: A systematic analysis for the global burden of
disease study 2010. Lancet 2012;380:2095-128.

Center for Disease Control and Prevention. National Vital
Statistics Reports. Deaths: Preliminary Data for 2011. United
States Department of Health and Human Services; 2011.
Available from: http://www.cdc.gov/nchs/data/nvsr/nvsr61/
nvsr61 _06.pdf. [Last accessed on 2015 May 18].

United States Renal Data System. Annual Data Report: Atlas
of Chronic Kidney Disease and End-Stage Renal Disease in
the United States; 2013. Available from: http://www.usrds.org/
atlas.aspx. [Last accessed on 2015 May 18].

Centers for Disease Control and Prevention. Kidney Disease
United States Department of Health and Human Services;
2011. Available from: http://www.cdc.gov/nchs/fastats/
kidbladd.htm. [Last accessed on 2015 May 18].

National Association of Chronic Disease Directors-Diabetes
Leadership Initiative. Addressing a Major Complication of
Diabetes to Reduce Health Care Costs; 2012. Available from:
http://www c.ymcdn.com/sites/www.chronicdisease.org/
resource/resmgr/CKD/FINAL DLI White Paper 1 DII12.
pdf. [Last accessed on 2015 May 18].

National Stroke Association. Stroke and High Blood Pressure;
2012. Available from: http://www.stroke.org/sites/default/
files/resources/NSA_FactSheet HighBloodPressure 2014.
pdf. [Last accessed on 2015 May 21].

Jha V, Garcia-Garcia G, Iseki K, Li Z, Naicker S, Plattner B,
et al. Chronic kidney disease: Global dimension and
perspectives. Lancet 2013;382:260-72.

Shaheen F, Al-Khader AA. Preventive strategies of renal
failure in the Arab world. Kidney Intl Suppl 2005;68:37-40.
Barsoum R. End-stage renal disease in North Africa. Kidney
Into Suppl 2003;63:111-4.

Kher V. End-stage renal disease in developing countries.
Kidney Int 2002;62:350-62.

Eckardt KU, Coresh J, Devuyst O, Johnson RJ, Kottgen A,
Levey AS, et al. Evolving importance of kidney disease: From
subspecialty to global health burden. Lancet 2013;382:158-69.
Jha V. Current status of chronic kidney disease care in Southeast
Asia. Semin Nephrol 2009;29:487-96.

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

Lysaght MJ. Maintenance dialysis population dynamics:
Current trends and long-term implications. J] Am Soc Nephrol
2002;13:37-40.

Centers for Disease Control and Prevention. National Chronic
Kidney Disease Fact Sheet; 2014. Available from: http://www.
cdc.gov/diabetes/pubs/factsheets/kidney.htm. [Last accessed
on 2015 May 18].

Loukari K, Salminen S. Intake of heavy metals from foods
in Finland, West Germany and Japan. Food Addit Contam
1986;3:355-62.

Porter GA. Risk factors for toxic nephropathies. Toxicol Lett
1989;46:269-79.

Goyer RA. Mechanisms of lead and cadmium nephrotoxicity.
Toxicol Lett 1989;46:153-62.

Mann SS, Ritchie GS. Forms of cadmium in sandy soils after
amendment with soils of higher fixing capacity. Environ Pollut
1995;87:23-9.

Marumo F, Li JP. Renal disease and trace elements. Nippon

257

International Journal of Medical Science and Public Health

2019 | Vol 8 | Issue 4



Kumar and Dongre

Cadmium and chronic kidney disease

21.

22.

23.

24.

25.

26.

27.

28.

29.

2019 | Vol 8 | Issue 4

Rinsho 1996;54:93-8.

Hellstrom L, Elinder CG, Dahlberg B, Lundberg M,
Jarup L, Persson B, et al. Cadmium exposure and end-stage
renal disease. Am J Kidney Dis 2001;38:1001-8.

Bosco Dominique. Water in SIPCOT 130 Times Toxic Limit.
Times of India; 2014. Available from: http://www epaperbeta.
timesofindia.com/Article.aspx?eid=3 1807 &articlexml=Water-
in-Sipcot-130-times-toxic-limit-18092014007047#. [Last
accessed on 2015 May 18].

Mena C, Cabrera C, Lorenzo ML, Lopez MC. Sci cadmium
levels in wine,beer and other alcoholic beverages: Possible
sources of contamination. Sci Total Environ 1996;181:201-8.
Elinder CG. Cadmium as an environmental hazard. IARC Sci
Publ 1992;118:123-32.

Long DT, Icopini G, Ganev V,Petropoulos E, Havezov I, Voice T,
et al. Geochemistry of Bulgarian soils in villages affected and
not affected by Balkan endemic nephropathy: A pilot study. Int
J Occup Med Environ Health 2000;14:193-6.

Edwards JR, Prozialeck WC. Cadmium, diabetes and chronic
kidney disease. Toxicol Appl Pharmacol 2009;238:289-93.
Schroeder HA. Cadmium, chromium, and cardiovascular
disease. Circulation 1967;35:570-582. Available from: http://
www  circ.ahajournals.org/content/35/3/570.full.pdf. [Last
accessed on 2015 May 18].

Soisungwan S, Scott HG, Mary AS, Donald AS. Cadmium,
environmental exposure, and health outcomes. Environ Health
Perspect 2010;118:182-90.

Witaya S, Pranee M, Pisit L, Somyot K. Correlations of urinary
cadmium with hypertension and diabetes in persons living in
cadmium-contaminated villages in Northwestern Thailand:

30.

31

32.

33.

34.

35.

A population study. Environ Res 2010;110:612-6.
Tellez-Plaza M, Navas-Acien A, Crainiceanu CM, Guallar E.
Cadmium exposure and hypertension in the 1999-2004 national
health and nutrition examination survey (NHANES). Environ
Health Perspect 2008;116:51-6.

American Kidney Fund; 2011. Available from: http://www.
kidneyfund.org/about-us/assets/pdfs/akfl4 kidney-disease-
statistics-2014.pdf. [Last accessed on 2015 May 21].

Locatelli F, Vecchio LD, Pozzoni P. The importance of early
detection of chronic kidney disease. Nephrol Dial Transplant
2002;17:2-7.

Ruggenenti P, Schieppati A, Remuzzi G. Progression,
remission, regression of chronic renal diseases. Lancet 2001;
357:1601-8.

Zhang QL, Rothenbacher D. Prevalence of chronic kidney
disease in population-based studies: Systematic review. BMC
Public Health 2008;8:117.

National Kidney Disease Education Program. Health
Professionals: Chronic Kidney Disease Information; 2011.
Available from: http://www.nkdep.nih.gov/professionals/
chronic_kidney_disease.htm#riskfactors. [Last accessed on
2015 May 18].

How to cite this article: Kumar PR, Dongre A. Cadmium, the
real link to chronic kidney disease causation in hotspots of rural
Pondicherry and coastal Cuddalore areas! Int J Med Sci Public

Health 2019;8(4):255-258.

Source of Support: Nil, Conflict of Interest: None declared.

International Journal of Medical Science and Public Health

258



