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Abstract

Chronic kidney disease (CKD) is one of the three causes of death that has had the highest increase
in the last 20 years. The increasing CKD burden occurs in the context of lack of access of most of
the world population to adequate healthcare and an incomplete understanding of the pathogen-
esis of CKD. However, CKD is not homogeneously distributed. CKD hotspots are defined as coun-
tries, region, communities or ethnicities with higher than average incidence of CKD. Analysis of
CKD hotspots has the potential to provide valuable insights into the pathogenesis of kidney
disease and to improve the life expectancy of the affected communities. Examples include ethnici-
ties such as African Americans in the USA or Aboriginals in Australia, regions such as certain
Balkan valleys or Central America and even groups of people sharing common activities or interests
such as young women trying to lose weight in Belgium. The study of these CKD hotspots has identi-
fied underlying genetic factors, such as ApolL1 gene variants, environmental toxins, such as aristo-
lochic acid and socioeconomic factors leading to nutritional deprivation and inflammation/
infection. The CKD hotspots series of CKJ reviews will explore the epidemiology and causes in CKD
hotspots, beginning with Australian Aboriginals in this issue. An online map of CKD hotspots
around the world will feature the reviewed hotspots, highlighting known or suspected causes as
well as ongoing projects to unravel the cause and providing a directory of public health officials,
physicians and basic scientists involved in these efforts. Since the high prevalence of CKD in a par-
ticular region or population may only be known to local physicians, we encourage readers to

propose further CKD hotspots to be reviewed.
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Chronic kidney disease (CKD) is a worldwide problem,
which overburdens healthcare systems and results in mil-
lions of deaths, years of life lost, years lived with disability
and disability-adjusted life-years [1-4]. It is estimated
that every year 3200000 people reach end-stage renal
disease (ESRD) without initiating renal replacement
therapy (RRT), while 440000 do initiate RRT [5]. Indeed,
according to the global burden of disease 2010 (GBD
2010) study, CKD was one of the three causes of death
with the greatest increase from 1990 to 2010 among the
top 20 killers [2]. The progressive ageing of the population
in more developed countries, the emerging epidemic of
obesity and diabetes in emerging countries and the identi-
fication of pockets of CKD in certain communities that
either have appeared de novo or were previously unrecog-
nized, contributed to the worldwide burden of CKD. In this
regard, in Central and Andean Latin America, CKD is now
the fifth most common cause of death [2, 6]. Mortality
from CKD in central South America increased 350% in 20
years, from 1990 to 2010 [2, 6].

The increasing CKD burden occurs in the context of both
a lack of access of most of the world population to ad-
equate healthcare and an incomplete understanding of
the pathogenesis of CKD that has prevented major ad-
vances in therapies to stop or reverse CKD progression in
recent decades. Indeed, the mainstay of CKD therapy
remains targeting the renin-angiotensin system with
drugs first commercialized ~40 years ago [7]. The analysis
of CKD hotspots has the potential to both provide valuable
insights into the pathogenesis of kidney disease and to
improve the quality of life and life expectancy of the
affected communities. CKD hotspots are defined as
countries, region, communities or ethnicities with higher
than average incidence of CKD when compared with the
worldwide, country or regional rates. Examples include
ethnicities such as African Americans in the USA or Abori-
ginals in Australia, regions such as certain Balkan valleys
or Central America and even groups of people sharing
common activities or interests such as young women
trying to lose weight in Belgium [8-12]. As summarized
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below, the study of the epidemiology, clinical presentation
and pathogenesis of these examples has already ad-
vanced our understanding of kidney disease and provides
clues to decrease the burden of CKD. In this regard,
genetic, environmental and socioeconomic factors have
been identified as potential causative factors in diverse
CKD hotspots around the world [9, 13, 14] Figure 1.

Genetics as an explanation for CKD hotspots

Adjusted incidence of ESRD has long been known to be
roughly three times more frequent in Africans than in
White Americans in the USA [8]. Indeed, adjusted inci-
dence of hypertensive kidney disease in African Americans
of sub-Saharan ancestry is 12-fold higher than in whites
[15]. When the HIV epidemic struck, it became clear that
the risk of ESRD in African Americans was not limited to
traditional causes of CKD. Rather, there was a predispos-
ition for kidney injury to progress for several unrelated
causes of kidney injury. Thus, 24% of family members of
HIV patients with ESRD had ESRD, even though they did
not have HIV infection [16]. The initial tentative identifica-
tion of MYH9 gene variants associated with a higher risk of
CKD progression was followed by the identification of
ApoL1 gene variants as the explanation for the higher sen-
sitivity of African Americans to CKD progression [13]. MYH9
was a good candidate since mutations were known to
cause a form of familiar nephropathy (Fechtner Syndrome)
with deafness which could be confused with type IV colla-
gen nephropathies (Alport syndrome) but that was add-
itionally characterized by platelet abnormalities [17].
However, MYH9 variants initially associated with African
American CKD were found to be in linkage disequilibrium
with ApoL1 variants common in Western Africa, where
they provided a genetic advantage by protecting from
Trypanosoma brucei infection (sleeping sickness) [13].
Indeed, renal risk variants in APOL1 were associated with
the higher rates of ESRD and progression of CKD observed
in black patients as compared with white patients, regard-
less of diabetes status [13, 18]. ApoL1 is expressed by po-
docytes, tubular cells and vascular smooth muscle cells
[19] and ongoing research will hopefully result in new
therapeutic approaches to CKD of different aetiologies in
African Americans. These studies, originally designed to
solve a USA problem, may promote advances that benefit
West African populations carrying these gene variants
[20]. Furthermore, the discovery of ApoL1 variants linkage
to CKD has shaken the concept of hypertensive nephropa-
thy [21, 22]. If the most numerous group of hypertensive
nephropathy patients in the USA has in fact a genetic pre-
disposition to CKD, then how common is hypertensive ne-
phropathy in non-Africans? Do cases of CKD attributed to
hypertensive nephropathy indeed result from a primary
kidney injury that promotes hypertension? And if this is the
case, should blood pressure control be the mainstay
of therapy in those patients or should we develop
complementary therapeutic approaches?

Environmental factors underlying CKD hotspots

Balkan nephropathy had baffled researchers for decades.
It was known to be an oligosymptomatic chronic nephro-
pathy characterized by prominent tubulointerstitial
damage, a need for RRT at around the sixth decade of life
and a high incidence of upper urinary tract urothelial
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carcinoma [10]. Epidemiological studies have established
the need for at least two decades of living in certain rural
areas of certain valleys of Bosnia, Bulgaria, Croatia,
Romania and Serbia. An environmental toxin was sus-
pected and searched for, but not found. However, a break-
through came from the study of a CKD hotspot among
young Belgian women. These young women had in
common a rapidly progressing CKD, reaching ESRD within
months, with a renal biopsy characterized mainly by tubu-
lointerstitial nephropathy and a high incidence of upper
urinary tract urothelial carcinoma while on RRT [12]. There
was also an unusual common feature between them: they
were trying to lose weight by using Chinese herbs (hence
the original term Chinese herb nephropathy). Plants of the
Aristolochia family were components of these Chinese
herbs and the toxin was identified as aristolochic acid
[23]. Aristolochic acid now provides an animal model for
acute kidney injury progressing to CKD [24]. The existence
of an aristolochic acid exposure fingerprint, the presence
of aristolactam-DNA adducts, provided the clue to the
aetiology of Balkan nephropathy [25]. Renal biopsies from
Balkan nephropathy patients displayed the characteristic
aristolactam-DNA adducts. Contamination of harvests
with Aristolochia weeds is now thought to lead to Balkan
nephropathy. Thus, both Balkan nephropathy and Chinese
herb nephropathy are now considered part of the clinical
spectrum of aristolochic acid nephropathy [10]. Moreover,
in Taiwan one-third of the population had been prescribed
herbal remedies containing Aristolochia, and the recorded
incidence of upper urinary tract cancers and the incidence
of ESRD is the highest in the world [8, 25]. In this regard,
the problem might also be present in mainland China, as
supported by recent reports [26]. Interestingly Aristolochia
spp are part of the traditional medicine armamentarium
not only in Asia, but also in Mediterranean culture and
South America. Aristolochia plants were used as a remedy
for snake bites by the Romans and South American com-
munities. Indeed, in 2004 Colombia outlawed the use of
Aristolochia (commonly known in Spanish as ‘bejuco’), as
a home remedy against rheumatism and snake bites [27].
To what extent the use of traditional medicine containing
aristolochic acid or other toxins contributes to CKD in
other cultures remains to be established.

Socioeconomic factors and CKD hotspots

The first review in this CKD hotspots series of CKJ reviews
deals with CKD in the Australian Aboriginal population in
the Northern Territories [9]. Wendy Hoy reports that with
the high rate of CKD and ESRD in Aboriginals, albuminuria
is used as a marker of CKD, and glomerulomegaly and
focal glomerulosclerosis used as defining histologic fea-
tures. In this regard, renin angiotensin system targeting,
improved metabolic control and improved access to
healthcare appear to be effective in decreasing ESRD
incidence. Factors contributing to CKD may include low
socioeconomic status with nutritional and developmental
disadvantage, as well as an inflammatory/infectious
milieu. The importance of socioeconomic factors cannot
be downplayed in this and other CKD hotspots around the
world. How exactly socioeconomic factors contribute to
CKD should be explored in each different location. If overall
socioeconomic conditions cannot be improved, and this
may be the case when the global economy is in trouble,
correction of specific factors may alleviate the CKD
burden. Is it the lack of education and non-compliance
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Fig. 1. Some examples of CKD hotspots around the world and impact on our current understanding of CKD. By the end of the present CKJ review series, an
interactive world map of CKD hotspots will be available at the CKJ website that will allow easy access to manuscripts in this series, and to information on
ongoing research projects and epidemiological studies as well as contact information of physicians, researchers and health policy planners who wish to

participate.

with doctors recommendations? Lack of access to medical
care? Lack of access to nephroprotective drugs? Excessive
use of over-the-counter nephrotoxic drugs? Dietary or
traditional medicine habits that promote kidney injury or
developmental defects? Poor sanitation and contami-
nated drinking water? Infection-related kidney injury?
Each specific problem may require a different intervention
that may also differ for different economically deprived
communities.

Mysteries still to be solved: is watering
the answer?

Most recently, the existence of a nephropathy of unknown
cause leading to ESRD has been identified in Central
America and termed Mesoamerican nephropathy [11].
Mesoamerican nephropathy mainly affects, otherwise
healthy, young men working in rural populations in
Central America and is characterized by asymptomatic,
progressive CKD, absent or sub-nephrotic proteinuria, the
absence of haematuria and, typically, no evidence of dia-
betes or hypertension. Four key community-based studies
in Nicaragua (three studies) and El Salvador (one study)
have shed some light on the problem [28-31]. In Nicar-
agua the overall frequency of CKD, defined as eGFR <60
mL/min/1.73 m? was 20% in men and 8% in women in a
study population with a mean age ~35 years [28, 29].
These figures contrast with the 5% prevalence of CKD in
the general population in US and European surveys. El Sal-
vador has the highest overall mortality rate from CKD in
the world, with 51.8 deaths per 100 000 inhabitants. [32].
Since 1989, increasing mortality rates from CKD have been
reported in Guatemala, Costa Rica, Honduras and Panama,
especially in Pacific coast communities. The prevalence was
higher among agricultural workers, miners and fishermen
in comparison with service-oriented workers. In particular,
low altitude plantation workers, such as banana or

sugarcane workers, are the most affected. There were no
significant differences between populations regarding trad-
itional risk factors for CKD, such as hypertension, diabetes,
obesity and use of NSAIDs.

Analysis of the epidemiology of Mesoamerican nephro-
pathy has rekindled the interest on the adverse effects
of dehydration. The leading hypothesis suggests that
Mesoamerican nephropathy results from repeated, unre-
covered episodes of pre-renal acute kidney injury due to
dehydration, volume depletion and rhabdomyolysis,
caused by the severe heat stress and water and solute loss
during agricultural work or mining [33]. In addition to this,
nephrotoxic agents, such as non-steroidal anti-inflamma-
tory drugs and other nephrotoxic medication use, inor-
ganic arsenic, leptospirosis, or pesticides, are likely to
aggravate kidney damage [34]. Animal studies suggest
that recurrent dehydration may activate the local polyol
pathway, resulting in the generation of endogenous fruc-
tose that might subsequently induce renal injury via me-
tabolism by fructokinase [35]. In this regard, rehydration
with solutions containing high fructose corn syrup, which
also contains nephrotoxic compounds such as 3,4-dideox-
yglucosone-3-ene (3,4-DGE) [36-38] may also be deleteri-
ous. Access to sufficient water during the dehydration
period can protect mice from developing renal injury [35],
suggesting a potential role of vasopressin. In this regard,
vasopressin antagonists are protective in another form of
progressive tubulointerstitial disease, autosomal domin-
ant polycystic kidney disease [39]. Whether similar patho-
genic events may contribute to the high prevalence of
CKD in agricultural workers in Sri Lanka, Bangladesh and
central Australia remains to be explored [33, 40, 41].

A call to action

In summary, the CKD hotspots series will devote reviews
to countries, region, communities or ethnicities with
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higher than average incidence of CKD. These reviews will
report on the epidemiology, underlying causes or efforts
to unravel the causes if unknown, provide guidance on
public policy and even be extrapolated to promote kidney
health in other parts of the world. A final manuscript in
the series will summarize the series and provide an online
interactive map of CKD hotspots around the world, which
highlights known or suspected causes as well as ongoing
projects to unravel the cause. Overall, the series will
provide a tool for healthcare authorities to plan public
policy, for translational researchers with know-how and
means to explore causes to identify CKD hotspots and
contact the professionals fighting CKD in remote and not
so remote regions of the world, and for these healthcare
personnel to identify similarly minded professionals
working on other CKD hotspot environments. The online
tool will provide a directory of public health officials, on
the ground physicians and interested basic scientists in-
volved in these efforts, that will facilitate communication
and foster collaborations in search of resources to pursue
research and shape policies that help curtail this scourge.

A potential hurdle to be overcome is that much of the
publicly available information refers to prevalence of ESRD
in whole countries. Several factors may impact on inci-
dence of ESRD that do not allow an easy extrapolation to
prevalence of CKD [5]. Thus, policies for inclusion into an
ESRD programme differ between countries and ESRD may
be initiated at available facilities that may be far from the
patient residence. Emerging information on CKD preva-
lence is also for the most part country- or region-based
and efforts to compare prevalence between different
regions in a country do not abound. In Colombia, the
Cuenta del Alto Costo has generated detailed regional
maps displaying differences in CKD prevalence (http:/
www.cuentadealtocosto.org/byblos/Docs/SITUACION_DE _
LA_ENFERMEDAD_RENAL_CRONICA_2013.pdf). An ongoing
European Renal Association-European Dialysis and Trans-
plant Association Registry effort [Wanner C, presented at
the 49th congress of the Spanish Society of Nephrology
(SEN), Barcelona 2014] is combining and homogenizing
several observational studies of CKD prevalence in Euro-
pean countries. This will allow the identification of Euro-
pean CKD hotspots. However, we realize that sometimes
the high incidence of CKD in a particular country, region or
even town may only be known to local authorities or
healthcare personnel. We thus encourage readers to write
to CKJ reporting such pockets of CKD. This may highlight
the plea of that community, be the subject of a review in
CKJ and facilitate the flow of resources to clarify the cause
and identify potential solutions to the problem.
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