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Reports of an epidemic of rapidly progressive ﬁbrosing
interstitial nephritis ﬁrst surfaced in the early 1990s in a
cohort of Belgium women (1). The causative agent was
found to be aristolochic acid (2), a family of compounds
found in the plant genus Aristolochiacaea, including the
Aristolochia and Asarum species (also known as birthwort or Dutchman’s pipe). Aristolochic acid has been an
ingredient in Chinese herbal remedies commonly used
to treat an assortment of illnesses, including eczema,
pneumonia, stroke, and hepatitis. It was classiﬁed a
human (class I) carcinogen by the World Health Organization International Agency for Research on Cancer in
2002 and is associated with a characteristic pattern of
nephrotoxicity termed aristolochic acid nephropathy
(AAN) and urothelial malignancy (3,4).
The role of environmental exposure to aristolochic
acid in the etiology of Balkan endemic nephropathy
(BEN) is now well documented. The striking pathologic
similarities between the ﬁrst described patients with
AAN and BEN were noted in the original report of the
Belgian outbreak (1). Indeed, environmental exposure
to aristolochic acid had ﬁrst been suggested as a cause
of BEN in 1969, when Ivic (5) found contamination of
wheat ﬂour by the seeds of Aristolochia clematitis, a
weed that is common in wheat ﬁelds in endemic areas
(6). The molecular link between AAN and BEN was
ﬁrst shown by Arlt et al. (7), establishing that aristolochic
acid–speciﬁc DNA adduct formation occurred in a
patient from an endemic region. Additional work extended these ﬁndings and showed characteristic p53
mutations and urothelial tumor development, with
BEN being pathologically indistinguishable from
AAN caused by Chinese herbal products (8,9). Indeed,
BEN is now more appropriately considered as a speciﬁc
geographically deﬁned form of AAN (10,11).
Although the exact extent of AAN is unknown, case
series have been reported in the United States, Europe,
Australia, and Asia, suggesting that this is a global
health problem (11,12).
At present, there are no strict diagnostic criteria to aid
the clinician. The majority of patients present with renal
insufﬁciency, anemia, a urine sediment with few erythrocytes and leukocytes, and mild proteinuria (typically
,1.5 g/2 d). Renal tract ultrasonography reveals
shrunken kidneys, which can be asymmetric and irregular in cortical outline. Histologic ﬁndings include extensive interstitial ﬁbrosis associated with tubular atrophy,
low numbers of chronic inﬂammatory cells decreasing
from the outer to the inner cortical labyrinth, and ﬁbrous
www.cjasn.org Vol 10 February, 2015

hyperplasia of arteriolar walls. Multifocal urothelial
atypia is observed in almost all patients, and 40%–46%
of patients have multifocal, often bilateral transitional
cell carcinoma in situ, usually located in the upper urinary
tract (13). Ingestion of aristolochic acid can be conﬁrmed
by phytochemical analysis, and DNA adduct analysis
can be used to identify the presence of aristolochic acid
DNA adducts in renal or urinary tract tissue.
There is no deﬁnitive treatment for this disease;
however, there is some evidence that steroid treatment
may modify progression of CKD (14,15). General supportive management is similar to that of other causes of
CKD. In light of the increased risk of urothelial malignancy, patients should be offered yearly surveillance
with computerized tomography imaging and ureteroscopy, with bilateral nephroureterectomy considered
at the point of requiring RRT followed by surveillance
for bladder carcinoma with annual rigid cystoscopy.
With the majority of patients progressing rapidly to
ESRD and the absence of deﬁnitive treatment, the
primary objective has been prevention of AAN. In fact,
the US Food and Drug Administration Agency banned
all herbal remedies containing aristolochic acid in 2000.
Despite these measures, Vaclavik et al. (16) recently
found that the two different forms of aristolochic acid
were detected in over 25% of samples tested in a survey
of 30 herbal products available to order through the
internet (17). The decline in renal function in BEN occurs over 15–20 years, possibly related to the cumulative effect of prolonged low-grade exposure to
aristolochic acid (6,10,18). In this issue of CJASN,
Jelakovic et al. (19) test the hypothesis that Bosnian immigrants who settled in an endemic area of Croatia
15–30 years ago are at lower risk of developing AAN
because of reduced exposure to aristolochic acid. This
cross-sectional observational study with a 5-year study
period focused on the incidence of CKD (deﬁned as
eGFR,60 ml/min per 1.73 m2) and proximal tubule
damage (PTD; deﬁned as a1-microglobulin to creatinine $31.3 mg/g). Exposure to aristolochic acid and
farming practices were assessed using a survey. The
results of this study suggest a signiﬁcantly lower prevalence of CKD and PTD in the Bosnian immigrant population. Jelakovic et al. (19) conclude that Bosnian
immigrants residing in endemic areas are signiﬁcantly
less exposed to dietary ingestion of aristolochic acid
than in the past and conﬁrm the relationship between
reduced exposure to aristolochic acid in endemic areas
and reduced prevalence of PTD.
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The strengths of this study are its sample size of over 2000
and participant uptake rates. In any observational study,
recall bias must be considered, particularly in the context
of recall over a 3-decade period. By using a door-to-door
approach, Jelakovic et al. (19) have attempted to reduce selection bias; however, this may not have been completely
eliminated.
Aristolochic acid exposure was considered positive if the
Aristolochia plant was observed in farming ﬁelds or Aristolochia
seeds were seen among wheat seeds. The current literature
supports that the ingestion of aristolochic acid is the primary
etiologic agent in AAN and not environmental exposure
(8,11,18). Conﬁrmation of exposure using phytochemical
analysis may be a more robust method of deﬁning exposure,
although the practicality of this approach in a large sample
size may prove a limiting factor.
In this study, Bosnian immigrants had lived in endemic
areas for 15–21 years, and Jelakovic et al. (19) considered .15
years an adequate time period to ingest a cumulative toxic
dose of aristolochic acid. Although there have been advances
in understanding the epidemiology and molecular pathogenesis of AAN, there is no exact quantiﬁcation of the toxic dose
of aristolochic acid or the duration of exposure necessary for
the development of AAN or urothelial malignancy. However,
higher cumulative exposures are clearly associated with
greater risks of developing AAN (11,20).
It has been proposed that genetic susceptibility plays an
etiologic role in the development of AAN, raising the possibility that the genetic background of the Bosnian immigrant
population confers a degree of protection against the effect
of aristolochic acid exposure (18).
The importance of awareness and recognition of AAN
cannot be overemphasized. Legislative changes allowing
regulation of herbal supplements and other food substances
for the presence of aristolochic acid along with advances in
farming techniques will help to decrease the incidence of
AAN. The worldwide distribution of reported patients with
AAN and the likely underreporting and underdiagnosis of
AAN in countries where Aristolochia species are known to be
used support the need for united global public health initiatives to eradicate this entirely preventable disease.
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See related article, “Chronic Dietary Exposure to Aristolochic Acid
and Kidney Function in Native Farmers from a Croatian Endemic
Area and Bosnian Immigrants,” on pages 215–223.

