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demic foci, preferably as a multicentric research. An interna-
tional approach to solving the etiology of BEN is needed in 
the coming years. The geographic correlation and presence 
of AA-DNA adducts in both BEN and associated urothelial 
cancer support the hypothesis that these diseases share a 
common etiology.  Copyright © 2009 S. Karger AG, Basel 

 Balkan endemic nephropathy (BEN) is a chronic tu-
bulointerstitial nephropathy with insidious onset and 
slow progression to terminal renal failure. Initially de-
scribed in the 1950s, it affects people living in the allu-
vial plains along the tributaries of the Danube River in 
Bosnia and Herzegovina, Bulgaria, Croatia, Romania 
and Serbia  [1] . An increased incidence of upper urothe-
lial cancer (UUC) in patients with BEN and in popula-
tions from endemic settlements has been demonstrated 
 [2] . We would like to give a survey of the recent studies 
and a prospect for future research.

  Epidemiological Characteristics of BEN 

 The familial character of this disease was described in 
the first reports. BEN can affect several members of a 
household in one or more generations  [1] . Within the 
same village, affected and spared households live in close 
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 Abstract 

 Despite broad investigations into the possible role of genet-
ic factors, environmental agents and immune mechanisms, 
the etiology of Balkan endemic nephropathy (BEN) is only 
partially understood. An increased incidence of upper uro-
thelial cancer in patients with BEN and in populations from 
endemic settlements has been demonstrated. Genetic stud-
ies have landed support for genetic predisposition to BEN. 
The similarity of the morphological and clinical pattern of 
BEN and Chinese herbs nephropathy has raised the possibil-
ity of a common etiologic agent, aristolochic acid (AA), de-
scribed in 1969 by Ivić and confirmed by a recent study of 
AA-DNA adducts. Ochratoxin A (OTA) is studied extensively 
as the etiologic agent of BEN. Weathering of low-rank coals 
nearby the endemic villages produces water-soluble polycy-
clic aromatic hydrocarbons and aromatic amines, similar to 
metabolic products of acetaminophen, which has a causal 
relationship with analgesic nephropathy. AA is confirmed as 
the etiologic agent of BEN; however, it may not be the sole 
risk factor. More research is needed on the patterns of BEN 
over time and between different endemic places. Therefore, 
it is important to test etiological hypotheses in different en-
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proximity. BEN occurs in some, but not all villages in the 
endemic area. Affected villages are sometimes separated 
from disease-free villages by only a few kilometers. Re-
cently, we have made an analysis of the cumulative inci-
dence of end-stage kidney disease patients on dialysis, 
from endemic, adjacent and control villages in the South 
Morava region in Serbia. In these adjacent villages, previ-
ously claimed as being non-endemic, there were two 
times more cases of end-stage kidney disease on dialysis 
than in control settlements, designated as sporadic cases 
of BEN.

  The estimated prevalence of BEN in endemic areas 
ranges from 0.5 to 4.4%  [3] . Subsequent reports, however, 
have suggested that the incidence of BEN may be decreas-
ing  [4] . A high incidence of BEN is still observed in the 
Kolubara River region in Serbia  [5] . Since the early 1990s, 
the few new cases in one region in Serbia were only seen 
in previously affected families. Whereas 50 years ago 
BEN was diagnosed even in young adolescents, a diagno-
sis is now made in few people before they reach their 60s. 
In Croatia, the mean age of death associated with BEN 
was 45.1 years in the late 1950s, and 69.2 years in the 
1990s, which was similar to the life expectancy for the 
general population  [6] . At the time of its discovery, BEN 
frequently led to death within 1 year or less, and a recent 
follow-up study showed that the mean yearly decrease of 
glomerular filtration rate in a series of biopsy samples 
was 2.74 ml/min, implying that 30 years would be needed 
for an individual with normal kidney function (clearance 
103.5  8  21.3 ml/min/1.73 m 2 ) to reach a stage of ad-
vanced renal failure (clearance 28.0  8  6.2 ml/min/1.73 
m 2 )  [7] . Consequently, although the total proportion of 
prevalent cases might not be different in some geograph-
ical foci, the incidence rates are now much lower all over 
the endemic regions.

  Genetic Predisposition to BEN 

 A familial aggregation of BEN was described 50 years 
ago  [1] . Development of BEN in emigrants from the en-
demic region, who left their native villages in early child-
hood and settled hundreds, sometimes thousands of 
miles away, supports the role of inheritance in the devel-
opment of BEN  [8] . A specific marker has been estab-
lished on chromosome 3, 3q25 marker of susceptibility. 
Genome-wide scans have not been performed yet to iden-
tify SNP associated with BEN susceptibility. Certain BEN 
relatives carry chromosomal anomalies that have already 
been described in BEN patients, and it is proposed that 

they are at high risk for developing the disease  [9] . On the 
other hand, evidence is presented that environmental 
rather than genetic factors play a decisive role in the etio-
pathogenesis of BEN. Two genetically different popula-
tions, natives and immigrants from the Ukraine who set-
tled in the endemic regions near Slavonski Brod, Croatia, 
have been demonstrated to develop BEN  [10] .

  Environmentally Induced Disease 

 Several cases of end-stage interstitial kidney disease 
have been reported in young women who were on a slim-
ming regimen including Chinese herbs  [11] . Aristolochic 
acid (AA) was isolated from several batches of pills, ac-
cidentally delivered as powder of  Aristolochia fangchi , in 
place of non-toxic  Stephania tetrandra . The similarity of 
the morphology and clinical features of Chinese herbs 
nephropathy and BEN has raised the possibility of a com-
mon etiologic agent – AA  [12] . Some 40 years ago, AA was 
suggested as the etiologic agent of BEN. Ivić  [13]  found 
AA in flour obtained from wheat contaminated with 
seeds of  Aristolochia clematitis  in an endemic region. He 
conducted a survey of the geographical distribution of  A. 
clematitis  in the endemic area. This plant has both a 
nephrotoxic and cancerogenic action. Focal tubulointer-
stitial changes were observed in rabbits poisoned by giv-
ing them orally various amounts of flour made from 
ground dried  Aristolochia  seeds. These changes corre-
sponded completely to the changes characteristic of BEN. 
Grollman et al.  [14]  recently confirmed the epidemiolog-
ical and experimental data of Ivić   [13] , showing that: (i) 
DNA adducts derived from AA are present in renal tissue 
of patients with documented BEN, (ii) these adducts 
could be detected in transitional cell cancers, and (iii)
A:T–T:A transversions dominate the p53 mutational spec-
trum in upper urinary tract malignancies. It is concluded 
that dietary exposure to AA is a significant risk factor for 
BEN and its attendant transitional cell cancer. Rodent 
models of AAN may be used to study biotransformation 
of AA and repair of AL-DNA adducts and, importantly, 
to validate the use of AL-DNA adducts as biomarkers of 
disease  [15] . The murine model will be particularly useful 
for determining genetic susceptibility to AAN and, by 
implication, to BEN  [16] .

  Feder et al.  [17]  found that endemic settlements are 
located in the vicinity of Pliocene age lignites. Weather-
ing of the low-rank coals could generate complex mix-
tures of water-soluble hydrocarbons which are present in 
the drinking water of the shallow farm wells, e.g. naph-
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thylamine, aniline, anthracene, pyrene. Many of these 
compounds are known to be carcinogenic and could also 
cause urothelial cancer. Ochratoxin A (OTA) is a myco-
toxin demonstrated to be responsible for porcine ne-
phropathy in northern Europe. Porcine nephropathy is 
primarily a tubulointerstitial disease similar to BEN in 
many ways, suggesting a common causal relationship. 
The most pronounced food-borne exposure to OTA has 
been found in the area in Croatia where BEN is prevalent 
 [18] . The associated nephrotoxicity and carcinogenicity 
of OTA, recently described, make this hypothesis par-
ticularly attractive. However, to date there is no evidence 
that OTA is responsible for any known kidney disease in 
humans. A comprehensive presentation of the mycotoxin 
argument was recently published by Pfohl-Leszkowicz et 
al.  [19] .

  The pathway for exposure to OTA is well defined and 
there is evidence that humans have ingested OTA  [20] . 
Factors causing differential exposure to OTA and how 
OTA is implicated in BEN are not defined. Although 
there is evidence of human exposure to AA and that its 
effects are consistent with BEN, a pathway for exposure 
to AA has been suggested but not demonstrated. Factors 
causing differential exposure to AA are not known. Ex-
posure analysis results suggest that neither OTA nor AA 
can be firmly linked to BEN. However, this approach sug-
gests future research directions that could provide criti-
cal evidence on exposure, which when linked with find-
ings from the health sciences, may be able to demonstrate 
the cause of this disease and provide a basis for effective 
public health intervention strategies. One of the key
unknowns for both agents is how differential exposure 
can occur  [20] . Although questioned by Grollman and 
Jelaković  [21] , nobody has really ruled out the etiologic 
role of mycotoxins (epigenetic effect) and coal leachates 
 [22, 23] .

  Clinical and Morphologic Characteristics 

 BEN is characterized by tubular dysfunction, predom-
inantly affecting the proximal tubule. Glucosuria and 
aminoaciduria have been reported. A tubular type of pro-
teinuria was found to occur in BEN before routine tests 
for proteinuria become positive. There is an increased  �  2 -
microglobulin excretion in patients with BEN, their clin-
ically healthy relatives, adult offspring of families with 
BEN, as well as in children from these families  [24, 25] . 
BEN is characterized by diffuse cortical interstitial fibro-
sis, which is hypocellular in the majority of cases, and by 

tubular atrophy with both features decreasing from the 
outer to the inner cortex  [26] . At early stages the lesions 
are focal and associated with interstitial edema as well as 
proximal tubule epithelial cell degeneration.

  Diagnosis of BEN 

 Diagnosis of BEN is made in inhabitants from endem-
ic settlements using diagnostic criteria proposed by an 
international panel  [27] : (1) epidemiologic criteria; (2) 
demonstration of the glomerular filtration rate decrease, 
proteinuria, generally  ! 1 g/24 h, microalbuminuria, tu-
bular markers (increased urinary excretion of  �  2 -micro-
globulin or  �  1 -microglobulin), and (3) exclusion of other 
known kidney diseases.

  Screening of BEN 

 Despite the availability of improved medical therapy 
to slow the progression of nephropathy, true epidemics of 
end-stage kidney disease due to BEN can be observed. 
BEN is still the major problem in several endemic regions 
in Bosnia, Croatia and Serbia. Many patients are not di-
agnosed until the late stages of disease, as early kidney 
disease may be asymptomatic. Ideally all adults in en-
demic settlements should be routinely screened for evi-
dence of early BEN and associated risk factors  [27] . Since 
BEN areas are relatively small and the cost of screening 
does not exceed 1–2% of the treatment of end-stage BEN 
and UUC-associated BEN, screening of endemic families 
is cost-effective  [28] . Healthcare institutions in BEN ar-
eas are well developed and an integrated, well-developed 
program could lead to the eradication of BEN. Members 
of a working party for the management of chronic kidney 
disease have identified several recommendations for the 
screening of patients at risk of chronic kidney disease 
 [29] . These could be used for the screening of patients at 
risk of BEN.

  How to Screen for BEN? 
 Take a short history including family history, and mea-

sure blood pressure. Use a dipstick (untimed spot urine 
sample) for proteinuria, albuminuria, WBC and RBC: (1) 
If positive for proteinuria: measure total protein to cre-
atinine ratio in an untimed spot urine sample; if positive 
for albuminuria: measure albumin to creatinine ratio in 
an untimed spot urine sample, and if positive for WBC or 
RBC: perform a sediment analysis in an untimed spot 
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urine sample. (2) The determination of  �  2 -microglobulin 
in urine is a useful tool in the screening procedure of tu-
bular dysfunction in BEN.  �  1 -Microglobulin, which is 
much more stable than  �  2 -microglobulin in urine, has 
also been described as a useful screening tool in BEN. (3) 
Estimate creatinine clearance from serum creatinine us-
ing the Cockcroft-Gault equation or MDRD study equa-
tion. (4) Renal ultrasonography is usually needed.

  How Often Should Screening Be Performed? 
 (1) If screening is negative: every 1–3 years, depending 

on risk factors. (2) If abnormality is evidenced at screen-
ing: perform diagnostic and therapeutic work-up.

  Detection, Treatment and Prevention of BEN 

 Diagnostic criteria for BEN have been re-evaluated by 
an international panel of investigators, and a meeting of 
BEN center directors was convened for this purpose last 
year in Croatia  [28] . A screening procedure in endemic 
settlements should be associated with diagnostic and 
therapeutic workup. The evaluation and treatment of pa-
tients with BEN requires understanding of diagnosis, co-
morbid conditions, severity of disease, complications of 
disease, and risks for loss of kidney function, and cardio-
vascular disease. A clinical action plan should be devel-
oped for each patient, based on the stage of disease as 
defined by the K/DOQI CKD classification  [29] . Treat-
ment of BEN is similar to that of all chronic interstitial 
nephropathies: detection and treatment of potentially re-
versible aggravating factors, limited protein intake from 
stage 3, and kidney replacement therapy. Hypertension, 
if present, should be treated with angiotensin-converting 
enzyme inhibitors. Longer survival on renal replacement 
therapy is associated with the increased risk of develop-
ing renal pelvis, ureter, and urinary bladder tumors.

  Understanding the etiology of BEN should be followed 
with etiological treatment and prevention  [27, 30] . Pri-
mary prevention is the major goal in BEN. In regions 
where AA is the culprit of disease, public health authori-
ties should take immediate measures to reduce the poten-
tial for dietary exposure of residents to  Aristolochia. 

  Urothelial Cancer 

 The increased frequency of urothelial cancer in popula-
tions of endemic villages was described in the first reports 
on BEN in both Bulgaria and former Yugoslavia  [ see  2] . A 

geographic correlation between UUC and BEN was estab-
lished in both Yugoslavia and Bulgaria. A recent survey of 
UUC in the South Morava River basin and its tributaries 
where BEN is endemic revealed an increased frequency of 
not only renal pelvis and ureter tumors but also of urinary 
bladder tumors  [31] . Familial clustering was also noted. 
The incidence of UUC and bladder tumors associated with 
BEN in the region of South Morava River in Serbia in the 
last 10-year period (1989–1998) was markedly decreased. 
Compared to the period from 1969 to 1988, UUC in en-
demic settlements was 11.2 times more frequent than in 
non-endemic settlements, but was 57.1 times more fre-
quent in the period from 1969 to 1988  [32] .

  The geographic correlation and presence of AA-DNA 
adducts in both BEN and associated urothelial cancer 
support the speculation that these diseases share a com-
mon etiology.

  Conclusion 

 Recent studies in BEN and associated UC are the ma-
jor step in understanding the etiology and preparing an 
etiologic approach for diagnosis, prevention and treat-
ment. AA is confirmed as the etiologic agent of BEN; 
however, it may not be the sole risk factor. More research 
is needed on the patterns of BEN over time and between 
different endemic places. Therefore, it is important to test 
etiological hypotheses in different endemic foci, prefer-
ably as a multicentric research. An international approach 
to solving the etiology of BEN is needed in the coming 
years. It is also time to reevaluate other chronic, slowly 
progressive tubulointerstitial nephropathies of unknown 
etiology, diagnosed elsewhere in the world, and to search 
for possible etiological similarities with BEN.

  After 50 years of investigation, BEN and associated 
UUC are still full of secrets with more questions than an-
swers, but fortunately with less frequent and less impor-
tant health problems. However, with this trend of de-
creasing incidence, we have to wait at least one or two 
decades more to follow up the problem before closing it. 
As we predicted in 1991, with the etiologic diagnosis it 
will be possible to detect BEN and associated UUC be-
yond the Balkans where sporadic cases occur  [33] .
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  This review by two world experts in the field of Balkan 
endemic nephropathy (BEN) brings the reader up to date 
with developments in the study of this intriguing geo-
graphical nephrological condition. It draws attention to 
the link between BEN, the associated uroepithelial can-
cer and toxins such as aristolochic acid (AA). Patients 
suffering from BEN may have been exposed to food crops, 
and/or flour derived from wheat contaminated with  Aris-
tolochia clematitis  which contains high levels of AA. AA 
has also been implicated in the nephrotoxicity of Chinese 
herbal remedies. In Asian countries, the complexity of 
processing of Chinese herbal remedies and the common 

substitution of botanical products by AA-containing 
herbs represents a major risk for AA-associated nephrop-
athy (AAN). Consequently, the incidence of AAN is prob-
ably much higher than initially thought, especially in 
Asia and the Balkans. Debelle et al. in another review ar-
ticle on AAN pointed to the Food and Drug Administra-
tion’s warnings concerning the safety of herbal remedies 
containing AA including many sold via the Internet [De-
belle FD, Vanherweghem JL, Nortier JL: Aristolochic 
acid nephropathy: a worldwide problem. Kidney Int 2008;  
 74:   158–169].

 

  Editorial Comment 

   M. El Nahas , Sheffield
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