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Aim. To analyze hemodialysis (HD) treatment of patients
with Balkan endemic nephropathy (BEN) from five endemic vil-
lages in the South Morava Region of Serbia. Analyses of patterns
of incidence may generate hypotheses about the underlying causes
of BEN, and prevalence data provide information on the current
and likely future burden on health services for managing
BEN. Methods. A total of 143 end-stage kidney disease patients
(ESKD) with BEN were admitted to the renal replacement pro-
gram from 1974 to 2004: 121 to HD, 15 peritoneal dialysis, and
7 kidney transplantation. As a control group, 117 patients with
other kidney disease (chronic pyelonephritis, glomerulonephritis,
and ischemic nephropathy) admitted to HD at the time of BEN
patients and matched by age and gender were studied. Results.
Most of the BEN patients (93.4%) treated by HD were born from
1917 to 1941. The majority of patients (79.3%) started HD from
1977 to 1991 (period of 15 years). The mean age of BEN patients
starting HD treatment was 49.1 years in the period from 1974 to
1978, and increased steadily in the following years, being 72.5
years in the last period of study (2004–2006) The mean survival
time of BEN males was 4.70 (95% CI 3.66–5.75) and for females
was 5.02 (95% CI 1.47–4.53). Difference between males and
females was not statistically significant (log rank 0.14, p = 0.7,

P > 0.5). Mean survival times of 4.84 (95% CI 3.97–5.70) in BEN
patients and 3.1 (95% CI 2.78–3.84) in other kidney disease
patients were found. Difference between BEN patients and con-
trols was statistically significant (log rank 8.38, p = 0.0038, P <
0.01). Conclusion. The population of endemic villages around
the South Morava River admitted to HD treatment after 1974 was
exposed to environmental toxicant(s) from 1917 to 1941. The
most intense effect of environmental exposure was in that period,
with ESKD in patients in their forties. The exposure to environ-
mental toxicants has diminished, so ESKD of BEN has become
less frequent and manifested in the older age, mean 72.5 in the
period from 2004 to 2006. Different type of exposure was regis-
tered in some other endemic regions in Serbia and abroad.

Keywords Balkan endemic nephropathy, hemodialysis, survival

Balkan endemic nephropathy (BEN) is a familial
chronic tubulointerstitial disease with insidious onset and
slow progression to end-stage kidney disease (ESKD). It
was first described in Serbia by Danilovic et al. in 1957[1]

and affects people living in the alluvial plains along the trib-
utaries of the Danube River in Serbia, Bosnia, Croatia, Bul-
garia, and Rumania.[2] The disease usually affects adults in
their forth or fifth decade with eventual ESRD in their fifth
or sixth decade. No case has been documented in children
and adolescents. The age distribution is increasingly
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skewed toward the elderly.[3] The median age of incident
cases has increased by 5.5 years between the 1970s and
1980s, and by another 7.5 years between the 1980s and
1990s, a trend paralleled by the associated urothelial carci-
noma.[4] The incidence of ESKD and BEN death rates has
decreased between 1978 and 1997 in the South Morava
region as well as in some areas in Serbia.[5] Data on survival
of BEN patients and their kidneys are scant. At the time
when BEN was described in 1957, the clinical course of the
disease was very rapid, with ESRD within months.[1] After
12 years of follow-up of 265 BEN patients, diagnosed in
1971 in endemic villages of the municipality of Lazarevac,
Velimirovic reported an average survival of 7.4 years for
patients in the early clinical phase of BEN and 5.7 years for
patients with chronic renal failure.[6] In a retrospective
cohort study of 97 BEN patients discovered in 1971 in a
field examination in the village of Sopic, an analysis per-
formed 27 years later has revealed the mean survival time
of 16.4 years for all patients, 23.1 for suspected and 13.3 for
manifested patients.[7] Clinicopathologic correlation has
shown that progression from marked tubulointerstitial dam-
age and advanced renal failure (99mTc-DTPA clearance 28
mL/min/1.73 m2) to ESKD could be prolonged by 11 years
(GFR decrease of 2.1 mL/min per year) with the appropri-
ate treatment.[8] If no regular medical supervision was
accepted by patient, progression is much faster (GFR
decrease of 5.1 mL/min per year). Hemodialysis (HD) treat-
ment of BEN patients was found to be a safe and successful
method of treatment of ESKD.[9] However, survival of
BEN patients on maintenance HD was not analyzed.

The aim of our study was to analyze HD treatment of
patients with BEN from five endemic villages in the South
Morava Region of Serbia. Analyses of patterns of inci-
dence may generate hypotheses about the underlying
causes of BEN, and prevalence data may provide informa-
tion on the current and likely future burden for health ser-
vices for managing BEN.

SUBJECTS AND METHODS

Subjects

A total of 143 end-stage kidney disease patients
(ESKD) with Balkan endemic nephropathy from five
endemic villages (Brestovac, Kutles, Mezgraja, D.
Trnava, and Nozrina) in the South Morava Region of
Serbia were admitted to the renal replacement program
from 1974 to 2006. Endemic villages were carefully
selected to represent BEN population. There were 121
patients (55 female, 66 male) on HD, 15 with peritoneal
dialysis, and 7 with kidney transplantation. The hemodi-
alysis program at the Institute of Nephrology and Hemo-

dialysis, Faculty of Medicine, Nis, was introduced in
1973. The individuals were diagnosed as having BEN
according to the current diagnostic criteria.[10] Age, gen-
der, year of birth, year starting HD, and mortality on HD
were analyzed. As a control group, 117 patients with
other kidney disease (chronic pyelonephritis, glomerulo-
nephritis, and ischemic nephropathy) admitted to HD at
the time of BEN patients and matched by age and gender
were studied.

Statistical Analysis

The results are expressed as means or medians. Stu-
dent’s t-test and non-parametric analysis (Mann-Whitney)
were used when appropriate. Differences were considered
significant at p < 0.05. Kaplan Meir test was used to ana-
lyze survival of HD patients.

RESULTS

Most of the BEN patients treated by HD were born
from 1917 to 1941 (see Figure 1). In a period of 25 years,
113 out of 121 BEN patients (93.4%) were born. The
number of male and female BEN patients who started
HD from 1974 to 2006 is presented in Figure 2. Most of
the patients (79.3%) started HD from 1977 to 1991, a
period of 15 years. Maximum was 12 patients in one year
(1980), followed by 11 patients in 1978 and 1984. No
BEN patient from these five endemic villages started HD
in 1993 and 1994, and only one started HD in 1974,
1975, 1976, 1992, 1995, and 1996. Mean age of BEN
patients starting HD treatment was 49.1 years in the
period from 1974 to 1978, increasing steadily in the fol-
lowing years to 67.6 in the period from 1994 to 1998 and
finally 72.5 years from 2004 to 2006 (see Figure 3).
Mean age of patients in the control group was similar to
that of BEN patients. Age at the start of HD in the popu-
lation of BEN natives, emigrants, and immigrants to the
endemic region is presented in Figure 4. Most (38) BEN
patients started HD at the age of 51–60 years, natives at
the median age of 56. Natives of the endemic villages in
the age group of 61–70 years started HD at the median
age of 65, as did emigrants from these villages. There
was a small group of BEN patients starting HD in the age
over 70 years; the median age in both natives and emi-
grants was 74 years. BEN patients starting HD from
1974 to 1978 had a mean time of survival on HD of 4.1
years; in the period from 1984 to 1988, it was 6.2, but
decreased to 4.7 from 1994 to 1998, 3.0 from 1999 to
2003, and finally 2.0 from 2004 to 2006 (see Figure 5).
The survival of patients with other kidney disease was
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similar to that of BEN patients in the years 1974 to 1983
and 199 to 2006 of the first HD (see Figure 5). Survival
of BEN patients starting HD from 1984 to 1998 was sig-
nificantly higher (p < 0.05) than that of patients with
other kidney disease. Kaplan-Meir analysis of survival
was performed (see Figure 6). The mean survival time of
BEN males was 4.70 (95% CI 3.66–5.75) and 5.02 (95%
CI 1.47–4.53) for females. The difference between males
and females was not statistically significant (log rank
0.14, p = 0.7, P > 0.5). Kaplan-Meir analysis of survival
of BEN patients and controls (see Figure 7) has shown a
mean survival time of 4.84 (95% CI 3.97–5.70) in BEN
patients and 3.1 (95% CI 2.78–3.84) in controls. Differ-
ence between BEN patients and controls was statistically
significant (log rank 8.38, p = 0.0038, P < 0.01).

DISCUSSION

This study used an epidemiological approach to get
information on the environmental exposure of the popula-
tion of endemic settlements in the South Serbia. Five
endemic settlements were selected, with the families and
patients under medical supervision since 1964. The popu-
lation of endemic villages around the South Morava River,
admitted to HD treatment after 1974, was exposed to envi-
ronmental toxicant(s) mostly from 1917 to 1941. The most
intense effect of the environmental exposure was in that
period, with ESKD in the patients’ ages of 40–49. The
exposure to environmental toxicants has diminished, so
ESKD of BEN has become less frequent, and, in the older
age, means were recorded of 72.5 in the period from 2004

Figure 1. Calendar year of birth of BEN patients treated by HD. Number of patients in brackets.
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to 2006. A different type of exposure was registered in
some other endemic regions in Serbia and abroad.

Survival of BEN patients was better than in other kid-
ney disease. In BEN patients starting HD from 1984 to
1998, it was significantly higher. This could be explained
by less comorbid conditions in BEN patients. Decreased
survival from 1999–2006 compared to previous period
could be explained by an increased age, especially in the
period from 2004 to 2006.

Two recent epidemiological studies carried out in Serbia
and Bulgaria have suggested that the incidence of BEN may
decrease in the near future.[5,11] In a study performed to inves-
tigate the incidence of BEN patients on dialysis and BEN-
associated mortality in endemic areas around the South
Morava River in Serbia from 1978 to 1997, a marked decrease

in the incidence of ESRD and BEN-induced mortality in the
last ten years has been documented.[5] It is now apparent that
the prevalence of the disease did not considerably change for a
long time, only later beginning to decrease in most (but not
all) foci.[12] Incidence shifted more and more to the older age
groups, and clinical presentation had a protracted course inde-
pendent over the last three decades from radically improved
therapeutic modalities such as dialysis and kidney transplanta-
tion. Urothelial cancer in endemic areas around the South
Morava River has the same trend, its incidence moving
toward the incidence in general population, and the difference
in their malignancy in endemic and nonendemic areas is less
expressed.[13] The trend of the disease implies diminished
contact with the agent(s) and, consequently, a decrease of the
disease importance in the national pathology.[12–14]

Figure 2. Calendar year of the first HD in BEN patients.
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Figure 3. Mean age at the start of HD from 1974 to 2003, in groups of five years. Black circles: BEN patients, white circles: other
kidney disease.
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Figure 4. Age at the start of HD in the population of natives, emigrants, and immigrants to the endemic region. Median age at the
top of column.

Figure 5. Calendar year of the first HD (five-year groups from 1974) and survival.  Black circles: BEN patients; white circles: other
kidney disease.. *BEN vs. control, p < 0.05.
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This study clearly indicated time and strength of envi-
ronmental exposure to the people of endemic settlements
around the South Morava River.
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Figure 6. Kaplan-Meir analysis of BEN male and female
patients’ survival on HD.
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Figure 7. Kaplan-Meir analysis of BEN and control (other
kidney disease) patients’ survival on HD.
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