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Abstract

Background

There is concern that exposures to metals (cadmium and lead) and metalloids (arsenic
and selenium) are related Balkan Endemic Nephropathy (BEN), a tubulointerstitial

kidney disease.

Methods

In 2003/04 we recruited 102 adults whose parents had BEN and who resided in one of
three communities (Vratza, Bistretz, or Beli Izvor, Bulgaria). A control group comprised
of 99 adults having non-BEN hospitalized parents was enrolled in the study during the
same time. We conducted face-to-face interviews, ultrasound kidney measurements,
and determined kidney function in two consecutive investigations (2003/04 and
2004/05). Metals and metalloids were measured in urine and blood samples. To assess
the agreement between these consecutive measurements, we calculated intraclass
correlation coefficients. Repeated measurement data were analyzed using mixed

models.

Results

We found that cadmium and arsenic were associated with neither kidney size nor
function. Lead had a significant but negligible effect on creatinine clearance. Selenium
showed a weak but significant adverse association with three of the four kidney
parameters, namely kidney length, creatinine clearance, and B2-microglobulin. These
associations were not restricted to the offspring of BEN patients. Adding credence to
these findings are reports showing comparable adverse kidney effects in animals

exposed to selenium.



Conclusions

The findings of this 2-year follow-up study indicate the importance of exploring further

whether selenium results in adverse renal effects in humans.

Background

Balkan Endemic Nephropathy (BEN) is a tubulointerstitial kidney disease that
progresses slowly over many years. First characterized in the Vratza District, Bulgaria in
1956 [1], similar nephropathies were subsequently described in Yugoslavia [2, 3] and in
Romania [4]. In 1964 this disease was recognized as a new nosological entity and
named Balkan Endemic Nephropathy. The final disease stage is characterized by renal
failure and shrinkage of both kidneys to the size of walnuts [5]. BEN shows familial
clustering and develops only in certain areas in the Balkan countries — Bulgaria,
Romania, Serbia, Montenegro, Croatia, and Bosnia and Herzegovina. Its spatial
distribution shows a mosaic-like pattern, with some villages afflicted for decades,
whereas others situated in the same vicinity have remained free of BEN [6-8]. It is still
unknown what causes BEN. Some studies claim that exposures to metals (cadmium
and lead) and metalloids (arsenic and selenium) are related to the disease, with

selenium being protective [9-12].

An important characteristic of BEN is the late onset of the disease (not before age 50)
and thus probably a long latency period and/or a period of being at risk between
exposure and the gradually developing clinical manifestation of the disease. To

determine exposures before the onset of the disease, we chose to study the offspring of



patients with BEN, who are at a higher risk for the disease, and use the offspring of

other non-BEN patients as a control group.

Early markers for BEN are a lower creatinine clearance, increased excretion in urine of
total protein, albumin, and py-microglobulin, and symmetrically decreased kidney
measures [13-24]. We recently reported in a cross-sectional investigation that changes
in these markers are associated with being offspring of BEN parents [25]. In this work

we link clinical markers with the concurrent burden of metals and metalloids.

We investigated four metals and metalloids: lead, arsenic, cadmium, and selenium.
Lead, absorbed in blood, is bound extensively to erythrocytes (90-95%) and lead
content in whole blood is used routinely as a biomarker of exposure (up to a few months
before sampling) [26, 27]. Most arsenic absorbed by the lungs or by the gastro-intestinal
tract is excreted in the urine, mainly within 1-2 days. Measurement of urinary arsenic
levels is generally accepted as the most reliable indicator of recent exposure [28]. Total
arsenic in urine, which is measured in this study, includes inorganic arsenic, as well as

its metabolites monomethylarsonic acid and dimethylarsinic acid.

Cadmium is a heavy metal which accumulates predominantly in the kidneys (half-life:
15-40 years) and liver and is excreted mainly in urine. In low-level exposures (below 10
Mg/g creatinine) cadmium content in urine reflects body burden and is used as a
biomarker of cumulative exposure [27, 29]. After absorption, selenium in blood is

distributed between red blood cells and plasma/serum. The concentration in plasma or



serum is considered to reflect short-term exposure, whereas the selenium content of
erythrocytes indicates long-term exposure [29]. In a steady state, the Se levels in red
blood cells are considered to be higher than those in serum [30, 31], however, both are
significantly correlated and comparably associated with daily intake [32-34]. Serum
selenium is used for assessment of occupational and environmental selenium exposure,
including nutritional status, in various studies, for instance, the U.S. National Health and

Nutrition Examination Survey [29, 35, 36].

Based on prior reports in the BEN literature we formulated five hypotheses:
1) Selenium serum concentration is protective against adverse kidney effects.
2) Lead in blood, 3) cadmium in urine, and 4) arsenic in urine are associated with
adverse alterations in BEN kidney markers and size.
5) Adult offspring with a parental history of BEN show stronger associations

between metals and/or arsenic and kidney variables.

Methods

Study Population

From October, 2003, to April, 2004, we recruited 102 adults whose father and/or mother
were registered in the Vratza Hospital as BEN patients and who resided in one of three
communities (Vratza, Bistretz, or Beli Izvor, Bulgaria). The parental diagnosis of BEN
was based on epidemiological, clinical/laboratory, and pathological/anatomical criteria
[37]. Regarding epidemiology, the region is known to have a high prevalence of BEN.
The individual criterion is onset after the age of 50. Clinical and laboratory criteria are as

follows: obscure onset, chronic course, absence of edema, and normochromic anemia



in the more advanced phases. Pathologically, an almost symmetrical macroscopic
shrinkage of the two kidneys is found. A control group of nearly equal size, 99 adult
offspring of non-BEN hospitalized patients was enrolled at the same time. Diagnoses in
control parents included diabetes mellitus, cardiovascular disorders, and liver problems.
Only three of the 99 control subjects had parents with kidney diseases (one paternal
kidney cancer not related to BEN and two maternal pyelonephritis cases). Subjects of
both groups were frequency-matched according to gender and ten-year age groups.
The population was enrolled and examined in 2003/04 and re-examined in 2004/05,

which provided us with two repeated measurements one year apart.

All participants provided written consent through a procedure approved by the
Institutional Review Board (human subject research committee) of the National Center
of Public Health Protection, Sofia, Bulgaria. This research was reviewed and approved
by the Commission of Medical Ethics at the National Center of Hygiene, Medical

Ecology and Nutrition, Sofia, Bulgaria, on December 16, 2002.

Interviews

We conducted face-to-face interviews with all participants, either in the hospital or by
visiting them in their home villages. The standardized questionnaire asked for the place
of residence, type of water supply, diet, smoking and drinking habits, medical
symptoms, family history of BEN, family history of other kidney diseases and kidney

tumors, and occupational history.



Physical examination and determination of kidney sizes

Physical examinations, performed by an experienced physician with board certification
in internal diseases and nephrology, assessed the general health status of the study
subjects, including height and weight, and looked for symptoms of BEN and/or other
internal diseases. Blood pressure was measured according to standards set by the

World Health Organization [38].

Ultrasound examination of both kidneys included the patient lying on the left side and
then on the right side, and took 20-30 minutes. The longest dimension of the kidney,
the thickness of the kidney parenchyma (in the thinnest or minimal part), and the
relationship of parenchyma and pyelon were measured. Data gathered also included
parenchyma structure and the location, size, and morphology (cysts, stones, and
tumors) of the kidneys. The images were saved electronically for future reference. The
ultrasonographer (AGB) worked in the Department of Image Diagnostics, Vratza District
Hospital, and was blinded to the clinical status of the participant (BEN or control

offspring).

Urine and blood collection and determination of kidney markers

Prior to the examination day, study subjects were provided with 100 mL polypropylene
containers and instructed to collect their urine, avoiding external contamination,
immediately after rising in the morning and to take it to the laboratory without delay.
They were also told to refrain from eating fish, seafood, chicken, and organ meat during

the week before sample collection in order to diminish their intake of organic arsenic via



diet. At the laboratory, aliquots of the first morning urine sample were transferred to
polypropylene tubes: one aliquot was used for the measurement of creatinine; the other
two were acidified with either 1N HCI (Merck) for arsenic determination or TN HNO3

(Merck) for cadmium determination. Then the aliquots were frozen at —20°C.

After the morning urine collection, the participants underwent a 4-hour examination with
urine and blood sampling. Study subjects were asked to empty their bladders and were
given 0.5 L of water to drink. From that moment on, all their urine was collected in
polyethylene containers and refrigerated: At the end of the 1% hour and at 4 hours the

study subjects were asked to urinate. Venous blood was collected after 2 hours.

The hour-one urine was checked with pH-indicator paper strips (Merck). If the pH was
lower than 7, a portion of the urine was alkalized by adding 1N NaOH until a pH equal to
7 or between 7 and 8 was reached. Creatinine and B2-microglobulin were measured in
aliquots of the hour-one urine sample. The volume of the hour-one urine sample was
taken into account when the total urine volume was recorded at the end of the 4-hour
period. The total 4-hour urine sample was apportioned into aliquots and frozen at —
20°C. As described elsewhere [25], we determined total protein, albumin, and creatinine
in urine in the 4-hour sample. To adjust for creatinine concentration, it was measured

three times: in the first morning, the hour-one, and the 4-hour samples.

Venous blood for hematology, the determination of lead, and for serum separation was

taken in the middle of the 4-hour urine collection period. Blood samples for



determination of lead were drawn in K;EDTA vacutainers. Serum was separated for the

analyses of selenium and creatinine.

Creatinine clearance
Creatinine clearance (CCR) was estimated from serum creatinine values by using the

Cockcroft and Gault (1976) formula. Specifically,

CCR (ml/min) = (140 - age) x body weight in kg (x 0.85 for females)
(serum creatinine x 72)

Analyses of trace elements

Lead, cadmium, arsenic, and selenium were determined using Perkin-Elmer atomic
absorption spectrometers (Bodenseewerk Perkin-Elmer, Ueberlingen, Germany). A
Model 4110 ZL atomic absorption spectrometer (AAS) with a transverse heated graphite
atomizer (THGA) and longitudinal Zeeman-effect background correction equipped with
an AS-72 autosampler, electrodeless discharge lamps (EDL) System I, software
WinLab (Version 1.2) and both “Standard” (Part No B 300-0643) and “End-capped”
(Part No B 300-0644) THGA tubes with integrated platforms was used for direct electro-
thermal AAS measurements of lead in blood, selenium in serum, and cadmium in urine.
A Model 3030 AAS with a Mercury/Hydride System MHS-20, automatic deuterium
background corrector and EDL System Il was used for direct hydride generation AAS

determinations of arsenic (As) in urine.

To measure lead (Pb), blood was diluted 10-fold with 0.25% v/v Triton X-100; 10 uL of

the sample and 25 ug of (NH4),HPO,4 as a chemical modifier were injected into the



THGA, pre-treated with 250 pg of zirconium and 20 ug of iridium [39]. For selenium
(Se), serum was diluted 5-fold with 0.1% v/v Triton X-100 in 0.2% HNO3; 10 pL
injections of the sample and 10 ug of rhodium modifier were injected into the THGA;
standard addition calibration was applied [40]. For cadmium (Cd) in urine, the samples
were diluted 5-fold with 0.05 v/v Triton X-100 in 0.2% HNO3; 10 uL of the sample and 25
ug of (NH4),HPO, as a chemical modifier were injected into the THGA, pre-treated with
250 ug of zirconium and 20 ug of iridium [39]. Matrix-matched calibrations were applied
for Pb, Se, and Cd. Total As was determined after transformation of the inorganic
arsenic, As(lll) + As(V), monomethylarsonate and dimethylarsinate, into similarly
reactive species by treatment with L-cysteine. The final dilution of the urine samples

was 5-fold. 10 mL aliquots were directly analyzed by hydride generation AAS [41].

We used the following reference materials for trace elements: Lyphochek Urine Metals
Control Level 1, Cat. No. 400 (Bio-Rad Laboratories, Germany); Seronorm Trace
Elements Urine Blank Cat. No. 201305; Seronorm Trace Elements Serum Level 1, Cat.
No. 201405, and Level 2, Cat. No. 203105; Seronorm Trace Elements Whole Blood,

Level 1, Cat. No. 201505, and Level 2, Cat. No. 201605 (Sero AS, Norway).

Statistical analyses

Outcome variables were total protein, albumin, 3,-microglobulin, creatinine in serum,
CCR, kidney cortex width, and kidney length. To answer the question whether these
outcomes are related to selenium serum concentration, lead in blood, and cadmium and

arsenic urine excretion, we controlled for potentially confounding factors such as

10



gender, age, history of smoking, diabetes mellitus, hypertension, body surface area
(BSA), and creatinine in the morning urine sample, the 1-hour, and the 4-hour urine
samples. For smoking, we distinguished current smoker, ex-smoker, and non-smoker.
We asked for presence of diabetes mellitus and determined moderate hypertension in
the first investigation (2003/04) and for new occurrence in the second investigation.
BSA was used in the model to control for the effect of weight and height on kidney
markers (Table 4). In each investigation (2003/04 and 2004/05) the average kidney

cortex width and kidney length of both kidneys were used as predictors.

In order to estimate the association between repeated measurements of arsenic,
cadmium, lead, selenium, and kidney markers, we applied linear mixed models.
Measurements of the two investigations are not independent and mixed models allowed
for adjusting for within-participant effects [42]. The mixed model assumes that the
random effects and the error vector are normally distributed, which was the case for
kidney sizes and CCR; 32-microblobulin was log-transformed. SAS PROC MIXED was
used to perform the regression analysis [43]. We used the Akaike information criteria
and likelihood ratio tests to examine the significance of serial correlation (repeated
statement) as well as to model random effects, along with a suitable variance-
covariance matrix structure. To investigate whether offspring with a parental history of
Balkan Endemic Nephropathy are more susceptible to metals and metalloids, we

additionally stratified the models by parental history.

To compare the agreement between measurements of continuous variables in 2003/04

11



and 2004/05 we used the intra-class correlation coefficient (ICC). This is the between-
subject minus the within-subject variance divided by the sum of the two variances. The
ICC quantifies the proportion of total outcome variance that is due to inter-individual
variation. A positive value, for instance, of 0.60 indicates that 60% of the variation is due
to between-subject and 40% due to within-subject variance. ICC can become negative
when the within-subject variance exceeds the between-subject variance. Due to
methodological considerations [44], we chose not to directly adjust for creatinine using
creatinine-adjusted parameters but to introduce creatinine as a confounder in the

regression models.

Results

Of the 201 participants from the first year, 189 participated in the follow-up (94%). Two
were deceased, one moved out of the area, two could not be contacted, and 7 decided
not to participate further. Of the twelve lost, nine were offspring of BEN patients. With
the exception of hypertension, potential risk factors show similar distributions in each of
the two investigations (Table 1). Of the BEN offspring, 30.4% had moderate
hypertension in 2003/04 and 29% in 2004/05. A lower prevalence was detected in
control offspring (5.1 and 10.5%, respectively). BEN patients also reported more often a

history of kidney stones and pyelonephritis.

Regarding arsenic and cadmium (measured in morning urine) and creatinine (measured

in morning urine samples), we found no agreement between the two investigations for

creatinine, a moderate agreement for arsenic and a good agreement for cadmium

12



(Spearmen rank correlation and ICC). For creatinine in morning urine samples the
within-subject variance exceeds the between-subject variance. When we used the
directly creatinine-adjusted parameters (division by the creatinine concentrations) the
agreement for cadmium and arsenic was reduced, simply because of the high intra-
individual variance of creatinine. There was a better agreement for two measurements,

namely lead in blood and selenium in serum, measured one year apart.

Regarding the kidney parameters, Spearman rank correlation and ICC were low for total
protein and albumin in serum, for creatinine in the 1-hour and 4-hour urine sample, and
for the glomerular filtration rate (Table 3). These values did not improve when we
directly adjusted for creatinine, since the within-subject variance of creatinine was high.
The agreement between the sonographic determinations of kidney dimensions (kidney
cortex and kidney length), B2-microglobulin, and the estimated creatinine clearance
(CCR) was sufficient to conclude that they measure some underlying disease
processes. In the following analyses we focus on these four parameters to test whether

arsenic and metals explain their variance.

We did not find any significant effect of arsenic and metals on kidney cortex width
(Table 4). Of the metals and metalloids analyzed, only selenium showed an association
with kidney length, Bo-microglobulin, and the estimated CCR in the models presented in
Table 4. Lead gained importance only in the control offspring. Similar to selenium, it

seems to decrease CCR.
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Higher selenium levels are associated with a longer kidney length in the total group and
the BEN offspring. When comparing an individual with 70 pg/L with one having 20 ug/L
selenium, on the average kidney length would be increased by 1 mm (50 * 0.02 mm).
This is only a small increase compared to the total kidney length (approximately 120
mm). However, in BEN offspring the respective increase is 2 mm (50 * 0.04 mm; Table
4). Selenium seems to decrease CCR in the total group and the control group, but not in
BEN offspring. When comparing an individual with 70 pg/L with one having 20 ug/L
selenium, CCR would be reduced by 1.05 mL/min (50 * 0.21 mL) in the total group. This
is @ minimal decrease of CCR (range: 62-187 mL/min). In the control group, the
decrease associated with lead is even smaller (0.45 mL/min). Bo-microglobulin was log-
transformed to achieve a normal distribution. A 50 ug/L increase in selenium would be

approximately equivalent to a 1.4% increase in B,-microglobuline [10%% %003,

Discussion

Of elements investigated, cadmium and arsenic were associated neither with kidney
dimension nor with function (hypotheses 3 and 4). Lead had a negligible effect on CCR
(hypothesis 5). Selenium showed weak but significant associations with three of the four
kidney parameters tested, namely kidney length, estimated CCR, and B2-microglobulin,

but not kidney cortex width.
Our study included only BEN villages. Others think that the soil geochemistry in villages
affected and not affected by BEN may be an etiologic factor [45]. It has been suggested

that arsenic, cadmium, and lead (Pb) are elevated in the soil of BEN areas, whereas

14



selenium is deficient [9, 45, 46]. Ecological studies do not take individual exposures into
account. Nevertheless, according to these investigations, we would have expected
higher levels of arsenic, cadmium, and lead in our participants. To examine whether the
levels in our samples were different, we compared these to other reports on metal and
metalloid exposures in Bulgaria. Tsolova et al., when studying copper-smelter workers,
described urine arsenic concentration of 7.73ug/L in a control group.[47] We found
approximately 3ug/L in an unexposed population (Table 2). Regarding cadmium, two
Bulgarian investigations reported urine levels of 0.8-1.0ug/L [48, 49]; we had urine
concentrations of 0.6-0.7ug/L. However, adjusted for creatinine, urinary cadmium levels
were higher in our Bulgarian samples (approximately 0.85ug/g creatinine) than levels
reported for the United States (0.26ug/g creatinine)[50]. Lead blood concentration in our
samples was lower (median of 90 ug/L in 2003/4, Table 3) than levels reported for
occupational exposures in Bulgaria [49, 51]. Selenium levels in this study (57-72ug/L,
Table 2) were comparable to levels reported in other studies in Bulgaria (57 and 66.5
ug/L; [27, 52]. Thus, concentrations detected in our samples were either comparable to
or lower than levels in samples taken from other subpopulations in Bulgaria. Hence,
these comparisons do not support the suggestion that BEN families are exposed to
levels of arsenic, cadmium, selenium, or lead that could contribute to the occurrence of

the disease.

Our study subjects were offspring of BEN patients who are likely to have a higher
susceptibility of their kidneys to adverse exposures (hypothesis 5). Therefore, we

expected to find that some of the elements would be associated with kidney function in

15



BEN offspring. However, compared to controls, BEN offspring were not more affected
(Table 4). For lead (Pb) we found a weak association with creatinine clearance, but only
in control offspring. Further, since our investigation is based on offspring who have not
yet developed the disease, we believe that this excluded behavioral changes such as
avoidance of chemicals, which could have distorted the results. Therefore, since prior
studies that reported associations between arsenic/metals and BEN had an ecological
design or were based on geochemistry analyses, our negative findings suggest that

non-epidemiologic studies may have been misleading.

A limitation of our investigation is the high intra-individual variance of kidney
parameters. If our analysis would have been based on a single examination, this could
have led to biased results. However, we included repeated measurements that took

intra-individual variances into account and provided added confidence in our results.

We are not aware of another study that investigated the association between kidney
parameters and selenium in humans. Nevertheless, a recent study on selenium
supplementation found an increased risk for type 2 diabetes.[53] We did not expect that
selenium would have an adverse effect and be associated with increased f3,-
microglobulin and kidney length and decreased CCR. This may be a chance finding.
However, the US Agency for Toxic Substances and Disease Registry lists a number of
comparable kidney effects in animals following exposure to selenium at levels several
hundred times higher than normal human intake. [35] Effects include hydropic

degeneration in sheep [54], increases in kidney weights in mice and ducks [55-57],
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larger Bowman's capsules and minimal papilla degeneration of the kidneys in rats [55,
58], and glomerulonephritis and proximal convoluted tubule nephropathy in long-tailed

macaques.[59]

Conclusions

Our results do not support the hypotheses that cadmium, lead, or arsenic pose a risk for
the development of Balkan Endemic Nephropathy, nor that selenium is protective. We
found a weak adverse effect of selenium on kidney function and size in BEN offspring
but also in controls. This is the first study that has investigated whether selenium is
associated with renal health. Should our findings be corroborated, then there is a need
to regulate selenium intake from all sources, including widely promoted nutritional

supplements.

Competing interests

The authors declare that they have no competing interests.

Abbreviations: arsenic (As), atomic absorption spectrometer (AAS), Balkan Endemic
Nephropathy (BEN), body surface area (BSA), cadmium (Cd); creatinine clearance rate
(CCR), electrodeless discharge lamps (EDL), intra-class correlation coefficient (ICC),

lead (Pb), selenium (Se), transverse heated graphite atomizer (THGA)

Authors’ contributions

17



PD and WK designed the study, analyzed the data, and prepared the manuscript. VS
and AB conducted the clinical investigations and helped with the preparation of the
paper and the clinical interpretation. RG led the measurements of the metals and
metalloids and reviewed the manuscript. ST provided toxicological expertise, help with
the implementation of the study, data preparation, analyses, and the writing of the

manuscript. All authors have read and approved the final manuscript.

Acknowledgements

The research was supported by NIH Research Grant # R01 TW06192 funded by the
Fogarty International Center and the National Institute of Environmental Health
Sciences, National Institutes of Health, USA, awarded to the National Center of Public

Health Protection, Sofia, Bulgaria. We thank Susan Davis for revising the manuscript.

18



References

1. Tanchev Y, Evstatiev, Z., Dorossiev, D., Pencheva, J., Zvetkov, G.: Studies on
the nephritides in the District of Vratza. Savremenna Medicina 1956, 7:14-29.

2. Danilovic V, Djurisic M, Mokranjac M, Stojimirovic B, Zivojinovic J, Stojakovic P:
Porodicna oboljenia bubrega u selu Sopic izvazvana hronicnom
intoksikacijom olovom. Srpski Arh Tcelok Lek 1957, 85:1115-1125.

3. Danilovic V, Djurisic M, Mokranjac M, Stojimirovic B, Zivojinovic J, Stojakovic P:
Chronic nephritis caused by poisoning with lead via the digestive tract
(flour). Presse Med 1957, 65:2039-2040.

4. Fortza N, Negoescu, M.: Nefrita cronica azotemia endo-epidemica. Stud
Cercet Med 1961, 1:217-221.

5. Vukelic M, Sostaric, B., Belicza, M.: Pathomorphology of Balkan endemic
nephropathy. Food Chem Toxicol 1992, 30:193-200.

6. Tanchev Y, Dorossiev, D.: The first clinical description of Balkan endemic
nephropathy (1956) and its validity 35 years later. In Mycotoxins, Endemic
Nephropathy and Urinary Tract Tumours. Edited by Castenagro M, Plestina R,
Dirheimer G, Chernozemsky IN, Bartasch H. Lyon: International Agency for
Research on Cancer; 1991: 21-28

7. Radovanovic Z: Epidemiological characteristics of Balkan endemic
nephropathy in Eastern regions in Yugoslavia. In Mycotoxins, Endemic
Nephropathy and Urinary Tract Tumours. Edited by Castenagro M, Plestina R,
Dirheimer G, Chernozemsky IN, Bartasch H. Lyon: International Agency for

Research on Cancer; 1991: 11-20

19



10.

11.

12.

13.

14.

Ganev V, Petropoulos E: Balkan Endemic Nephropathy and its Putative
Environmental and Genetic Causes: A Review. In 6th International
Conference of Environmental Science and Technology; Pythagorion, Samos,
Greece. Edited by Lekkas T. University of Aegen; 1999: 11-21.

Maksimovic ZJ: Selenium deficiency and Balkan endemic nephropathy.
Kidney Int Suppl 1991, 34:S12-14.

Mihailovic M, Lindberg, P., Jovanovic, I., Antic, D.: Selenium status of patients
with Balkan endemic nephropathy. Biol Trace Elem Res 1992, 33:71-77.
Long DT, Icopini G, Ganev V, Petropoulos E, Havezov |, Voice T, Chou K,
Spassov A, Stein A: Geochemistry of Bulgarian soils in villages affected and
not affected by Balkan endemic nephropathy: a pilot study. Int J Occup Med
Environ Health 2001, 14:193-196.

Nichifor E, Balea M, Rusu G, Melencu M, Ghiordanescu N, Cristescu |, Dovlete
C, Sonoc S: Studies on the familial character of endemic Balkan
nephropathy. Possible role of the toxic hydric factor in the determination of
"familial agglomerations" in endemic Balkan nephropathy. Med Interne
1985, 23:229-237.

Arsenovic A, Bukvic, D., Trbojevic, S., Maric, ., Djukanovic, L.: Detection of
renal dysfunctions in family members of patients with balkan endemic
nephropathy. American Journal of Nephrology 2005, 25:50-54.

Mitic-Zlatkovic M, Cukuranovic, R., Lecic, N., Stefanovic, V.: Urinary creatinine

excretion in children from families with Balkan endemic nephropathy:

20



15.

16.

17.

18.

19.

20.

21.

evidence for genetic predisposition to the disease. Pathologe Biologie 2000,
48:554-557.

Stefanovic V, Mitic-Zlatkovic, M., Cukuranovic, R., Vlahovic, P.: Increased
Urinary Protein Excretion in Children from Families with Balkan Endemic
Nephropathy. Nephron Clinical Practice 2003, 95:116-120.

Stefanovic V, Cukuranovic, R, Mitic-Zlatkovic, M, Hall, PW: Increased urinary
albumin excretion in children from families with Balkan nephropathy.
Pediatr Nephrol 2002, 17:913-916.

Djukanovic L, Bukvic, D., Maric, I.: Creatininne clearance and kidney size in
Balkan endemic nephropathy patients. Clinical Nephrology 2004, 61:384-386.
Hall P, Vasilevic, M.: Beta2-microglobulin excretion as an index of renal
tubular disorders with special reference to endemic Balkan nephropathy. J
Lab Clin Med 1973, 81:897-904.

Karlsson F, Lenkei, R.: Urinary excretion of aloumin and beta 2-
microglobulin in a population from an area where Balkan nephropathy is
endemic. Scand J Clin Lab Invest 1977, 37:169-173.

Hrabar A, Aleraj, B., Ceovic, S., Cvoriscec, D., Vacca, C., Hall, PW 3rd: Beta 2-
microglobulin studies in endemic Balkan nephropathy. Kidney Int Suppl!
1991, 34:S38-40.

Hrabar A, Aleraj, B., Ceovic, S., Cvoriscec, D., Vacca, C., Hall, P. W.: A fifteen
year cohort based evaluation of beta 2-microglobulin as an early sign of

Balkan endemic nephropathy. Kidney Int Suppl 1991, 34:S41-43.

21



22.

23.

24.

25.

26.

27.

28.

29.

30.

Stefanovic V, Mitic-Zlatkovic, M., Cukuranovic, R., Miljkovic, P., Pavlovic, N. M.,
Vlahovic, P.: Beta 2-microglobulin in patients with Balkan nephropathy and
in healthy members of their families. Kidney Int Suppl 1991, 34:S21-26.
Jevremovic |, Jankovic, S., Radovanovic, Z., et al.: Beta2-microglobulinemia in
a population exposed to Balkan endemic nephropathy: Inferences from
repeated cross-sectional studies. Kidney Int Suppl 1991, 34:S35-S37.
Schadurin G, Statius van Eps, L.: Beta2-microglobulin: its significance in the
evaluation of renal function. Kidney International 1987, 32:635-641.

Dimitrov P, Tsolova S, Georgieva R, Bozhilova D, Simeonov V, Bonev A,
Karmaus W: Clinical markers in adult offspring of families with and without
Balkan Endemic Nephropathy. Kidney International 2006, (in print).

Cannon DJ: Heavy metal analysis. In Clinical laboratory medicine. Edited by
Tilton RC, Balows, A., Hohnadel, D.C., Reiss, R.F. St. Louis, MI: Mosby-Year
Book, Inc.; 1992: 1207

Tsalev D: Atomic absorption spectrometry in occupational and
environmental health practice, vol. 3. CRC Press, Inc., Boca Raton, Florida,
pp. 349. 1995.

Toxicological profile for arsenic (Draft for public comment)

[http://www.atsdr.cdc.gov/toxprofiles/tp2.html]

Lauwerys R, Hoet, P. : Industrial chemical exposure: Guidelines for biological
monitoring. 2nd edn. Boca Raton, FL: Lewis Publishers; 1993.
Rossi LC, Clemente GF, Santaroni G: Mercury and selenium distribution in a

defined area and in its population. Arch Environ Health 1976, 31:160-165.

22



31.

32.

33.

34.

35.

36.

37.

38.

Schroeder HA, Frost DV, Balassa JJ: Essential trace metals in man: selenium.
J Chronic Dis 1970, 23:227-243.

Neve J, Hanocg M, Molle L: [Application to various biological samples of a
new method for selenium determination (author's transl)]. J Pharm Belg
1980, 35:345-350.

Raghunath R, Tripathi RM, Mahapatra S, Sadasivan S: Selenium levels in
biological matrices in adult population of Mumbai, India. Sci Total Environ
2002, 285:21-27.

Longnecker MP, Stram DO, Taylor PR, Levander OA, Howe M, Veillon C,
McAdam PA, Patterson KY, Holden JM, Morris JS, et al: Use of selenium
concentration in whole blood, serum, toenails, or urine as a surrogate
measure of selenium intake. Epidemiology 1996, 7:384-390.

Agency for Toxic Substances and Disease Registry: Toxicological Profile for
Selenium. (Agency for Toxic Substances and Disease Registry - Division of
Toxicology/Toxicology Information Branch ed. Atlanta, GA; 2003.

National Health and Nutrition Examination Survey: Documentation, Codebook,
and Frequencies. Laboratory Component: Erythrocyte Protoporphyrin and
Selenium. Survey years: 2003-2004. 2007:1-12.

Danilovic V.: Dijagnoza endemske nefropatije. Radovi - XLVIIl Od med nauka
Akadnauka i umj BiH, Sarajevo 1973, 17:53-64.

WHO: World Health Organization-International Society of Hypertension
guidelines for the management of hypertension.

http:/new.euromise.org/mgt/who1999/who1999.html.; 1999.

23



39.

40.

41.

42.

43.

44,

45.

Tsalev D.L., L. Lampugnani, R. Georgieva, K. Chakarova, Jr. IP: Electrothermal
atomic absorption spectrometric determination of cadmium and lead with
stabilized phosphate deposited on permanently modified platforms. Talanta
2002, 58 (2):331-340.

Tsalev D.L., L. Lampugnani, A. D'Ulivo, I.I. Petrov Jr., R. Georgieva, K. Marcucci,
Zamboni R: Electrothermal atomic absorption spectrometric determination
of selenium in biological fluids with rhodium modifier compared with
hydride generation atomic spectrometric techniques. Microchemical Journal
2001, 70 (2):103-113.

Georgieva R, Petrov, P., Lampugnani, L., Tsalev, D.: Atomic Absorption
Spectrometric Determination of Arsenic in Urine. In 2nd Black Sea Basin
Conference on Analytical Chemistry; Sile-Istanbul, Turkey, September 14-17,
2003. Book of Abstracts, p.218; 2003

Little RC, Miliken G, Stroup W, Wolfinger R: SAS System for mixed models.
Cary, NC.: SAS Institute Inc; 1996.

SAS-Institute: SAS/STAT Software. Cary, NC: SAS Institute Inc.; 2000.
Schisterman EF, Whitcomb BW, Louis GM, Louis TA: Lipid adjustment in the
analysis of environmental contaminants and human health risks. Environ
Health Perspect 2005, 113:853-857.

Long D, Icopini, G., Ganev, V., Petropoulos, E., Havezov, I., Voice, T., Chou, K.,
Spassov, A., Stein, A.: Geochemistry of Bulgarian soils in villages affected

and not affected by Balkan endemic nephropathy: A pilot study.

24



46.

47.

48.

49.

50.

51.

International Journal of Occupational Medicine and Environmental Health 2001,
14:193-196.

Angelieva R, Mladenova S: Trace Elements in Soil, Foodplants and Drinking
Water in the Endemic Nephropathy Region in Bulgaria. In Proceedings of the
4th symposium on Endemic (Balkan) Nephropathy, pp 59-61; Nis, Yugoslavia.
Edited by Strahinjic S, Stefanovic V. Institute of Nephrology and Hemodialysis,
Faculty of Medicine, University of Nis, Nis, Yugoslavia; 1979

Tsolova S, Zaprianov Z, Dimitrov TS, Georgieva R, Khinkova L, Petrov |,
Nikolova L: [The assessment of arsenic exposure in copper smelting]. Probl
Khig 1995, 20:128-138.

Binh N: Possibilities for clarifying of the relationship between Lead and
Cadmium contents in the environment and in biological materials from
different groups of people. University of Sofia, 1990.

Hadjeva J: Proof-pathological problems of the independent and combined
action of lead and cadmium. Clinic for professional diseases, Medical
Academy, University of Sofia, 1991.

Department of Health and Human Services: Third National Report on Human
Exposure to Environmental Chemicals. In NCEH Pub No 05-0570. Atlanta,
Georgia: National Center for Environmental Health, Division of Laboratory
Sciences; 2005.

Vaglenov A, Creus A, Laltchev S, Petkova V, Pavlova S, Marcos R:
Occupational exposure to lead and induction of genetic damage. Environ

Health Perspect 2001, 109:295-298.

25



52.

53.

54.

55.

56.

57.

Tzatchev KD: Rationalization of the trace element study in the chemical
laboratory of the Medical Academy. University of Sofia, Medical Academy;
1994.

Stranges S, Marshall JR, Natarajan R, Donahue RP, Trevisan M, Combs GF,
Cappuccio FP, Ceriello A, Reid ME: Effects of Long-Term Selenium
Supplementation on the Incidence of Type 2 Diabetes: A Randomized Trial.
Ann Intern Med 2007.

Smyth JB, Wang JH, Barlow RM, Humphreys DJ, Robins M, Stodulski JB:
Experimental acute selenium intoxication in lambs. J Comp Pathol 1990,
102:197-209.

National Toxicology Program: NTP technical report on toxicity studies of
sodium selenate and sodium selenite administered in drinking water to
F344/N rats and B6C3F1 mice. In Toxicity Report Series Number 38 NIH
Publication 94-3387 (National Toxicology Program ed. Bethesda, MD: National
Institutes of Health; 1994.

Johnson VJ, Tsunoda M, Sharma RP: Increased production of
proinflammatory cytokines by murine macrophages following oral
exposure to sodium selenite but not to seleno-L-methionine. Arch Environ
Contam Toxicol 2000, 39:243-250.

Albers PH, Green DE, Sanderson CJ: Diagnostic criteria for selenium
toxicosis in aquatic birds: dietary exposure, tissue concentrations, and

macroscopic effects. J Wildl Dis 1996, 32:468-485.

26



58.

59.

Eckhert CD, Lockwood MK, Hsu MH, Ho J, Kang R: Microvascular changes in
rat glomeruli as a consequence of small differences in selenium exposure.
Exp Mol Pathol 1992, 57:222-234.

Cukierski MJ, Willhite CC, Lasley BL, Hendrie TA, Book SA, Cox DN, Hendrickx
AG: 30-day oral toxicity study of L-selenomethionine in female long-tailed

macaques (Macaca fascicularis). Fundam Appl Toxicol 1989, 13:26-39.

27



Table 1.

Characteristics of the Cohort of Adult Offspring of BEN Patients and Controls

2003/04 2004/05
Offspring of Offspring of Offspring of Offspring of
BEN patients, control BEN patients, control
n=102 patients, n=99 n=93 patients, n=96
(%) (%) (%) (%)
Gender Men 50.0 47.5 48.8 47.9
Age 30-40 324 15.5 323 15.6
41-55 43.1 57.6 43.0 58.3
56 plus 24.5 27.3 24.7 26.0
Place of birth BEN village 95.0 72.7 94.6 72.9
Smoking status current smoker 39.2 34.4 38.7 35.4
ex-smoker 22.6 121 21.5 12.5
non-smoker 38.2 53.5 39.8 52.1
Diabetes 7.8 6.1 54 7.3
Moderate hyper- 30.4 19.2 32.3 22.9
tension in the
offspring ¢
Other urinary kidney cancer 2.0 0 2.2 0
tract diseases kidney stones 10.8 4.0 10.8 6.5
Pyelonephritis 10.8 0 9.7 1
Hydronephrosis 1 0 1 0
Cystitis 3.9 5.1 54 5.2
BSA* mean (standard deviation)  1.87 (0.22) 1.82 (0.21) 1.86 (0.18) 1.81 (0.17)

4 Systolic blood pressure = 140 and/or diastolic 290 mm Hg.

# BSA = square root ((height in cm x weight in kg)/3600).

The intraclass correlation coefficient (ICC) is the between- subject minus the within-
subject variance as a ratio to the sum of the two variances. A positive value of, for
instance, 0.60 indicates that 60% of the variation is due to between-subject and 40%
due to within-subject variance. ICC can become negative when the within-subject
variance exceeds the between-subject variance.

28



Table 2. Metals and metalloids in urine and serum in two consecutive investigations

Variable N Median  5%- 95%- Spearman ICC ICC
value value correlation 5%-value
coefficient
(p)

As in urine (ug/L) 2003/04 201 3.10 0.70 9.30 0.28 -0.06 -0.18
2004/05 189 2.90 0.80 8.90 (0.0001)

Cd in urine (ug/L) 2003/04 201 0.60 0.15 2.15 0.48 0.44 0.34
2004/05 189 0.70 0.27 1.91 (<0.0001)

Creatinine in morning urine (g/L) 2003/04 201 0.72 0.15 1.80 -0.06 -0.47 -0.56
2004/05 189 0.75 0.10 1.95 (0.40)

Pb in blood (pg/L) 2003/04 201 90.90 47.10 213.00 0.70 0.69 0.62
2004/05 189 85.00 39.10 203.00 (<0.0001)

Se in serum (ug/L) 2003/04 201 56.90 36.00 78.50 0.45 0.17 0.05
2004/05 189 7210 46.40 95.70 (<0.0001)

The intraclass correlation coefficient (ICC) is the between- subject minus the within- subject variance as a ratio
to the sum of the two variances. A positive value of, for instance, 0.60 indicates that 60% of the variation is due
to between-subject and 40% due to within-subject variance. ICC can become negative when the within-subject

variance exceeds the between-subject variance.
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Table 3. Clinical markers of kidney function in two consecutive investigations

Variable N Median  5%- 95%- Spearman ICC ICC
value value correlation 5%-value
coefficient (p)

Total protein in urine (mg/L) 2003/04 201 30.0 10 140 -0.03 0.03 -0.09
2004/05 189 135 0 86 (p=0.73)

Albumin in urine (mg/L) 2003/04 201 5.9 0.9 36 0.05 -0.14  -0.26
2004/05 188 10 09 17 (0.53)

B2-microglobulin in urine (ng/mL) 2003/04 201 25.1 7.3 171 0.41 -086  -0.89
2004/05 189 375 125 244  (<0.0001)

Creatinine in 1-hour urine (g/L) 2003/04 188 0.27 0.06 1.23 0.29 0.23 0.11
200405 189 044 011 17 (p<0.001)

Creatinine in 4-hour urine (g/l) 2003/04 201 0.19 0.05 1.43 0.05 -0.04 -0.16
2004/05 189 013  0.03  0.54 (0.47)

Glomerular filtration rate (4 h, measured) 2003/04 200 59.8 22.4 292 0.07 -0.16  -0.27
200405 189 415 56 144 (0.33)

CCR (Cockcroft and Gault) (mL/min) 2003/04 199 106.5 71.7 157 0.46 -0.3 -0.4
200405 189 992 62 187 (<0.0001)

Kidney length (average of both) (mm) 2003/04 201 118.5 106 128.5 0.91 0.92 0.9
2004/05 189 118 106.5 129.5 (<0.0001)

Minimal kidney cortex width (average) (mm) 2003/04 201 16.0 12 18.5 0.68 0.66 0.58
2004/05 189 15.5 12 19 (<0.0001)
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Table 4.

Association of metals and metalloids with B,-microglobulin, creatinine clearance, and kidney length controlling for confounders

B2-microglobulin

CCR Cockecroft, Gault

Kidney length (mm)

Total Ben- Control- Total Ben- Control- Total Ben- Control-
sample offspring  offspring sample offspring  offspring sample offspring  offspring
n=201, n=102, n=99, n=201, n=102, n=99, n=201, n=102, n=99,

obs=387 0bs=192 o0bs=195 obs=388 0bs=193 obs=195 obs=388 0bs=193 o0bs=195

Intercept 1.260 0.992 1.358 121.00 98.97 134.12 100.32 98.41 99.91
Blood lead (ug/L) -0.001 -0.001 -0.001 -0.03 0.02 -0.09* 0.005 -0.01 0.00
Selenim in serum (ug/L) 0.001 0.003* 0.000 -0.21* -0.15 -0.29* 0.02* 0.04* 0.01
Cadmium in urine (ug/L) 0.042 0.074 0.003 -2.19 -2.64 -2.68 0.10 0.11 0.05
Arsenic in urine (ug/L) 0.001 0.001 0.002 0.25 0.82 0.18 -0.06 -0.11 -0.07
Sex, males 0.189* 0.235* 0.151* 8.52* 0.54 16.21* 1.92 1.19 2.45
Age (years) 0.004* 0.008* 0.002 -1.12* -0.89* -1.24* 0.01 -0.02 0.02
Current smoker -0.095* -0.233* -0.004 -0.56 3.37 -3.76 0.29 277 -0.48
Ex-smoker 0.024 -0.059 0.039 -3.92 4.20 -14.02* -0.12 0.98 -0.09
Diabetes mellitus 0.058 0.210 -0.063 -4.93 -7.87 -7.10 -1.87 -4.01 -0.25
Hypertension 0.048 -0.040 0.100 - - - -0.89 0.53 -1.72
Body surface area * -0.174 -0.139 -0.116 30.41* 31.99* 31.58* 8.58* 8.74* 9.55*
Cystitis 0.014 0.032 -0.010 -1.68 3.59 -3.04 -0.67 -1.07 -0.42
Pyelonephritis -0.081 -0.118 0.191 3.66 3.08 -23.74 -0.65 0.77 -0.50
Kidney stone(s) 0.017 0.014 0.123 4.26 4.71 4.29 -0.57 -1.53 0.18
Croatinine in 1-hour 0475*  0417*  0.530* 0.001*  0.002*  0.001 i i .

Creatinine in morning 0018 0004  0.006 3.71 225 519 0.07 0.35 0.28

urine (g/L)

*

#

p<0.05
BSA = square root ((height in cm x weight in kg)/3600)
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