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The late effects of lead on kidney function and
blood pressure were studied in 38 persons
occupationally poisoned in the past and in 23
workers exposed to lead. Parameters evaluated
in all subjects were: creatinine clearance,
hippuran renal flow, blood lead, erythrocyte
protoporphyrin, aminolevulinic acid dehydratase,
and blood pressure. Out of 11 combined
variables, four significant factors were identified
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by factor analysis. The results showed the

presence of the delayed adverse effect of
previous occupational lead poisoning on kidney
function and blood pressure. This phenomenon is
a complex interplay of lead poisoning in the past,
overall duration of lead exposure, and age as a
major confounding variable related to aging
process of the kidneys.
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Lead is a cumulative poison in man’s living and working environment (1-5). Its pos-
sible late or delayed effect on kidney has been a subject of discussion for more than a
century (6-9). It has been observed that the occurrence of chronic renal failure is often
causally related to previous occupational or accidental lead poisoning (10-12).

The introduction of high standards in industrial hygiene led to the virtual disap-
pearance of the previously well-recognized renal complications of chronic lead poison-
ing (13). On the other hand, the evolution of lead nephropathy is usually an insidious
and gradual process and, due to the great renal reserve capacity, clinical manifesta-
tions of renal impairment generally do not occur until 50-75% of the nephrons have
been destroyed (14). Hence Landrigan (15) introduced a new term »subclinical lead
toxicity«, which means that low-level lead exposure can cause kidney impairment
which cannot be detected by standard clinical examination. The lack of a reliable
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biological indicator of early lead-induced kidney damage is the main reason why lead
nephropathy is usually detected several years after the beginning of toxic action.

The aim of this study was to evaluate the impact of the chronic lead poisoning
on renal functional impairment in persons occupationally poisoned by lead in the past
in comparison with currently occupationally exposed subjects with no lead poisoning
in the medical history.

SUBJECTS AND METHODS

The late kidney lead effects were evaluated in 61 occupationally exposed workers. The
subjects were chosen randomly from the Register of occupationally lead poisoned
patients who were treated at the former Department of Occupational Health and
Toxicology of the Institute for Medical Research and Occupational Health in Zagreb
over a 37-year period, that is, from 1951 through 1988. All subjects with a history or
clinical evidence of previous and/or present renal disease of other etiology were ex-
cluded from the study.

Thirty-eight workers experienced at least one episode of acute lead poisoning
due to excessive lead exposure during their working life (Poisoned). The mean age of
subjects in the group herein referred to as Poisoned was 48 (ranging from 32 to 72
years) and the mean duration of exposure was 13 years (ranging from several months
to 53 years). The patients were poisoned during employment in a glass factory,
storage battery industry, and lead glazed ceramics production, while some of them
were construction workers and printers. Working conditions in those industries were
very bad ten to twenty years ago, with indoor air lead concentrations constantly
exceeding threshold limit value (TLV), while the workers lacked proper protective clothing
and equipment. Ten of the 38 subjects had been poisoned on several occasions. The
diagnosis of lead poisoning in those subjects had been confirmed by a presence of
overt clinical symptoms: colic or diffuse abdominal pain, constipation, nausea, weak-
ness, headache, and by increased value of at least one biological index of lead ab-
sorption: lead in blood (PbB=3 mmol/L or 62 ug/100 mL), erythrocyte protoporphy-
rin (EP>1.6 mmol/LE), and/or aminolevulinic acid dehydratase (ALAD<10 U/LE).

Twenty-three of 61 occupationally exposed subjects (with PbB=2.0-3.0 mmol/L
or 41 ug/100 mL, EP>1.6 mmol/LE or 90 mg/100 mLE, and ALAD=10-26 U/LE)
had never had clinical or biochemical signs of poisoning during their working life
(Exposed). Most subjects in the group herein referred to as Exposed were employed
in a lead smeltery and in lead pigments production, where the average concentration
of lead in the working environment was 0.8 mg Pb/m? (range: 0.05-3.25). In Croatia,
TLV is 0.1 mg Pb/m?(16). The mean age of subjects was 41 years (ranging from 29
to 61) and the mean exposure duration 14 years (ranging from 2 to 33 years).

Blood pressure (RR) was measured by a standard sphygmomanometer (mm Hg)
on three successive occasions in four different positions: after lying for 10 minutes,
after sitting for three minutes, after standing for three minutes, and immediately after
reassuming a lying position. The first and the fifth Korotkoff sound were used as
indicators of systolic and diastolic blood pressure, respectively. All persons with systolic
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blood pressure 2140 mm Hg and/or diastolic pressure 290 mm Hg were considered
hypertensive (17).

Blood lead was measured by atomic absorption spectrophotometry (Perkin Elm-
er® 403, USA) (18,19) at the Clinical Toxicological Laboratory of the Institute for
Medical Research and Occupational Health in Zagreb.- The accuracy and reliability of
PbB determination in that laboratory has constantly been checked by the internatio-
nal quality control. EP and ALAD were measured by spectrofluorometric method (20,
21) on spectrophotometer Perkin Elmer® 551, USA.

Creatinine in serum and urine was determined with a VP automatic analyzer
(Abbott, USA). The glomerular filtration rate was evaluated by measuring creatinine
clearance corrected to body surface area (ml/min/1.73 m?) (22), and by determining
the creatinine index (mg/kg/day) (23). The dependence of glomerular filtration on age
(24) was evaluated according to Giles and Ross (25). Gradation of kidney function
impairment was carried out using the criteria of Oliver and Wing (26).

The hippuran renal flow was determined separately for the kidney parenchyma
and the whole kidney by quantitative gamma camera radiography using a gamma
camera with a large field of view (Searle, the Netherlands) connected to a personal
computer (PDP 11/34). Normal flow time for the isotope 3'I-OH (hippuran marked
with radioactive iodine) was 2.5-3.5 minutes for the kidney parenchyma, and 4 minu-
tes for the whole kidney (parenchyma and canal system) (27).

The data are presented as arithmetic mean with standard deviation, and the
difference between the Poisoned and the Exposed group was analyzed by the Stu-
dent’s t-test.

The significance of the correlations between the examined variables was deter-
mined by factor analysis, that is, by principal component analysis (28). By clustering
all examined variables and summarizing them into a small number of independent
variables called factors, the principal component analysis is able to explain correla-
tions between investigated variables, which makes this statistical method particularly
suitable for evaluating and describing the relations between several occurrences. As
the principal aim of this study was to investigate such relations and not to examine
possible differences between the groups, a control group of unexposed subjects was
not needed in this investigation. First the correlation matrix was calculated and then
subjected to principal component analysis. By Kaiser criterion (lambda>1) for iden-
tifying a number of significant principal components (factors) (28), four dominant
factors were established and then rotated orthogonally in Varimax position to simplify
the structure of factors. The loadings greater than 0.30 were considered significant.

RESULTS

Table 1 shows the average values of parameters evaluated in the Exposed and the
Poisoned group. As assessed by creatinine clearance, a significantly lower glomerular
filtration rate was found in the Poisoned than in the Exposed group (P<0.05).
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Table 1 Age, duration of lead exposure, renal parameters and blood pressure in Poisoned
and Exposed group

Age (yrs) 48.0 10.1 41.3 9.6
Lead exposure (yrs) 134 1201 14.2 8.4
No of poisonings 1.4 0.7 0 0
Serum creatinine (mmol/L) 120.9 855 84.8 3.1

Creatinine clearance® 93.2 33.0 117:.9* 43.9
Hippurane flow (PL)® 3.4 1.3 81 0.7
Hippurane flow (PR) 3.4 1.0 3.1 0.7
Pb blood (mmol/L) 1.5 0.7 1.6 0.8
EP (mmol/LE) 4.8 5.2 2.9 3.2
ALAD (U/LE) 26.6 14.2 27.0 18.2
RR-systolic lying® 144.8 22.9 142.1 18.2
RR-diastolic lying 87.6 12.8 84.1 1.5
RR-systolic sitting 150.4 22.7 143.2 17.9
RR-diastolic sitting 97.8 12,5 92.0 10.0
RR-systolic standing 148.3 24.2 145.3 19.0
RR-diastolic standing 98.0 13.2 95.4 11.0
RR-systolic lying 149.9 24.2 142.7 20.1

RR-diastolic lying 91.3 12.8 85.9 120

aStandard deviation; ®Creatinine clearance (mL/min/1.73m?); ¢Hippurane flow: PL - renal parenchyma left, PR - renal parenchyma
right (min); ¢Systolic and diastolic blood pressure (mm Hg); * Statistically different (P<0.05 by Student's t-test)

Table 2 Combined variables in Principal component analysis

22, = X, Age (yrs) Age
ZZ = %o Exposure to Pb (yrs) Lead exposure
2Z3= X3 Exposure to Pb/Total employment time Employment
2Z,=%, Past occupational lead poisoning Lead poisoning
ZZ5=Xs Serum creatinine (mmol/L) Serum creatinine
2z, = Xs+X;  Creatinine index (mg/kg/day) + creatinine Glomelural filtration
clearance (mL/min/1.73 m?)
2z,=XgX;;  Hipuran renal flow: whole kidney left, whole kidney Renal flow
right, kidney parenchyma left, kidney parenchyma
right (min)
2Z5= Xy Pb in blood (mmol/L) Blood lead
2Zy= X3 Erythrocyte protoporphyrin (mmol/LE) EPP
2Z49=Xq4 Aminolevulinic acid dehydratase (U/LE) ALAD
ZZy = Xi5-Xp,  Systolic and diastolic blood pressure: lying, sitting, Blood pressure

standing, lying (mmHg)
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Factor analysis was performed to investigate the correlations between past lead
poisoning, duration of lead exposure, kidney function, and hypertension. Certain vari-
ables with high absolute loadings (>0.7) and the same sign on the same Varimax
factor, obtained from the original, untransformed data (i.e. blood pressure measured
in 4 different positions), were taken as similar and then combined. Consequently, 11
combined variables were identified by the above method (z,-z,,) and subjected to
principal component analysis (Table 2).

Factor 1 in the Varimax rotation is defined by the following associated variables
in descending order: negative correlation age (zz,), blood pressure (zz,,), serum cre-
atinine (zz;), EP (zz;), number of poisonings (zz,) and the duration of lead exposure
(zz,) with positive correlation of creatinine index and clearance (zz). In this manner
the Factor 1 shows well the significant correlation between age, number of poison-
ings, and the duration of lead exposure on one hand, and the impairment of glom-
erular filtration rate and hypertension on the other (Table 3).

Table 3 Varimax rotated factor matrix of combined variables

Age zz, =654 -162 .074 -.191
Lead exposure 2z, =348 .009 931 -.109
Employment zz3 137 316 781 .053
Lead poisoning zz, -.469 A18 .061 375
Serum creatinine 22; =595 A73 .070 139
Glomelural filtration 2z, 519 -.038 -.040 -.098
Renal flow zz; 118 .020 -.011 -.683
Blood lead 2z .026 .884 .194 -.022
EPP 224 -.472 465 178 -.454
ALAD 2Z4 .140 —-.893 -.066 .065
Blood pressure zzZ =616 .050 -.018 -.011

Significant loadings (>0.30) underlined. For the full description of 2z variables please refer to Table 2.

Factor 2 is composed of negative correlation between ALAD (zz,;) and the fol-
lowing variables: blood lead level (zzg), EP (zz), and the duration of lead exposure
corrected for total employment time (zz;).

Factor 3 encompasses the positive correlation between the variable of lead expo-
sure with (zz;) and without correction for total employment time (zz,). It follows that
most subjects spent the greatest part of their working lives exposed to lead at the
working place.

Factor 4 consists of the negative variable hippuran renal flow (zz;), EP values (zz)
and the number of poisonings (zz,).

Principal component analysis demonstrated that previous and recurrent lead poisoning
in particular can contribute to a decrease in glomerular filtration rate and to an
increase in blood pressure (Factor 1). Its influence on a decrease in hippuran renal
flow, that is, on the impairment of the proximal tubular cells regardless of age (Factor
4) was also shown in our results. Furthermore, the biological indices of lead exposure
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— blood lead level, EP, ALAD — which independently defined the second factor of the
Varimax rotated factor matrix were not related either to variables of kidney function or
blood pressure.

DISCUSSION

Our results support the view that kidney impairment depends on the previous dura-
tion and magnitude of lead exposure (29, 30). The number of previous lead poison-
ings, which also determines the magnitude of the lead body burden, is one of the
dominant variables in Factor 1 and Factor 4 of the factor analysis and it is significant-
ly related to the variables of kidney function and blood pressure. We assumed that the
presence of one or more episodes of acute lead poisonings was associated with an
increase of lead body burden, which adversely affects the kidney as a target organ. As
suggested in our previous study, the reduction of lead body burden by chelating
agents may play a role in the prevention of delayed kidney impairment later in life (31,
32).

Applying the functional clinical classification of the chronic renal insufficiency
devised by Oliver and Wing (26), we determined that the diminished renal reserve as
the first stage in chronic renal failure was frequent in Poisoned workers (33). Kidney
impairment was more frequent than the increase in systolic and diastolic blood pres-
sure (33). These findings support the view of Lilis et al. (34) and of Batuman et al.
(35) that kidney impairment precedes the appearance of hypertension in workers
poisoned with lead.

There is considerable controversy about the possible pathophysiologic mecha-
nisms of lead induced renal injury. In the early sixties, for instance, Radosevi¢ et al.
(9) found an increased incidence of transitory functional renal impairment in persons
acutely poisoned by lead, which they ascribed to disordered intrarenal circulation due
to the vasoconstrictive effects of lead on intrarenal blood vessels, and to a direct toxic
or indirect hypoxic effect of lead on the tubules. The same opinion was reiterated by
Lilis et al. (34, 36), although later investigations failed to support that hypothesis (37,
38). However, a vasoconstrictive effect of lead seems plausible as some studies have
demonstrated that lead interferes with the function mediated by beta-adrenoreceptors
(39), induces hyperreactivity of the sympathetic nervous system and affects the renin-
angiotenzin system (40). Furthermore, later studies indicate that chronic low-level
lead exposure increases susceptibility of the cardiovascular system to epinephrine and
norepinephrine (41).

Using a battery of new markers for early lead-induced renal changes, Cardenas
et al. (42) recently found that a decreased urinary excretion of 6-keto prostaglandin
F, (a vasodilator) was associated with the enhanced excretion of thromboxane B,
which acts as a vasoconstrictor. Such abnormalities in renal metabolism of prosta-
glandins and thromboxane may contribute to the pathophysiology of renal failure and
hypertension, suggesting that the initial result of lead nephropathy might involve vas-
culature and glomeruli, and not exclusively tubular cells. Although those markers of
lead nephrotoxicity were found in workers with low-level lead exposure, thelr clinical
significance remains to be established (42).
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Factor 1 of the Varimax rotated matrix encompasses the variables blood pres-
sure, age, duration of lead exposure, number of previous lead poisonings, creati-
nine clearance, and EP. As the variable blood lead level did not make part of Factor
1, we did not observe a direct relationship between blood lead level, renal impairment
and blood pressure. The reason for this is in the fact that blood lead level reflects
recent exposure, while the adverse effects of lead on kidney function and blood pres-
sure are the result of a long-term cumulative exposure with increased body burden.
Blood lead level as an inadequate marker of chronic cumulative exposure may not
reflect the true degree of risk for the target organs. The above reasoning suggests
that the “normal” blood lead level, determined in a single moment, does not exclude
the presence of lead nephropathy and lead-induced hypertension. We think that in
the continuity of events which lead to kidney impairment and hypertension, more
than one step separates blood lead level from pathomorphological substrate (end
organ failure) induced by previous excessive lead accumulation. This conclusion is in
line with other arguments for a reliable and sensitive biological parameter of chronic,
cumulative lead exposure both in occupational and environmental conditions (4, 15).
Although there are several methods which can give some information on cumulative
exposure to lead and lead body burden, their value as useful indices of risk assess-
ment of chronic toxic effects of lead on target organs is yet to be established (43).

With regard to the insidious, gradual and delayed appearance of lead nephro-
pathy, it is possible that some immunological processes are involved in its develop-
ment (44, 45). This aspect, however, needs thorough investigation.

To conclude, the results of our study show the presence of the delayed adverse
effects of previous occupational lead poisoning on kidney function. This phenomenon
results from a complex interplay between the past lead poisoning, overall duration of
lead exposure, age as a major confounding variable, kidney function impairment, and
alteration of blood pressure. Our study shows that the determined occurrence of
kidney function impairment related to previous lead poisoning and duration of lead
exposure confirms that the kidney is a critical target organ under the conditions of
long-term exposure. The confounding variable of age, the lack of a reliable indicator
of early lead-induced kidney damage, and the lack of a sensitive biological indicator
of cumulative lead exposure are the principal reasons for the conflicting results of
studies on the chronic effects of lead on kidney function in the past and, to a certain
extent, in the present.
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SaZetak

UCINCI OLOVA NA BUBREZNU FUNKCIJU

Kasni u¢inci olova na bubreznu funkciju i krvni tlak ispitani su u 38 osoba izloZenih i prethodno otrovanih olovom te u
23 osobe izloZene olovu, ali bez prethodnog trovanja tim metalom. U svih smo ispitanika odredili kreatininski klirens,
bubreZni protok hipurana, olovo u Krvi, eritrocitni protoporfirin, dehidratazu aminolevulinske kiseline i krvni tlak.
Primjenom faktorske analize na 11 ispitanih varijabla utvrdili smo njihovo grupiranje u &etiri zna¢ajna faktora.
Rezultati faktorske analize potvrdili su pretpostavku o odgodenim §tetnim ugincima prethodnog trovanja olovom u
obliku pada funkcionalnog kapaciteta bubrega i porasta krvnoga tlaka. Opisana pojava posljedica je sloZene
meduovisnosti izmedu prethodnog trovanja olovom, cjelokupnog vremena provedenog u izloZenosti olovu, kao i
Zivotne dobi ispitanika koja je, zbog normalnih procesa starenja bubrega, osnovni ometajuéi &imbenik svake analize
0 kasnim u¢incima toksicnih tvari na bubrege.

Kljuéne rijeci:

analiza faktora, bubrezna funkcija, hipertenzija, profesionalna izloZzenost olovu
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