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OgjecTivEs — The aim of the study was to determine whether silicosis is associated with renal alter-
ations detectable in urinary or blood-borne indicators of nephrotoxicity.

Mernops — The study used a cross-sectional design. The subjects comprised 116 male workers who
had been exposed to silica for at least two years and had been diagnosed as having silicosis and 61
age-matched referents. The considered outcome measures were the concentrations of beta,-microglobulin
and creatinine in serum and the urinary excretion of albumin, retinol-binding protein, and beta-N-acetyl-
D-glucosaminidase.

ResuLts — Compared with the referents, the silicotic subjects excreted, on the average, slightly higher
amounts of albumin, retinol-binding protein, and beta-N-acetyl-D-glucosaminidase. This increase did
not correlate with the duration of exposure or the stage of silicosis and was not associated with an
elevation in serum creatinine. The concentration of beta -microglobulin in the serum of silicotic sub-
jects showed a tendency to rise that became significant in the subgroup with pseudotumoral opaci-
ties. This effect, which did not correlate with markers of nephrotoxicity, is however more likely the
consequence of silicosis-associated inflammatory reactions than of decreased renal filtration.
Concrusions — The present study confirms that silicosis is associated with some infraclinical renal
alterations. However, in the absence of a relationship with length of exposure or severity of silicosis,
the implication of silica in their causation needs to be examined further.

KEyY TERMS — albuminuria, enzymuria, nephrotoxicity, proteinuria, retinol-binding protein, silicosis.

An association between occupational exposure to sil-
ica and chronic nephropathy has been suspected for
many years. Animal studies have demonstrated that
silica can produce a dose-related nephropathy that is
primarily tubular and is associated with interstitial
inflammatory reactions and fibrosis (1, 2). Several
cases of nephropathy in workers exposed to silica
have been reported (3—9). The nephropathy has usu-
ally consisted of a focal or segmental, rapidly pro-
gressive glomerulonephritis without significant im-
mune-complex deposits and with variable degrees of
tubular degeneration. The nephropathy has been de-
scribed even in the absence of silicosis (10). Abnor-
mally elevated levels of silicon have been found in
the kidneys of patients with silica-associated neph-
ropathy, and the examination of biopsy materials has
revealed silica deposits in epithelial cells and in sub-
epithelial and subendothelial areas of the basement
membranes. Altogether these findings suggest that
silica may exert direct toxicity on the kidneys al-
though in some cases the nephrotoxicity might also
be mediated by the immune system (3, 9). The hy-
pothesis of chronic nephropathy in association with
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silica exposure is supported by several epidemiologic
studies reporting an increased risk of end-stage re-
nal disease or mortality from renal diseases in rela-
tion with silica exposure (10—12). Additional evi-
dence has been provided by a recent cross-sectional
study showing an excess of albumin, alpha -mi-
croglobulin, and beta-N-acetyl-D-glucosaminidase in
the urine of a small group of graphite workers (13).
The objective of the present cross-sectional study was
to confirm the latter findings on a larger group of
subjects suffering from silicosis and to examine the
possible relations between renal alterations and the
duration of exposure or severity of silicosis.

Subjects and methods

The study was carried out on 116 male workers with
diagnosed silicosis compensated by the Belgian Oc-
cupational Disease Fund. All of the workers had been
exposed to silica for at least two years in under-
ground mining. It was ascertained that none of them
was suffering from diseases that could involve the
kidneys (hypertension, diabetes, nephrolithiasis, di-
abetes) or had been exposed to known nephrotoxic
substances such as heavy metals or solvents. The
mean duration of exposure to silica was 14.9 (range
2—35) years, and on the average they had not been
exposed for 23.2 years (table 1).

The reference group consisted of 61 age-matched
male subjects selected from the general population.



Each subject provided a sample of blood and urine
and completed a questionnaire collecting information
on the subjects’ medical and employment history and
their consumption of tobacco, drugs, and alcohol.
Chest radiographs were taken of all of the silicotic
workers, and the films were read by experienced
pneumonologists of the Belgian Occupational Dis-
ease Fund. Radiological opacities were categorized
as punctiform (p), micro or nodular (m or n), or pseu-
dotumoral (A, B, or C), and their density was divid-
ed into three grades according to the ILO classifica-
tion of pneumoconiosis (14). The concentrations of
albumin, retinol-binding protein (RBP) and beta, -
microglobulin (B,-m) in serum or urine were deter-
mined by latex immunoassay (15). Creatinine was
measured by Jaffé’s method, and the activity of
beta-N-acetyl-D-glucosaminidase (NAG) in urine
was assayed by the fluorimetric method of Tucker
et al (16).

Statistical tests were done with Statview SE soft-
ware (Abacus Concept, 1979). All of the variables
(except age) were log-transformed before the anal-
ysis. The Kolmogorov-Smirnov test was applied to
check the normality of the distributions, whereas the
homogeneity of variances was ascertained by the F-
test. Differences between the exposed and reference
subjects were assessed by Student’s t-test (two-
tailed), and the relations with radiological opacities
were examined by a one-way analysis of variance
followed by Scheffé’s multiple comparison test.
Prevalences of abnormally elevated values were cal-
culated with the geometric mean plus two geomet-
ric standard deviations of the values observed for the
referents as the upper limit of normal. The preva-
lences of abnormal values among the silicotic work-
ers and the referents were compared with the chi-
square test with Yates’ correction. Pearson correla-
tion coefficients were calculated to examine the re-
lations between renal parameters, whereas the deter-
minants of the indicators of nephrotoxicity were
traced in a stepwise regression analysis. Results were
considered statistically significant at P <0.05.
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Results

Compared with their age-matched referents, the sub-
jects who had been exposed to silica had, on the av-
erage, significantly higher concentrations of albumin,
RBP, and NAG in their urine (table 1). No signifi-
cant difference was found in the mean values of cre-
atinine and B,-m in serum, although the latter showed
a slight tendency to be increased in silicotic work-
ers (P = 0.08). The prevalences of abnormally ele-
vated values of the markers did not differ between
the groups (results not shown).

The correlation analysis showed a significant de-
gree of correlation between albumin, RBP, and NAG
in the urine of both the reference and silicotic sub-
jects [correlation coefficient (r) between 0.25 and
0.69]. None of these markers correlated however
with creatinine or B,-m in serum, except the urinary
NAG, which was weakly associated with serum
B,-m among the referents (r = 0.28, P = 0.03). The
concentrations of 3,-m and creatinine in serum cor-
related, but the association was much stronger for the
referents (r = 0.59, P = 0.0001) than for the silicotic
subjects (r = 0.19, P = 0.04). Among the referents,
the urinary activity of NAG and the serum concen-
tration of B,-m were related to age (r = 0.30 and 0.45,
P =0.02 and 0.0002, respectively).

The determinants of the urinary or serum indica-
tors of nephrotoxicity in the silicotic subjects were
examined by stepwise regression with age, duration
of exposure, size, and density of lung opacities be-
ing used as the predictors. Apart from the associa-
tions of age with urinary NAG and serum {,-m, the
only significant finding that emerged from this anal-
ysis was a positive correlation between the size of
opacities and the serum levels of B,-m (r = 0.3, P =
0.0007). To assess further the influence of opacity
size, we compared the mean values of the different
markers for subjects with punctiform, micro or nod-
ular, or pseudotumoral opacities (table 2). Whereas
urinary markers and serum creatinine on the aver-
age did not differ between the subgroups, the mean

Table 1. Characteristics and renal parameters of the workers with silicosis and their referents. (NS = not significant, Alb=
albumin, RBP = retinol-binding protein, B,-m = beta,-microglobulin, NAG = beta-N-acetyl-D-glucosaminidase)

Silicotic subjects (N =116)

Referents (N =61)

Characteristic or

Arith- 0 Arith- A
renal parameter metic  Range Ger?lr::r:nc Range metic  Range GeOmelric panqe P-value
mean mean %
Age (years) 60.2 315—84 = 59.9 37—87.8 - . NS
Duration of exposure (years) . . 149 2—-35 .
Delay after cessation
of exposure {(years) . . 23.2 0—30 . . - .
Creatinine in serum (mg - 1—13) . . 10.0 7.7—135 . - 10.0 6.2—19.1 NS
Alb in urine (mg - g creatinine—12) . . 1.1 2.3—870 . . 7.2 1.2—430 0.017
RBP in urine (ug - g creatinine—19) . . 84.3 24—780 . . 63 16.3—980 0.0045
B>-m in serum (mg - 1—7) . . 186 0.03—7.5 . - 170 1.05—34 NS
(P=0.08)
NAG in urine (Ul - g creatinine—13) = . 164 0.09—13 068 0.10—7.1 0.0001

2 1 mg or Ul - g creatinine—*=0.113 mg or Ul - g creatinine—".
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Table 2. Renal parameters for the silicotic workers according to the size of their radiological opacities and for the referents.
(Alb = albumin, RBP =retinol-binding protein, B,-m = beta,-microglobulin, NAG = beta-N-acetyl-D-glucosaminidase)

Silicotic workers

Punctiform Micro or nodular Pseudotumoral Referents
opacities opacities opacities (N=61)
Parameter (N=37) (N=36) (N=43)
Geo- Geo- Geo- Geo-
metric Range metric Range metric Range metric Range
mean mean mean mean
Creatinine in serum (mg - 1-7) 9.9 7.7—135 101 7.7—12.4 101 8.2—13.2 10 6.2—19.1
Alb in urine (mg - g creatinine—13) 11.6 3.1—342 1.7 3.4—869 10 2.3—398 7.2 1.2—430
RBP in urine (ug - g creatinine—12) 86.7 40—188 86.7 24-—-334 80.7 27—780 63 16.3—980
B-m in serum (mg - I—7) 1.64 0.85—3.0 1.92 11-7.2 20 0.99—2.9** 1.70 1.05—3.4
NAG in urine (Ul - g creatinine—13) 1.59 0.26—5.0" 1.69 0.1—5.9* 1.66 0.54—10" 0.68 0.10—7.1

2 1 mg or Ul - g creatinine—1=0.113 mg or Ul - g creatinine—1.
* Significantly different from the reference.
** Significantly different from the group with punctiform opacities.

values of serum B,-m increased in parallel with the
size of the opacities.

Discussion

We found that workers with silicosis excreted slight-
ly more albumin, RBP, and NAG in their urine than
age-matched referents did. These results confirm the
recent observations of Ng et al (13), who reported
an increased urinary excretion of albumin, NAG and
alpha -microglobulin in 33 silica workers in compar-
ison with 16 referents, on a much larger number of
subjects. Since alpha -microglobulin is a marker of
proximal tubule dysfunction comparable to RBP
(17), the pattern of effects observed among our work-
ers and among those examined by Ng et al (13) can
be considered identical. Both studies were also car-
ried out on workers who had stopped exposure sev-
eral years earlier; therefore renal alterations associ-
ated with silica exposure may be irreversible.

It is important to stress however that the silicotic
workers examined by us were not distinguishable
from their referents in the prevalences of abnormal-
ly elevated values of the renal markers. The differ-
ence between both groups was thus restricted to a
very slight shift in the distribution of urinary mark-
ers. This observation, combined with the fact that the
serum creatinine values were, in most cases, normal,
testifies to very discrete effects that do not impair
renal function. An elevation of 8,-m was found in
serum, but this effect, which correlated with the se-
verity of silicosis and not with markers of nephro-
toxicity, is more likely the consequence of some sili-
cosis-associated inflammatory changes than of a de-
cline in renal filtration. It would be premature, how-
ever, to conclude from these observations that renal
effects associated with silicosis have no clinical sig-
nificance. The possibility of a selection bias inher-
ent to any cross-sectional study appears especially
probable here since the workers were examined an
average of 23 years after the cessation of exposure.
This possibility is also suggested by the epidemio-
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logic evidence (10—12) of an excess of end-stage
renal diseases or of mortality from renal diseases in
relation with silica exposure.

Although our results are consistent with the hy-
pothesis of a nephrotoxic action of silica, they pro-
vide no correlational evidence of the implication of
silica in their causation. Indeed, no association could
be demonstrated between renal alterations and the
duration of exposure or the severity of silicosis. This
finding might be due to the long delay between re-
moval from exposure and the examination (survival
bias), and probably also to the inadequacy of the in-
dicators used to evaluate the exposure to silica. But
it might also suggest that silicosis and renal altera-
tions are not linked causally, but instead through their
common associations with a third factor. This third
factor could be, for instance, some kind of a predis-
position to immunologically based reactions that
would favor the development of silicosis but also,
independently of the exposure to silica, the appear-
ance of abnormalities in other organs, including the
kidney. The lack of a relationship with the stage of
silicosis is however in agreement with the view ex-
pressed in the literature (3, 9) that silica-associated
nephropathy is not simply a complication of silico-
sis, but might result from a nephrotoxic action of sol-
uble silica absorbed by the lungs. This possibility,
supported by animal data (1, 2), could be tested by
studying the dose-response effect relations between
signs of renal dysfunction and indicators of the in-
ternal dose of silica in a cross-sectional study on cur-
rently exposed workers without silicosis.
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