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Renal Dysfunction in Workers Exposed to Inorganic Lead
Y C Lim,*, K S Chia,**raus, vo, From (Lond), H Y ONg,***ssc, V NG, ****Bsc Hons, Y L Chew,****pip giotech

Abstract

Introduction: We studied the relationship between renal dysfunction and occupational lead exposure in a local factory. Materials and
Methods: A cross-sectional study with a cohort component was conducted with 55 male workers of a factory producing PVC stabilisers as
subjects. Workers from this factory have been followed up with 6-monthly blood lead measurements since 1982. Two indices of overall lead
exposure, i.e. the number of times aworker’s blood lead exceeded 40 ug/dL (PbB40) and cumulative blood lead index (PbBint), were obtained
from this data. Recent blood lead concentration (PbB) was measured. 4-hour creatinine clearance and various other urinary and serum
markers of renal dysfunction were used as effect indices. Results: There was no relationship between PbB and any of the renal markers.
However, creatinine clearance decreased significantly (P <0.001) with increasing PbB40 and PbBint after adjustment for age and smoking
habits. Urinary albumin (Ualb), urinary e-1 microglobulin (Uellm), urinary -2 microglobulin (UB2m) and urinary retinol-binding protein
(URBP) increased significantly with both increasing PbB40 and PbBint. Total urinary activity of N-acetyl-B-D-glucosaminidase (NAG-T)
and its heat-stable isoenzyme (NAG-B) increased significantly with increasing PbB40. A significant difference in renal parameters occurred
when PbB40 was 1 or more. Conclusions: We have found a positive association between overall lead exposure and renal dysfunction. The
renal parameters were significantly higher among those who had at least one episode of blood lead above 40 ug/dL. Our findings also

strengthen the case for the use of Ualb, Uelm, UB2m, URBP, NAG-T and NAG-B as early markers of lead nephropathy.
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Introduction

Chronic lead exposure causes progressive nephropathy
that eventually results in renal failure. Known as chronic
lead nephropathy, this disease has been recognised since
the 19" century! and is occasionally accompanied by
hypertension and gout. Mortality studies of lead workers
have found excess mortality from chronic renal disease
compared to the general population.>* Baker et al® found
raised blood urea nitrogen (BUN) in 8% to 32% of lead-
exposed workers from 3 plants. Lilis et al® studied patients
with occupational lead poisoning and found significantly
lower creatinine clearance amongst those who satisfied
various criteriafor “chronic lead poisoning”. In Queensland,
Australia, an endemic of lead poisoning amongst children
was associated with a rise in the incidence of chronic renal
failure in the same cohort 10 to 40 years later.”® Among
patients who suffered from lead poisoning by consuming
illegally distilled alcohol, renal failure frequently occurred.*
Pathological features of kidney specimens from victims of

the Queensland epidemic®? and animal experiments>!* are
intra-nuclear inclusion bodies and non-specific interstitial
nephritis.

With implementation of stricter controls, lower levels of
lead exposure are now encountered in occupational settings.
Itis unclear whether nephropathy occurs at these levels. In
animal studies, significant nephropathy was not
demonstrated with low dose lead exposure.'>® Gennart et
al'” and Roels et al*® did not find significantly different
renal function between exposed workers and control groups,
unlike Pinto de Almeida et al*. Ehrlich et al*® found
positive exposure-response relations between current PbB,
historical PbB and serum creatinine.

Lead nephropathy has none or few clinical signs and
glomerular function tests, such as creatinine clearance,
only become abnormal after nephropathy is irreversible.
Hence, recently there has been much interest in markers
that indicate lead nephropathy at an early and reversible
stage. Low-molecular-weight proteins such as urinary
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o-1 microglobulin (Uailm) and urinary retinol-binding
protein (URBP), urine albumin, renal antigens such as
brush-border antigen, prostaglandins such as thromboxane-
A2 and urinary 6-keto-prostaglandin-F, enzymes such as
N-acetyl-B-D-glucosaminidase (NAG), growth factorsand
other analytes have been evaluated, and although some
studies have shown correlation between them and lead
exposure,?-24others have not.1":1825

The aim of this study was to evaluate the relationship
between renal dysfunction and occupational lead exposure
in workers from a plant in Singapore producing PVC
stabilisers.

Subjects and Methods
Subjects

The study population consisted of 80 male and female
workers from a factory producing PVC stabilisers using
lead ingots as raw materials. Twenty-three subjects were
excluded due to a history of diabetes, hypertension or
recent ingestion of analgesics, antipyretics or antibiotics.
A further 2 subjects, 1 with thalassaemia and the other the
only remaining female were excluded, leaving 55
male subjects for analysis. The workers worked 12-hour
shifts and were rotated among various departments.
Since 1982, workers from this factory have undergone
6-monthly statutory medical examinations. Records of
their blood lead levels measured during each examination
are kept in the Department of Community, Occupational
and Family Medicine of the National University of
Singapore. This study utilised these records as well as
measurements taken duringaroutine examination in August
1999. Many of the subjects participated in a similar
study 5 years ago.?®

Field Work

The examination was conducted during the course of a
workday. A field investigator enquired about the medical
history, smoking history and recent drug ingestion. The
workers’ weight and height were taken and blood pressure
measured. An occupational physician then verified the
medical history and enquired about recent changes in
working hours orenvironmentas well as health complaints.
Blood and urine samples were then taken. Blood samples
for blood lead analysis were stored in heparinised lead-free
polypropylene tubes. Urine samples for analysis of Ualm
and urinary -2 microglobulin (UB2m) were buffered (pH
7.2). Finally, each worker was issued a bottle for a 4-hour
urine collection. We collected all the bottles 4 hours after
the last bottle was issued.

Laboratory Analysis

All urine and blood samples were transported within 2
hours to the abovementioned laboratory. Urine samples
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were transported in an ice box. Blood lead concentration
(PbB) was analysed using atomic absorption
spectrophotometry (Varian Spectra AA-30) with agraphite
furnace. External quality control has been done yearly
under the National External Quality Assurance Scheme
(England) and Inter-Laboratory Comparison Programme
(Canada) with excellent results. VVolume of each 4-hour
urine collection was measured. An aliquot from each
collection was taken for analysis of creatinine. Serum and
urine samples were stored at —30°C until analysis, which
was done within 3 months. Urine and serum creatinine
concentrations were determined using standard laboratory
techniques. Urinary albumin (Ualb), serum o-1
microglobulin (Salm), serum -2 microglobulin (Sp2m)
Ualm, UB2m, and URBP were measured by enzyme-
linked immunosorbent assay (ELISA) using commercially
available polyclonal antibodies or test Kits. Total urinary
activity of N-acetyl-B-D-glucosaminidase (NAG-T) was
determined using Noto’s method.?® The isoenzymes were
separated by heat treatment according to Tan et al*® and
NAG-B activity was measured.

Data Analysis

The number of times each subject’s PbB exceeded 40 ug/
dL (PbB40) and cumulative blood lead index (PbBint)
were obtained from previous PbB values and the present
measurement. PbBint was calculated using the following
formula:

PbBint = 0.55(t, —t)(PbB, + PbB,,,),

where PbB,and PbB,,, are the ith and (i+1)th PbB levels
respectively and (t,,, - t,) is the time between the 2 readings.
Creatinine clearance was corrected for a body surface area
of 1.74 m?. It was also compared with the predicted
creatinine clearance from serum creatinine using the formula
proposed by Cockcroft and Gault.?” NAG-A activity was
calculated by subtracting NAG-B from NAG-T. The ratio
of NAG-B activity to total NAG activity (NAG-B/NAG-
T) was also computed.

Analysis was done using the SPSS statistical software
package. Urinary parameters were corrected for urine flow
and expressed per gram creatinine. The distributions of
PbB40, PbBint, Ualb, SB2m, UB2m, URBP, NAG-T,
NAG-A and NAG-B/NAG-T were highly positively
skewed, so logarithmic transformation was used to
normalise them. The distributions of Uolm and NAG-B
were less highly skewed; therefore, square-root
transformation was used. As UB2m is unstable in acidic
pH, it was used for data analysis only when urine pH >5.5.
Analysis of variance was used to compare means of effect
markers. Analysis of covariance was used to adjust the
means for smoking habit (ever-smoker, non-smoker) and
age.
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Results
Study Population

Fifty-five male subjects with a mean age of 36 years were
analysed. There was an equal number of smokers and non-
smokers. The mean PbB was 24.1 ug/dL, with 4 subjects’
PbB exceeding 40 ug/dL. The mean creatinine clearance
was 120.9+/-14.9 mL/min/1.73m?, with 2 subjects’ (3.6%)
creatinine clearance falling below 90 mL/min/1.73m?
(Table I).

TABLE I: DEMOGRAPHICS AND EXPOSURE MARKERS IN 55
WORKERS EXPOSED TO LEAD

Age (y)

Mean 35.73

SD 9.59
Sex

Male 55
Smoking

Never-smoked
Ever-smoked

27 (49.1%)
28 (50.9%)

PbB (ug/dL)

Mean 24.1

SD 9.6

Range 7.7-45.3
PbB40

Mean (geometric mean) 1.9

Range 0-24
PbBint (ug years/dL)

Mean (geometric mean) 880.64

Range 136.00-6342.00

PbB: blood lead concentration; PbB40: number of times a subject’s blood
lead concentration exceeded 40 pg/dL; PbBint: cumulative blood lead
index, where PbBint = 0.52(t,,, - t)(PbB, + PbB,,,)

i+l

Relationships between Exposure and Effect Indices

PbB was less than 20 pg/dL in 18 (32.7%) subjects,
between 20 and 30 pg/dL in 23 (41.8%), and greater than
30ug/dL in 14 (25.5%). There was no significant difference
in all effect markers between these groups.

PbB40 was 0 in 24 (43.6%) subjects, 1-4 in 14 (25.5%)
and5ormorein17(30.9%). Creatinine clearance decreased
significantly with increasing PbB40 before and after
adjustment for age and smoking habit. Ualb, Uo.lm, URBP,
NAG-T and NAG-B increased significantly with increasing
PbB40 before and after adjustment. Salm and NAG-T
increased significantly with increasing PbB40 but this
became insignificant after adjustment.

PbBint was less than 300 ug years/dL in 14 (25.5%)
subjects, between 300 and 1500 g years/dL in 23 (41.8%)
and greater than 1500 ug years/dL in 18 (32.7%). Creatinine
clearance decreased significantly with increasing PbBint

before and after adjustment. Ualb, Uodlm, UB2m and
URBP increased significantly with increasing PbBintbefore
and after adjustment (Table II).

To further examine the relationship between PbB40 and
the renal markers, subjects with PbB40 =0 (n =24, 43.6%)
and PbB40 >1 (n = 31, 56.4%) were compared. Creatinine
clearance was significantly lower in the latter group after

TABLE Il: RELATIONSHIP BETWEEN PbBint AND RENAL
DYSFUNCTION IN LEAD WORKERS

PbBint (ug years/dL)

<300 300-1500 >1500 P value

Creatinine clearance
(mL/min/1.73m?)

N 14 23 18

Adjusted mean* 125.7 124.1 113.2 0.019
Ualb (mg/g creatinine)

N 14 23 18

Adjusted mean* 5.08 5.25 11.54 0.008
Solm (mg/L)

N 14 23 18

Adjusted mean* 47.58 44.49 52.34 0.357
Sp2m (ug/L)

N 14 22 17

Adjusted mean* 4819.48 5023.43 4931.74  0.917
Ualm (mg/g creatinine)

N 14 23 18

Adjusted mean* 4.04 4.19 8.69 0.001
UB2m (ug/g creatinine)

N 6 12 8

Adjusted mean* 181.13 202.30 437.52 0.007
URBP (ug/g creatinine)

N 14 23 18

Adjusted mean* 1.74 1.70 4.10 0.002
NAG-T (U/g creatinine)

N 14 23 18

Adjusted mean* 1.79 1.90 2.46 0.243
NAG-B (U/g creatinine)

N 14 23 18

Adjusted mean* 0.50 0.49 0.64 0.369
NAG-A (U/g creatinine)

N 14 23 18

Adjusted mean* 1.23 1.31 1.66 0.557
NAG-B / NAG-T

N 14 23 18

Adjusted mean* 0.26 0.22 0.23 0.718

NAG : N-acetyl-B-D-glucosaminidase

(T: total, A: heat-labile isoenzyme, B: heat-stable isoenzyme)
PbBint: cumulative blood lead index,

where PbBint = 0.5X(t,,, — t)(PbB, + PbB,,,)
Salm : serum o-1 microglobulin concentration
SB2m : serum B-2 microglobulin concentration
Ualm : urinary o-1 microglobulin concentration
Ualb : urinary albumin concentration
UB2m : urinary -2 microglobulin concentration
URBP : urinary retinol-binding protein concentration
* Adjusted for age and smoking habit by ANCOVA
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TABLE Ill: COMPARISON OF RENAL PARAMETERS IN WORKERS WITH PbB40 = 0 AND PbB40 >1

PbB40

0 >1 P value

Creatinine clearance (mL/min/1.73m?)

N 24 31
Adjusted mean* 130.4 113.6 0.000
Confidence interval 125.6 — 135.2 109.4 - 117.8

Ualb (mg/g creatinine)
N 24 31
Adjusted mean* 4.98 8.51 0.031
Confidence interval 348 -7.13 6.21 - 11.64

Solm (mg/L)
N 24 31
Adjusted mean* 46.85 48.62 0.712
Confidence interval 39.74 - 53.95 42.39 - 54.84

Sp2m (ug/L)
N 24 29
Adjusted mean* 4920.40 4954.50 0.935
Confidence interval 4365.16 — 5559.04 4446.31 - 5533.50

Uoadm (mg/g creatinine)
N 24 31
Adjusted mean* 2.84 8.03 0.000
Confidence interval 2.03-3.79 6.78 — 9.38

UB2m (ug/g creatinine)
N 11 15
Adjusted mean* 187.93 308.32 0.050
Confidence interval 129.72 — 272.27 224.91 - 423.64

URBP (ug/g creatinine)
N 24 31
Adjusted mean* 1.59 3.01 0.007
Confidence interval 1.14-223 2.24 - 4.05

NAG-T (U/g creatinine)
N 24 31
Adjusted mean* 1.66 2.39 0.020
Confidence interval 1.32-2.08 1.96 - 291

NAG-B (U/g creatinine)
N 24 31
Adjusted mean* 0.40 0.66 0.009
Confidence interval 0.29 - 0.53 0.53 - 0.80

NAG-A (U/g creatinine)
N 24 31
Adjusted mean* 1.12 1.64 0.098
Confidence interval 0.81 - 1.57 1.23-220

NAG-B/NAG-T
N 24 31
Adjusted mean* 0.22 0.25 0.460
Confidence interval 0.17 - 0.28 0.20 - 0.31

NAG : N-acetyl-B-D-glucosaminidase (T: total, A: heat-labile isoenzyme, B: heat-stable isoenzyme)

PbB40 : number of times a subject’s blood lead concentration exceeded 40 pg/dL
Salm : serum o-1 microglobulin concentration

SB2m : serum B-2 microglobulin concentration

Ualm : urinary o-1 microglobulin concentration

Ualb : urinary albumin concentration

UB2m : urinary -2 microglobulin concentration

URBP : urinary retinol-binding protein concentration

*Adjusted for age and smoking habit by ANCOVA
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adjustment. Ualb, Ualm, UB2m, URBP, NAG-T and
NAG-B were significantly higher in this group after
adjustment. There was no overlap in the 95% confidence
intervals of the 2 groups for creatinine clearance, Ualm
and URBP, suggesting that these are more highly correlated
with PbB40 (Table 111).

Discussion

Exposure

The mean PbB is very low and approximates to that of the
control groups in some studies,'”** indicating that our
population is currently exposed to low levels of lead.

In our study, apart from PbB, PbB40 and PbBint were
also used to indicate lead exposure. Due to poor excretion,
much of the lead that isabsorbed by the body isaccumulated
over time in the bones and soft tissues.?® This accumulated
lead contributes to systemic blood lead levels even after
exposure has ceased,?® causing adverse effects on various
body systems. Total body lead should therefore have better
correlation with lead nephropathy than recent blood lead.
The ideal indicator of total body lead burden is naturally
bone lead, which can be measured by X-ray fluorescence—
this, however, requires expensive equipment and skilled
expertise. PbBint and PbB40 give indirect measures of
total body lead by quantifying overall lead exposure.
PbBint has been found to correlate well with tibial bone
lead (PbT),%° and is relatively easily computed from serial
PbB measurements. PbB40 is easily obtained from serial
measurements, and has the added advantage of being easy
to use in clinical practice.

Relationships

There was no dose-response relationship between PbB
and any marker of renal dysfunction. This result is similar
to that of Gennart et al.*’

Creatinine clearance decreased significantly (P <0.001)
with both increasing PbBint and increasing PbB40. This
finding parallels another study® where a positive dose-
response relationship was found between serum creatinine
and historical blood lead (calculated by dividing PbBint by
duration of exposure). In contrast, Roels et al reported
positive correlation between PbT and creatinine clearance
before and after protein-induced hyperfiltration.

Amongst the putative early markers of lead nephropathy,
we found a dose-response relationship between Ualb,
Ualm, UB2m and URBP and both PbB40 and PbBint, as
well as between NAG-T and NAG-B and PbB40. Again,
both similarand contradictory results have been reported in
the literature. Chia et al® found significantly higher Ualm
amongst exposed workers compared to controls, and also
good correlation between PbBint and Ualm. Bernard and
Lauwerys® reviewed 5 previous studies and found that

urine NAG appeared to be the only marker elevated in early
nephropathy. Ehrlich et al?® and Endo et al* reported the
same observation. Chia et al®? reported that elevation of
urine NAG correlates less well with PbBint than recent
increase in PbB, suggesting that NAG reflected acute
injury rather than chronic lead nephropathy, but Ehrlich et
al?® could not find any association between NAG and
recent change in blood lead. Roels et al*® did not find
significant difference in Ualb, UB2m and URBP between
exposed and controls despite the former group having a
three-fold higher PbB and PbT than the latter. To put things
in perspective though, the clinical significance of these
markers is as yet unknown. Furthermore, our study is
limited by the small number of subjects and the lack of a
control group. Therefore, we suggest that cohort studies be
done to delineate the relationship between these markers
and lead nephropathy. If such studies show that changes in
these markers precede clinically evident renal dysfunction
or abnormal glomerular function tests, their role as early
markers of lead nephropathy becomes certain.

Finally, subjects with PbB40 = 0 and PbB40 >1 were
found to have significantly different creatinine clearance,
Ualb, Uadlm, UB2m, URBP, NAG-T and NAG-B. This
suggests that workers with one or more PbB40
measurements exceeding 40 pg/dL have some degree of
renal dysfunction.

Conclusions

We found a positive association between indices of
overall lead exposure, PbBint and PbB40, and renal
dysfunction. We also found that workers with one or more
measurements of PbB exceeding 40 ug/dL have some
degree of renal impairment. Our findings also strengthen
the case for the use of Ualb, Ualm, UB2m, URBP, NAG-
T and NAG-B as early markers of lead nephropathy.
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