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Cardiovascular disease is a leading
cause of disability and premature death.
Extensive evidence ofan association between
serum lipid and lipoprotein levels and
coronary artery disease has been well docu-
mented.' The positive association is contin-
uous, with no single level of cholesterol sepa-
rating those who are at risk from those who
are not.

Several reports have shown that both
acute and chronic lead poisoning cause impair-
ment of heart and vessel function5 6 and that
rates of death from cerebrovascular disease
are significantly increased in lead-exposed
workers compared with the general popu-
lation.9 However, no clear data are avail-
able demonstrating a higher mortality rate
from heart disease in subjects exposed to
lead. 1

An association between atherosclerosis
and lead exposure is biologically plausible.
Microscopic analysis of lead-intoxicated ani-
mals has indicated fatty degeneration of the
myocardium and sclerotic changes in the
aorta and walls of the small arteries, espe-
cially the renal, cerebral, and coronary arter-
ies,11-4 and atrophy of elastic fibers in the
aorta.15 Thus, it has been suggested that one
of the underlying mechanisms in the associa-
tion between cardiovascular damage and lead
exposure is the induction or acceleration of
atherosclerosis.6

According to Wojtczak-Jaroszowa and
Kubow,6 there are at least 3 pathophysiologi-
cal mechanisms whereby lead could induce
atherosclerosis: (1) inhibition of superoxide
dismutase, resulting in the elevation of serum
lipid peroxide'617; (2) formation of athero-
sclerotic plaques from a single mutated pro-
liferating cell (monoclonal hypothesis); and
(3) inhibition of the activity of cytochrome
P-450,'8 leading to an increase in serum
lipids and their accumulation in vessel walls.

There have been few controlled studies of
the effects of lead exposure on serum lipids

and lipoprotein levels in either animals'3"15"1929
or humans.30135 Increases,3'319,21,2325,27,28,31,32,35
decreases, 20,22,26,29,30 and no changes33 in
serum cholesterol levels have been reported,
and findings specifically for subjects exposed
to lead at work have also been inconclu-
Sive.3033,35 The aim ofthe present study was to
elucidate the effect of occupational lead expo-
sure on serum lipoprotein levels in Israeli
workers.

Methods

Study Population

The study population consisted of indus-
trial employees exposed to lead in a battery
factory and a recycling factory (exposed
group) and factory production workers not
exposed to lead or any other nephrotoxic
chemicals (nonexposed group). Data were
collected in central Israel during 1994 and
1995. Subjects in both groups performed
similar physical work (they had nearly identi-
cal heart rates, as assessed by Holter monitor-
ing) under similar environmental conditions.
To prevent discrimination, all subjects in a
single work section were examined, although
not all fit our inclusion criteria (male sex, age
25 to 64 years, no history of chronic disease,
at least 1 year's tenure, no use of medication
other than analgesics during the month pre-
ceding data collection, no other activity
involving possible occupational exposure to
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chemicals). We excluded men with implausi-
bly high or low total caloric intake (< 800 or

>4200 kelday).
Every employee was offered the exami-

nation free of charge. Of 65 eligible exposed
workers, 60 agreed to participate, and com-

plete data were available for 56 ofthose. Ofa

possible 100 control subjects, 92 agreed to

participate, and complete data were available
for 87 of those. Before enrollment, all sub-

jects were informed about the risks and dis-
comfort involved in participating in the study.
It was explained that they were being asked
to volunteer for research purposes only and
that their sole compensation would be the
receipt of the results ofthe medical tests. The
study was approved by the local Research on
Human Subjects Committee.

Study Design

The study was carried out on site during
regular working days. Data collection and
blood sampling of each worker were carried
out once in the summer and once in the win-

ter, and not after vacation. Blood samples
were taken in a single day for 20 employees
in a given work section. Physical examina-
tions were performed on different days; 5
subjects underwent the exanination, together
with the field tests and personal interview, on
each day.

Measurements

Height and weight were measured
between 6:00 AM and 9:00 AM, with the sub-

ject wearing only light industrial clothes and
no shoes. Body weight was measured with
the Seca electronic scale, which is accurate
to within 100 g. The Quetelet index (weight
in kilograms divided by height in meters
squared) was used as a measure ofbody mass
index.

Field tests included an examination of
working conditions by an expert hygienist
and moniitoring of environmental lead levels.
Enviromtental lead levels were analyzed by
atomic absorption (method NIOSH 7082).

The subjects were interviewed about
health-related habits (specific to the time of
year of the examination), medical history,
demographic information, personal hygiene,
and occupational factors. The dietary ques-
tionnaire included 112 food items covering
more than 80%/o of the items most frequently
eaten by the Israeli population,37 and there

was a space at the end ofeach food subgroup
list for volunteered information on unlisted
foods consumed. We also sought information
about nutritional supplements. We computed
nutrient intake by multiplying the frequency
of intake of each unit of food by the nutrient

composition of the specified portion size.
Several types of units were used to quantify
portion size (e.g., standard units, commercial
container sizes, and natural units such as

fruits and vegetables). The face-to-face inter-
view was conducted by a t-ained interviewer
and lasted about 40 minutes.

Venous blood samples were taken in a

climate-controlled room before the begin-
ning of a regular workday (between 7:00 AM
and 9:00 AM), after the subjects had fasted
for 10 hours (subjects were encouraged to
drink water during the fasting period). The
subjects were seated while samples were

drawn. To prevent venostasis, the tourniquet
was released immediately after blood began
to enter the tube. The samples were placed
in vacuum test tubes without additives and
with sodium heparin (for lead measures). In
the tubes without additives, serum was sepa-
rated from whole blood within 30 minutes
of being drawn. Fresh serum samples were

analyzed and tested for blood lipids in the
Kodak Ektachem Automated Clinical Chem-
istry Analyzer. Kodak Ektachem clinical
chemistry slides (Eastern Kodak Company,
Rochester, NY) were used for all the chemi-
cal tests described below.

Cholesterol level was tested with enzy-
matic colorimetry.38 High-density lipoprotein
(HDL) cholesterol was tested with enzymatic
colorimetry38 after sedimentation of the low-
density lipoprotein (LDL) and very low-den-
sity lipoprotein in dextran sulfate-Mg+2.39
Triglycerides were detmined in Kodatrol I

and II solution (Eastern Kodak Company,
Rochester, NY). Blood samples were sent to
the Bio-Rad Laboratories (Richmond, Calif)
for external control, and a satisfactory rating
was obtained. With respect to blood lipids,
lyophilized serum samples were sent to the
World Health Organization (WHO) Monica
Quality Control Center for Lipid Standard-
ization in Prague for external quality control
testing.

The coefficients of variation for choles-
terol were 0.8% for intra-assay and 1.6% for
interassay. Overall coefficients of variation
were 1.7% for triglycerides and 1.8% for
HDL cholesterol. The average deviations in
comparison with the WHO test were +1.6%
for cholesterol, +1.2% for triglycerides, and
+1.9% for HDL cholesterol. LDL cholesterol
was estimated with the formula of Friedwald
et al.40 Blood lead levels were measured by
atomic absorption spectroscopy, by a modifi-
cation of the method described by Fernan-
dez.4' The coefficient of variation was 5%.
Assay quality control was ensured by partici-
pation in the UK National External Quality
Assessment Schemes for clinical chemistry,
with satisfactory results.

Statistical Analysis

Data analyses were carried out with
SAS software (version 6; SAS Institute Inc,
Cary, NC). All variables were checked for
normality with the Wilk-Shapiro test. For
normally distributed variables, differences
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TABLE 1-Characteristics of Subjects Occupationally Exposed to Lead and
Nonexposed Subjects: Central Israel, 1994-1995

Nonexposed Exposed
(n = 87) (n = 56) P

Age, mean (SD), y 43.2 (8.3) 43.1 (10.6) .933
BMI, mean (SD) 25.8 (3.9) 26.3 (3.8) .432
Energy consumption, mean (SD), kcaVd 2423 (959) 2544 (1250) .554
Dietary total fat intake, mean (SD), g/d 106.5 (52) 99.4 (92) .611
Dietary cholesterol intake, mean (SD), mg/d 513 (300) 483 (174) .448
Dietary calcium intake, mean (SD), mg/d 817.4 (365) 839.2 (414) .748
Any alcohol consumption, % 51 35 .081
Cigarette smokersa, % 38 51 .163
Cigarettes/d, mean (SD)b 21 (12) 22 (13) .746
Familial history of CVD, % 14 5 .050
Sports activities21 time/wk, % 37 33 .604
Education <12 y, % 44 55 .442
Seniority, y 6 (2) 4 (2) .341
Air lead, mean (SD), mg/m3 0.002 (0.009) 0.180 (0.320) .0010
Blood lead level, mean (SD), gg/dL 2.7 (3.6) 42.3 (14.9) .0001

Note. The subjects were men who worked in a battery factory or recycling factory (lead-
exposed group) and factory production workers who were not exposed to lead or any
other nephrotoxic chemicals (nonexposed group). The values shown are summer
measures; winter values of all relevant variables were not significantly different
(statistically or physiologically) from summer values. BMI = body mass index (weight in
kilograms divided by height in meters squared); CVD = cardiovascular disease.

"Smokers were defined as subjects who smoked more than 5 cigarettes per day.
bAmong smokers.
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between means were analyzed by t test; for
those not normally distributed, the Kruskal-
Wallis one-way analysis ofvariance (ANOVA)
was used. The magnitude of the correlation
between paired summer and winter values
was assessed by the Pearson coefficient of
correlation. Multiple linear regression analy-
sis, controlling for potential confounding
variables, was used to test the association
between occupational lead exposure or lead
level and serum lipids. All independent vari-
ables that were significant in a univariate
analysis (P < .10) were included. All summer
and winter values of each subject were aver-

aged before inclusion into the model. All
other variables were entered one at a time and
removed if they did not add significantly to

the model. Results were considered statisti-
cally significant at the 5% level.

Results

The characteristics of the study groups

are shown in Table 1. Age, body mass index,
diet, sports activity, education, and seniority
were similar in the 2 groups. Both groups had
a very rich (higher than recommended) cho-
lesterol and total fat dietary intake. However,
the control group contained significantly
more subjects with a family history ofcardio-
vascular disease and had a higher percentage
of subjects who consumed alcohol. The occu-

pationally exposed subjects had higher blood
lead levels than did the nonexposed subjects.

Mean cholesterol and lipoprotein values
for both groups, after adjustment for possible
confounders, are given in Table 2. Total cho-
lesterol and HDL cholesterol values were sig-
nificantly higher in the lead-exposed subjects;
a similar trend, which did not reach statistical
significance, was found for LDL cholesterol
and triglycerides. There were no significant
differences between groups in the ratio of
HDL cholesterol to total cholesterol. The cor-

relation coefficient between summer and win-
ter values was 0.68 (P<.0001) for blood lead
level and 0.57 (P<.0001) for total cholesterol.

Blood lead level was independently
associated with both total cholesterol level
( = 0. 130, SE = 0.054; P =.017) and HDL
cholesterol level (, = 0.543, SE = 0.173;
P = .002). (The 2 dependent variables were

analyzed in different statistical models. Con-
founders were age and body mass index
[P < .03 in both models]. The values used for
each subject were the average of summer and
winter values.) Adding the nonsignificant vari-
ables (including the various subgroups of
dietary fats [data not shown]) one at a time did
not change the results. In additional statistical
models including the same confounders (not
shown), we studied the association of blood

lead level with LDL cholesterol and with
triglycerides (P=.557 and .868, respectively).

More subjects in the exposed group than
in the nonexposed group had total choles-
terol levels higher than 220 mg/dL (44%
vs 29%; P= .014). In exposed workers,
blood lead level was found to be positively
associated with serum cholesterol (P= .028),
demonstrating a dose-response relationship
between blood lead level and serum choles-
terol (Figure 1). A similar trend (not shown)
was found for HDL cholesterol (P<.0001),
for LDL cholesterol (P = .55 8), and for
triglycerides (P = .729).

Discussion

The main finding of this study is that
serum cholesterol and lipoprotein levels were
higher in subjects who were occupationally
exposed to lead than in those who were not
exposed. There was a dose-response relation-
ship between blood lead and serum choles-
terol levels in the exposed subjects, suggest-
ing an altered lipid metabolism related to lead
exposure. The assessment of a possible rela-
tionship between blood lead levels and lipids
is an important step in elucidating the mecha-
nisms underlying the excess cardiovascular
morbidity among lead-exposed subjects.5 The
associations between blood lead level and
serum cholesterol and HDL cholesterol
reached statistical significance, but there
were only trends for the associations between
blood lead level and LDL cholesterol and
triglycerides, possibly owing to larger vari-
ances and less statistical power.

Our finding of elevated total cholesterol
levels supports 3 previous reports31'32,35 and
disagrees with 2 others.30'33 In the study by El

Gazzar et al.,32 lipoproteins were not exam-

ined, and in the others the results were incon-

sistent. An increase in HDL cholesterol was

reported by Cocco et al.,33 but this increase
was accompanied by reduced total choles-
terol levels. Differences between our results
and those of the studies cited may be due to
differences in sample sizes or to subjects'
exposure to other chemicals and an absence
of control for confounding variables in the
other studies. In our study most possible con-

founders were taken into consideration, and
data were collected twice, in summer and in
winter, with similar results. In the study by El
Gazzar et al.,32 high cholesterol levels were

seen only in subjects with more than 10
years' seniority. We did not find an effect of
seniority on serum cholesterol. However, we
cannot reach conclusions about the exposure

time needed to effect an increase in lipid lev-
els because subjects with less than 1 year's
seniority were not included in our study.

Our results are consistent with the
hypothesis that a lead-induced accumulation
of serum lipids is one of the underlying
mechanisms in the association between lead
exposure and cardiovascular damage. Because
of the positive and continuous association
between serum cholesterol and coronary

artery disease,4 it seems that subjects who are

occupationally exposed to lead are at higher
risk of coronary artery disease than those
who are not exposed. Since we found increased
HDL cholesterol levels among lead-exposed
subjects, it could be argued that there is a

"protective" effect of lead exposure. How-
ever, the ratio of HDL cholesterol to total
cholesterol did not differ between the groups,
and HDL cholesterol levels did not reach the
protective value of 60 mg/dL even in subjects
with high serum lead levels.

The association between lead exposure
and high serum lipid levels is biologically
plausible and could be due to either increased
synthesis or decreased removal oflipoproteins.
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TABLE 2-Mean Cholesterol and Lipoprotein Valuesa Among Subjects
Occupationally Exposed to Lead and Nonexposed Subjects: Central
Israel, 1994-1995

Nonexposed Exposed
(n = 87) (n = 56) P

Total cholesterol, mean (SE), mg/dL 200.2 (3.01) 212.7 (3.2) .016
HDL cholesterol, mean (SE), mg/dL 42.5 (0.9) 47.6 (1.2) .001
LDL cholesterol, mean (SE), mg/dL 127.7 (2.8) 132.3 (3.6) .345
Triglycerides, mean (SE), mg/dL 162.2 (9.2) 167.3 (12.1) .74ob
Ratio of HDL to total cholesterol 0.21 0.22 .156

Note. The subjects were men who worked in a battery factory or recycling factory (lead-
exposed group) and factory production workers who were not exposed to lead or any
other nephrotoxic chemicals (nonexposed group). HDL = high-density lipoprotein; LDL =
low-density lipoprotein.

aAdjusted for age, body mass index, season, nutritional variables, sport activities, alcohol
intake, cigarette smoking, education, and seniority.

bKruskal-Wallis one-way analysis of variance (also adjusted).
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FIGURE 1-Linear regression trend between blood lead level and serum total
cholesterol level among industrial workers exposed to lead in the
workplace: Central Israel, 1994-1995.

Decreased removal may occur as a result of
the alteration of cell-surface receptors for
lipoproteins'9 or as a result ofthe inhibition of
hepatic lipoprotein lipase activity.42 Further-
more, lead has been shown to depress the
activity of cytochrome P-450 in man'8 43'44;
this can limit the biosynthesis of bile acids,
which is the only significant route for elimi-
nation of cholesterol from the body. Increased
synthesis may be due to a lead-induced increase
in hepatic enzymes at important control points
for de novo cholesterol synthesis, as has been
found in Wister rats,45 or it may be due to
impaired feedback inhibition.

We conclude that blood lead levels are
positively associated with levels of serum
cholesterol, HDL cholesterol, and possibly
other lipoproteins. The positive association
between blood lead level and serum choles-
terol among exposed subjects may have
important clinical implications. However,
caution should be used in extrapolating these
results to persons whose blood lead levels are
in the lower range, since the cholesterol levels
of members of the exposed group with lead
levels lower than 25 1tg/dL were not higher
than those of the unexposed controls. Further
carefully controlled cross-sectional studies
and longitudinal studies are needed to con-
firm our results and to establish the causal
relationship between lead exposure and ele-
vated cholesterol levels. EZ
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