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Zusammenfassung 
Im Rahmen unserer Studien i.iber Bezie
hungen zwischen Risikofaktoren, deren 
Einflu.G auf den Magnesium-Stoffwech
sel und dem Auftreten von Herzkreislauf
erkrankungen wurden bei 59 miinnlichen 
Arbeitern mit berufsbedingter Bleiexposi
tion die folgenden Parameter gemessen: 
Blut-Blei-Gehalt (B-Pb), Protoporphyrin, 
HDL- und Gesamtcholesterin, Triglyceri
de, die Apolipoproteine B und A1 (Apo 
B; Apo A1), Magnesiumkonzentrationen 
in Plasma und Erythrozyten (PI-Mg; 
Erc-Mg) sowie das Plasma-Calcium (PI
Ca). Aufgrund vermuteter Interaktionen 
zwischen diesen Variablen wurden einfa
che und multiple Korrelationen als auch 
schrittweise Regressionen untersucht; Es 
fand sich eine positive Korrelation zwi
schen PI-Mg und Apo-B (p<O,OI). 
Bleiexposition auch in niedriger Kon
zentration - war im untersuchten Kol
lektiv mit erhohtem Gesamtcholesterin, 
speziell mit Apo B, vergesellschaftet, wo
durch sich fi.ir diese Arbeiter eine mittel
hohe Risikowahrscheinlichkeit fi.ir Herz
kreislauferkrankungen ergibt; PI-Mg und 
Erc-Mg blieben jedoch unbeeinflu.Gt. 

Summary 
Within the scope of our studies of rela
tionships between risk factors and their 
implications for magnesium metabolism 
in cardiovascular diseases, blood lead 
(B-Pb), protoporphyrin, HDL- and total
cholesterols, triglycerides, apolipopro
teins B and A1 (Apo B, Apo A1), plasma 
and erythrocyte magnesium (PI-Mg, Erc
Mg) and plasma calcium (PI-Ca) were 

1) Laboratoire de Biochimie Pharma
ceutique, ·Faculte de Pharmacie, B.P. 
1024, F-44035 Nantes Cedex 01/ 
France 

2) Laboratoire de Biophysique et Ma
thematiques, Faculte de Pharmacie, 
B.P. I 024, F-44035 Nantes Cedex 
01/France 

Mag.-Bull. 9 (1987) 

determined in 59 male workers with occu
pational exposure to lead. In view of sup
posed interactions between these varia
bles, simple and multiple correlations as 
well as stepwise regression equations 
were searched for: a single positive corre
lation between PI-Mg and Apo B (p < 
0.01) was found; the most representative 
variables of Pl-Mg level were total-cho
lesterol and Apo B (p < 0.01). 
Low-level lead exposure was sufficient to 
raise total-cholesterol and, especially, 
Apo B concentrations in these workers, 
situating them in a median zone of prob
ability of cardiovascular risk but having 
no effect on Pl-Mg and Erc-Mg concen
trations. 

Resume 
L' etude des relations entre les facteurs de 
risque des maladies cardiovasculaires et 
le metabolisme du magnesium a ete pour
sui vie par !'analyse du plomb sanguin 
(Sg-Pb), de la protoporphyrine, des cho
lesterols total et HDL, des triglycerides, 
des apolipoproteines B et A1 (Apo B, 
Apo A1), des magnesiums plasmatique et 
erythrocytaire (Pl-Mg; Erc-Mg) et du cal
cium plamatique (PI-Ca) chez 59 travail
leurs masculins, professionnellement ex
poses au plomb. Les correlations simples 
et multiples ainsi que les equations de re
gression pas a pas ont ete calculees: le 
Pl-Mg etait positivement correle a 
l'Apo B (p < 0,01); le Pl-Mg a ete expli
que par le cholesterol total et l'Apo B (p 
< 0,01). 
L'impregnation saturnine legere a et€~ suf
fisante pour clever les concentrations de 
cholesterol total et surtout d' Apo B chez 
ces travailleurs, les situant dans une zone 
de probabilite moyenne de risque cardio
vasculaire, restant toutefois sans effet sur 
les concentrations de Pl-Mg et Erc-Mg. 

Introduction 

Cardiovascular disease (CVD) is 
the leading cause of death 

among men in most industrial
ized countries [12]. However, 
only a few reviews on chemical 
exposures in relation to CVD 
morbidity have been published 
[10, 11, 14]. Although some evi
dence indicates that exposure to 
certain pesticides might affect li
poprotein metabolism, there are 
no consistent data to support the 
view that atherosclerosis is re
lated to metal exposure in man 
[11, 12]. Our previous work in 
rabbits showed that very low
lead doses raised plasma choles
terol and triglyceride concentra
tions and modified concentra
tions of circulating magnesium 
[20]. Moreover, by comparison 
with control groups (men or 
women), it was found that lead 
concentrations were increased in 
three heart samples (right, left 
and infarcted left ventricle) and 
in the aorta after acute myocar
dial infarction [16]. Therefore, in 
continuing our studies of the re
lations between CVD risk factors 
and magnesium metabolism 
[18, 22], we have determined 
blood lead (B-Pb), protopor
phyrin, HDL- and total-choles
terols, triglycerides, apolipopro
teins Band A1 (Apo B; Apo AJ), 
plasma and erythrocyte magne
sium (Pl-Mg; Erc-Mg) and 
plasma calcium (PI-Ca) in work
ers with occupational exposure 
to lead. Various correlations were 
searched for between these varia
bles as well as stepwise regres
sion equations. 
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Patients and methods 

I. Populations 

The study, carried for one year, 
concerned 59 white-coloured 
male workers 25 to 40 years of 
age with prolonged occupational 
exposure to lead. All were resi
dents of the Loire-Atlantique Re
gion in the western part of 
France, an area supplied with 
soft tap water. These subjects 
were neither obese nor suffering 
from known metabolic diseases 
and made moderate use of alcoh
ol (not more than half a liter of 
wine per day) and tobacco (not 
more than 10 cigarettes per day). 

II. Assay techniques 

Plastic ware was cleaned by 
soaking for 24 h in 25 % (V /V) 
nitric acid, rinsed with deminer
alized water and dried in a dust
free environment. About 5 ml of 
blood were collected from each 
fasting subject between 0800 and 
0900 h by venipuncture in lead
free polystyrene tubes containing 

lithium heparin. These tubes 
were sealed immediately and 
then transported to the laborato
ry. Precautions were taken during 
sample collection and analysis to 
prevent any form of contamina
tion. One ml of this blood was 
used for lead and protoporphyrin 
analysis (by fluorescence) [8]. 
The remaining 4 ml were centri
fuged at 3 500 x g for 8 min at 
10 oc. 
Determination of lead was per
formed by nameless atomic ab
sorption spectrometry according 
to a method already described 
[2). Magnesium and Ca were an
alyzed by flame atomic absorp
tion spectrometry using a Hitachi 
180-80 model with Zeeman effect 
according to operating proce
dures described elsewhere [ 19]. 
HDL- and total-cholesterols and 
triglycerides were determined by 
previously reported Boehringer 
enzymatic methods [!8, 19]. Apo 
A1 and Apo B were assayed by 
an immunonephelemetric meth
od [21 ). 

Ill. Statistical analysis 
The normality of the distribution 
of results was checked by the 
chi-square test. Simple (r) and 
multiple (R) correlation coeffi
cients were estimated between 
series of normal distributions; 
tests of the significance of corre
lation coefficients were perfor
med respectively by the t-test and 
the F-test. The Spearman correla
tion coefficient (r5) was used in 
case of non-normality of distri
butions [19]. Stepwise regression 
equations were also calculated 
[5] with B-Pb, Pl-Mg and Erc-Mg 
chosen as dependent variables. 
Calculations were performed 
using Systat (Evanston, 11, USA) 
software. 

Results 

Our results are given in Table 1 
(mean and one standard devia
tion of the population). Proto
porphyrin was not found to be 
normally distributed. Only signi
ficant (p < 0.05) correlation coef
ficients are indicated. There was 
only one positive correlation re-

Tab. I: Means (I SD) of results obtained in 59 male workers with occupational exposure to lead 

Blood Proto- HDL- Total-
Ph -r---r-porphyrin cholesterol cholesterol 

IJ.mol/1 
(I) 

1.83 
0.86 

Spearman corre- ~,=0.70** 
lation 1.2 
Simple correla-
tions 

~1ultiple correla- i 
t1ons 

~Non-normal distribution 
* p < 0.05 

** p < 0.01 
*** p < 0.005 

**** p < 0.001 

I 

Stepwise regression equations 

IJ.mol/1 mmol/1 . mmol/1 
(2) I (3) (4) 

0.87" 1.47 5.92 
1.22 0.42 1.09 

r= ~ 0.42**** r=0.54**** 
3,6 4,5 

r=0.57**** r=0.65**** 
3,7 I 4,6 R=0.80**** 

4(1,3 ... 10) 

:iz~-~. ~~;-; l~~~~~t;~~~~~r~~~~-;;-ca 
moll! , g/1 I g/1 mmol/1\mmol/1 mmol/1 
(5) . (6) ! (7) (8) (9) (10) 

Tr' 
ce 
m 

:t~ ~- -r b:~j ~ b:~gl··· g:~~ . ~:n ~:?~ 

.37*** r=0.33** 
5,6 6,8 

r= -0.26* 
- 6,JO . I 

0.55* R=0.78**** I _j : l' 
~~·~~~1,3,,.,:.-_~lj_- -~_i__ ~~ 

-~ 

I 
0 

r=O 

R= 
5(1,3, 

~·~-~~~ 

y(B-Pb) 3.113-0.216 total-chol. (R=0.273; p < 0.05) (protoporphyrin being excluded) 
y(Pl-Mg) 0.748-0.020 total-chol. + 0.120 Apo B (R =0.394; p <0.01) (protoporphyrin and Erc-Mg being excluded) 

= constant (protoporphyrin and PI-Mg being excluded) 
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lative to Mg: between Pl-Mg and 
Apo B (p < 0.01). 
The stepwise regression equation 
showed that the B-Pb concentra
tion could only correspond to 
that of total-cholesterol, both 
variables being negatively corre
lated (p < 0.05). These results 
were confirmed by nonhierarchi
cal cluster analysis. In fact, the 
subgroup of men (n 11) pre
senting the most elevated B-Pb 
concentration (3.1 0 ± 0.72 
j.lmol/1) had the lowest total-cho
lesterol level (4.92 ± 0.74 
mmol/1) as well as the lowest 
triglycerides (0.99 ± 0.42 
mmol/1) and Apo B ( 1.09 ± 0.42 
g/1). The most representative var
iables of Pl-Mg level were total
cholesterol and Apo B (p < 0.01 ), 
whereas Erc-Mg concentration 
had a completely atypical behav
ior which did not correspond to 
that of any of the other variables. 

Discussion 

On the basis of a previous report 
[8], the B-Pb concentration 
found in our study (1.83 ± 0.86 
1-1mol/l or 379 ± 178 j.lg/1) was 
sufficiently elevated to be con
sidered as a cause of negative 
biological effects. In fact, lead is 
a toxic substance with no known 
physiologic function. Isotopic 
studies have shown that the body 
lead burden is 500 times as high 
as that of preindustrial humans 
[10, 13, 14]. Since Pb is poorly 
excreted, continued exposure 
causes accumulation [8, 12], with 
most Pb leaving the blood pool 
by tissue deposition. 
In our study, as in that of Krom
hout et al., no significant correla
tion was found between B-Pb 
and total- or HDL-cholesterol 
[10]. However, the stepwise re
gression equation indicated that 
B-Pb could only be significantly 
accounted for by the total-cho
lesterol concentration [marked 
by a sign ( )]. Moreover, B-Pb 
was the most discriminating vari-

Mag.-Bull. 9 (1987) 

able for separating the popula
tion into 3 subgroups. It is of im
portance to note that for the in
termediate subgroup (n 27), in 
which B-Pb concentration (1.73 
± 0.40 !lmol/1) was close to that 
of the mean of the total popula
tion, the concentrations of total
cholesterol (7.47 ± 0.43 mmol/ 
I), triglycerides (2.37 ± 0.72 
mmol/1) and Apo B (1.49 ± 
0.21 g/1) were the most elevated. 
It may thus be hypothesized that 
increase in B-Pb above a lead-ex
posure threshold induces a de
crease in the concentration of to
tal-cholesterol and triglycerides 
because of their internalization 
in the artery [ 17, 20]. 
In terms of total-cholesterol con
centration, this population was 
situated in a median risk zone (> 
5.70 mmol/1). Triglycerides were 
at the upper limit of normal and 
closely correlated with total-cho
lesterol and Apo B, which would 
account in part for the significant 
multiple (R) correlations found 
for these 3 variables. 
HDL-cholestero1 and Apo A1 
concentrations were elevated and 
closely correlated with each other 
(p < 0.001) [3, 4, 6]. In a previous 
study [9], it was also found that 
HDL-cho1esterol concentration 
in male manual workers with oc
cupational exposure to Pb was 
higher than that of male office 
workers without exposure. How
ever, the predictive value of 
HDL-cholesterol and Apo A1 
concentrations is considered to 
be uncertain, and markedly infer
ior to that of Apo B, the major 
protein constituent of atherogen
ic lipoproteins [1, 3, 6]. Apo B 
binds to cells by means of specif
ic receptors and is favorable to 
cholesterol deposition on artery 
walls. An increase in Apo B con
stitutes a factor predictive of car
diovascular risk even when cho
lesterol level is normal [I]. in our 
study, the mean Apo B concen
tration in the 59 male workers 
was too elevated, situating them 

in a median zone of probability 
of cardiovascular risk, as con
firmed by calculation of the Apo 
B/ Apo A1 ratio = 0.81 (normal 
= < 0.68). 
Despite the elevation in B-Pb 
concentration and its incidence 
on increased cardiovascular risk, 
the Pl-Mg and Erc-Mg levels of 
the 59 male workers remained 
close to our reference values [19]. 
The same was true for the 3 
subgroups (n 11, 27 and 21) 
after nonhierarchical cluster ana
lysis, which made it possible to 
separate them according to the 
discriminating B-Pb values. The 
nature of relationships between 
circulating Mg and plasma lipids 
is quite controversial [15]. Ap
parently, a positive correlation 
between PI-Mg and Apo B (p < 
0.01) has not been previously re
ported. Moreover, total-choles
terol and Apo B were the most 
representative variables of Pl
Mg. Blood lead or P1-Ca showed 
no significant interaction on P1-
Mg or Erc-Mg, which is contrary 
to previously reported results 
[7, 12]. 
Considering that maximum pre
cautionary measures were taken 
during analysis to avoid contam
ination of samples with environ
mental Pb, it may be concluded 
that low-level Pb impregnation 
in our male workers led to lipid 
disturbances sufficient to define 
a probability of median cardiov
ascular risk; however, this im
pregnation had no effect on Pl
Mg and Erc-Mg concentrations. 
These findings both confirm and 
call in question our previous ex
perimental results [20]. 
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