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ABSTRACT
Aim: This study investigated the effects of e-waste occupational exposure on lipid profile and atherogenic 

indices in Waste Electrical and Electronic Workers in South-South Nigeria. 
Matrials and methods: Whole blood levels of lead and cadmium were analyzed using ICPMS 

(Inductively Coupled Plasma Mass Spectrometry). Total serum cholesterol (TC), high density lipoprotein 
(HDL) cholesterol and triglycerides (TG) were determined using spectrophotometric method. Low density 
lipoprotein (LDL) cholesterol value was calculated by the Friedewald equation using analyzed values 
of TC, HDL cholesterol and TG. Atherogenic index of plasma (AIP) was calculated as log TG/HDLc, 
atherogenic coefficient (AC) as [(TC-HDLc)/HDLc], Castelli risk index (CRI-1) as (TC/HDLc) and CRI-II 
as (LDLc/HDLc). 

Results: Total cholesterol, LDL cholesterol, AC, CRI-1 and CRI-11 significantly increased in the e-waste 
exposed participants compared to the unexposed group. Significant positive correlations between lead and 
cadmium, cadmium and total cholesterol as well as between cadmium and LDL-cholesterol were observed. 
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INTRODUCTION

Electronic waste (e-waste) has emerged 
as a critical global environmental health 
issue because of its massive production 
volume and insufficient management 
policy in many countries (1). Africa is 

reportedly a destination for several tonnes of un-
controlled e-waste (1, 24). E-waste products 
contain intricate blends of plastics and chemi-
cals, which when not properly handled can be 
harmful to humans and pose environmental ha-
zard (2). E-waste contains more than 1 000 dif-
ferent chemical substances, including toxic ele-
ments like lead, arsenic, cadmium, mercury, 
selenium and hexavalent chromium and flame 
retardants. The presence of toxic substances in 
e-waste classifies them as hazardous waste (3). 
Occupational exposure to heavy metals predis-
poses workers to metal toxicity. Human expo-
sure to heavy metals has risen dramatically in the 
past 50 years as a result of an exponential in-
crease in the use of heavy metals in industrial 
processes and products. The level of metals in 
blood depends on the bioaccessiblity rate (4) 
and is considered as an index of biologically ac-
tive metals in the body reflecting the environ-
mental exposure of a population. 

Because of the long-term and widespread use 
of lead, it is one of the most ubiquitous of the 
toxic metals. The main targets of lead toxicity are 
the hematopoietic system and the nervous sys-
tem. Several of the enzymes involved in the syn-
thesis of haem are sensitive to inhibition by lead, 
the two most susceptible enzymes being ALA 
(5-aminolaevulinic acid) synthase and haem syn-
thetase (HS). Lead also causes damage to the ar-
terioles and capillaries, resulting in cerebral ede-
ma and neuronal degeneration. Another system 
affected by lead is the reproductive system. Lead 
exposure can cause male and female reproduc-
tive toxicity, miscarriages, and degenerate off-

spring (5). Another heavy metal that is of serious 
concern is cadmium. Cadmium is an extremely 
toxic substance and the major hazard is from in-
halation of cadmium metal or cadmium oxide. 
Although it is present in food, significant oral in-
gestion is rare and absorption from the gut is 
poor (5–8%). However, various dietary and other 
factors may enhance absorption from the gastro-
intestinal tract (6). Cadmium toxicity can occur 
in industrial workers exposed to cadmium fumes 
(7). Cadmium may act on blood pressure (BP) 
through mechanisms related to oxidative stress 
(8), endothelial dysfunction, and partial agonism 
of calcium channels, increased vasoconstriction, 
and activation of the sympathetic nervous sys-
tem (9). 

Lipids are a group of fats and fat-like sub-
stances that are important constituents of cells 
and sources of energy when metabolized. Diffe-
rent plasma lipids vary greatly in various popu-
lations due to differences in geographical, cul-
tural, dietary habits and genetic make-up (10, 11). 
Both experimental and epidemiological studies 
indicate that exposure to cadmium (Cd) may al-
ter lipid metabolism and contribute to the deve-
lopment of cardiovascular diseases (CVD), in-
cluding atherosclerosis, hypertension, stroke and 
cardiac arrest (12-14). Prabu et al (15) found out 
that the levels of total cholesterol (TC), triglyce-
rides (TG), phospholipidis (PL), free fatty acids 
(FFA), low density lipoprotein (LDL) cholesterol 
and very low density lipoprotein (VLDL) choleste-
rol were significantly increased, while the level 
of HDL cholesterol was significantly decreased in 
the serum of Cd-treated rats. Studies have also 
shown that lead mediates the elevation of serum 
lipids and lipid peroxide through the mechanism 
of enzyme inhibition resulting in their accumula-
tion in blood vessel walls (16-18). Heavy metal 
induced hyperlipidemia is a risk factor for the 
development of various cardiovascular related 
diseases and the impairment of liver function. 
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Conclusion: Occupational exposure to e-waste borne chemicals may cause changes in lipid levels and 
increase risk of cardiovascular disease in the Nigerian e-waste workers included in the present study. The 
level of artisanal involvement in crude e-waste reprocessing should be considered critical in cardiovascular 
health risk assessment.
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Ubani et al (19) observed that serum levels of 
LDL-cholesterol was elevated in individuals ex-
posed to gas flaring containing heavy metals, and 
was suggested to be due to heavy metal media-
ted impairment of receptor-mediated endocyto-
sis in the liver which prevents the binding of LDL 
to specific receptors that could lead to its degra-
dation and release of cholesterol. LDL chole-
sterol transports cholesterol and phospholipids 
from the liver to the peripheral tissues and or-
gans like the heart. It is responsible for the depo-
sition of cholesterol on the walls of arteries cau-
sing atherosclerosis (18).

Furthermore, in the absence of an abnormal 
lipid profile the possibility of coronary artery 
di sease (CAD) cannot be ruled out. It has been 
suggested that the different combinations of 
these lipid profile parameters can be used to 
identify such high risk individuals. Atherogenic 
index of plasma (AIP), atherogenic coefficient 
(AC) and Castelli risk index (CRI) are atherogenic 
indices which have been used in predicting the 
risk of CAD. These are the calculated fractions 
which can be used in the clinical setting for as-
sessing the risk of cardiovascular disease beyond 
the routinely done lipid profile. AIP is based on 
two important parameters, TG and HDL chole-
sterol, both of which are independent risk factors 
for CAD (20), and it can be calculated as log 
TG/HDLc. Atherogenic coefficient is yet another 
ratio relying on the significance of HDL chole-
sterol in predicting the risk of CAD and it can be 
calculated as [(TC- HDLc)/HDLc]. Castelli risk 
index, calculated as (TC/HDLc) and (CRI-II) as 
(LDLc/HDLc), is another fraction which involves 
independent risk factors for CAD (21-23). 

Thus, the present study aimed to investigate 
the effects of e-waste occupational exposure on 
lipid profiles and atherogenic indices in Nigerian 
workers in Benin City. q

MATERIAL AND METHODS

Study population

The population of this study was centred on 
occupationally exposed e-waste workers in 

Benin City with at least five years duration of ex-
posure and control subjects were recruited from 
apparently healthy non-exposed subjects resi-
ding in Ugbowo community, Benin City, Nigeria. 
Subjects’ mean age was 31 in the exposed group 

(n=63) and 49 in the unexposed group (n=41). 
All study participants were males, based on the 
fact that the e-waste reprocessing vocation is 
male dominated. The unequal number of par-
ticipants in the two study groups was as a result 
of the number of participants who gave consent 
and satisfied the inclusion and exclusion criteria 
within the time frame of the study.

Selection criteria

Inclusion criteria: The exposed subjects com-
prised of electronic technicians carrying out in-
formal (primitive) e-waste recycling, processing 
and dismantling/repair of electronic and electri-
cal equipment. Subjects who were occupatio-
nally exposed to e-waste for a period of five years 
and above at the time of sample collection were 
selected for the study. The five years duration of 
exposure used in this study was based on the 
E-waste Risk Assessment Report (24). Control 
subjects were healthy male individuals with mi-
nimal or no occupational exposure to e-waste 
toxic metals and  no hobby involving e-waste ex-
posure or other toxic substances. The non-ex-
posed participants had no previous demographic 
and medical history of hypertension (24).

Exclusion criteria: e-waste workers with less 
than five years exposure to e-waste toxic metals 
at the time of sample collection were excluded 
from the study. Subjects with history of hyperten-
sion, tobacco smoking and alcohol ingestion 
have been also excluded. A history of previous 
cardiovascular disease (myocardial in-
farction/ angina/ cerebrovascular accident) was 
an exclusion criterion. Tobacco smoking and al-
cohol consumption have also served as a basis of 
exclusion for recruiting the apparently healthy 
control subjects (24).

Data and sample collection

A pretested structured questionnaire containing 
both open and closed ended questions was ad-
ministered to all subjects to obtain socio-demo-
graphic information and information about ex-
posure burden. Blood pressure measurement 
was taken manually with a sphygmomanometer 
and then documented. Approximately 10 millili-
tres of venous blood was collected from test sub-
jects (e-waste workers and control subjects) u sing 
standard phlebotomy technique. Blood samples 
obtained were dispensed into EDTA anticoagu-
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lant specimen bottles (5 millilitres). Another 
five millilitres was dispensed into anticoagulant 
free specimen bottles to obtain serum. All sam-
ples were appropriately preserved till time of 
analysis (25). Height and weight were measured 
using a measuring tape and spring balance re-
spectively and the body mass index (BMI) was 
calculated from both using the formula (26): 
BMI = mass (kg)/[(height(m)]2.

Reagent and sample preparation for 
cadmium analysis

Whole blood dilution was made (1 in 7 dilutions) 
with 0.2% HNO3 and 0.1% Triton X-100. Cad-
mium standard working solution (1 µg/L) was 
made by dilution with distilled water. Matrix 
modifier solution was prepared by mixing 50 µL 
of 0.3 g/L of Mg(NO3)2 and 1 mL of 0.33 g/L of 
Pd(NO3)2 and 2 mL of 0.2% v/v nitric acid  50 µL 
of 0.1% Triton X-100.

Procedure for cadmium analysis

Cadmium was analyzed using electrothermal 
atomic absorption spectrometer, ETAAS (Perkin 
Elmer analyst 800, Norwalk, U.S.A) method (27). 
The light source (hollow cathode lamp) specific 
for cadmium was inserted into the ETAAS. The 
wavelength was adjusted to 228.8 nm. The in-
strument was standardized with the standard 
blank (1% HNO3) and cadmium standard. Ali-
quot of 20 µL of whole blood was injected di-
rectly into the graphite furnace. Equal volume of 
matrix modifier was injected into the graphite 
furnace. The concentration of cadmium was dis-
played (in µg/L) on the screen after the run time 
(four minutes).

Reagent and sample preparations for lead 
analysis

Lead standard working solution was diluted with 
distilled water and 1 in 13 dilution of whole 
blood was made with 0.2% HNO3 and 0.1% Tri-
ton X-100. Matrix modifier solution 50 µL of 
10 g/L of NH4H2PO4, was mixed with 2 mL of 
0.2% v/v Nitric acid and 0.1% Triton X-100.

Procedure for lead analysis 

Lead was analyzed using electrothermal atomic 
absorption spectrometer (Perkin Elmer analyst 
800, Norwalk, U.S.A) method (27). The hollow 

cathode lamp specific for lead was inserted and 
the wavelength was adjusted to 283.3 nm. The 
instrument was standardized and calibrated with 
standard blank and lead standard. An aliquot of 
20 µL of whole blood was injected directly into 
the graphite furnace. Equal volume of matrix 
modifier solution was also injected into the 
graphite furnace. The concentration lead in the 
sample was displayed on the screen after the run 
time (three minutes).

Estimation of total cholesterol

Total serum cholesterol was measured enzymati-
cally (28) in the serum sample. The principle is 
based on series of coupled reactions that hydro-
lyse cholesteryl esters and oxidize 3-OH group 
of cholesterol. One of the reaction by-products, 
hydrogen peroxide (H2O2), is measured quanti-
tatively in a peroxidase catalyzed reaction that 
produces a colour (pink). Absorbance is read at 
500 nm. Colour intensity is proportional to cho-
lesterol concentration. The cholesterol reagent 
(Agappe Diagnostic, Switzerland) comprised of 
pipes buffer (50 mmol/L, pH 6.9), phenol 
(24 mmol/L), sodium cholate (0.5 mmol/L), cho-
lesterol esterase (≥200 U/L), cholesterol oxidase 
(≥250 U/L), peroxidase (≥1 000U/L) and 4-ami-
noantipyrine (0.5 mmol/L). Concentration of 
standard solution was 5.13 mmol/L.

Procedure for total cholesterol

One thousand µL of cholesterol reagent was dis-
pensed into two clean test tubes respectively. 
Ten µL of serum sample and 10 µL of cholesterol 
standard were then added into the tests respec-
tively. The set up was mixed gently and incuba-
ted at room temperature for 10 minutes. Absor-
bance was read at 500 nm against reagent blank 
using a spectrophotometer. The concentration of 
cholesterol (mmol/L) in the sample was calcula-
ted using this formula: 

Absorbance of test 
Absorbance of standard

Estimation of HDL cholesterol

HDL cholesterol was estimated by direct method 
(29). The principle is based on the fact that lipo-
proteins present in the specimen (LDL, VLDL 
and chylomicrons) are precipitated quantitative-
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ly by the addition of phoshotungstic acid in the 
presence of magnesium ions.  This renders them 
non-reactive and effectively excluded from the 
assay. Thus, after centrifugation, only HDL cho-
lesterol was detected. HDL cholesterol reagent 
(Agappe Diagnostic, Switzerland) comprised of 
phosphotungstate (14 mmol/L) and magnesium 
chloride (1 mmol/L). HDL cholesterol standard 
concentration is 0.28 mmol/L.

Procedure for HDL cholesterol

Equal volumes of serum sample and HDL cho-
lesterol reagent (300 µL each) were mixed in a 
test tube and allowed to for 10 minutes at room 
temperature. The tube content was mixed again 
and centrifuged for 10 minutes at 4 000 revolu-
tion per minute. After centrifugation, the clear 
supernatant was separated from the precipitate 
and the HDL cholesterol concentration was de-
termined using the above described cholesterol 
reagent (29).

The concentration of HDL (mmol/L) in the 
sample is calculated using this formula:

Absorbance of test 
Absorbance of standard  

Triglyceride (TG) estimation

TG concentration was estimated by Gpo-pap 
method (30). The principle is based on enzyma-
tic technique of measuring TG in serum using a 
series of coupled reactions in which TG are hy-
drolysed to produce glycerol. Glycerol is then 
oxidized using glycerol oxidase and hydrogen 
peroxide (H2O2), one of the reaction products, is 
measured as described for cholesterol. Absor-
bance is measured at 500 nm. TG reagent (Ran-
dox, UK) is comprised of reagent A and reagent B. 
Reagent A is made up of pipes buffer (40 mmol/L, 
pH 7.60), 4-chloro-phenol (5.5 mmol/L) and 
magnesium ions (17.5 mmol/L), while reagent B 
is comprised of 4-aminophenazone (0.5 mmol/L), 
adenosine triphosphate (1.0 mmol/L), lipases 
with activity of ≥1.5 U/mL glycerol-kinase 
(≥0.4 U/mL), glycerol-3-phosphate oxidase 
(≥1.5 U/mL) and peroxidase ( ≥0.5 U/mL).

Procedure for TG

Equal volumes of reagent A and B (1 000 µL) was 
mixed and dispensed into two clean pre-labelled 
test tubes. 10µl of serum sample and 10µl of TG 

standard was added respectively. The set up was 
mixed gently and incubated at room tempera-
ture for 10 minutes. Absorbance was read at 
500 nm against reagent blank using a spectro-
photometer.

Low density lipoprotein 

Low density lipoprotein (LDL) cholesterol value 
was calculated using the Friedewald equation 
(31). This was calculated based on the measured 
values of total cholesterol, triglycerides and 
HDL-cholesterol according to the following rela-
tionship: LDL-cholesterol = TC – HDL – [TG]/ 5

Atherogenic (lipid) indices

Atherogenic ratios were calculated from the lipid 
profile parameters.

Atherogenic index of plasma (AIP) = 
log TG/HDLc (20)
Atherogenic coefficient (AC) = 
(TC– HDLc)/HDLc (23)
Castelli’s risk index (CRI-I) = TC/HDLc (21)
Castelli’s risk index (CRI-II) = 

LDLc/HDLc (21)

Statistical analysis 

Results were analyzed using Student’s t-test and 
Pearson’s correlation coefficient with SPSS soft-
ware, Version 16. A p value < 0.05 was consi-
dered as significant. q

RESULTS

Basic health indices of participants

Basic health indices were compiled for both 
workers exposed to e-waste and non-ex-

posed participants (Table 1). The mean blood 
pressure and mean pulse rate were higher in ex-
posed subjects compared to the non-exposed. A 
higher level of BMI of exposed group was also 
observed compared to the non-exposed group.

Participants’ blood lead and cadmium  
levels 

Blood lead and cadmium levels of e-waste ex-
posed workers and non-exposed participants are 
shown in Table 2. Blood lead and cadmium le-
vels were significantly higher in subjects who 
were occupationally exposed to e-waste com-
pared to non-exposed ones.

Lipid profiLe and atherogenic indices in nigerians occupationaLLy exposed to e-waste: a cardiovascuLar risk assessment study
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Lipid profile and atherogenic ratios of 
participants

The lipid profile results showed a significant in-
crease in total cholesterol and LDL cholesterol in 

exposed subjects compared to the non-exposed 
group. There was no significant difference in tri-
glyceride and HDL cholesterol concentrations in 
both exposed and non-exposed groups. No sig-
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TABLE 1. Basic health 
indices of e-waste exposed 
workers and non-exposed 
participants

TABLE 2. Blood lead and cadmium 
levels of e-waste exposed workers and 
unexposed participants

TABLE 3. Lipid profile and 
atherogenic indices of e-waste 
exposed and unexposed 
participants
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nificant increase of AIP was observed in the ex-
posed group compared to the non-exposed one.  
AC, CRI-1 and CRI-11 were significantly in-
creased in exposed subjects compared to the 
non-exposed ones (Table 3).

Correlation of lead with lipid profile and 
atherogenic indices

Table 4 shows Pearson correlation of lead levels 
with lipid profile and atherogenic indices. There 
was a significant positive correlation between 
lead and cadmium. Other correlation results 
were not significant. 

Correlation of cadmium with lipid profile and 
atherogenic indices

Correlations between cadmium and lipid profile 
as well as atherogenic indices are shown in 
Table 5. There was a significant positive 
correlation between cadmium and total 
cholesterol as well as between cadmium and 
LDL cholesterol. Other correlation results were 
not significant. q

DISCUSSION

The effects of heavy metals toxicity on occupa-
tionally exposed subjects have been well 

documented (8, 32). These metals cause oxida-
tive stress through the generation of reactive oxy-
gen species (ROS) and damage to lipids, proteins 
and DNA (33). This study was designed to deter-
mine the effects of lead and cadmium on serum 
lipid profile and atherogenic ratios of workers 
occupationally exposed to e-waste in the assess-
ment of risk for cardiovascular disease. 

From the health indices of the present study, 
the mean blood pressure in exposed subjects 
(systolic 125.23±2.15 and diastolic 75.53+1.77) 
was higher compared to the non-exposed 
subjects (systolic 119.84±1.90 and diastolic 
70.34±1.67). The mean pause rate was also 
higher in the exposed group (79.86±1.65) 
compared to the unexposed group (73.98±1.6). 
A higher level of BMI of the exposed group 
(24.24) has been also observed compared to the 
non-exposed group (21.72). Other researchers 
have demonstrated that increasing atherogenic 
index associated with an elevation in BMI was an 
independent predictor of cardiovascular 
diseases (34).

Blood lead and cadmium levels were signifi-
cantly higher in subjects occupationally exposed 
to e-waste than non-exposed ones. These in-
creased levels may be attributed to prolonged 
exposure to these metals (at least five years). 
Lead and cadmium do not have any known be-
neficial biological roles; rather their detrimental 
effects on physiological, biochemical, and be-
havioural dysfunctions have been documented 
in both animals and humans by several resear-
chers (35, 36).

In the mechanism of metal-induced oxidative 
stress, metals are classified into redox-active and 
redox-inactive metals. Redox active metals in-
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TABLE 4. Correlation of lead with lipid profile and 
atherogenic indices

TABLE 5. Correlation of cadmium with lipid profile 
and atherogenic indices
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clude iron, copper, chromium, manganese, and 
other transition metals, while redox inactive 
metals include lead, cadmium, mercury, and ar-
senic. Both groups deplete major cellular anti-
oxidants by different mechanisms. Redox-active 
metals are able to undergo fenton-like reaction 
to exaggerated oxidative stress, while re-
dox-inactive metals deplete antioxidants espe-
cially thiol-containing antioxidants and en-
zymes (32)

Cadmium has been known to stimulate the 
formation of metallothioneins and reactive oxy-
gen species (ROS), thus causing oxidative dam-
age to erythrocytes and various tissues resulting 
in loss of membrane functions (37). Lead induces 
oxidative stress as a result of an imbalance be-
tween generation and removal of ROS in tissues 
and cellular components, causing damage to 
membranes, DNA and proteins (1989).

Reactive intermediates produced under  
conditions of oxidative stress cause the oxidation 
of polyunsaturated fatty acids (PUFAs) in  
membrane lipid bilayers, eventually leading to 
the formation of aldehydes (39). Among these, 
the most abundant aldehydes are 
4-hydroxy-2-nonenal (HNE) and malondialde-
hyde (MDA), while acrolein is the most reactive 
one. MDA, acrolein and HNE are a, b-unsatura-
ted electrophilic compounds, which preferen-
tially form 1,4-Michael type adducts with nu-
cleophiles, such as proteins and DNA (39). The 
formation of aldehyde adducts with apolipopro-
tein B (Apo B) in LDL converted the latter to an 
atherogenic form that was taken up by macro-
phages, leading to the formation of foam cells 
(40, 41). In this way, lipid peroxidation products 
formed from oxidative stress caused by toxic 
metals can reduce blood vessel diameter, in-
crease pulse rate and blood pressure.

The lipid profile results showed a significant 
increase in total cholesterol and LDL cholesterol 
in exposed subjects compared to the non-ex-
posed group. There was no significant difference 
in triglycerides and HDL cholesterol concentra-
tions in both exposed and non-exposed groups 
(0.40±0.04 and 0.41±0.05; 2.09±0.12 and 
2.13±0.14, respectively). The elevated level of 
total cholesterol and the insignificant level of TG 
agreed with that reported in occupational 
workers exposed to lead reported by 
Kristal-Boneh et al (42). However, there was in-
consistency in the levels of LDL cholesterol and 

HDL cholesterol (42). A significant increase in 
TG has been also reported by Afolabi et al (6) in 
rats exposed to cadmium. According to Lariegle 
et al (14) exposure to cadmium caused increase 
in both TG and LDL. Extensive evidence of an 
association between serum lipid and lipoprotein 
levels and coronary artery disease (CAD) has 
been well documented (43-45). The elevated 
level of total cholesterol may be due to an in-
creased synthesis of cholesterol through stimula-
tion of the rate limiting enzyme, 
3-hydroxyl-3-methyl-glutaryl coenzyme A (HMG 
COA) reductase by cadmium or lead (46). The 
significant increase in LDL may be attributed to 
increased synthesis, reduced activity of lipopro-
tein lipase or loss of LDL receptor function, thus 
leading to reduced catabolism and elevated 
LDL (46). LDL cholesterol has been shown to 
play an important role in the development of 
atherosclerosis, which is a risk factor for cardio-
vascular (CVS) diseases (47). LDL cholesterol 
athe rogenic property is of clinical relevance be-
cause studies have also shown its major role in 
foam cell formation as a result of its oxidative 
modification (48). The HDL cholesterol level of 
e-waste exposed group was not significantly dif-
ferent from that of the non-exposed group. 
HDL cholesterol has been shown to have protec-
tive property against CAD (49).

In the present study, after the evaluation of 
the atherogenic indices, no significant increase 
in AIP was observed in the exposed group com-
pared to the non-exposed one. AC, CRI-1 and 
CRI-11 were significantly increased in exposed 
subjects compared to non-exposed ones. Athe-
rogenic indices have been found to be useful in 
predicting risk of developing CAD even in the 
absence of abnormalities in the lipid profile (50). 
For instance, studies have shown that AIP ratio is 
a strong predictor of myocardial infarction (51). 
However, in the current study, AIP was not sig-
nificantly different between the exposed and 
non-exposed groups, and the obtained value 
(-0.74±0.06) was below the reference range 
used in assessing the risk of developing cardio-
vascular disease. A range of -0.3 -0.1 is classified 
as low risk, 0.1-0.24 is regarded as medium risk 
and above 0.24 is classified as high risk (50). 
Athe rogenic coefficient (AC) was significantly 
higher in the exposed group compared to the 
non-exposed one. AC index has been shown to 
reflect the atherogenic potential of entire spec-
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trum of lipoprotein fractions and is useful for 
therapy management (50). In the present study, 
CRI-1 and CRI-11 have also shown a significant 
increase in the exposed group compared to the 
non-exposed one. Previous studies have shown 
that CRI-1 and CRI-11 was associated with the 
formation of coronary plaques (52). However, 
lipid indices obtained for CRI-1 and CRI-11 were 
below the reference ranges (>4 and >3, respec-
tively). This does not rule out the fact that these 
exposed subjects have the tendency of develo-
ping CAD, as the effect may become paramount 
in the future following longer period of exposure 
to these heavy metals, since they are chronically 
and persistently exposed.

Pearson correlation findings reveal a signifi-
cant positive correlation between lead and cad-
mium as well as between cadmium and total 
cholesterol, and between cadmium and 
LDL cholesterol. Also, our findings suggested that 
continuous exposure to cadmium would cause a 
corresponding increase in total cholesterol and 
LDL cholesterol concentrations. It could be in-
ferred that this may lead to oxidative stress 
through generation of bioactive aldehydes (such 
as 4 hydroxyalkenals, malondialdehyde, MDA 
and acrolein), which are toxic messengers and 

are capable of propagating and amplifying oxi-
dative injury in these participants (50, 53). q

CONCLUSION

Occupational exposure to e-waste borne 
chemicals may cause changes in lipid levels 

and an increased risk of cardiovascular disease in 
Nigerian e-waste workers. The potential clinical 
implication and benefit of this study is that the 
level of artisanal involvement in crude e-waste 
reprocessing should be considered critical in car-
diovascular health risk assessment. q
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