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ABSTRACT 
 

Aims: This study aimed to investigate the effects of HIV infection and occupational exposure on the 
concentrations of selected toxic metals and essential trace elements such as zinc in relation to the 
carcinogenic process.  
Study Design: Comparative cross-sectional study.  
Place and Duration of Study: Participants were recruited from two local government areas 
(Calabar municipal and Calabar south) and one secondary health facility in Calabar, Nigeria from 
April 2017 to February 2018.  
Methodology: Study participants comprising 248 adults (191 males, 57 females, aged 18-65 
years) were divided into four groups based on HIV status and occupational exposure to toxic 
metals: HIV-positive exposed (HPE; n=62), HIV-positive unexposed (HPU; n=66), HIV-negative 
exposed (HNE; n=60), and HIV-negative unexposed (HNU; n=60). The HIV-positive and HIV-
negative groups had similar occupations, ages, and other characteristics. Blood cadmium (Cd), 
lead (Pb), mercury (Hg) and selenium (Se) were measured by inductively coupled plasma optical 
emission spectrometry (ICP-OES), while serum zinc (Zn) and copper (Cu) were determined using 
atomic absorption spectrometry.  
Results: Lead, cadmium, and mercury were significantly elevated in HPE (14.92 ± 0.54 μg/dl, 0.25 
± 0.01 μg/L, 1.93 ± 0.08 μg/L respectively) compared with the HNU (11.07 ± 0.48 μg/dl, 0.17 ± 0.01 
μg/L, 0.76 ± 0.05 μg/L), p<0.01, respectively. Zinc, a well-known antioxidant, p53 activator, and cell 
cycle regulator, was significantly lower in the HPE than in HPU, HNE, and HNU (p=0.02, p<0.01, 
p<0.01 respectively). Toxic metal exposure and HIV-positive status were associated with increased 
Pb and Hg levels as well as decreased Zn, suggesting additive effects.  
Conclusion: Occupationally exposed HIV-positive individuals exhibited a higher toxic metal burden 
and a lower zinc level, both of which are important determinants of genome instability and may 
exacerbate DNA damage as well as impair DNA repair, raising cancer risk. Further studies with a 
larger sample size may fully elucidate the mechanisms underlying the interaction between HIV 
infection and occupational toxic metal exposure. 
 

 

Keywords: Human immunodeficiency virus; occupational exposure; toxic metal; cancer risk. 
 

1. INTRODUCTION  
 
Over 14 million new cancer cases and 8.2 million 
cancer deaths are estimated to occur globally 
each year, with low- and middle-income 
countries accounting for 57% of new cancer 
cases and 66% of cancer deaths [1]. Infectious 
agents are major contributors to the global 
cancer burden, with an estimated 2.2 million 
infection-attributable cancer cases reported 
worldwide in 2018 [2]. Infectious agents such as 
Helicobacter pylori, hepatitis B virus (HBV), 
hepatitis C virus (HCV), human herpesvirus type 
8 (HHV8), human immunodeficiency virus (HIV), 
and human papillomavirus (HPV) are considered 
potentially modifiable risk factors of cancer [3]. 
According to Odutola et al. [4], infections play a 
significant role in the etiology of a wide variety of 
malignancies in the Nigerian population, with 
22% of incident cancer cases related to 
infectious agents. Indeed, 23.2% of cancer cases 
reported in Nigeria in the Global Cancer 
Incidence, Mortality and Prevalence 
(GLOBOCAN) 2018 database were caused by 
infections [2]. 

Occupational exposure to toxic metals occurs as 
a result of their use in a variety of industrial 
processes, including grinding, painting, soldering, 
welding, and working near engines, colour 
pigments, alloys, coal combustion, resuspended 
dust, vehicle emissions, construction dust, and 
industrial emissions [5,6]. Toxic metals are 
considered occupational pollutants because 
metal mixtures containing lead, cadmium, 
mercury, and other hazardous metals are 
present in the workplace and can exert adverse 
effects on biochemical and physiological 
processes with attendant health problem, key 
among which is cancer [7–9]. Current 
malignancies can be attributed to occupational 
exposures in the past, and a considerable 
proportion of future cancers could be attributed to 
occupational exposures if historical trends and 
current exposure patterns persist [10]. Toxic 
metals have been shown to have genotoxic and 
carcinogenic potential via a variety of 
mechanisms. Epigenetic modifications, activation 
of hypoxia signalling pathways, and the 
production of reactive oxygen species, resulting 
in oxidative damage are widely recognized as the 
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major mechanisms underlying metal-induced 
toxicity, including carcinogenesis [11]. 
 
Each year, workers are occupationally exposed 
to a mixture of chemicals, some of which may be 
carcinogenic, but the ingredients are kept as a 
trade secret [12]. The impact of environmental 
and occupational exposures to toxic metals has 
not been adequately investigated as contributors 
to the rising cancer incidence among the HIV 
population in small and medium-sized industries 
[13]. Previous studies have either focused on 
occupationally exposed workers or on HIV-
infected patients as their subjects of 
investigation, providing evidence that HIV-
infection or occupational toxic metal exposure 
independently increases the risk of cancer 
through a variety of mechanisms. However, the 
possible synergistic effects of these factors on 
cancer risk have received little attention. This 
study was, therefore, designed to examine the 
joint effects of occupational toxic metals and HIV 
infection on the carcinogenic process, while 
taking into account demographic and lifestyles 
factors. 
 

2. MATERIALS AND METHODS 
 

2.1 Study Participants 
   
The study population comprised one hundred 
and twenty-eight HIV positive and one hundred 
and twenty HIV negative Nigerian adults (191 
men, 57 women, mean age of 38.35 ± 0.72 
years), who were age and sex matched and had 

similar environmental and occupational 
characteristics. They were all adjudged to be 
clinically healthy following the administration of a 
medical and social questionnaire. Participants for 
this study was recruited in Calabar, Cross River 
state, Nigeria. 
 
In this comparative cross-sectional study, 
participants were selected using a convenience 
sampling strategy. Participants who reported 
regular use of a supplement at the time of the 
study or in the preceding month were excluded. 
Exposure characterization in the study was 
based on HIV test results and the occupations of 
study participants. Interviews were conducted 
using a structured questionnaire to elicit relevant 
information, including occupational exposure 
data. Hence, the occupational exposed group of 
the study population were all drawn from various 
occupations associated with toxic metal 
exposure, such as cement factory workers, 
electricians, bars & night-clubs workers, auto-
mechanics, painters & printing press workers, 
weed sprayers and pesticide workers, welders, 
and petrol station dispensers. Additionally, the 
unexposed group of the study population 
consisted of occupational groups considered low 
risk for toxic metal exposure, such as                    
teachers, students, and admin staff in both the 
private and public sectors (data entry clerks, 
customer service clerks, receptionists). Thus, the 
total study population (N = 248) was stratified 
into 4 primary subgroups based on HIV status 
and occupational exposure to toxic metals               
(Fig. 1). 

 

 
 

Fig. 1. Schematic of subgroups in the study population 
HPE: HIV Positive Exposed; HPU: HIV Positive Unexposed; HNE: HIV Negative Exposed;  

HNU: HIV Negative Unexposed 
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2.2 Elemental Analysis of Metals in Blood 
Sample Using ICP-OES 

 

Blood cadmium (Cd), lead (Pb), mercury (Hg) 
and selenium (Se) concentrations were 
determined by inductively coupled plasma optical 
emission spectrometry (ICP-OES) using the 
PerkinElmer Optima 3300 DV ICP-OES 
instrument (Manufacturer: Perkin Elmer; Model: 
Optima), based on the method by Jones [14]. 
This method directly measures Pb, Cd, Hg and 
Se content of whole blood specimens after a 
simple dilution sample preparation step.  
 

Prior to sample analysis, interference corrections 
were established, and an initial demonstration of 
instrument performance was documented. 
Additionally, the plasma was given 30 to 60 
minutes to equilibrate. The plasma power and 
nebulizer flow were optimised. During 
optimization, a standard solution containing 
known amounts of various metals was pumped 
through the torch. Adjusting the plasma power 
between 1300 and 1400 W while observing the 
element's signal strength in the continuous 
graphics window constitutes optimization. The 
wattage that produces the best signal was 
determined and utilised during analysis. In 
addition, the nebulizer flow was incrementally 
varied between 0.90 and 0.60 L/min for radial 
and axial plasmas, respectively, and the optimal 
flow was determined and applied to the analyses. 
 

It is generally accepted that use of serum in 
measurements, which is usually produce after 
coagulation process usually leads to nonuniform 
distribution of materials especially those that are 
more located inside the red cells such as Pb. For 
this reason, EDTA tubes were collected using the 
phlebotomy protocols outlined in our laboratory 
manual. After whole blood collection and proper 
vertexing, a fraction of the original volume was 
diluted and mixed properly to ensure a uniform 
distribution of cellular materials that would 
accurately reflect the average metal 
concentration of all fractions of the larger 
specimen. Before analysis, dilution of blood was 
performed by adding 1 part sample + 50 parts 
diluent consisting of a solution of 1% HNO3 and 
0.01% Triton® X-100. 
 

Blood samples were introduced into the ICP-
OES instrument as a liquid sample stream and 
forced through an argon-gas nebulizer, which 
converts the bulk liquid into an aerosol of small 
droplets. A flowing argon stream selectively 
passes the smaller droplets in the aerosol 
through the spray chamber into the 6000-8000K 

plasma of the ICP, where they are dried, 
vaporised, atomized, excited, and/or ionised by 
the plasma. The high energy of the plasma 
results in the excitation and/or ionization of the 
atoms of lead, cadmium, mercury, and selenium. 
When excited atoms and ions return to their 
ground states, photons of a specific wavelength 
are emitted, which are collected by a device that 
sorts the emission by wavelength. The emitted 
energy is detected and converted into electronic 
signals, which are then converted into 
concentration data. 
 

2.3 Zinc and Roles in Biologic Processes   
 

Many Zn-dependent enzymes and proteins make 
Zn an important micronutrient for many adaptive 
functions or physiological processes, such as 
DNA repair, cell cycle regulation, antioxidant 
defense systems, adaptive and acquired immune 
functions associated with cancer prevention. Due 
to the known involvement of Zn in many biologic 
processes, we studied Zn levels in HIV positive 
and HIV negative individuals who were 
occupationally exposed and unexposed to 
understand the role of either lower or higher 
levels in the complex interactions of toxic metals 
and HIV infection in promoting cancer disease 
risk. Zn levels in each group were measured and 
compared. 
 

2.4 Determination of Serum Zn and Cu 
Levels  

 

Serum zinc (Zn) and copper (Cu) concentrations 
were determined using the methods of Smith et 
al. [15] and Osheim [16] with a 210/211 VGP 
atomic absorption spectrophotometer (Buck 
Scientific, USA) at 213.9 nm and 324.7 nm, 
respectively. The AAS is a sensitive and 
accurate technique for measuring trace metal 
concentrations in biological samples. Quality 
control checks were performed to ensure that the 
results were accurate and precise. This entailed 
repeating analyses with certified reference 
materials. Furthermore, the AAS instrument was 
regularly maintained and calibrated using 
standard solutions, in accordance with the 
manufacturer's instructions for instrument 
operation. 
 

2.5 Statistical Analysis   
 

The Statistical Package for Social Scientists 
(SPSS) version 25.0 software was used to 
conduct statistical analyses, including descriptive 
statistics (SPSS Inc., USA). All values were 
expressed as the mean standard error of the 
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mean. Levels of toxic metals and trace elements 
in the 4 subgroups of the study population were 
compared using ANOVA. The Scheffe or Games-
Howell significant difference post hoc test was 
used to determine the differences when the null 
hypothesis of ANOVA was rejected. The 
Chisquare test and Fisher’s exact test were used 
for qualitative variables. Pearson correlations 
were used to establish the correlation between 
the different parameters. Two-way ANOVA was 
used to examine associations between markers 
of cancer risk (outcome variables) and the 
independent variables, HIV status and toxic 
metal exposure. A significance level of <0.05 
was considered statistically significant. 

3. RESULTS 
 
The proportions of consenting HIV positive               
and HIV negative individuals were comparable 
when grouped by occupations that predispose 
workers to toxic metal exposure and those that 
do not (Table 1). Duration spent on occupations 
associated with toxic metal exposure in the HPE 
(9.94 ± 1.14 years) was comparable to that of the 
HNE (9.73 ± 1.06 years), p = 0.90. Descriptive 
statistics of primary outcome measures studied 
in relation to the two independent variables, HIV 
status and Occupational exposure is represented 
in Table 2.  

 
Table 1. Occupations of study participants categorized into exposed and unexposed groups 

 

Occupations HIV Positive  HIV Negative  X2 P-value 

Occupationally Exposed 
  

a8.94 .25 
Cement factory worker 2(3.2%) 1(1.7%) 

  

Electrician 5(8.1%) 6(10%) 
  

Bars & Night club worker 14(22.6%) 6(10%) 
  

Mechanic 14(22.6%) 19(31.7%) 
  

Painter & Printing press worker 6(9.7%) 3(5%) 
  

Weed sprayer &Pesticides worker 7(11.3%) 3(5%) 
  

Welder 7(11.3%) 13(21.7%) 
  

Petrol Station Dispenser 7(11.3%) 9(15%) 
  

Total 62(100%) 60(100%) 
  

Occupationally Unexposed 
  

0.14 .99 
Admin Staff (Private sector) 23(34.8%) 21(35%) 

  

Civil Servants (Admin Public Sector) 16(24.2%) 13(21.7%) 
  

Teachers & Students 7(10.6%) 7(11.7%) 
  

 Unemployed & unexposed 20(30.3%) 19(31.7%) 
  

Total 66(100%) 60(100%)     
aFisher's Exact Test 

χ2 = Chisquare 

  
Table 2. Descriptive statistics of primary outcome measures studied in relation to the two 

independent variables, HIV status and occupational exposure 
  
Dependent 
Variable 

Independent Variable Mean Std. 
Error 

95% Confidence Interval 

HIV 
Status 

Occupational 
Exposure 

Lower Bound Upper Bound 

[Pb] µg/dl Positive Exposed 14.92 0.54 13.83 16.01 
Not Exposed 13.66 0.43 12.80 14.53 

Negative Exposed 13.10 0.44 12.21 13.98 
Not Exposed 11.07 0.48 10.11 12.02 

[Cd] µg/L Positive Exposed 0.25 0.01 0.23 0.28 
Not Exposed 0.34 0.01 0.32 0.36 

Negative Exposed 0.18 0.01 0.16 0.19 
Not Exposed 0.17 0.01 0.15 0.19 

[Hg] µg/L Positive Exposed 1.93 0.08 1.76 2.10 
Not Exposed 0.88 0.05 0.78 0.97 

Negative Exposed 0.67 0.05 0.57 0.76 
Not Exposed 0.76 0.05 0.67 0.86 
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Table 2. Continued 
 

Dependent 
Variable 

Independent Variable Mean Std. 
Error 

95% Confidence Interval 

HIV Status Occupational 
Exposure 

Lower 
Bound 

Upper 
Bound 

[Se] µg/L Positive Exposed 73.72 1.74 70.24 77.19 

Not Exposed 60.26 2.63 55.01 65.51 

Negative Exposed 79.97 4.73 70.49 89.44 

Not Exposed 84.94 4.74 75.45 94.42 

[Cu] µg/dl Positive Exposed 127.76 6.57 114.63 140.89 

Not Exposed 124.06 6.15 111.78 136.34 

Negative Exposed 118.66 7.82 103.00 134.31 

Not Exposed 115.88 4.92 106.02 125.73 

[Zn] µg/dl Positive Exposed 96.75 2.25 92.26 101.25 

Not Exposed 108.12 3.00 102.13 114.10 

Negative Exposed 120.80 4.84 111.10 130.48 

Not Exposed 125.18 5.12 114.93 135.43 

Cu/Zn 
ratio 

Positive Exposed 1.35 0.08 1.20 1.50 

Not Exposed 1.17 0.05 1.06 1.28 

Negative Exposed 1.02 0.08 0.86 1.19 

Not Exposed 0.92 0.05 0.83 1.02 
Pb = Lead; Cd = Cadmium; Hg = Mercury; Se = Selenium; Zn = Zinc; Cu = Copper 

 
Blood Pb, Cd, and Hg concentrations were 
significantly higher in occupationally exposed 
HIV positive individuals than in HIV negative 
unexposed individuals (p < 0.001) (Fig. 2). While 
the occupationally exposed HIV positive 
individuals had higher blood Pb levels than HIV 
positive individuals who were occupationally 
unexposed and HIV negative exposed 
individuals, the difference was not significant (p = 
0.31 and p = 0.07 respectively). Interestingly, 
blood Cd and Hg levels were significantly higher 
in occupationally exposed HIV positive 
individuals than in HIV negative exposed 
individuals (p < 0.001) (Fig.e 2). In addition, the 
occupationally exposed HIV positive individuals 
had higher blood Hg levels than HIV positive 
individuals who were occupationally unexposed 
(p < 0.001) (Fig. 2). Zinc level was significantly 
lower in the HIV positive exposed individuals 
when compared with the other three groups 
(HPU, HNE, HNU) (p = 0.02, p < 0.001, p < 
0.001 respectively) (Fig. 2). In contrast, serum 
Cu levels were higher in HIV positive exposed 
individuals than in the other three groups (HPU, 
HNE, and HNU), but the difference was not 
statistically significant (p > 0.05). There was also 
a significant positive correlation between serum 
Zn and Cu levels (r = 0.27, p < 0.001). 

 
The effects of occupational exposure and HIV 
infection on selected toxic metals and trace 
elements were studied using a two-way ANOVA 
model. While occupational exposure and HIV 

infection increased blood Pb level in an additive 
and independent manner (p < 0.001) (Fig. 3A) 
both factors act interactively to elicit changes on 
Cd level (p < 0.001) (Fig. 3B). HIV infection 
independently increased blood Cd levels in                  
both the occupationally exposed and unexposed 
study groups (p < 0.001). Interestingly, HIV 
infection and occupational exposure increased 
blood Hg levels synergistically (p < 0.001) (Fig. 
3C). 
 
HIV infection had an independent influence on 
selenium levels (p < 0.001), but it also interacted 
with Occupational toxic metal exposure to cause 
alterations in selenium levels (p =0.01) (Fig. 3D). 
Furthermore, both occupational exposure and 
HIV infection decreased serum Zn levels 
independently, and the effects were additive (Fig. 
3E). On the other hand, both factors tended to 
raise serum Cu levels independently, but the 
effects were not significant (p = 0.62 and p = 
0.18, respectively) (Fig. 3F). 

 

4. DISCUSSION 
 
There are indications that infection with HIV and 
occupational toxic metal exposure might 
predispose to cancer risk. An increased risk of 
cancer was found in HIV-positive people               
who were exposed to toxic metals at work. 
Indeed, this study highlighted the combined 
effects of occupational chemical exposure           
and HIV infection on cancer biomarkers, with 
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some of these effects being additive or 
interactive in relation to the carcinogenic 
process. The current study demonstrates that 

HIV infection exacerbates pre-existing cancer 
risks associated with occupational exposures 
and vice versa. 

 

 
 

Fig. 2 Selected toxic metals and essential trace elements in occupationally exposed and 
unexposed groups of HIV positive and negative participants 

* Overall p-value across the study group 
Pb = Lead; Cd = Cadmium; Hg = Mercury; 

Se = Selenium; Zn = Zinc; Cu = Copper 
 Mean levels of toxic metals (Pb, Cd, Hg) and trace elements (Se, Zn, Cu) in HIV positives exposed 

occupationally to toxic metals (HPE, n=62), HIV positives unexposed occupationally to toxic metals (HPU, 
n=66), HIV negatives exposed occupationally to toxic metals (HNE, n=60), and HIV negatives unexposed 

occupationally to toxic metals (HNU, n=60) 

 Mean values with no superscript in common differ significantly (p < 0.05). The error bars show the standard 
error of the mean; values are mean ± Standard Error 

 

  
 

Fig. 3A. Effect of independent factors on Pb 
 

Fig. 3B. Effect of independent factors on Cd 
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Fig. 3C. Effect of independent factors on Hg 
 

 
Fig. 3D. Effect of independent factors on Se 

 

  
 

Fig. 3E. Effect of independent factors on Zn 
 

Fig. 3F. Effect of independent factors on Cu 
 

Fig. 3. Effects of HIV status & occupational exposure on toxic metal and essential trace 
elements levels 

Toxic Metals and Essential Trace Elements: (A) Blood Lead level [Pb]; (B) Blood Cadmium level [Cd]; (C) 
Mercury [Hg]. (D) Selenium [Se]; (E) Zinc [Zn]; Copper [Cu] 

Independent Factors: HIV = HIV Status; Exposure = Occupational exposure to toxic metals. 
A significant effect(s) of the two factors at p < 0.05 

Mean concentrations of toxic metals and essential trace elements in the occupationally exposed groups (circles) 
stratified by HIV status were compared with the occupationally unexposed groups (squares) stratified by HIV 

status. The effects of occupational toxic metal exposure and HIV infection were considered additive and 
independent of each other in a two-way ANOVA model if the main effects were significant (p < 0.05) and the 

interaction was not significant (p > 0.05). The effects of occupational toxic metal exposure and HIV infection, on 
the other hand, were considered interactive (i.e., the factors interact to create a synergistic effect) if the 

interaction effect is significant (p < 0.05), regardless of the p-values of the main effects. Visually (based on the 
profile plots), no intersection of the lines connecting the occupationally exposed and occupationally unexposed 
groups indicates that the effects of each factor on toxic metal and essential trace element levels were additive 
and independent of each other if p < 0.05 for the main effects, whereas intersection of the lines indicates that 
factors interacted (Figs. 3A-F). Synergism occurs when two factors interact to influence a biological response 

rather than acting independently 
 
It is apparent from the results that the 
combination of toxic metal exposure and HIV 
infection considerably lead to higher blood Pb, 
Cd, Hg, and decreased Zn levels, which together 

suggest a trend towards increased risk of cancer 
and other health related conditions associated 
with repression of antioxidant function. The 
significantly elevated Pb, Cd, and Hg blood 
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levels observed in the occupationally exposed 
HIV positive individuals are consistent with 
previous reports by Xu et al. [17], Emokpae & 
Mbonu [18], and Folorunso et al. [19]. These 
studies, however, examined a single cancer risk 
factor in isolation, rather than in combination with 
other risk factors. To our knowledge, no previous 
studies have evaluated toxic metal and essential 
trace element levels in HIV-positive individuals 
who are occupationally exposed, as the majority 
of research has focused on occupationally 
exposed workers or HIV-infected patients. 
 
The effect of occupational exposure and HIV 
infection on blood mercury level was assessed. 
Blood Hg level was significantly higher in the 
occupationally exposed HIV positive group 
compared with the occupationally unexposed 
HIV positive, and the occupationally exposed and 
unexposed HIV negative groups, which is a 
finding that aligns with past studies [17,18,20–
22]. The occupationally exposed HIV positive 
individuals are likely to have been further 
exposed to mercury through their diet, with fish 
being a major source of methyl mercury 
exposure, but this was not assessed. In a 
synoptic review, Eisler [23] reported that mercury 
levels in the hair, urine, blood, and other tissues 
of occupationally exposed gold miners exceeded 
all safety thresholds recommended by many 
national and international regulatory authorities 
responsible for human health protection. 
Previous studies have linked mercury to the 
development of cancer [24,25]. The genotoxic 
effect of mercury could be elicited by either the 
production of oxygen free radicals, damage to 
microtubules and DNA repair mechanisms, or 
direct damage to DNA. 
 
Furthermore, our findings indicate that 
occupational chemical exposure and HIV 
infection exhibited positive cooperativity, 
resulting in elevated blood levels of Cd and Hg, 
which may disrupt cell cycle regulation and 
control mechanisms and thus pose a significant 
cancer risk to humans. Wei et al. [26] and Kolluru 
et al. [27] earlier demonstrated that Cd promotes 
carcinogenesis via aberrant cell cycle regulation, 
whereas Marima et al. [28] reported that the 
components of highly active antiretroviral therapy 
(HAART) [efavirenz (EFV) and lopinavir/ritonavir 
(LPV/r)] alter cell cycle progression, with a 
significant S-phase arrest, indicating cellular 
stress, cytotoxicity, and DNA damage within the 
cell. The International Agency for Cancer 
Research (IARC) has established a strong link 
between cadmium exposure and cancer risk, 

concluding that occupational Cd exposure 
increases cancer risk [29]. However, this author 
did not evaluate the effect of concomitant 
infection with HIV and exposure to toxic metals. 
Based on our investigation, it is suggested that 
simultaneous occupational exposure to Cd, Hg, 
and Pb, along with HIV infection, may potentially 
interact to suppress the levels of Zn. Therefore, 
occupational exposure to toxic metals in HIV 
positive individuals may worsen decreased Zn 
levels and dysregulation of the anti-oxidative 
pathway. 
 
The precise molecular mechanism by which HIV 
infection may exert a positive cooperativity effect 
in the presence of elevated Cd and Hg levels, 
thereby promoting a synergy for increased 
cancer risk, is not fully understood. Rezapour et 
al. [30] clearly showed that cadmium levels in 
nasopharyngeal cancer patients were 
significantly higher than in controls and 
concluded that exposure to cadmium was likely 
to cause nasopharyngeal and pharyngeal 
cancer. In contrast to that report, we did not 
determine organ specific cancer risks, however 
the molecular biology that underpin their finding 
was not clearly understood. To investigate a 
possible mechanism for cancer risk in HIV-
infected patients who are also exposed to toxic 
metals, we hypothesized that toxic metal 
exposure, especially Cd, might promote cancer 
risk by increasing the sensitivity of cells to                
the effects of certain HIV-associated viral 
proteins that repress the ability of cells to repair 
oxidative DNA damage via a zinc dependent 
pathway.  
 
Conversely, HIV-associated viral proteins may 
increase the vulnerability of cells to oxidative 
DNA damage, exacerbating the pre-existing risk 
of developing cancer in occupationally exposed 
individuals via a zinc dependent mechanism. 
This is consistent with the observation that HIV-1 
proteins, particularly the envelope glycoprotein 
gp120 and the HIV-1 trans-acting protein Tat, 
generate reactive oxygen species (ROS) and 
cause oxidative stress, as well as deplete the 
protective antioxidant enzymes copper/zinc 
superoxide dismutase (SOD) [31]. Zinc-binding 
proteins, like those found in DNA repair proteins 
like XPA and poly (ADP-ribose) polymerase 1 
(PARP-1), as well as the tumor suppressor 
protein p53, appear to be the most vulnerable to 
oxidative attack [32]. We therefore suggest that 
the significantly lower Zn levels found in 
occupationally exposed HIV-positive individuals 
may reflect the consequence of susceptibility to 
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reactive oxygen species and depleted 
copper/zinc superoxide dismutase (Cu++/Zn++ 
SOD) activity, allowing for increased oxidative 
DNA damage, thereby causing genomic 
instability and cancer risk. 
 
The observed decrease in zinc, potentially 
resulting from the combined impact of HIV 
infection and exposure to toxic metals, can be 
partially attributed to the metabolic antagonism 
between zinc and cadmium.  Anetor [33] reported 
that a high Cd/Zn ratio causes a high error rate 
and defective DNA repair processes, which 
increases the risk of cancer. Additionally, our 
results are in line with prior studies [34,35]. 
Osuna-Padilla et al. [36] reported a high 
prevalence of suboptimal serum zinc levels                
in a cohort of antiretroviral-experienced HIV-
infected individuals. Decreased zinc level has 
been linked to elevated levels of multiple 
inflammatory cytokines [37,38], a possible 
predictor of an increased cancer risk. Our            
result suggests that chronic Zn insufficiency 
combined with occupational toxic metal  
exposure may predispose HIV-infected people  
to even greater risk of cancer via oxidative 
stress. Thus, highlighting the need for health 
promotion interventions among HIV positive 
workers in order to minimize probable             
workplace exposure to toxic metals and the 
associated risks of cancer in HIV positive 
populations. 

 
5. CONCLUSION 
 
Our study revealed that the combination of 
occupational toxic metal exposure and HIV 
infection considerably increased the risk of 
cancer over and above the risk associated with 
either factor alone. While the two explanatory 
variables, HIV-infection and toxic metal 
exposure, together raise Pb, Cd, and Hg levels, 
they simultaneously lower the protective 
micronutrient Zn. Increased levels of toxic metals 
in the body, as well as micronutrient imbalances, 
may result in oxidative stress, DNA damage, 
impaired DNA repair mechanisms, and altered 
angiogenesis, among other consequences. 
These pathophysiological effects may combine to 
pose a significant cancer risk in occupationally 
exposed HIV-infected individuals. However, 
further studies are required to better understand 
the mechanisms underlying the interaction of HIV 
infection and occupational toxic metal exposure, 
as well as to develop effective strategies for 
reducing cancer risk in people with these risk 
factors. 

ETHICAL APPROVAL AND CONSENT 
 
This study involves human participants and was 
approved by the University of Ibadan/University 
College Hospital Health Research Ethics 
Committees (UI/EC/0226). Before taking part in 
the study, participants provided informed 
consent. All authors hereby declare that all 
experiments have been examined and approved 
by the appropriate ethics committee and have 
therefore been performed in accordance with the 
ethical standards laid down in the 1964 
Declaration of Helsinki. 
 

ACKNOWLEDGEMENTS 
 
The authors would like to express their gratitude 
to everyone who took part in the study. The 
authors would also like to thank the community 
outreach team for their assistance with 
participant recruitment. 
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
1. Carlson RW, Scavone JL, Koh W-J, 

McClure JS, Greer BE, Kumar R, et al. 
NCCN Framework for Resource 
Stratification: A Framework for Providing 
and Improving  Global Quality Oncology 
Care. J Natl Compr Canc Netw. 2016; 
14(8):961–969. 
DOI: 10.6004/jnccn.2016.0103 

2. de Martel C, Georges D, Bray F, Ferlay J, 
Clifford GM. Global burden of cancer 
attributable to infections in 2018: A 
worldwide incidence  analysis. Lancet Glob 
Heal. 2020;8(2):e180–e190.  
DOI: 10.1016/S2214-109X(19)30488-7 

3. Islami F, Goding Sauer A, Miller KD,               
Siegel RL, Fedewa SA, Jacobs EJ,                      
et al. Proportion and number of cancer 
cases and deaths attributable to potentially  
modifiable risk factors in the United  
States. CA Cancer J Clin. 2018;68(1):31–
54. 
DOI: 10.3322/caac.21440 

4. Odutola M, Jedy-Agba EE, Dareng EO, 
Oga EA, Igbinoba F, Otu T, et al. Burden 
of Cancers Attributable to Infectious 
Agents in Nigeria: 2012-2014. Front Oncol. 
2016;6:216. 
DOI: 10.3389/fonc.2016.00216 



 
 
 
 

Udah et al.; Int. Res. J. Oncol., vol. 6, no. 2, pp. 191-202, 2023; Article no.IRJO.98475 
 
 

 
201 

 

5. Rehman K, Fatima F, Waheed I, Akash 
MSH. Prevalence of exposure of heavy 
metals and their impact on health 
consequences. J Cell Biochem. 2018; 
119(1):157–184. 
DOI: 10.1002/jcb.26234 

6. Sauvé J-F, Ramsay JM, Locke SJ, Dopart 
PJ, Josse PR, Zaebst DD, et al. Validity of 
retrospective occupational exposure 
estimates of lead and manganese in a  
case-control study. Occup Environ Med. 
2019;76(9):680–687. 
DOI: 10.1136/oemed-2019-105744 

7. Salemi R, Marconi A, Di Salvatore V, 
Franco S, Rapisarda V, Libra M. 
Epigenetic alterations and occupational 
exposure to benzene, fibers, and heavy  
metals associated with tumor development 
(Review). Mol Med Rep. 2017;15(5):3366–
3371. 
DOI: 10.3892/mmr.2017.6383 

8. Moura LTR de, Bedor CNG, Lopez RVM, 
Santana VS, Rocha TMB da S da, Wünsch 
Filho V, et al. Occupational exposure to 
organophosphate pesticides and 
hematologic neoplasms: A  systematic 
review. Rev Bras Epidemiol. 2020;23: 
e200022. 
DOI: 10.1590/1980-549720200022 

9. Latifovic L, Villeneuve PJ, Parent M-É, 
Johnson KC, Kachuri L, Harris SA. Bladder 
cancer and occupational exposure to 
diesel and gasoline engine emissions  
among Canadian men. Cancer Med. 
2015;4(12):1948–1962. 
DOI: 10.1002/cam4.544 

10. Carey RN, Hutchings SJ, Rushton L, 
Driscoll TR, Reid A, Glass DC, et al. The 
future excess fraction of occupational 
cancer among those exposed to 
carcinogens  at work in Australia in 2012. 
Cancer Epidemiol. 2017;47:1–6. 
DOI: 10.1016/j.canep.2016.12.009 

11. Son Y-O. Molecular mechanisms of            
nickel-induced carcinogenesis. Endocr 
Metab Immune Disord Drug Targets;  
2019. 
DOI: 
10.2174/1871530319666191125112728 

12. Kim S, Yoon C, Ham S, Park J, Kwon O, 
Park D, et al. Chemical use in the 
semiconductor manufacturing industry. Int 
J Occup Environ Health. 2018;24(3–
4):109–118. 
DOI: 10.1080/10773525.2018.1519957 

13. Patrick L. Toxic metals and antioxidants: 
Part II. The role of antioxidants in arsenic 

and cadmium toxicity. Alternative Medicine 
Review. 2003 May 1;8(2). 

14. Jones DR, Jarrett JM, Tevis DS, Franklin 
M, Mullinix NJ, Wallon KL, et al. Analysis 
of whole human blood for Pb, Cd, Hg, Se, 
and Mn by ICP-DRC-MS for biomonitoring 
and acute exposures. Talanta. 2017; 
162:114–122. 

15. Smith JCJ, Butrimovitz GP, Purdy WC. 
Direct measurement of zinc in plasma by 
atomic absorption spectroscopy. Clin 
Chem. 1979;25(8):1487–1491. 

16. Osheim DL. Atomic absorption 
determination of serum copper: 
collaborative study. J Assoc Off Anal 
Chem. 1983;66(5):1140–1142. 

17. Xu X, Hu H, Dailey AB, Kearney G, Talbott 
EO, Cook RL. Potential health impacts of 
heavy metals on HIV-infected population in 
USA. PLoS One. 2013;8(9):e74288. 
DOI: 10.1371/journal.pone.0074288 

18. Emokpae MA, Mbonu I. Blood levels of 
some toxic metals in Human 
Immunodeficiency Virus (HIV) Type 1-
infection. Ann Heal Res. 2018;4(1):75–             
81. 

19. Folorunso OM, Frazzoli C, Chijioke-
Nwauche I, Bocca B, Orisakwe OE. Toxic 
Metals and Non-Communicable Diseases 
in HIV Population: A Systematic Review. 
Medicina (Kaunas). 2021;57(5). 
DOI: 10.3390/medicina57050492 

20. Calao-Ramos C, Bravo AG, Paternina-
Uribe R, Marrugo-Negrete J, Díez S. 
Occupational human exposure to mercury 
in artisanal small-scale gold mining  
communities of Colombia. Environ Int. 
2021;146:106216. 
DOI: 10.1016/j.envint.2020.106216 

21. Mambrey V, Rakete S, Tobollik M, Shoko 
D, Moyo D, Schutzmeier P, et al. Artisanal 
and small-scale gold mining: A cross-
sectional assessment of occupational  
mercury exposure and exposure risk 
factors in Kadoma and Shurugwi, 
Zimbabwe. Environ Res. 2020;184: 
109379. 
DOI: 10.1016/j.envres.2020.109379 

22. Kuras R, Reszka E, Wieczorek E, 
Jablonska E, Gromadzinska J, 
Malachowska B, et al. Biomarkers of 
selenium status and antioxidant effect in 
workers occupationally  exposed to 
mercury. J trace Elem Med Biol  organ      
Soc  Miner Trace Elem. 2018;49:43–                 
50. 
DOI: 10.1016/j.jtemb.2018.04.032 



 
 
 
 

Udah et al.; Int. Res. J. Oncol., vol. 6, no. 2, pp. 191-202, 2023; Article no.IRJO.98475 
 
 

 
202 

 

23. Eisler R. Health risks of gold miners: A 
synoptic review. Environ Geochem Health. 
2003;25(3):325–345. 
DOI: 10.1023/a:1024573701073. 

24. Zefferino R, Piccoli C, Ricciardi N, Scrima 
R, Capitanio N. Possible Mechanisms of 
Mercury Toxicity and Cancer Promotion: 
Involvement of Gap  Junction Intercellular 
Communications and Inflammatory 
Cytokines. Oxid Med Cell Longev. 
2017;2017:7028583; doi: 
10.1155/2017/7028583. 

25. Pamphlett R, Colebatch AJ, Doble PA, 
Bishop DP. Mercury in Pancreatic Cells of 
People with and without Pancreatic 
Cancer. Int J Environ Res Public Health. 
2020;17(23). 
DOI: 10.3390/ijerph17238990 

26. Wei Z, Song X, Shaikh ZA. Cadmium 
promotes the proliferation of triple-negative 
breast cancer cells through  EGFR-
mediated cell cycle regulation. Toxicol Appl 
Pharmacol. 2015;289(1):98–108. 
DOI: 10.1016/j.taap.2015.09.006 

27. Kolluru V, Tyagi A, Chandrasekaran B, 
Damodaran C. Profiling of differentially 
expressed genes in cadmium-induced 
prostate  carcinogenesis. Toxicol Appl 
Pharmacol. 2019;375:57–63.  
DOI: 10.1016/j.taap.2019.05.008 

28. Marima R, Hull R, Dlamini Z, Penny C. 
Efavirenz and Lopinavir/Ritonavir Alter Cell 
Cycle Regulation in Lung Cancer. Front 
Oncol. 2020;10:1693. 
DOI: 10.3389/fonc.2020.01693 

29. International Agency for Research on 
Cancer. Cadmium and cadmium 
compounds. Rep Carcinog Carcinog 
Profiles. 2011;12:80–83. 

30. Rezapour M, Rezapour HA, Chegeni M, 
Khanjani N. Exposure to cadmium and 
head and neck cancers: A meta-analysis of 
observational  studies. Rev Environ Health. 
2021;36(4):577–584.  
DOI: 10.1515/reveh-2020-0109 

31. Louboutin J-P, Strayer D. Role of Oxidative 
Stress in HIV-1-Associated Neurocognitive 
Disorder and Protection  by Gene Delivery 

of Antioxidant Enzymes. Antioxidants 
(Basel, Switzerland). 2014;3(4):770–797. 
DOI: 10.3390/antiox3040770 

32. Hartwig A. Cadmium and Its Impact on 
Genomic Stability. In: Cadmium Interaction 
with Animal Cells Springer. 2018;107–125. 

33. Anetor JI. Rising environmental cadmium 
levels in developing countries: threat to 
genome stability and health. Niger J 
Physiol Sci. 2012;27(2):103–115. 

34. Asemota EA, Okafor IM, Okoroiwu HU, 
Ekong ER, Anyanwu SO, Efiong EE, et al. 
Zinc, copper, CD4 T-cell count and some 
hematological parameters of HIV-infected  
subjects in Southern Nigeria. Integr Med 
Res. 2018;7(1):53–60. 
DOI: 10.1016/j.imr.2018.01.008 

35. Martinez SS, Campa A, Li Y, Fleetwood C, 
Stewart T, Ramamoorthy V, et al. Low 
Plasma Zinc Is Associated with Higher 
Mitochondrial Oxidative Stress and Faster  
Liver Fibrosis Development in the Miami 
Adult Studies in HIV Cohort. J Nutr. 2017; 
147(4):556–562. 
DOI: 10.3945/jn.116.243832 

36. Osuna-Padilla IA, Briceño O, Aguilar-
Vargas A, Rodríguez-Moguel NC, Villazon-
De la Rosa A, Pinto-Cardoso S, et al. Zinc 
and selenium indicators and their relation 
to immunologic and metabolic  parameters 
in male patients with human 
immunodeficiency virus. Nutrition. 2020;70: 
110585. 
DOI: 10.1016/j.nut.2019.110585. 

37. Dirajlal-Fargo S, Yu J, Kulkarni M, Sattar 
A, Funderburg N, Barkoukis H, et al. Brief 
Report: Zinc Supplementation and 
Inflammation in Treated HIV. J Acquir 
Immune Defic Syndr. 2019;82(3):275–280. 
DOI: 10.1097/QAI.0000000000002129. 

38. Sakurai K, Furukawa S, Katsurada T, 
Otagiri S, Yamanashi K, Nagashima K, et 
al. Effectiveness of administering zinc 
acetate hydrate to patients with 
inflammatory  bowel disease and zinc 
deficiency: a retrospective observational 
two-center study. Intest Res; 2021. 
DOI: 10.5217/ir.2020.00124. 

_________________________________________________________________________________ 
© 2023 Udah et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/98475 

about:blank

