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ABSTRACT

Background: Kinshasa is a megacity, capital of Democratic Republic of the Congo, with uncontrolled urbanization, 
demographic transition, migration, and heavy pollution. Objectives: The objective of this study is to classify hematologic 
malignancy (HM) cases by levels of environmental pollution using discriminant and factor analyses. Methods: The 
case series study design was undertaken. Adult patients aged ≥20 years were enrolled. The study was conducted in 
the Department of Chemical Pathology of Kinshasa University Clinics between 2015 and 2016.  Results: In total, 
114 HM cases (93 leukemia and 21 multiple myeloma) were diagnosed from patients residing within Kinshasa areas. 
There was a significant difference in the occurrence of HM cases between participants residing in areas located away 
from erosions-floods-wastes-cars and participants residing in areas located closer to erosion-floods-wastes-traffic gem-
stations/garages-industry (P < 0.0001). After adjusting for confounding factors, only age, white cell count, serum nickel, 
serum mercury, and serum gamma-glutamyltransferase (GGT) were identified as the most important and significant 
markers able to discriminate participants with or without HM by levels of environmental pollution. Seven uncorrelated 
factors were identified as follows: Manganese-iron-nickel, copper, arsenic, and GGT elevation (Factor 1); increase in 
bromium, mercury, and depletion of iodine (Factor 2); depletion of selenium and increase in uric acid (Factor 3); increase 
in molybdenum and direct bilirubin (Factor 4); increase in chromium and total bilirubin (Factor 5); increase in total 
bilirubin (Factor 6); and increase in zinc and lead (Factor 7). There was a significant interaction between the degree of 
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INTRODUCTION

Kinshasa, capital of Democratic Republic of the Congo 
(DRC), is now probably the second megacity with 
respect to rapid urban growth and largest population 

size after Lagos (Nigeria) (1). Unfortunately, in Kinshasa, 
there are erodible sandy hills, unstable types of buildings, 
degradation of infrastructures, absence of well-made roads 
for vehicles and floods as well as the absence of waste 
management. There are also petrol stations and industries 
located even in residential areas (1).

These environmental and social changes (overcrowding from 
rural to urban uncontrolled migration and development of 
poor and informal settlements) might no doubt have serious 
health consequence. The previous studies have shown the 
presence of toxic metal among pre-eclamptic women (2) 
and toxic heavy metals in ambient air in Kinshasa town (3). 
Outdoor and indoor air pollutions and waste accumulation 
were shown to be associated with elevated levels of in trace 
elements in Kinshasa’s ambient air (4,5); and these were 
higher than those reported from American, Canadian, French, 
and German populations (6-9). Sadly, there are no published 
data on the effect of environmental pollution on hematologic 
malignancy (HM), in the Kinshasa megacity, DRC – a 
developing country; whereas there are valid scientific 
information about heavy metal, toxicity, and HM in both 
developed (10-13) and other developing (14,15) countries.

Therefore, the primary objective of this study was to determine 
the distribution of proportions of HM by remote residence 
far from erosions, floods, wastes, and cars; residence closed 
to traffic and closed to erosions-floods-wastes-traffic gem-
stations-industries; and interaction between urbanization and 
geotype origin after rural-urban migration in Kinshasa megacity, 
DRC. The secondary objective of this study was to discriminate 
residence types by hematologic, metabolic, and heavy metal 
markers from participants (HM patients and healthy control 
with normal bone marrow) as well as to characterize HM 
patients by such markers using factor analysis.

MATERIALS AND METHODS

The case-control study was undertaken with adult patients 
aged ≥20 years with HM who were matched for sex and age 

with participants without HM. Cytologic aspect of normal 
myelogram and HM cases was confirmed in the Department 
of Chemical Pathology of Kinshasa University Clinics 
(KUC) between 2015 and 2016. FISH was performed at KU 
Leuven Hospitals, Belgium. The markers of interest were 
hematologic (hemoglobin, white cell, platelet, and ERS), 
metabolic (total bilirubin, indirect bilirubin, GGT, uric acid, 
and albumin), and metal toxicity (Cr, Mn, Zn, Cu, As, Se, Br, 
Mo, Cd, I, Hg, Pb, and Ni).

The study was approved by the Ethics Committee of the 
School of Public Health in Kinshasa at the Faculty of 
Medicine (ESP/CE/108/15).

The present study was undertaken in compliance with the 
Helsinki Declaration (59th WMA General Assembly, Seoul, 
South Korea, October 2008. http://www.wma.net/en/10 
policies/b3/index.html).

Procedures

Peripheral blood sample were obtained into 
ethylenediamintetraacetic acid tubes for the hemogram and 
into citrate-containing tubes for the erythrocyte sedimentation. 
Three smears of peripheral blood were performed.

Bone marrow aspiration was done from the sternal bone 
or posterior iliac spine. Ten smears were used for the 
morphological study (staining by routine May Grünwald 
Giemsa; and special staining by Sudan black B, Periodic acid 
Schiff, Perls).

Toxicology data (Cr, Mn, Zn, Cu, As, Se, Br, Mo, Cd, I, Hg, 
Pb, and Ni) were performed and analyzed at the Research 
Center of Nuclear Energy of Kinshasa (CRENK) using 
the X-ray fluorescence spectrometer, dispersive energy, 
trademark AMETEK XEPOS, Model XEPOS IIIn with Mini 
PX Anode RX Generator.

Operational definition

Resident and/or occupation closed to traffic roads (exposure 
to gasoline), petrol stations/garages, dusts, smoke, batteries, 
and industries - all those are well-defined pollutants for the 
environments from the toxic air. Thus, we had three types of 
residence such as follows: (1) Remote rural residence - far 

urbanization and geotype origin among cases of HM. Conclusion: This study demonstrates the impact of micronutrient 
deficiency and oxidative stress as the result of liver’s involvement, aging, macronutrient, and metal toxicity on the 
occurrence of HM cases among different residents in Kinshasa megacity. Hence, these variates can be described as risk 
factors contributing in the pathophysiology of HM as a result of pollution in the Kinshasa megacity.

Key words: Central Africa, Environment pollution, Hematologic malignancy, Oxidative stress
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from erosions-floods-wastes-cars; (2) semi-rural informal 
settlements and precolonial cities closed to traffic gem; and 
(3) westernized urban cities closed to erosion-floods-wastes-
traffic gem-stations/garages-industry. This urbanization’s 
degree was either cosmopolitan (metropolitan), planned, and 
administrative areas (new rich cities) with a regular supply 
of potable water and electricity or made of old and colonial 
cities characterized by irregular supply of potable water/
electricity and chaotic urbanization.

Indeed, both rural, semi-rural, and urban areas of 
Kinshasa megacity are exposed to high levels of metal 
toxicity (3-4,16). Central Kinshasa areas (Kalamu, Lemba, 
and Makala municipalities) are well known as high-risk 
zones for lead and mercury emissions: Urban environment 
next to many mechanical workshops and other former battery 
manufacturing factories, old water drainage systems and road 
networks as a source of car combustion gases containing lead, 
decomposition of lead-containing paints, house dust (residual 
contaminants), consumption of vegetables grown along the 
main roads (16), and fish (Jack mackerels or Trachurus, rich 
in mercury) (17). The use of cosmetics with hydroquinone 
and mercury (17) is well prevalent in Kinshasa rural areas 
(Nsele, Maluku, Mont Ngafula, Selembao, Kisenso, and 
Ngaliema municipalities). Far away from these industrial 
sites, main roads and with a non-westernized lifestyle were 
defined as an environment, not high in metal pollution risk 
(WHO, 1996) (18).

DRC Center provinces (Kasai Oriental, Lomami, Sankuru, 
and Kasai Central), DRC East provinces (Tsopo, Bas Uele, 
Haut Uele, Ituri, Nord Kivu, Sud Kivu, Maniema, Tanganyika, 
Haut Lomami, Haut Katanga, and Lualaba), and DRC West 
provinces (Kongo Central, Kinshasa, Kwango, Kiulu, Mai 
Ndombe, Equateur, Tshuapa, Mongala, Nord Ubangi, and 
Ubangi) were used to determine geotype origin of the study 
participants (Figure 1).

Multiple myeloma, a subtype of HM, was defined according 
to the French-American-British (FAB) classification and 
supplemented by the WHO criteria for hematologic cancers 
(2008) (20,21).

MM is also a malignancy of plasma cells that result from 
an overproduction of light and heavy chain monoclonal 
immunoglobulins (22-28).

Leukemia, another subtype of HM, was defined according 
to the FAB classification and supplemented by the WHO 
criteria for hematologic cancers (2008).

Statistical analysis

Continuous variables were normally distributed and 
presented as means ± standard deviation (SD), while 
categorical variables were presented as frequency (count = n) 
and proportions (%).

In univariate analysis, Student’s t-test was calculated to 
assess differences between 2 groups and analysis of variance 
to compare means between ≥3 groups. Multiple comparisons 
of means were computed using post hoc Bonferroni pair 
means at considering Type I error rate of 0.05. Chi-square 
test was used to compare percentages at categorical variables 
between groups.

In multivariate analysis, DA was used as the model of the 
conventional classification techniques at discriminating a 
single categorical variable using multiple attributers such as 
normal myelogram and different subtypes of hematological 
cancers. DA used canonical variables that would maximally 
differentiate (classify) group membership within patients 
with anemia. The important underlying assumptions of 
DA were stated as follows: (i) Each predictive variable 
was normally distributed; (ii) there must be homogeneity 
of covariance between subtypes and normal myelogram; 
(iii) there must be at least two groups with each subgroup 
belonging to only one group so that the groups were mutually 
exclusive and collectively exhaustive; (iv) the groups should 
be characterized before collecting the data; (v) the predictive 
variables considered to separate the groups should classify 
quite clearly between the groups so that each category 
overlap was clearly non-existent or minimal; and (vi) group 
sizes of the dependents should not be grossly different 
and should be at least 5 times the number of independent 
variables.

The Box’s test of equality for covariance matrices was 
considered to check the assumption for homogeneity of 
covariance across the categories.

Mahalanobis distances were computed at supporting the 
classification of canonical variables into distinct subtypes and Figure 1: Map of Kinshasa
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normal myelogram among groups’ centroids at determining 
the degree of segregation with each Wilk’s Lambda value 
closer to zero being the evidence for well-separated groups.

Factor analysis is a multivariate model for investigating 
variable relationships for the complex concept, is originated 
in psychometrics, and is used in behavioral sciences, social 
sciences, dietary sciences, nutrition sciences, marketing, 
product management, operational research, and other applied 
sciences that deal with large quantities of data.

Therefore, orthogonal matrix was hold for being factors 
and factor loadings. Thus, common factor analysis or 
principal factor analysis, the squared factor loading is 
term of the percent of variance in variable explained by 
the factor, the Eigenvalue for a given factor measured 
the variance in all the variables, and extraction sums of 
squared loadings were also used. According to the Kaiser 
criterion, the Eigenvalue was a measure of how much of 
the variance of the observed variables a factor explains. 
Any factor with an Eigenvalue ≥1 explains more variance 
than a single observed variable.

The Cattell scree test has plotted the factors or components as 
the X-axis and the corresponding Eigenvalues as the Y-axis 
toward the right with later components, and the Eigenvalues 
drop with the curve at an elbow toward less steep decline.

Varimax rotation was used to obtain the output more 
understandable and facilitated the interpretation of factors. 
Indeed, this orthogonal rotation of the factor axes served to 
maximize the variance of the squared loadings of a factor 
(column) on all the variables (rows) in a factor matrix that has 
the effect of differentiating the original variables by extracted 
with a single factor. Varimax rotation proceeded for results, 
which make it as easy possible to identify each variable with 
a single factor.

A P < 0.05 was considered as statistically significant. All 
analyses were performed using the Statistical Package for 
Social Sciences (IBM* SPSS, New York, MD, USA) for 
Windows version 23.0.

RESULTS

In total, 114 HM cases (93 leukemia, and 21 multiple 
myeloma) were residing within Kinshasa areas. There was a 
significant difference in the occurrence of HM cases between 
participants residing in areas located away from erosions-
floods-wastes-cars and participants residing in areas located 
closer to erosion-floods-wastes-traffic gem-stations/garages-
industry (P < 0.0001) (Figure 2).

Table 1 summarizes univariate comparisons of mean values 
of variables of interest among all participants across selected 

residence types in Kinshasa. The mean levels of platelets, 
total bilirubin, direct bilirubin, and serum molybdenum did 
not vary (P > 0.05) across residence types. However, the rest 
of mean levels of hematologic profiles, liver function, kidney 
function, inflammation, and heavy metals did significantly 
(P < 0.05) vary across selected residence types. These mean 
concentrations were increasing from remote residence far 
from erosions-floods-wastes-cars through residence closed 
to traffic gem till closed to erosion-floods-wastes-traffic 
gem-stations/garages-industry. Moreover, the lowest levels 
of serum lead, selenium, copper, iodine, and albumin were 
observed among HM patients from closed to erosions-floods-
wastes-traffic gem-stations/garages-industry in comparison 
with the levels of those nutrients among HM patients from 
residence closed to traffic gem and remote residence far from 
erosions-floods-wastes-cars, respectively.

In multivariate DA, tests of equality group means with 
Wilks Lambda, Box’s test of equality of covariance 
matrices, summary of canonical discriminant functions, 
canonical discriminant functions, and classification function 
coefficients are displayed in Table 2a and b. For caution, 
first 3 canonical discriminant functions were used. After 
adjusting for such confounding factors, only age, white cell 
count serum nickel, serum mercury, and serum GGT were 
identified as the most important and significant markers to 
discriminate environments with different scales of pollution 
(Table 2a and b).

Age, serum nickel, serum mercury, and serum GGT were 
characterized by highest, intermediate, and lowest mean 
levels at closed, residence closed to traffic gem, and remote 
residence from erosions, floods, wastes, cars, respectively.

However, highest levels of white cell count were concurrent 
at residence closed to traffic gem, whereas lowest of white 
cell count were concurrent at both remote residence far from 

Figure 2: Repartition of population study by environment 
pollution
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erosions-floods-wastes-cars and closed to erosion-floods-
wastes-traffic gem-stations/garages-industry.

Figure 3 describes canonical discriminant environment 
functions at discriminating with pollution.

Factor analysis revealed 7 uncorrelated factors (components) 
which cumulative and individual explained variances among 
all HM. Figure 4 presents the number of those 7 factors 
using the Scree plot according to the Eigenvalues. Thus, 
both 7 factors could be identified as manganese-iron-nickel, 
copper, arsenic, and GGT elevation (Factor 1), increase 
in bromium, mercury, and depletion of iodine (Factor 2), 
depletion of selenium and increase in uric acid (Factor 3), 
increase in molybdenum and direct bilirubin (Factor 4), 
increase in chromium and total bilirubin (Factor 5); increase 
in bilirubin total (Factor 6), and increase in zinc and lead 
(Factor 7) (Figure 4).

There was a significant interaction between urbanization 
degree and geotype origin on cases of HM: The highest, 
intermediate, and lowest number of HM in interaction 
between chaotic urbanization and DRC West provinces, 

interactions between all new cities and DRC West provinces 
and westernized and administrative centrum, and DRC East-
Center provinces, respectively.

DISCUSSION

The study discriminated also residence types by hematologic, 
metabolic, and heavy metal markers from participant (HM 
patients) as well as to characterize HM patients by such 
markers using factor analysis.

Sadly, all serum heavy metals in these Congolese HM patients 
were reflecting metal toxicity with levels higher than ranges 
recommended by the WHO (18) and were also reflecting air 
pollutant environment among patients (2,4,19) and dwellers 
from Kinshasa community (29), and in participants from 
other Sub-Saharan African megacities such as Johannesburg, 
Nigeria (30,31). In Kinshasa megacity, the following 
heavy metals are the most incriminated: Lead, mercury, 
copper, arsenic, zinc, manganese, chrome, vanadium, and 
selenium (3,4).

Table 2a: Classification function coefficients in discriminant analysis
Variables Remote residence far from 

erosions‑floods‑wastes‑cars
Residence closed to 

traffic gem
Closed to 

erosions‑floods‑wastes‑traffic 
gem‑stations/garages‑industry

Age years 0.28 0.396 0.617

White cell count/mm3 −1.272E‑6 3.889E‑6 −1.880E‑5

Serum nickel mg/L 1.535 6.113 9.792

Serum mercury mg/L 5.252 7.601 18.152

Serum GGT UI/L 0.011 −0.016 −0.22

(Constant) −7.697 −17.868 −48.29

Fisher’s linear discriminant 
functions
GGT: Gamma‑glutamyltransferase

Table 2b: Variables of discriminant analysis
Variables Environment pollution

Remote residence far from 
erosions‑floods‑wastes‑cars

Residence closed to 
traffic gem

Closed to 
erosions‑floods‑wastes‑traffic 
gem stations/garages‑industry

Age years 0.028 0.396 0.617

White cell/mm3 −1.272E‑6 3.889E‑6 −1.880E‑5

Serum nickel mg/L 1.535 6.113 9.792

Serum mercury mg/L 5.252 7.601 18.152

Serum GGT UI/L 0.011 −0.016 −0.022

Constant −7.697 −17.868 −48.929
GGT: Gamma‑glutamyltransferase
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Proportions of HM

In this study, HM was recognized as a heterogeneous 
nosological entity with 8 leukemia patients to 10 HM patients 
versus emerging 2 MM cases to 10 HM patients at KUC. 
These findings confirmed epidemiological studies related to 
HM in general and both leukemia and MM from developed 
countries (26,32) and from Sub-Saharan Africa.

Aging was associated with these Congolese HM patients as it 
is well reported (33-35).

Classification of HM patients according to 
residence and pollution

Except platelet count, molybdenum, direct bilirubin, and 
total bilirubin, the rest of continuous markers were able to 
distinguish univariately the present HM patients across 
remote residence far from erosions-floods-waste-cars, 
residence closed to traffic gem, and closed to erosions-floods-
wastes-stations/garages-industry. However, the multivariate 

discriminate analysis identified increasing level of age, 
serum nickel, mercury, and GGT were the most independent 
markers to discriminate HM according to remote residence 
far from erosions-floods-waste-cars, residence closed to 
traffic gem, and closed to erosions-floods-wastes-stations/
garages-industry from Kinshasa megacity. The present study, 
therefore, reported that HM residences closed to Kinshasa 
megacity erosions-floods-wastes-traffic gem-stations/
garages-industry were more vulnerable for metal toxicity 
than their HM counterparts did from residence closed to 
traffic gem and remote residence far from erosions-floods-
wastes-cars, respectively.

Physiopathogenic mechanism for HM

In this study, factor analysis produced 7 factors which were 
identified as manganese-iron-nickel, copper, arsenic, and 
GGT elevation (Factor 1); increase in bromium, mercury, 
and depletion of iodine (Factor 2); depletion of selenium and 
increase in uric acid (Factor 3); increase in molybdenum and 
direct bilirubin (Factor 4), increase in chromium and total 
bilirubin (Factor 5); increase in bilirubin total (Factor 6), and 
increase in zinc and lead (Factor 7).

Interaction between urbanization degree and 
geotype after migration

These present findings demonstrated that the highest 
proportion of HM patients was observed in the concurrent 
actions of DRC West provinces and chaotic urbanization-
old and colonial-westernized new cities in comparison 
of proportions of HM patients with interaction between 
DRC West provinces and westernized and administrative 
Center, DRC East provinces, DRC Center provinces, and 
the rest of Kinshasa megacity residences. These findings 
from DRC West provinces and chaotic urbanization-old 
and colonial-westernized new cities may be explained by 
longer exposure to fish (Jack mackerels or Trachurus, rich 
in mercury), cosmetics/soaps use, deforestation, lifestyle 
changes (tobacco, excessive alcohol), and petrochemical 
refinery (1,19,36). In total, Kinshasa megacity is characterized 
by historical, demographic, and chaotic extension from 
1923 to 2005 (37-39). Past and recent migrations are due to 
repeated violence reactions/wars from peripheral provinces to 
Kinshasa megacity [40] and poor and vulnerable to pollutant 
environment.

The present findings produced knowledge to understand the 
mechanism of clustering of inflammation/allergy-oxidative 
stress markers of aging, urbanization levels-rural migration 
from peripheral provinces, micronutrient (depletion of 
iodine, selenium, zinc, and copper), macronutrient protein 
energy (depletion of serum albumin), liver function (increase 
in GGT), kidney function (increase in uric acid), and metal 
toxicity (increase in nickel, lead, iron, molybdenum, arsenic, 
mercury, bromium, chromium, and cadmium).

Figure 3: Canonical discriminant functions

Figure 4: Scree plot for component number in factor analysis
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In total, these disturbances were reflecting important 
antioxidant/oxidant imbalances which are incriminated in 
cancers in general (References) and HM in particular (41-43) 
across Kinshasa areas plenty of dust (allergy), smoke 
(hypoxia), psychological stress/Immunity decline (migration, 
erosions), and pollution (metal toxicity).

These patients from Kinshasa megacity are facing 
demographic transition (elderly HM patients from residence 
closed to erosions-floods-wastes-traffic gem-stations/
garages-industry).

Aging and HM

These findings outlined the incidence of HM including multiple 
myeloma elderly as confirmed in the literature (27,32,34). 
However, the present analysis revealed younger age in 
leukemia patients, whereas aging is associated with leukemia 
patients from rich countries (44,45).

Indeed, aging process is well known as a biologic complex 
entity mediated by genetic and epigenetic factors and 
environmental factors (36,46) across aging; the hematologic 
stem cells do experience DNA damage, telomerase shortening, 
oxidative stress, and poor homing efficiency (47,48).

Micronutrient deficiency, loss of antioxidant 
properties, and HM

Depletion of serum selenium concentration in these HM 
patients might explain the higher risk of cancer in general 
and in HM in particular (41,49).

Depletion of serum iodine in these HM patients might 
also explain higher risk for other cancers such as thyroid 
neoplasm (50). Furthermore, iodine depletion does increase 
H2O2-mediated, reactive oxygen species generation, which 
can damage DNA and result in mutations (51).

Zinc deficiency induces immune dysfunction in Belgium 
patients with HM (49). Zinc deficiency also may enhance 
DNA damage through impairments of DNA repair 
mechanism (43).

Macronutrient deficiency

Serum albumin deficiency, kwashiorkor or disease of migrant 
in Ghana, is a condition of antioxidant capacity loss (42).

Biochemical markers for liver dysfunction and 
purine metabolism

Increase in GGT, among these HM patients, is a very 
strong enzyme to catalyze the transfer of gamma-glutamyl 
functional group from molecules such as glutathione 
to an acceptor that may be an amino acid, a peptide, or 

water (forming glutamate) (52,53). Indeed, GGT plays an 
important key in the gamma-glutamyl cycle for the synthesis 
and the degradation of glutathione, drug, and xenobiotic 
detoxication (54). Excessive intake of alcohol with elevated 
GGT and free radicals, metals, and antioxidants in oxidative 
stress is well known to induce cancer (43).

Moreover, different studies have demonstrated that levels of 
serum uric acid, an antioxidant defendant against age related 
free radicals and scavenger of singlet Oxygen, were previously 
reported to be associated with incident cases of cancer (55,56). 
Uric acid is also a weak organic acid which is a metabolic and 
product of purine degradation, as inconsistence and conflicting 
impact on mortality, heart disease, and certain cancers (57,58).

Heavy metal toxicity and HM

The majority of heavy metal was dramatically elevated and 
clustering in this study. Different studies report that cadmium 
is a human carcinogen and occupational exposure to it has 
been associated with cancers (43).

Other studies revealed that copper is well-known pro-oxidant 
and may participate in metal-catalyzed peroxidation of lipids. 
Copper is also an essential component of several endogenous 
antioxidant enzymes, and that free radicals have been 
proposed to play a role in the process of carcinogenesis (59).

Indeed, nickel is a common carcinogen that can alter gene 
expression by enhanced DNA methylation, rather than 
through mutagenic mechanisms. Nickel may interfere with 
DNA repair.

Indeed, several metals such bromium-mediated formation of 
free radicals across a Fenton reaction (60).

Indeed, iron-induced free radical damage to DNA appears to 
be important for the development of cancer, and cancer cell 
are known grow rapidly in response to iron (43,61-64).

However, manganese and molybdenum are essential 
micronutrients involved in anti-oxidant defense (64-67).

CLINICAL IMPLICATIONS

The present results will impact on the management of HM 
in Kinshasa megacity. Indeed, biochemical, oxidative stress, 
and metal toxicity markers will serve for early prevention, 
diagnosis, and treatment of HM.

These results will be also used for training of biologist, 
perspective public health in terms of educational of 
persons, and high awareness about emerging HM among 
these Congolese people who are facing epidemiologic, 
demographic, and nutrition health transitions.
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CONCLUSION

This study demonstrated the significant discrimination of 
classification of HM patients from remote residence far from 
erosions-floods-wastes-cars, residence closed to traffic gem, 
and residence closed to erosions-floods-wastes-stations/
garages-industry in Kinshasa megacity, DRC.

The pathophysiology of HM might be explain by clustering 
of micronutrient, macronutrient, biochemical, oxidative 
stress, and metal toxicity biomarkers after rural migration 
and living in at Kinshasa megacity.
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