X4

Journal of Biosciences and Medicines, 2024, 12, 509-523

X/

"‘: g‘é?ggmﬁ https://www.scirp.o.rg/journa|/jbm
94% Publishing ISSN Online: 2327-509%

o,

ISSN Print: 2327-5081

Trace Element Status in Women
of Childbearing Age in Kisangani,
Democratic Republic of the Congo

Likilo Osundja Jérémie!*, Komanda Likwekwe Emmanuel?, Juakali Sihalikyolo Jean-Jeannot?,
Buhendwa Mirindi Victor?, Katenga Bosunga Gédéon!

'Department of Gynaecology-Obstetrics, Faculty of Medicine and Pharmacy, University of Kisangani,
Kisangani, Democratic Republic of the Congo

“Department of Human Nutrition, Faculty of Medicine and Pharmacy, University of Kisangani,
Kisangani, Democratic Republic of the Congo

Email: *jeremilikilo@gmail.com

How to cite this paper: Jérémie, L.O., Em-
manuel, K.L., Jean-Jeannot, J.S., Victor, B.M.
and Gédéon, K.B. (2024) Trace Element Sta-
tus in Women of Childbearing Age in Kis-
angani, Democratic Republic of the Congo.
Journal of Biosciences and Medicines, 12,
509-523.
https://doi.org/10.4236/jbm.2024.1211039

Received: October 9, 2024
Accepted: November 24, 2024
Published: November 27, 2024

Copyright © 2024 by author(s) and
Scientific Research Publishing Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).

http://creativecommons.org/licenses/by/4.0/

[ONom

Abstract

Introduction: Trace element deficiency is a major nutritional problem world-
wide, affecting more than two billion people, or around a quarter of the world’s
population. This situation is even more acute in developing countries than in
developed countries. In sub-Saharan Africa, research and recent data on trace
elements (micronutrients) are scarce. The aim of this study was to determine the
serum status of calcium (Ca*), copper (Cu), magnesium (Mg), selenium (Se) and
zinc (Zn) in women of childbearing age in Kisangani. Methods: We have con-
ducted a descriptive cross-sectional study in Kisangani, Democratic Republic of
the Congo. Our sample consists of 596 women of childbearing age in apparent
good health. The data collection has been prospective. Concentrations of trace
elements in serum were analysed using an inductively coupled plasma mass
spectrophotometer (ICP-MS Agilent 7700X). Results: The mean and median
concentrations were: Calcium: 2.35 mmol/l and 2.31 mmol/l, Copper: 13.55 and
13.49 umol/l, Magnesium: 0.85 and 0.81 mmol/l, Selenium: 0.99 and 0.76 umol/l,
and Zinc: 13.85 and 13.79 pumol/l. Respondents aged 20 - 34 had mean serum
concentrations of 2.4 mmol/l for calcium, 13.7 umol/l for copper, 0.9 mmol/l for
magnesium, 1.1 umol/l for selenium and 14.0 pmol/l for zinc. Conclusion: The
trace element status of women of childbearing age in Kisangani was lower than
that observed by other researchers, which suggests the need for a general nutri-
tional intervention in our environment.
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Childbearing Age, Kisangani

1. Introduction

Trace elements are chemical elements present in very small quantities in the hu-
man body, only a few tenths of a gram, but they are essential to the metabolism of
the human body. Most often obtained from food, they are a group of nutrients
necessary for various biochemical functions in the living human being [1] [2].

Trace elements are ubiquitous in nature. Their nutritional status in the human
body varies according to trace element intake, sex, age, bioavailability and other
factors [3]-[5].

An insufficient intake of trace elements can lead to the appearance of deficiency
symptoms, just as an excessive intake could lead to symptoms of intoxication in
an apparently healthy individual. There is an interval between intakes that are
clearly insufficient, leading to deficiency-related illnesses, and those that exceed
the body’s metabolic capacity, which can lead to signs of toxicity. Between these
two extremes lies the correct intake for good health and the maintenance of met-
abolic integrity [1] [2] [6] [7].

Inadequate dietary intake, malabsorption or other conditions causing intestinal
loss in an individual are thought to be at the root of a deficit or significant defi-
ciency in trace elements [8]. Deficiencies in these minerals are widespread
throughout the world and contribute to morbidity and mortality in vulnerable
populations (women of childbearing age, children, pregnant and breastfeeding
women) [8] [9].

Micronutrient deficiency is a major nutritional problem worldwide, affecting
more than two billion people, or around a quarter of the world’s population [3]
[10]. This situation is even more acute in developing countries than in developed
countries [11].

In a woman’s life, childbearing age is of great importance because of its impact
on a series of major changes and transitions. At this age, there are major fluctua-
tions in trace elements, and mastering them requires up-to-date knowledge of
their status to better help or support this growing organism in the event of any
imbalance observed. What’s more, the world is currently undergoing a nutritional
transition, and this is happening faster in the female population than in the male
population [4].

Given the higher micronutrient deficiencies among adolescent girls and adult
women of childbearing age worldwide, UN experts recommend that all countries
have accurate data on micronutrient status and dietary behaviour for this popula-
tion group, despite the resources required for this task. This effort could contribute
to areduction in poverty and food insecurity, thus helping to achieve the Sustainable
Development Goals (SDGs) [12] [13] by developing dietary guidelines based on the
diet and status or level of different micronutrients in this target population [4].

The high nutritional burden among women has been recognised by the United
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Nations Sustainable Development Goals, which aim to meet the nutritional needs
of adolescent girls, as well as pregnant and lactating women, by 2030 [7]. In order
to develop public health strategies and monitor programmes aimed at achieving
these goals, data on the status and intake of trace elements in women of childbear-
ing age and pregnant women are sorely needed. In developed countries, these pa-
rameters have already been established (or are in the process of being established),
but this is not the case in most African (developing) countries, where these pa-
rameters are absent and, for the most part, obsolete [4].

In some parts of the world, the trace elements status of a large proportion of the
population is known, making it easier to manage a number of deficiency diseases
in vulnerable groups (children, women in reproductive activity and pregnant
women) [13].

In sub-Saharan Africa, research and recent data on trace elements (micronutri-
ents) are scarce or almost non-existent. Logistical resources and funding for sev-
eral scientific studies are still lagging behind. This forces researchers or govern-
ments to refer to old, almost obsolete data, or to data from other countries that do
not have the same living conditions as those being researched and sometimes,
more often than not, to the standards set by the United Nations (WHO), for ex-
ample [14]-[17].

In the Democratic Republic of the Congo, data on trace element status are
scarce. We thought it appropriate to carry out this study to determine the levels
of certain trace elements in women of childbearing age in the city of Kisangani, in
order to understand the effects of their deficiency on pregnant women in our area.

This research will provide reference values for trace elements in the serum of
women of childbearing age, giving us benchmark data for our environment. We
asked ourselves the following question: What are the levels or thresholds of trace
elements in women of childbearing age in Kisangani?

This study aims at improving the management of patients with trace element
disorders or deficiencies in the city of Kisangani, determining the status and av-
erage concentration of each trace element (calcium, copper, magnesium, selenium
and zinc), and leveling of trace elements as a function of age and socio-economic

level in women of childbearing age in Kisangani.

2. Methods
2.1. Environment, Population and Type of Study

This research took place in the city of Kisangani, the capital of Tshopo province,
in the north-east of the Democratic Republic of the Congo. In fact, this was a
multi-site study, conducted within 8 health structure in Kisangani. These were the
Kisangani University clinics, the Kabondo general referral hospital, the Foyer re-
ferral health centre, the Saint Joseph health centre, the Matete referral health cen-
tre, the Mangobo general referral hospital, the Lubanga general referral hospital,
the Makiso-Kisangani general referral hospital.

The study population consisted of women of childbearing age (aged 15 - 45) living
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in the city of Kisangani. The study ran from 10 July 2023 to 10 November 2023.
We have conducted a descriptive cross-sectional study with prospective data

collection at all the sites selected for this research.

2.2. Sample and Sampling

To calculate the sample size for our study, we used the following formula [18]:

_ 2a° x S?

aZ

=  Zafor a 95% confidence interval is 1.96;
= §=Standard deviation;
= a= Level of accuracy or margin of error.

In our study, we used the standard deviation of copper calculated by Komarova
Tatiana et al [19], in their study in Australia in 2021. This standard deviation was
5.0 and we used a precision level of 0.5 mg/dl. By replacing these values in our
formula, we have:

1.96% x 52
n=———

0.5°

= 384.16 individus

Adding 10% of those lost to follow-up, we would have 384.16 + 38 = 422 indi-
viduals. Ultimately, our sample should be * 422 subjects. Our sampling was non-
exhaustive or of convenience.

Case selection: To be a woman of childbearing age living in the city of Kisan-
gani; To be in apparent good health; To have voluntarily consented to participate
in the study by signing the informed consent form; To have agreed to the blood

sample being taken, and personal data being recorded (Noted).

2.3. Data Collection Process

Data collection was prospective in the outpatient departments of the selected hos-
pitals. After a 24-hour training session with the research team (doctors, head
nurses of the outpatient departments, laboratory technicians and a community
liaison officers).

The community outreach worker’s role was to mobilise women of childbearing
age in the neighbourhood and avenues; the doctor helped us receive the clients,
explain the benefits of this activity, record their personal details and present them
with the informed consent form for signature after verbal consent; the nurse took
the vital signs and parameters. The laboratory technician drew blood from con-
senting women. Activities (from reception to sampling) took place every working
day from 8 am to 12 pm, depending on the arrival of clients. At 12.30 p.m., the
principal investigator came round to assess the day’s activities (filling in the forms
and checking the blood samples). Once the respondent had finished with the doc-
tor and nurse, she was received for the blood test. Using a 5 ml syringe, a veni-
puncture was made in the forearm or the back of the hand, where 4 - 5 ml of blood

was taken. From the syringe, the blood was injected into a dry vacutainer tube,
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which was placed vertically while waiting for the samples to be taken to the labor-

atory in an isothermal box.

2.4. Sample Processing and Trace Element Analysis

Once the samples had been taken, they were sent to the laboratory of the Kisan-
gani university clinics for analysis. The tubes containing the blood were centri-
fuged at 5000 rpm for 5 minutes. Then the sera were collected and placed in cry-
otubes. 160 microliters of serum from10 respondents were randomly collected for
immediate analysis of trace elements (calcium, copper, magnesium, selenium and
zinc) before hypercold storage. This was to reassure us that the values of trace
elements would not be modified by our storage conditions (preservation) of the
sera. The values found were recorded and the tubes of cases collected identified to
be used for comparison with the values of these same samples during the analyses
of all the preserved samples. The rest of the serum was divided into 3, placed in 3
different cryotubes, marked (each cryotube had a code identifying the woman in
our collection form, 7.e. each woman had three cryotubes bearing her identifier or
code). The cryotubes were stored in the Hub-Kisangani at —80°C. One third of the
cryotubes were sent to the large biochemistry laboratory of the University of Stras-
bourg’s Faculty of Life Sciences, in collaboration with the laboratory of the Chem-
istry and Biochemistry Section of the University of Geneva’s Faculty of Science,
for comparative trace element assays. The sera were transported in a liquid nitro-
gen container to the laboratory at the University of Strasbourg.

After digestion, the samples were diluted with 2 cc of deionised water, then di-
luted 5-fold and 20-fold before being analysed using an inductively coupled
plasma mass spectrophotometer (ICP-MS Agilent 7700X).

We did not note significant variations between the values of trace elements

measured before freezing and those after hypercold storage.

2.5. Data Processing and Analysis Plan

- Manual data processing and categorisation;
- Data analysis.

The data were entered on computer using Microsoft Excel 2021. Statistical anal-
ysis of the data was carried out using R software version 4.3.0.

We used percentage calculations for qualitative variables, mean, median, stand-
ard deviation, variance, minimum, maximum, first and third quartile, and mode
for quantitative variables. We used the Kruskal Wallis Test and the Wilcoxon

Mann-Whitney Test to compare the means between the different groups.

2.6. Ethical Considerations

The research protocol has been first validated by the Gynaecology-Obstetrics De-
partment of the Faculty of Medicine at the University of Kisangani, then validated
by the Faculty Council after presentation at the doctoral day organised by the Fac-
ulty of Medicine and Pharmacy at UNIKIS.
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Finally, the research ethics committee of the University of Kisangani has given
us its approval in letter No. UNIKIS/CER/025/2022 of 26/12/2022 to start collect-
ing data.

Anonymity was guaranteed during data collection and analysis. Data were only
collected once the woman had signed the informed consent form in the language

she spoke.

3. Results

3.1. Socio-Demographic Characteristics of Respondents

Table 1 shows that 65.4% of the respondents were aged between 20 and 34, with
an average age of 26.18 + 7.50, and extremes of 15 and 45. Housewives accounted
for 46.1% of our sample, and civil servants for 8.7%. 70.5% of these women were
married; 68.1% had secondary education. The poor were 39.9% and the rich 24.7%
(Table 1).

3.2. Trace Element Status

Table 2 shows that the mean blood calcium level was 2.35 + 0.71 mmol/l. The
lowest was 1.19 mmol/l and the highest 3.37 mmol/l. The 25™ percentile was 2.20
mmol/l, the median 2.31 mmol/l and the 75" percentile 2.47 mmol/l. The most
repeated level was 2.31 mmol.

The mean for cupraemia was 13.55 + 2.67 pmol/l. The minimum was 0.53 pmol/l
and the maximum 24 umol/l. The 25" percentile was 11.20 umol/], the median 13.49
pmol/l and the 75® percentile 15.45 pmol/l. The mode was 11.10 pmol/l.

The mean magnesium level was 0.85 + 0.31 mmol/l. The lowest magnesium
level was 0.30 mmol/l and the highest 2.01 mmol/l. The 25" percentile was 0.75
mmol/], the median 0.81 mmol/l, and the 75" percentile 0.89 mmol/l. The mode
was 0.81 mmol/l.

With regard to selenium levels, the mean was 0.99 * 2.96 umol/l. The lowest
level was 0.20 umol/l and the highest was 1.13 pmol/l. The 25" percentile was 0.64
pmol/l, the median 0.76 pmol/l, the 75" percentile 0.83 mol/l. The most repeated
level was 0.79 pumol/L

In relation to zinc, the mean level was 13.85 + 1.99 umol/l. The minimum was
2.41 pmol/l and the maximum 18.4 pmol/l. The 25™ percentile was 12.64 umol/l,
the median 13.79 pmol/l, and the 75" percentile 15.33 umol/l. The mode was 13.42
umol/l (Table 2).

3.3. Age of Respondents and Trace Element Status

Table 3 shows that the mean serum calcium, copper, magnesium and zinc levels
differed significantly by age (p-values of 0.032, < 0.001, 0.01 and 0.018 respec-
tively), with the mean calcium, copper and magnesium levels being higher in the
20 - 34 age group. For serum zinc levels, the mean was higher in the 20 - 34 and
35+ age groups. However, the mean serum selenium levels did not differ accord-
ing to age (Table 3).
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Table 1. Socio-demographic characteristics.

Socio-demographic characteristics Frequency N = 596 %
Age (years)
15to 19 113 19.0
20 to 34 390 65.4
>35 93 15.6
Profession
Housekeeper 275 46.1
Student 101 17.0
Retailer 55 9.2
Student 52 8.7
State agent 30 5.0
Seamstress 24 4.0
Private sector 18 3.0
Nurse 15 2.5
Teacher 14 2.4
Grower 12 2.0

Marital status

Married 420 70.5
Single 176 29.5
Level of education
No 3 0.5
Primary 19 32
Secondary 406 68.1
Higher/University 168 282
Socio-economic level
The poorest 14 24
Medium 238 39.9
Second or poor 143 24.0
Fourth or rich 147 24.7
The richest 54 9.1

Table 2. Trace element status.

Trace elements Average Variance cslzrili?:;i Minimum P25 Median P75 Maximum  Mode
Calcium (mmol/l) 2.35 0.50 0.71 1.19 2.20 2.31 2.47 3.37 2.31
Copper (pmol/l) 13.55 7.15 2.67 0.53 11.20 13.49 15.45 24.00 11.10
Magnesium (mmol/l) 0.85 0.10 0.31 0.30 0.74 0.81 0.89 2.01 0.81
Selenium (pumol/1) 0.99 8.74 2.96 0.20 0.64 0.76 0.83 113 0.79
Zinc (umol/1) 13.85 3.96 1.99 2.41 12.64 13.79 15.33 18.70 13.42
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Table 3. Association between age of respondents and trace element status.

Trace elements

Calcium (mmol/l) Avg (ET)

Copper (micromol/l) Avg (ET)
Magnesium

Avg (ET

(mmol/l) Vg (ET)
Selenium

Avg (ET

(micromol/l) ve (ET)

Zinc (micromol/l) Avg (ET)

Agein

-val

years p-value
15to19 20to34  35to45
22(02) 2409 23(02)  0.032
126 (24) 13.7(2.8) 139(21) <0.001
0.8(0.1)  0.9(04)  0.8(0.1) 0.01
0.7 (0.2) 1.1(36)  0.7(0.1) 0.2
134(2.1) 140(21) 140(1.4) 0.018

3.4. Socio-Economic Level and Trace Element Status

Table 4 shows that there was a statistically significant difference between the

means of serum copper, magnesium and zinc levels in relation to socio-economic

level (p-value respectively, <0.001, 0.004, and <0.001); the mean being higher in

the richest people. Mean serum calcium and selenium levels did not differ by so-

cio-economic status (Table 4).

Table 4. Relationship between socio-economic level and serum trace element levels.

Socio-economic

Trace level
elements The
Poorest
Calcium
A ET 2.0(0.3
(mmoln) V8 ED (03)
COPPer Vo (ET)  11.4 (1.6)
(umoll) '8 A
Magnesium
A ET 0.7 (0.1
(mmoln) V8 ED ©0.1)
Selenium
A ET 0.6 (0.1
(umotny V8 ED) 0.1
Zinc
A ET 129 (1.6
(umotny V8 ED) 2 (16)

p-value
The

Poor Medium Rich .
richest

22(02) 24(1.1) 24(02) 2.4(02) 0.062

12.6 (2.1) 13.4(2.9) 14.5 (2.4) 14.8 (2.9) <0.001

0.8(0.1) 0.8(0.5) 0.9(0.2) 0.9(0.2) 0.004

0.9 (1.5) 12(45) 0.8(02) 0.8(02) 06

13.4 (1.7) 13.5(2.2) 14.5 (1.6) 15.1 (1.7) <0.001

4. Discussion

4.1. Trace Element Status

In this research, we determined the status of 5 trace elements including calcium,

copper, magnesium, selenium and zinc in women of childbearing age.

Calcium status ranged from 1.19 to 15.30 mmol/l, with an average of 2.35 £ 0.71

mmol/l. Most of these women had a blood calcium level of 2.31 mmol. The 75®
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Percentile was 2.47 mmol/l. Our lower limit of calcium status is well below those
found by Onyekwelu AC et al, in Abuja, Nigeria: 2.18 mmol/l [20]; Probha K et
al, in Kuwait: 2.25 mmol/l [21]. And Zhang H et al [22], in China: 2.27 mmol/],
Rustad P et al: 2.17 mmol/l [23].

The upper limit of our calcium status of 3.37 mmol/l, is higher than the limits
or highest threshold of several authors or studies found in the literature [17]
[24]-[27].

The mean serum calcium in our study was much higher than that observed by
Annour M. Alalem et al. in Wadi Etba, Libya: 0.220 + 0.023 mmol/l (8.5 = 0.9
mg/dl) [28]; and 0.236 + 0.006 mmol (9.14 + 0.24 mg/dl) observed by Mohaddesi
et al in Iran [5]. Nevertheless, our mean was close or not very far from those ob-
served by Yang, ] et al in China: 2.66 mmol/l [29]; and Mahdieh A F et al in Iran:
2.22 +0.18 mmol/1 [30].

Copper status ranged from 0.53 to 24.00 pmol/l, with an average of 13.55 + 2.67
pmol/l. Most of these respondents had a cupremia of 11.10 pmol. The 75™ Percen-
tile was 15.45 umol/l. This copper status is much lower than those observed by
Raba’a M Jumaan in Yemen: 9.02 - 29.96 pmol/l [31]; Tasrina RC et a/ in Bangla-
desh: 10.87 - 31.70 pmol/1 (690.89 - 2014.45 pg/1) [32]; and Duncan A ef al in the
USA: 13.5 - 30.0 umol/1 [33].

Our mean cupraemia was close to that observed by Hyun SB et al in Seoul:
12.92 + 1.69 pmol/1 (82.12 = 10.73 pg/dl) [34]; but lower than those found by Fla-
via F-M et al. in Sydney (Australia): 16.0 £ 5.9 umol/l [35]; and Susan Darroudi et
al in Iran: 16.38 £ 5.71 pumol/l [36].

Magnesium status was 0.30 - 2.01 mmol/l, with an average of 0.85 + 0.31
mmol/l. Most of these respondents had a magnesium level of 0.81 mmol/l. The
75" Percentile was 0.89 mmol/l. Our lower threshold of magnesium status re-
mains low compared to those found by Zhang’s et al [22]; Yang ] et al [30]: 0.75
mmol/l in China. However, the upper limit of magnesium status in our research
was higher than theirs [22] [29]: 1.14 and 1.13 mmol/l.

The mean magnesium levels observed in the sera of our respondents were close
to those found by Mahdieh M F ef al in Iran [30]: 0.87 + 0.11 and 0.97 £ 0.22
mmol/l; and YangJ et al: 0.91 mmol/l [29] and Lowenstein FW et al. in the United
States: 0.85 mmol/l [37]. However, our mean was much higher than that observed
by Mahaddesi et al in Iran at 0.054 + 0.0034 mmol/l (ie. 2.07 = 0.13 mg/dl) [5].

Selenium status was found to be 0.20 - 1.13 umol/l. Mean selenium was 0.99 +
2.96 pmol/l. The selenium mode was 0.79 pumol/l. Our 25" percentile was 0.64
pmol/l and the 75" at 0.83 umol/l.

Our selenium status remains lower than those found by other researchers
around the world, including Cao Yang ef al: 1.16 - 2.22 umol/l (73.81 - 140.75
pg/l) in Chinese mainland [29]; Hoet P ef a/ in Belgium: 0.97 - 1.94 umol/l (61.6
- 122 pg/l) [38]; Stojsavljevic, A et al in Serbia: 0.59 - 1.53 umol/l (37.4 - 97.5 pg/1)
[17]; Chiou-Jong Chen, ef al. in Taiwan region [39]: 0.64 - 2.92 umol/l; Flavia F-M
et al: 0.75 - 1.35 umol/l in Sydney, Australia [35].
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The mean selenium level was low compared with the various means found in
Kim Hyun-Jun et al in South Korea: 1.73 + 0.31 umol/l [40], Li, N ef al. in Beijing:
1.24 pmol/1 (78.85 pg/l) [41]; and Hoet P et al: 1.44 ymol/l1 (91.7 ug/l) [37].

Serum zinc status in our women of childbearing age was 2.41 - 18.70 umol/L
The average was 13.85 umol/l. Most of our respondents had a status of 13.42
pmol/l. The 75" percentile was 15.33 umol/l. The lower limit of our zinc status
was lower than those found by other authors [36] [42]-[44], while the upper
bound was similar and close to those observed in Australia by Flavia F-M et al:
10 - 18 umol/I [35]; in Yemen by Raba’a M J: 10.26 - 16.44 umol/I [31]; and Dun-
can A et al [33] in the USA: 9.5 - 16.5 umol/L

The mean serum zinc level in our study was similar to those observed by Kim
H-J et al in South Korea: 13.91 + 3.34 pmol/l (884.1 = 212.04 ug/1) [8]; and Susan
D et al in Iran: 13.66 + 3.26 pmol/l [36]. Our mean was higher than that observed
in Vietnam by Vinh Quang Nguyen et al: 8.6 + 2.6 umol/l [42].

Opverall, the status of different trace elements is not uniform or the same in dif-
ferent countries. Within the same population, there are variations from region to
region and from place to place. This difference could be explained by the varied
diets that differ from one people to another, or by the sufficient and/or insufficient
intake of trace elements in food and drinking water. There may also be a lack of
these micronutrients in the soil used for farming, and in the oils used for cooking.

In analysing the research carried out by Edward J.M.] et al [45] on dietary in-
takes of minerals in Africa, we have found that most of our respondents had sim-
ilar trace element statuses and averages to subjects classified in different coun-

tries as trace element deficient or non-deficient.

4.2. Age and Socio-Economic Level of Respondents and Trace
Element Status

In this study, the majority of our respondents were aged between 20 - 34 years
(65.4%), with an average age of 26.16 + 7.50 years. 39.9% of the women were of
average socio-economic status, with the poor at 24.0% and the rich at 24.7%. The
average levels of micronutrients in these majority respondents were as follows: 20 -
34 age group: Calcium: 2.4 + 0.9 mmol/l; Copper: 13.7 + 2.8 pmol/l; Magnesium:
0.9 £ 0.4 mmol/l; Selenium: 1.1 = 3.6 pmol/l and Zinc: 14.0 £ 2.1 pmol/l. This
average was higher among the rich and middle-income respondents than among
the poor and poorest.

James P.W et al. [46] found in their research a majority of women aged 20 - 34
years, with an average age similar to ours. Our mean age was close to or slightly
lower than those observed by Cao Y et al. [47]: 28.6 years; Zhang H et al [22]:
27.98 years in China. It was above the mean age of Hyun S B et a/. in Seoul, South
Korea: 20.54 * 1.43 years [34]. It was below the averages found by Alalem AM et
al in Libya (southern region): 32.5 + 5.45 years [28] and Mohaddesi H et a/ in
Iran: 31.41 + 7.86 years [5].

In relation to socio-economic levels, several data in the literature and research
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[39] [47]-[50] have found data concordant with our own. We agree with the ob-
servation made by the team of Nina A.C et al in Canada, who noted that social
status or socio-economic level had a positive influence on the mean and trace el-
ement status of wealthier women compared with poorer women [51]; as did
Dartey E et al [52] in Ghana, where trace element deficiency was more marked in
women from poor or disadvantaged backgrounds.

It has also been observed that trace element status varies with age, with a much
higher average in adolescence and during the period of genital activity in a popu-
lation with a well-balanced diet [53] [54].

The difference in average age in the various studies could be explained by the
selection of cases, and the difference in age of the respondents, where in some

environments the population is younger rather than older.

5. Conclusion

At the end of this research, we noted that the trace element statuses of women of
childbearing age in apparent good health in our environment were not uniform
with those observed by other researchers. Copper, selenium and zinc statuses
were lower than those observed in other environments. However, calcium and
magnesium levels were similar and/or close to those found in other countries or
regions of the world. Serum averages for calcium, magnesium and zinc were found
to be high or higher and sometimes close to those observed in developing coun-
tries. Selenium and copper had lower serum averages than those found else-
where. Averages for all trace elements were high in women aged 20 - 34. Serum
levels of micronutrients were highest in subjects at the Rich (high) and Middle

(medium) socio-economic levels, while they were low in the Poor and Poorest.

Study Limitations

The results reported in this study cannot be generalised to other towns in the
Democratic Republic of the Congo because of the size of our sample. The samples
were taken only once from each woman, making it difficult to assess daily or even

seasonal variations in these various trace elements in women of childbearing age.

Conflicts of Interest

The authors have declared no conflicts of interest.

References
[1] College of Nutrition Teachers (2010) Trace Elements. Université Médicale Virtuelle
Francophone.

[2] Bender, A.D. (2013) Micronutrients: Vitamins and Minerals. Harper Biochemistry
5iéme Edition, de Boeck Publisher, 542-560.

[3] Icddr’B, UnicefB, G. and IPHN. (2013) National Micronutrient Status Survey 2011-
12 (Final Report).

[4] Yar, A.A. and Roosta F. (2013) Health Promotion Lifestyle in Reproductive Age

DOI: 10.4236/jbm.2024.1211039

519 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2024.1211039

L. O. Jérémie et al.

(5]

(6]

(7]

(8]

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

Women. Women Develop Polit, 11, 543-558.

Mohaddesi, H., Saei Ghare Naz, M., Najarzadeh, M., Yeganehpour, M. and Khalkhali,
H. (2019) Correlation between Depression with Serum Levels of Vitamin D, Calcium
and Magnesium in Women of Reproductive Age. Journal of Caring Sciences, 8, 117-
119. https://doi.org/10.15171/jcs.2019.017

Makhoul, I.R., Sammour, R.N., Diamond, E., Shohat, I., Tamir, A. and Shamir, R.
(2004) Selenium Concentrations in Maternal and Umbilical Cord Blood at 24-42
Weeks of Gestation: Basis for Optimization of Selenium Supplementation to Prema-
ture Infants. Clinical Nutrition, 23, 373-381.
https://doi.org/10.1016/j.clnu.2003.08.004

Almeida Lopes, A.C.B.d., Martins, A.C., Urbano, M.R,, Buzzo, M.L., Camargo, A.E.I,
Peixe, T.S., et al. (2019) Blood Reference Values for Metals in a General Adult Popu-
lation in Southern Brazil. Environmental Research, 177, Article 108646.
https://doi.org/10.1016/j.envres.2019.108646

Kim, H., Lim, H,, Lee, K., Choi, M., Kang, N.M.,, Lee, CH., et al (2017) Determination
of Trace Metal Levels in the General Population of Korea. International Journal of
Environmental Research and Public Health, 14, Article 702.
https://doi.org/10.3390/ijerph14070702

Matsuda, A., Kimura, M. and Itokawa, Y. (1997) Selenium Level and Glutathione Pe-
roxidase Activity in Plasma, Erythrocytes and Platelets of Healthy Japanese Volunteers.
Journal of Nutritional Science and Vitaminology, 43, 497-504.
https://doi.org/10.3177/jnsv.43.497

Thorne-Lyman, A.L. (2020) Nutrition-Sensitive Aquaculture in Bangladesh. Nature
Food, 1, 595-596. https://doi.org/10.1038/543016-020-00158-9

Kuruvilla, S., Bustreo, F., Kuo, T., Mishra, C., Taylor, K., Fogstad, H., et al. (2016)
Theglobal Strategy for Women’s, Children’s and Adolescents’ Health (2016-2030): A
Roadmap Based on Evidence and Country Experience. Bulletin of the World Health
Organization, 94, 398-400. https://doi.org/10.2471/blt.16.170431

Erdman, J.W., Macdonald, I.A. and Zeisel, S.H. (2012) Present Knowledge in Nutrition.
10th Edition, Wiley.

Sethuraman, K. Nutrition for Adolescent Girls and Women. What Do We Know
about What Works?
https://www.fantaproject.org/sites/default/files/Breakout-Session-Adolescent Nutri-
tion-Kavita-Sethuraman.pdf

Bogard, J.R., Marks, G.C., Mamun, A. and Thilsted, S.H. (2016) Non-Farmed Fish
Contribute to Greater Micronutrient Intakes than Farmed Fish: Results from an In-
tra-Household Survey in Rural Bangladesh. Public Health Nutrition, 20, 702-711.
https://doi.org/10.1017/s1368980016002615

Belton, B. and Thilsted, S.H. (2014) Fisheries in Transition: Food and Nutrition Se-
curity Implications for the Global South. Global Food Security, 3, 59-66.
https://doi.org/10.1016/j.gfs.2013.10.001

Government of the People’s Republic of Bangladesh (2014) Bangladesh Country Pa-
per-Second International Conference on Nutrition (ICN2); FAO & WHO.
Stojsavljevié, A., Jagodi¢, J., Vujotié, L., Borkovi¢-Miti¢, S., Rasi¢-Milutinovié, Z., Jo-
vanovié, D., et al. (2019) Reference Values for Trace Essential Elements in the Whole
Blood and Serum Samples of the Adult Serbian Population: Significance of Selenium
Deficiency. Environmental Science and Pollution Research, 27, 1397-1405.
https://doi.org/10.1007/s11356-019-06936-8

Karimollah, H.T. (2011) Sample Size Estimation in Epidemiologic Studies. Caspian

DOI: 10.4236/jbm.2024.1211039

520 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2024.1211039
https://doi.org/10.15171/jcs.2019.017
https://doi.org/10.1016/j.clnu.2003.08.004
https://doi.org/10.1016/j.envres.2019.108646
https://doi.org/10.3390/ijerph14070702
https://doi.org/10.3177/jnsv.43.497
https://doi.org/10.1038/s43016-020-00158-9
https://doi.org/10.2471/blt.16.170431
https://www.fantaproject.org/sites/default/files/Breakout-Session-Adolescent%20Nutrition-Kavita-Sethuraman.pdf
https://www.fantaproject.org/sites/default/files/Breakout-Session-Adolescent%20Nutrition-Kavita-Sethuraman.pdf
https://doi.org/10.1017/s1368980016002615
https://doi.org/10.1016/j.gfs.2013.10.001
https://doi.org/10.1007/s11356-019-06936-8

L. O. Jérémie et al.

(19]

(20]

(21]

(22]

(23]

(24]

(25]

[26]

(27]

(28]

(29]

(30]

(31]

Journal of Internal Medicine, 2, 289-298.

Komarova, T., McKeating, D., Perkins, A.V. and Tinggi, U. (2021) Trace Element
Analysis in Whole Blood and Plasma for Reference Levels in a Selected Queensland
Population, Australia. International Journal of Environmental Research and Public
Health, 18, Article 2652. https://doi.org/10.3390/ijerph18052652

Onyekwelu, A.C., Abdullahi, H.I,, Isah, A.Y., Jamda, A.M. and Nwegbu, M.M. (2021)
Ionised Serum Calcium Reference Interval among Rural Women of Reproductive

Age in Abuja, Nigeria. Nigerian Postgraduate Medical Journal, 28, 39-43.
https://doi.org/10.4103/npmj.npmj 274 20

Prabha, K., Al-Sulienan, A., Olusi, S.0. and Sugathan, T.N. (1996) Reference Intervals
for Some Serum Biochemical Markers of Bone Metabolism in Kuwait. Clinica Chim-
Ica Acta, 249, 67-75. https://doi.org/10.1016/0009-8981(96)06276-6

Zhang, H., Cao, Y., Song, P., Man, Q., Mao, D., Hu, Y., ef al (2021) Suggested
Reference Ranges of Blood Mg and Ca Level in Childbearing Women of China:

Analysis of China Adult Chronic Disease and Nutrition Surveillance. Nutrients, 13,
Article 3287. https://doi.org/10.3390/nu13093287

Rustad, P., Felding, P., Lahti, A. and Petersen, P.H. (2004) Descriptive Analytical Data
and Consequences for Calculation of Common Reference Intervals in the Nordic Ref-
erence Interval Project 2000. Scandinavian Journal of Clinical and Laboratory Inves-
tigation, 64, 343-370. https://doi.org/10.1080/00365510410006306

Zyba, S.J., Shenvi, S.V., Killilea, D.W., Holland, T.C., Kim, E., Moy, A., et al (2017)
A Moderate Increase in Dietary Zinc Reduces DNA Strand Breaks in Leukocytes and
Alters Plasma Proteins without Changing Plasma Zinc Concentrations. 7he American
Journal of Clinical Nutrition, 105, 343-351. https://doi.org/10.3945/ajcn.116.135327

Arsenault, J.E., Yakes, E.A., Islam, M.M., Hossain, M.B., Ahmed, T., Hotz, C., et al.
(2013) Very Low Adequacy of Micronutrient Intakes by Young Children and Women

in Rural Bangladesh Is Primarily Explained by Low Food Intake and Limited Diver-
sity. The Journal of Nutrition, 143, 197-203.

https://doi.org/10.3945/jn.112.169524

Shjuain, Z., Ramin, S. and Robab, L. (2019) Calcium and Vitamin D Supplementation
Effects on Metabolic Factors Menstrual Cycles and Follicular Responses in Woman
with Polycystic Ovary Syndrome: A Systematic Review and Meta-Analysis. Caspian
Journal of Internal Medicine, 10, 359-369. https://doi.org/1022088/c/im 10.4.359

Leroy, J.L., Ruel, M., Sununtnasuk, C. and Ahmed, A. (2018) Understanding the De-
terminants of Adolescent Nutrition in Bangladesh. Annals of the New York Academy
of Sciences, 1416, 18-30. https://doi.org/10.1111/nyas.13530

Alalem, A.M., Younis, M., Hawda, S.M., Zakoko, A.M., Mohamed, N.A., Alqathafy,
K.G., et al (2022) The Frequency of Vitamin D and Calcium Deficiencies among
Women of Reproductive Age in Wadi Etba, Southern Region of Libya. Cureus, 14,

€29832. https://doi.org/10.7759/cureus.29832
Yang, J., Cao, Y., Shan, X., Zhang, H., Feng, J., Lu, J., et al. (2023) The Magnesium
Status and Suggested Reference Ranges of Plasma Magnesium, Calcium, and Cal-

cium/magnesium Ratio in Chinese Adults over 45 Years Old. Nutrients, 15, Article
886. https://doi.org/10.3390/nu15040886

Abbasalizad Farhangi, M., Ostadrahimi, A. and Mahboob, S. (2011) Serum Calcium,
Magnesium, Phosphorous and Lipid Profile in Healthy Iranian Premenopausal Women.
Biochemia Medica, 21, 312-320. https://doi.org/10.11613/bm.2011.042

Raba’a, M.J. (2008) Serum Copper, Zinc-and Copper/Zinc Ration and Their Rela-
tionship to Age and Growth Status in Yemeni Adolescent Girls. Sultan Qaboos

DOI: 10.4236/jbm.2024.1211039

521 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2024.1211039
https://doi.org/10.3390/ijerph18052652
https://doi.org/10.4103/npmj.npmj_274_20
https://doi.org/10.1016/0009-8981(96)06276-6
https://doi.org/10.3390/nu13093287
https://doi.org/10.1080/00365510410006306
https://doi.org/10.3945/ajcn.116.135327
https://doi.org/10.3945/jn.112.169524
https://doi.org/1022088/c/im%2010.4.359
https://doi.org/10.1111/nyas.13530
https://doi.org/10.7759/cureus.29832
https://doi.org/10.3390/nu15040886
https://doi.org/10.11613/bm.2011.042

L. O. Jérémie et al.

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

(40]

(41]

[42]

(43]

(44]

(45]

University Medical Journal, 8, 291-299.

Choudhury, T.R., Zaman, S.Z., Chowdhury, T.I., Begum, B.A., Islam, M.A. and Rah-
man, M.M. (2021) Status of Metals in Serum and Urine Samples of Chronic Kidney
Disease Patients in a Rural Area of Bangladesh: An Observational Study. Heliyon, 7,
€08382. https://doi.org/10.1016/j.heliyon.2021.e08382

Andrew, D., Gail, R., Morag, B. and Kishor, R. (2023) Recommended Reference In-
tervals for Copper and Zinc in Serum Using the US National Health and Nutrition
Examination Surveys (NHANES) Data. Clinica Chimica Acta, 546, Article 117397.
https://doi.org/10.1016/j.cca.2023.117397

Bae, H.S., Choi, S.I. and Ahn, H.S. (2010) Nutritional and Antioxidant Status by Skin
Types among Female Adults. Nutrition Research and Practice, 4, 215-221.
https://doi.org/10.4162/nrp.2010.4.3.215

Fayet-Moore, F., Petocz, P. and Samman, S. (2014) Micronutrient Status in Female
University Students: Iron, Zinc, Copper, Selenium, Vitamin B12 and Folate. Nutri-
ents, 6, 5103-5116. https://doi.org/10.3390/nu6115103

Darroudi, S., Fereydouni, N., Tayefi, M., Esmaily, H., Sadabadji, F., Khashyarmanesh,
Z., et al. (2019) Altered Serum Zinc and Copper in Iranian Adults Who Were of Nor-
mal Weight but Metabolically Obese. Scientific Reports, 9, Article No. 14874,
https://doi.org/10.1038/s41598-019-51365-9

Lowenstein, F.W. and Stanton, M.F. (1986) Serum Magnesium Levels in the United
States, 1971-1974. Journal of the American College of Nutrition, 5, 399-414.
https://doi.org/10.1080/07315724.1986.10720143

Hoet, P., Jacquerye, C., Deumer, G., Lison, D. and Haufroid, V. (2020) Reference
Values of Trace Elements in Blood and/or Plasma in Adults Living in Belgium. Clin-
ical Chemistry and Laboratory Medicine, 59, 729-742.
https://doi.org/10.1515/cclm-2020-1019

Chen, C,, Lai, J., Wu, C. and Lin, T. (2006) Science of the Total Environment, 367,
448-450. https://doi.org/10.1016/j.scitotenv.2006.03.004

Meredith, C.P., Jennifer, T.G., et al. (2023) Micronutrient Status of New Zealand Ad-
olescent Women Consuming Vegetarian and Non-Vegetarian Diets. Asia Pacific
Journal of Clinical Nutrition, 32, 434-443.

Li, N., Gao, Z., Luo, D., Tang, X., Chen, D. and Hu, Y. (2007) Selenium Level in the
Environment and the Population of Zhoukoudian Area, Beijing, China. Science of
the Total Environment, 381, 105-111.
https://doi.org/10.1016/j.scitotenv.2007.03.027

Nguyen, V.Q., Lam, P.V,, Goto, A., Nguyen, T.V.T., Vuong, T.N.T., Nguyen, T.M,,
et al. (2021) Prevalence and Correlates of Zinc Deficiency among Vietnamese Women
of Reproductive Age in Ho Chi Minh City: A Single Hospital-Based Survey. Frontiers
in Global Women’s Health, 2, Article 733191.
https://doi.org/10.3389/fgwh.2021.733191

Mehata, S., Tamang, M.K,, Parajuli, K.R.,, Rayamajhee, B., Yadav, U.N., Mehta, RK,,
et al. (2021) Serum Zinc Status Is a Matter of Concern among Children and Non-
Pregnant Women in a Nationwide Survey of Nepal. Scientific Reports, 11, Article No.
14904. https://doi.org/10.1038/s41598-021-94344-9

Liang, Q. (2022) Association between Serum Copper, Selenium, Zinc, and Serum Es-
tradiol in Women. International Journal of Endocrinology, 2022, Article ID: 8747693.
https://doi.org/10.1155/2022/8747693

Joy, E.J.M., Ander, E.L., Young, S.D., Black, C.R., Watts, M.J., Chilimba, A.D.C., et

DOI: 10.4236/jbm.2024.1211039

522 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2024.1211039
https://doi.org/10.1016/j.heliyon.2021.e08382
https://doi.org/10.1016/j.cca.2023.117397
https://doi.org/10.4162/nrp.2010.4.3.215
https://doi.org/10.3390/nu6115103
https://doi.org/10.1038/s41598-019-51365-9
https://doi.org/10.1080/07315724.1986.10720143
https://doi.org/10.1515/cclm-2020-1019
https://doi.org/10.1016/j.scitotenv.2006.03.004
https://doi.org/10.1016/j.scitotenv.2007.03.027
https://doi.org/10.3389/fgwh.2021.733191
https://doi.org/10.1038/s41598-021-94344-9
https://doi.org/10.1155/2022/8747693

L. O. Jérémie et al.

(46]

(47]

(48]

[49]

(50]

(51]

(52]

(53]
(54]

al. (2014) Dietary Mineral Supplies in Africa. Physiologia Plantarum, 151, 208-229.
https://doi.org/10.1111/ppl.12144

Wirth, J.P., Rajabov, T., Petry, N., Woodruff, B.A., Shafique, N.B., Mustafa, R., et al.
(2018) Micronutrient Deficiencies, over and Undernutrition, and Their Contribution

to Anemia in Azerbaijani Preschool Children and Non-Pregnant Women of Repro-
ductive Age. Nutrients, 10, Article 1483. https://doi.org/10.3390/nu10101483

Cao, Y., Zhang, H., Yang,]., Man, Q., Song, P., Mao, D., et al. (2022) Reference Ranges
of Selenium in Plasma and Whole Blood for Child-Bearing-Aged Women in China.
International Journal of Environmental Research and Public Health, 19, Article 4908.
https://doi.org/10.3390/ijerph19084908

Safaralizadeh, R., Kardar, G., Pourpak, Z., Moin, M., Zare, A. and Teimourian, S.
(2005) Serum Concentration of Selenium in Healthy Individuals Living in Tehran.
Nutrition Journal, 4, Article No. 32. https://doi.org/10.1186/1475-2891-4-32

Sharma, H.S., Kutala, V.K. and Kuppusamy, P. (2013) Special Issue on Oxidative
Stress in Health and Disease. Cell Biochemistry and Biophysics, 67, 215-218.
https://doi.org/10.1007/s12013-013-9774-6

Turconi, G., Minoia, C., Ronchi, A. and Roggi, C. (2008) Dietary Exposure Estimates
of Twenty-One Trace Elements from a Total Diet Study Carried Out in Pavia, North-
ern Italy. British Journal of Nutrition, 101, 1200-1208.
https://doi.org/10.1017/s0007114508055670

Clark, N.A.,, Teschke, K., Rideout, K. and Copes, R. (2007) Trace Element Levels in
Adults from the West Coast of Canada and Associations with Age, Gender, Diet, Ac-
tivities, and Levels of Other Trace Elements. Chemosphere, 70, 155-164.
https://doi.org/10.1016/j.chemosphere.2007.06.038

Dartey, E., Berlinger, B., Weinbruch, S., Thomassen, Y., Odland, J.Q., Brox, J., et al.
(2017) Essential and Non-Essential Trace Elements among Working Populations in
Ghana. Journal of Trace Elements in Medicine and Biology, 44, 279-287.
https://doi.org/10.1016/j.jtemb.2017.08.014

WHO (1996) Trace Elements in Human Health and Nutrition.

Wilhelm, M., Ewers, U. and Schulz, C. (2004) Revised and New Reference Values for
Some Trace Elements in Blood and Urine for Human Biomonitoring in Environmen-

tal Medicine. International Journal of Hygiene and Environmental Health, 207, 69-
73. https://doi.org/10.1078/1438—4639—00260

DOI: 10.4236/jbm.2024.1211039

523 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2024.1211039
https://doi.org/10.1111/ppl.12144
https://doi.org/10.3390/nu10101483
https://doi.org/10.3390/ijerph19084908
https://doi.org/10.1186/1475-2891-4-32
https://doi.org/10.1007/s12013-013-9774-6
https://doi.org/10.1017/s0007114508055670
https://doi.org/10.1016/j.chemosphere.2007.06.038
https://doi.org/10.1016/j.jtemb.2017.08.014
https://doi.org/10.1078/1438-4639-00260

	Trace Element Status in Women of Childbearing Age in Kisangani, Democratic Republic of the Congo
	Abstract
	Keywords
	1. Introduction
	2. Methods
	2.1. Environment, Population and Type of Study
	2.2. Sample and Sampling
	2.3. Data Collection Process
	2.4. Sample Processing and Trace Element Analysis
	2.5. Data Processing and Analysis Plan
	2.6. Ethical Considerations

	3. Results
	3.1. Socio-Demographic Characteristics of Respondents
	3.2. Trace Element Status
	3.3. Age of Respondents and Trace Element Status 
	3.4. Socio-Economic Level and Trace Element Status

	4. Discussion
	4.1. Trace Element Status
	4.2. Age and Socio-Economic Level of Respondents and Trace Element Status

	5. Conclusion
	Study Limitations
	Conflicts of Interest
	References

