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Abstract 
Introduction: The evolution of pregnancy demands increased energy and an 
enhanced supply of nutrients to support optimal fetal growth. This study aims 
to investigate the effects of trace element supplementation on the concentra-
tions and fluctuations of these elements in the serum of pregnant women in 
Kisangani, Democratic Republic of the Congo. Methods: This was a double-
blind, randomized controlled trial that compared two regimens of supplemen-
tation in pregnant women with deficiencies in micronutrients such as calcium, 
selenium, and zinc. The study evaluated a supplement containing calcium, se-
lenium, and zinc against a placebo. Research was conducted in Kisangani from 
January 10, 2024, to October 10, 2024. All statistical analyses were performed 
using R software, version 4.3.0. Results: The mean age of pregnant women was 
28.1 ± 5.6 years versus 24.5 ± 5.7 years; and the mean BMI was 26.3 ± 3.2 kg/m2 
versus 25.1 ± 3.4 kg/m2, in the control group and in the intervention group, 
respectively. In terms of trace element concentrations, there was an increase 
in the supplementation group, whereas a decrease was observed in the control 
group. Notably, the selenium concentration in the intervention group was el-
evated at 0.8 micromol/L, compared to a stable concentration of 0.4 mi-
cromol/L in the control group. Conclusion: Supplementation with micronu-
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trients deficiency during pregnancy is a simple alternative to use in deficient 
pregnant women, which is very useful for increasing their concentrations, which 
are necessary for a good evolution of pregnancy and the fight against certain 
morbidities that can hinder the proper evolution and favorable outcome of 
pregnancy. 
 

Keywords 
Trace Element, Zinc, Calcium, Selenium, Pregnant Woman, Concentrations, 
Fluctuations 

 

1. Introduction 

Immediately after conception, physiological changes in the maternal body begin 
and affect the body systems, including the endocrine, cardiovascular, hematolog-
ical, gastrointestinal, skeletal, and respiratory systems [1], leading to changes in 
maternal nutritional needs. During pregnancy, these physiological changes are 
summarized as usual adaptations intended to prepare the fetus for growth and the 
mother for normal labor [2]. 

Pregnancy requires an increased intake of energy and nutrients from the ma-
ternal body to support optimal fetal growth [3]. Micronutrients, including essen-
tial vitamins and minerals, play an important role in the health of pregnant women 
and the growing fetus [4]. Trace minerals can be used as cofactors and coenzymes 
for nutrient metabolism and are useful in preventing different diseases in preg-
nant women [5]. The need for trace minerals increases more than dietary energy 
needs increase during pregnancy [6]. Micronutrients deficiencies are common 
among pregnant women in low- and middle-income countries, particularly in 
sub-Saharan Africa, due to a lack of dietary diversity and food fortification [7]. 

Insufficient intake of micronutrients during pregnancy can lead to deficiencies 
that result in anemia, hypertension, various complications during labor, maternal 
death, stillbirth, premature delivery, intrauterine growth restriction, birth defects, 
decreased immune capacity, and fetal hypotrophy [8]. 

Maternal undernutrition is a common public health problem and a key driver 
of poor perinatal outcomes in sub-Saharan Africa [9]. Pregnant women are pri-
marily vulnerable to the effects of trace element deficiency due to the high needs 
of the growing fetus, placenta, and maternal tissues [10]. Failure to meet these 
increased needs has potentially harmful consequences for both the mother and 
the fetus [11]. 

In low- and middle-income countries, many women have poor diets and lack 
nutrients and micronutrients essential for good health, leading to multiple micro-
nutrient deficiencies [12]. During pregnancy, these women are at increased risk 
of multiple deficiencies and often suffer from greater deficiencies. These deficien-
cies are exacerbated due to the increased needs of the growing fetus, the placenta 

https://doi.org/10.4236/jbm.2025.1311001


L. O. Jérémie et al. 
 

 

DOI: 10.4236/jbm.2025.1311001 3 Journal of Biosciences and Medicines 
 

and maternal tissues. Failure to meet increased needs/demands leads to poten-
tially adverse effects on both mother and fetus [13]. 

Currently, there are insufficient clinical studies assessing the effectiveness of 
trace element supplementation on the fluctuations of various trace elements dur-
ing pregnancy. Most previous research has been conducted after the 20-week 
mark and often focuses on just one or two trace minerals at most [14]. Supple-
mentation with trace elements initiated early, between 8 and 14 weeks of gestation, 
may have better results in the prevention of adverse pregnancy outcomes than that 
administered late.  

Due to the limited research on micronutrient supplementation in sub-Saharan 
Africa, we found it appropriate to conduct this study in the city of Kisangani, in 
order to evaluate the effects of micronutrient supplementation on micronutrient 
concentrations in pregnant women with a low concentration. 

The objectives of this study are to assess the effects of micronutrient supple-
mentation on the serum concentrations of these trace elements in pregnant 
women in Kisangani, Democratic Republic of the Congo. Additionally, we aim to 
examine the fluctuations in these micronutrient concentrations throughout preg-
nancy. 

2. Materials and Methods 
2.1. Type and Terrain of the Study 

This study was a double-blind, randomized controlled trial that compared two 
types of supplements in pregnant women with micronutrient deficiencies, specif-
ically in calcium, selenium, and zinc. The two groups were given either supple-
ments containing calcium, selenium, and zinc or placebo supplements. The inves-
tigators and the pregnant women did not know which treatment (supplementa-
tions) each of the participants was receiving.  

The participants were recruited from eight health facilities located in Kisangani, 
Democratic Republic of the Congo. These facilities included the Makiso-Kisan-
gani General Referral Hospital, Kabondo General Referral Hospital, Mangobo 
General Referral Hospital, Lubunga General Referral Hospital, Matete Referral 
Health Center, Saint Joseph Referral Health Center, Social Foyer Referral Health 
Center, and Kisangani University Clinics. 

2.2. Period and Sample of the Study 

This research took place from the period from 10 January 2024 to 10 October 
2024. During this period, all pregnant women who came to the prenatal consulta-
tion were asked to sort according to the selection criteria in order to participate in 
the study.  

Based on the research of Gunabalasingam et al. [15], the minimum sample size 
was calculated with G-Power software version 3.1.9.7. To calculate this sample 
size, we used the α cut-off of 0.05 and a power of 90% and an effect size of 0.3. It 
was 88 individuals. To compensate for an anticipated 10% attrition rate (approx-
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imately 8 participants), the total sample size was adjusted to 96 participants, with 
48 allocated to each arm. The study was therefore designed with two groups: one 
arm comprising 48 pregnant women supplemented with trace elements (calcium, 
selenium, and zinc) and the other arm comprising 48 pregnant women receiving 
a placebo. 

2.3. Selection Criteria 
2.3.1. Inclusion Criteria 
Be a pregnant woman in the first trimester of pregnancy, Have consented to par-
ticipate in the research by signing the informed consent form; Have a concentra-
tion of trace elements (calcium: <2.20 mmol/l, selenium: <0.75 μmol/l and zinc: 
<11.5 μmol/l) lower than normal, Pregnant and not being on any other form of 
micronutrient supplementation.  

2.3.2. Non-Inclusion Criteria 
Pregnant beyond the first trimester of pregnancy and not having consented to 
participate in the study, pregnant with chronic high blood pressure, or pregnant 
and on other forms of micronutrient supplementation. 

2.3.3. Exclusion Criteria 
Pregnant women who have experienced intolerable side effects during supple-
mentation, pregnant women who have personally decided to leave the research 
with or without a valid reason, and women who received other forms of supple-
mentation during the study. The criteria for Discontinuation of Supplementation 
(Treatment) are: 

- Occurrence of a major side effect; 
- Non-compliance with the supplementation protocol; 
- Withdrawal of informed consent. 

2.4. Flow Chart of Study Design and Enrolment of Pregnant Women 

Out of a total of 196 pregnant women selected, 94 were excluded because they did 
not meet the inclusion criteria or did not consent to participate in this research; 
102 others were included. A total of 102 pregnant women were recruited for the 
study and randomly assigned to two groups: 51 women received micronutrient 
supplementation (the intervention group), while the other 51 received a placebo 
(the control group). Throughout the follow-up period, none of the participants 
experienced any severe side effects. In the intervention group, 3 pregnant women 
were removed from the analyses due to being lost to follow-up, compared to 2 
women from the control group (Figure 1). 

2.5. Randomization, Intervention and Follow-Up 

The data collection for this research was prospective. The investigation team was 
made up of 19 people, including a supervisor (principal investigator), one health 
facility representative, one doctor, one nurse, one medical biologist, and one com-
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munity liaison. The investigation team had received explanations on the comple-
tion of the data collection forms and training on interview techniques, randomi-
zation, follow-up of pregnant women, and maintenance of the register of adverse 
reactions. Physicians were more trained in the identification and management of 
major adverse events related to supplemented micronutrients. The medical biol-
ogist was briefed on the speed of blood sample collection. The community relay 
was more trained in the home monitoring of pregnant women in their area of 
responsibility to ensure compliance or daily use of medication. 
 

 
Figure 1. Flow chart of study design and Enrolment of pregnant women. 
 

Upon admission, personal data was collected alongside measurements of trace 
element concentrations in all consenting pregnant women. This approach effec-
tively identified women with trace element deficiencies, allowing for their integra-
tion into further research. In addition to collecting socio-demographic data, the 
medical history also included the date of the last menstrual period and inquiries 
about previous pregnancies to assess any history of arterial hypertension and its 
complications. The standard paraclinical assessment consists of the hemoglobin 
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assay, the hematocrit, the RDT for malaria, and the direct examination of the 
stool, an ultrasound was also performed to confirm the diagnosis of a pregnancy 
in the first trimester. During this meeting, all possible explanations related to this 
research (objectives, procedure, drugs used with their roles and adverse effects) 
were provided to the pregnant women. Those who met the inclusion criteria were 
randomized using the stratified block randomization technique, with stratifica-
tion according to Body Mass Index (<25 vs. ≥25 kg/m2) and age (<30 years vs. ≥30 
years). These randomization blocks were established on the basis of assignment 
sequences generated by an independent statistician in research. The supplemen-
tation drugs were distributed in envelopes of the same color closed. Each envelope 
contained either the trace element tablets in 3 different boxes or the placebo tab-
lets for a 30-day intake. The withdrawal of the next envelope or dose was done on 
every 28th day, i.e. 2 days before the end of the initially withdrawn batch. The 
research team was only aware of the assignment group of pregnant women at the 
end of the research during the sequential code analysis on the different envelopes.  

Pregnant women assigned to the intervention group or who received micronu-
trient supplementation received calcium tablets (Caltrate 600 mg/day), selenium 
tablets 65 μg (organic selenium 65 mg) and zinc tablets 15 mg. In the control 
group, participants received three placebo tablets: two white tablets for calcium 
and zinc, and a red tablet for selenium, all made from microcrystalline cellulose. 
All pregnant women were informed of the maternal-fetal benefits of taking the 
drugs to encourage them to comply with this supplementation. The community 
health workers visited the selected pregnant women every seven days to ensure 
they were taking their medication by counting the remaining tablets. A follow-up 
appointment was scheduled after four weeks for clinical evaluation, monitoring 
of any adverse drug reactions, and conducting necessary paraclinical tests. At each 
prenatal consultation appointment, pregnant women brought the medication en-
velopes from their previous visit. This allowed the doctor and nurse to verify their 
compliance with the prescribed medication. After assessing the situation, the 
pregnant woman would receive a second envelope containing the same code as 
the first one. 

All the drugs used in this trial were subject to quality control at the Laboratory 
for the Analysis and Control of Medicines and Foodstuffs of the University of Kin-
shasa at the Faculty of Pharmacy (LACOMEDA, Kinshasa, DRC). The characteris-
tics of the medicinal products used in this research are presented in Table 1. 

2.6. Management of Adverse Reactions 

During this research, any self-medication or other supplementation by pregnant 
women, which is common practice in Congo, was discouraged. The pregnant women 
were informed about the adverse effects of the trace elements in the study and asked 
to report any issues. A grid of side effects has been developed to allow an objective 
and standardized assessment of the respondents. In this evaluation system, the se-
verity of adverse effects was established as follows: 0 (symptom not reported by the 
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respondent), 1 (mild symptom, not affecting lifestyle), 2 (moderate symptom, af-
fecting lifestyle but controlled with simple means), 3 (severe symptom, justifying 
immediate cessation of treatment and requiring hospital management of the pa-
tient). This evaluation was conducted each time respondents reported a side effect. 
This information was gathered when pregnant women attended antenatal consul-
tations and picked up their next batch of supplementation. 
 

Table 1. Characteristics of the drugs used in this research. 

Drug Trade Name Dosage Form Manufacturer Batch No. Expiry Date 

Calcium carbonate Caltrate 
600 mg film-coated 

tablet, 30 tablets/box 
Pfizer Consumer 

Manufacturing, Italy 
488R January 2025 

Selenium 
Organic yeast 

selenium 65 µg 
65 µg capsule, 30 

capsules/box 
Granions Laboratory, 

France 
SE338J December 2026 

Zinc Zinc 15 mg 
15 mg capsule, 30 

capsules/box 
Granions Laboratory, 

France 
CO20 October 2026 

Placebo Placebo 100 mg tablet 
Granions Laboratory, 

France 
PX356S November 2025 

 
Any side effects presented by the pregnant women, but not included in the 

study drug prospectus had to be reported for analysis by the Congolese National 
Pharmacovigilance Center to determine whether the reported event was attribut-
able to the drugs (supplements) administered. Pregnant women who experienced 
mild to moderate adverse effects were required to be monitored on an outpatient 
basis. Those with severe symptoms needed to be hospitalized at one of the facilities 
involved in the research, preferably close to their residence. At the midpoint of 
the study, data on any adverse effects had to be reported to the ethics committees 
of the University of Kisangani and the health committee to obtain approval for 
the continuation of the trial. 

2.7. Laboratory Examination 

Serum micronutrient assays were conducted using Agilent 7700X inductively cou-
pled plasma mass spectrometry (ICP-MS). Measurements were taken at baseline 
(13 weeks of amenorrhea), at 23 and 33 weeks, and at the time of preeclampsia 
diagnosis. 

2.8. Expected Results 

The primary outcomes targeted in this research were the improvement of serum 
levels of trace elements (calcium, selenium and zinc). The improvement of bio-
logical markers was determined by the determination of the serum concentration 
of these different trace elements.  

2.9. Data Processing and Analysis 

The data from this research were presented as frequencies, percentages, and aver-
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ages with standard deviation (SD). The primary objective was to compare the in-
cidence of preeclampsia between the two groups of pregnant women with a low 
micronutrient concentration in the first trimester of pregnancy (one group re-
ceived a deficiency or low-level micronutrient supplementation, and the other a 
placebo). To assign pregnant women to specific groups, a sequence was generated 
using Excel software. 

The Pearson χ2 test at the significance level of p < 0.05 was calculated to com-
pare proportions. The Fisher’s exact test at the significance level of p < 0.05 was 
calculated when the conditions for the application of the chi-square test were not 
met. The hazard ratio (RR) with its 95% confidence interval (CI) was determined 
to measure the strength of the association between the qualitative variables. To 
compare the averages, a t-Student test was conducted. We tested the homogeneity 
of variances between the two assignment groups. A difference was considered sig-
nificant when the P-value was less than 0.001. To account for confounding factors, 
we performed a multivariate logistic regression analysis. All statistical analyses 
were carried out using R software version 4.3.0. 

2.10. Ethical Considerations 

This study was approved by the Ethics Committee of the University of Kisangani, 
UNIKIS/CER/024/2023 on the 7th of June 2023, and the Ethics Committee of the 
School of Public Health at the University of Kinshasa: ESP/CE/43/2024. 

2.11. Nomenclature Declaration of Targets and Ligands 

The key targets and ligands mentioned in this research are permanently archived 
in The Concise Guide to Pharmacology 2021/22[15] and the ESPEN Micronutri-
ent guideline [16]. 

2.12. Expression of Interest  

We have no conflicts of interest to declare for this work 

3. Results 
3.1. Socio-Demographic Characteristics of the Respondents 

The Placebo group and the Micronutrients group are the two randomization 
groups that are compared in the data in Table 2. These groups were evaluated ac-
cording to a number of criteria, such as the pregnant women’s age, place of resi-
dence, education, marital status, employment, parity, height, weight, and body 
mass index (BMI).  

In the intervention group, which was supplemented with trace elements, the 
average age of pregnant women was 24.5 ± 5.7 years, whereas in the control group, 
which was given a placebo, the average age was 28.1 ± 5.6 years. The control 
group’s mean BMI was 26.3 ± 3.2 kg/m2, while the intervention group’s was 25.1 
± 3.4 kg/m2. 
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Table 2. Socio-demographic characteristics of pregnant women. 

Characteristic Placebo N = 49 Supplementation N = 47 Total N = 96 

Age (years)    

<30 years 31 (63.3%) 38 (80.9%) 69 (71.9%) 

≥30 years 18 (36.7%) 9 (19.1%) 27 (28.1%) 

Residence    

Kabondo 9 (18.4%) 15 (31.9%) 24 (25.0%) 

Kisangani 5 (10.2%) 5 (10.6%) 10 (10.4%) 

Lubunga 9 (18.4%) 3 (6.4%) 12 (12.5%) 

Makiso 9 (18.4%) 5 (10.6%) 14 (14.6%) 

Mangobo 11 (22.4%) 11 (23.4%) 22 (22.9%) 

Tshopo 6 (12.2%) 8 (17.0%) 14 (14.6%) 

Education level    

Primary 4 (8.2%) 8 (17.0%) 12 (12.5%) 

Secondary 34 (69.4%) 35 (74.5%) 69 (71.9%) 

Higher/University 11 (22.4%) 4 (8.5%) 15 (15.6%) 

Marital status    

Single 1 (2.0%) 7 (14.9%) 8 (8.3%) 

Married 48 (98.0%) 40 (85.1%) 88 (91.7%) 

Occupation    

Civil servant 2 (4.1%) 2 (4.3%) 4 (4.2%) 

Trader 10 (20.4%) 4 (8.5%) 14 (14.6%) 

Seamstress 1 (2.0%) 3 (6.4%) 4 (4.2%) 

Farmer 1 (2.0%) 4 (8.5%) 5 (5.2%) 

Teacher 5 (10.2%) 1 (2.1%) 6 (6.3%) 

Student 0 (0.0%) 1 (2.1%) 1 (1.0%) 

Nurse 4 (8.2%) 1 (2.1%) 5 (5.2%) 

Housewife 16 (32.7%) 19 (40.4%) 35 (36.5%) 

Unemployed 10 (20.4%) 12 (25.5%) 22 (22.9%) 

Parity    

Grand multiparous 4 (8.2%) 0 (0.0%) 4 (4.2%) 

Multiparous 18 (36.7%) 12 (25.5%) 30 (31.3%) 

Nulliparous 1 (2.0%) 8 (17.0%) 9 (9.4%) 
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Continued 

Primiparous 14 (28.6%) 16 (34.0%) 30 (31.3%) 

Secundiparous 12 (24.5%) 11 (23.4%) 23 (24.0%) 

Weight (Kg), mean (SD) 66.8 (7.8) 64.0 (8.4) 65.4 (8.2) 

Height (cm), mean (SD) 159.4 (6.5) 159.7 (5.8) 159.6 (6.1) 

BMI (Kg/m2)    

<25 19 (38.8%) 27 (57.4%) 46 (47.9%) 

≥25 30 (61.2%) 20 (42.6%) 50 (52.1%) 

3.2. Averages of Trace Elements During Pregnancy 

The various study groups’ average trace element concentrations during pregnancy 
are displayed in Table 3. This table’s analysis demonstrates that the supplementation 
group’s mean micronutrient concentrations varied in a direction of rise, whereas the 
control group’s concentrations varied in a direction of decline. From the second tri-
mester forward, the difference was statistically significant for all averages. 
 
Table 3. Average trace element concentrations during pregnancy in both groups. 

Characteristic Placebo (N = 491) Supplementation (N = 471) p-value2 

Calcium 

First trimester 1.7 (0.2) 1.7 (0.2) 0.3 

Second trimester 1.6 (0.3) 2.1 (0.2) <0.001 

Third trimester 1.5 (0.4) 2.2 (0.3) <0.001 

At diagnosis 1.5 (0.3) 2.0 (0.4) <0.001 

Postpartum 1.4 (0.3) 2.2 (0.3) <0.001 

Selenium 

First trimester 0.5 (0.1) 0.5 (0.1) 0.7 

Second trimester 0.4 (0.1) 0.7 (0.1) <0.001 

Third trimester 0.4 (0.2) 0.8 (0.2) <0.001 

At diagnosis 0.4 (0.1) 0.6 (0.2) <0.001 

Postpartum 0.4 (0.1) 0.7 (0.2) <0.001 

Zinc 

First trimester 7.8 (0.9) 8.0 (0.9) 0.4 

Second trimester 7.7 (1.6) 10.5 (1.1) <0.001 

Third trimester 7.8 (2.5) 12.1 (2.0) <0.001 

At diagnosis 7.4 (1.6) 10.5 (2.2) <0.001 

Postpartum 7.4 (2.2) 12.1 (2.0) <0.001 

¹Mean (SD), 2Student’s t-test. 
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3.3. Serum Fluctuations of the Different Trace Elements 
3.3.1. Serum Calcium Fluctuation 
Pregnant women’s fluctuations in blood calcium levels are seen in Figure 2. Ac-
cording to this figure, the third trimester and postpartum periods in the interven-
tion group had the greatest calcium content (2.2 mmol/L), whereas the postpar-
tum period had the lowest value in the control group. 
 

 
Figure 2. Change in calcium concentration in the two groups. 

3.3.2. Serum Fluctuation of Selenium Concentration 
Variations in pregnant women’s serum selenium concentrations are seen in Fig-
ure 3. The selenium level in the control group was constant from the second tri-
mester to the postpartum period, at 0.4 micromol/l, whereas the intervention 
group’s high concentration of selenium was recorded in the third trimester of 
pregnancy, at 0.8 micromol/l. 
 

 
Figure 3. Oscillation of serum selenium concentration in pregnant women. 
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3.3.3. Serum Fluctuations in Zinc Concentration in Pregnant Women 
Analysis of this figure reveals that the intervention group’s highest serum zinc 
concentration, 12.1 micromole/l, was recorded during the third trimester of preg-
nancy and the postpartum period, while the control group’s zinc concentration 
was low during the preeclampsia diagnosis and the postpartum period, 7.4 mi-
cromole/day. 
 

 
Figure 4. Oscillation of serum zinc concentration in the 2 groups. 

4. Discussion 

The current research evaluated the effects of supplementation of deficient micronu-
trients (calcium, selenium and zinc) in pregnant women in two groups, one of which 
received placebo and the other micronutrients, on the variation of micronutrients 
in pregnant women’s serums. According to Table 2 and Table 3, the two random-
ization groups had similar clinical, biochemical, and sociodemographic character-
istics. According to the observed data, pregnant women who took micronutrient 
supplements showed a greater variation of trace elements than those who got a pla-
cebo. 

During pregnancy, the demand for trace elements increases to meet or cover 
maternal needs for pregnancy maintenance and fetal growth to term. The values 
or concentrations of trace elements therefore vary in both directions (decrease 
and/or increase), which can lead to nutritional deficiencies if the dietary or sup-
plement intake does not cover this deficit. This study revealed that the two groups’ 
serum micronutrient concentrations varied in both directions. Micronutrient con-
centrations in the micronutrient supplementation group rose during the trimesters 
to normal levels before falling while staying within the lower bounds of normalcy. 
Additionally, all trace elements in supplements fall within this category (Figures 
2-4). However, in the control group, micronutrient concentrations decreased over 
time with no tendency to return to the values recorded at the beginning of preg-
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nancy. Nevertheless, the low selenium concentration had stabilized at this value 
for quite some time in the pregnant women in the control group (Figures 2-4). 
These two phenomena in both groups would be justified by the increase in the 
metabolism of the gravid organism for the balance of pregnancy and fetal growth, 
thus leading to an increased consumption or demand for trace elements. This would 
explain why these different trace elements are not maintained at stable or uniform 
values, regardless of the group evaluated. 

The research of Rihwa C. et al. [17] was notable for the oscillations of micronu-
trient concentrations during pregnancy. They observed that the bioavailability of 
trace elements was affected by the season of sampling (seasonal variations), with 
higher levels in spring, summer, and autumn compared to winter, in addition to 
variations over the trimesters of pregnancy. This observation led them to believe 
that a seasonal diet (consumption of rice, vegetables, fruits, and seafood) [18] was 
a factor in addition. Certain demographic and behavioral factors, such as age, body 
mass index (BMI), education level, intake of iron or multivitamin supplements, 
and passive exposure to tobacco, have been associated with changes in micronu-
trient levels [17] [18]. The examination of the concentration levels of trace elements 
throughout our investigation did not properly account for these various parame-
ters or the meteorological seasons. 

Several factors, such as age, place of residence, anthropometric status, and stage 
of pregnancy, allow a precise and contextualized interpretation of the results on 
fluctuations in micronutrient concentrations in pregnant women. These variations 
are likely related to physiological changes during pregnancy, environmental ex-
posure, or differences in the nutrition and lifestyle of pregnant women [19] [20]. 

Another important piece of information that emerged from this study is related 
to the side effects observed during supplementation or excessive intake of micro-
nutrients. No side effects were reported by the respondents, let alone by the re-
search team. We believe that this phenomenon could be explained by the dose of 
trace elements administered. This is in line with the data in the literature on the 
rarity of side effects when the recommended dosages are adhered to in a state of 
deficiency or deficiency of the trace element concerned [21] [22]. 

5. Limitations of the Study 

Among the weaknesses of this research, we note that the evaluation of the diet of 
pregnant women had not been carried out. This did not make it possible to deter-
mine the effects of daily micronutrient intakes on micronutrient concentrations 
in pregnant women. 

6. Conclusion 

Supplementation with micronutrients in pregnant women can be used safely to 
improve their concentrations in the resource-limited environment, especially 
when initiated early in pregnancy. The effectiveness of this supplementation will 
be significantly greater than in cases where trace elements were previously found 
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in trace amounts. 
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