


Trace elements status and incidence of preeclampsia in pregnant women in kisangani, democratic republic of the congo


Abstract
Introduction 
There appears to be insufficient evidence on the association between trace elements status and pregnancy outcomes. The objective of this research is to determine the incidence of preeclampsia in pregnant women in Kisangani, and the mean trace elements at the time of the onset of preeclampsia. 
Methods
 We conducted a prospective cohort study in 8 health facilities in the city of Kisangani from January 9, 2023 to September 9, 2023. The study population consisted of all pregnant women attending the selected hospitals. Our sample size was 636 individuals. Micronutrient concentrations in sera were analyzed using an inductively coupled plasma mass spectrophotometer (ICP-MS Agilent 7700X). Statistical data analysis was done using R software version 4.3.0.
Results  
The incidence of preeclampsia in our respondents in general was 46.8%. In pregnant women with low trace elements status, it was 70.9% (RR: 2.97; CI: 2.46-3.60; p-value˂0.001). At the time of diagnosis of preeclampsia, the mean selenium and zinc were 0.48 ± 0.24 micromol/L and 8.72 ± 2.53 micromol/L. The copper mode was 12.01 micromol/l. Calcium had an average of 1.44 ± 0.56 mmol/l; and magnesium from 0.48 ± 0.2 mmol/l.
Conclusion  
Preeclampsia remains common in medical practice in low-income countries. The increased demand for trace elements during pregnancy in a field already deficient in micronutrients only accentuates their deficiency and facilitates the occurrence of certain morbidities such as preeclampsia.
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INTRODUCTION
During pregnancy, a woman undergoes significant physiological and physical changes. Both the mother and the fetus experience rapid growth and cellular differentiation processes. This period is particularly sensitive to micronutrient intake, especially if maternal nutrition is inadequate [1]. During this time, a deficiency or inadequate intake of trace elements can lead to adverse consequences for the mother, such as anemia, hypertensive disorders, complications during childbirth, and even maternal death [2]. Moreover, the fetus may be exposed to prematurity, stillbirth, intrauterine growth retardation, congenital malformations, immune deficiency, and impaired organ development [3].
Trace elements are inorganic components found in extremely low concentrations in body fluids (µg/dL) and tissues (mg/kg) [4]. They also play a structural role in certain vitamins (such as cobalt (Co)) and act as cofactors in metalloenzymes, like glutathione peroxidase (selenium (Se)). They serve as catalytic elements for multiple enzymes while also being structural components of other essential proteins [4]. During pregnancy, their requirement increases to support optimal fetal growth, leading to a reduction in their concentrations in maternal blood and tissues [5].
During a normal pregnancy, especially during the third trimester and childbirth, the increased demand for trace elements induces significant oxidative, metabolic, and systemic inflammatory stress. These factors can contribute to the onset of various pregnancy complications, including miscarriage, gestational hypertension, preeclampsia, intrauterine growth retardation, and gestational diabetes [6–12].
Existing information on the relationship between micronutrients and pregnancy outcomes appears insufficient, prompting recommendations from United Nations organizations for large-scale in-depth studies on various trace elements. These studies aim to draw relevant conclusions that will help prevent pregnancy complications among vulnerable women. Maternal nutrition and nutrient reserves provide all the macro- and micronutrients essential for optimal fetal development and are crucial for a successful pregnancy [13]. It is therefore logical that maternal deficiencies in essential trace elements can significantly influence fetal development and pregnancy outcomes [14].
Various trace elements, such as calcium, phosphorus, magnesium, zinc, copper, iron, and selenium, are metabolically interconnected and undergo significant variations in their levels during pregnancy. An increased demand for these trace elements in a deficient environment could impact pregnancy and childbirth, leading to complex morbidities that may be difficult to manage and compromising fetal-maternal outcomes [15].
Serum concentrations of trace elements serve as a crucial indicator of a mother's nutritional status during pregnancy [16]. Previously, their deficiency was linked to reduced activity of antioxidant systems, which could cause oxidative damage in placental and fetal tissues. Early pregnancy represents a specific phase of exposure to the effects of maternal trace element concentrations [17-20].
A cause-and-effect relationship has been established between trace element deficiencies during pregnancy and the occurrence of obstetric complications such as preeclampsia and gestational hypertension. These hypertensive disorders are associated with increased oxidative stress and circulating inflammatory markers, suggesting a causal relationship between these factors [21,22].
Preeclampsia occurs in 5–10% of all pregnancies and remains one of the leading causes of maternal and fetal mortality in both developed and developing countries [23]. In low- and middle-income countries, it has been responsible for a 20–80% increase in maternal mortality. It increases perinatal mortality fivefold and accounts for 15% of preterm births in high-income countries [24].
The severity and high prevalence of preeclampsia in low-income countries have led scientists to emphasize the role of nutrition, specifically trace elements, in its pathogenesis [25-27]. Its epidemiology has highlighted a higher prevalence among women in poverty, further supporting the hypothesis that nutrients may play a role in this condition [28, 29].
One of the main objectives of prenatal care is to quickly identify women at risk of developing preeclampsia. However, no reliable biomarker currently exists for this purpose [30].
In our setting, there is no doubt that nutritional deficiencies are common during pregnancy. However, the role of other trace elements in preventing hypertensive disorders during pregnancy has received little attention. To address this gap, we will conduct this research to determine whether deficiencies in trace elements (including calcium, copper, magnesium, selenium, and zinc) from the first trimester of pregnancy are associated with certain pregnancy complications, particularly preeclampsia.
To carry out this research, we asked ourselves the following question : Does a low serum level of trace elements expose pregnant women in Kisangani to the risk of developing preeclampsia?
Based on data from the literature [31-33], we hypothesize that the incidence of preeclampsia is higher among pregnant women with low trace element levels.
This research aims to improve the management of pregnant women with trace element deficiencies during prenatal consultations to reduce the risk of developing preeclampsia. Our specific objective is to determine the incidence of preeclampsia among pregnant women in Kisangani and the average trace element levels at the time of preeclampsia onset.

2.METHODS
1. Research Setting and Choice This research was conducted in the city of Kisangani, located in the northeastern part of the Democratic Republic of Congo, the capital of Tshopo province. The choice of this city is justified by its technical infrastructure, which enables the serum dosage of trace elements essential to this research, and the presence of a decentralized HUB KISANGANI warehouse with a cold chain at ultra-low temperatures (from -50 to -120°C) capable of keeping serum samples stable at -80°C.
This was a multi-site study conducted in eight healthcare facilities in Kisangani, including Kisangani University Clinics, Kabondo General Referral Hospital, Foyer Referral Health Center, Saint Joseph Health Center, Matete Referral Health Center, Mangobo General Referral Hospital, Lubanga General Referral Hospital, and Makiso-Kisangani General Referral Hospital. All these healthcare facilities have prenatal consultation services and maternity wards supervised by doctors and/or nurses and medical biologists capable of performing venous blood sampling.
2. Study Population and Period The study population consisted of all pregnant women attending their first-trimester prenatal consultation (between 10-14 weeks) and residing in Kisangani. The study was conducted from January 9, 2023, to September 9, 2023.
3. Sample and Sampling Method To determine the sample size, we referred to the article "First trimester microelement and their relationships with pregnancy outcomes and complications" published by Malgorzata Lewandowska et al. in Poland in 2020. We used a significance level (α) of 0.05 and a power of 95%. The minimum sample size was calculated using G-Power software version 3.1.9.7. It was 636 individuals, including 318 with a low trace element level and 318 individuals with a normal trace element level. The sampling was non-exhaustive.
4. Selection Criteria
a. Inclusion Criteria
· Being a pregnant woman residing in Kisangani ;
· Being in apparent good health at the beginning of pregnancy or during the first trimester ;
· Voluntarily consenting to participate in the study by signing the informed consent form ;
· Accepting blood sampling during all three trimesters of pregnancy and allowing personal data to be recorded.
b. Exclusion Criteria
· Pregnant women not residing in Kisangani ;
· Hospitalized or outpatient pregnant women with illnesses ;
· Pregnant women under multiple trace element supplementation ;
· Pregnant women with morbidities such as diabetes, hypertension, etc. ;
· Pregnant women who did not consent to participate in the research.
c. Additional Exclusion Criteria
· Pregnant women with incorrectly recorded personal data and/or hemolyzed blood samples ;
· Pregnant women whose serum samples were not frozen at -80°C ;
· Pregnant women who gave birth outside the selected healthcare facilities for this research.
5. Study Methods We conducted a prospective cohort study across all selected research sites.
6. Data Collection Process Data collection was prospective and conducted in prenatal consultation and maternity services of the selected hospitals. A 24-hour training session was held with the research team (Doctors, Chief Nurses of prenatal consultations and maternity, Laboratory Technicians, and a Community Health Worker).
Community health workers were responsible for mobilizing pregnant women in neighborhoods and avenues, encouraging them to visit the hospital early for free ultrasound scans and medical check-ups. Doctors helped receive pregnant women, explain the purpose of the study, record their personal data, and obtain informed consent signatures. Nurses took vital signs and also explained the study to the participants. Laboratory technicians performed blood sampling for consenting pregnant women. Pregnant women themselves played a key role in spreading the message within their community associations and neighborhoods.
Data collection activities (from reception to blood sampling) took place on weekdays from 8 : 00 AM to 12 : 00 PM, depending on the arrival of pregnant women. The principal investigator conducted daily evaluations around 11 : 00 AM to check the completeness of data collection forms and the status of blood samples.
After being examined by the doctor and nurse, the participant underwent blood sampling. Using a 5ml syringe, venipuncture was performed on the forearm or hand to collect 4-5ml of blood. The blood was injected into a dry vacutainer tube, which was placed vertically in an insulated box.
At the end of the sampling session, the samples were transported to the laboratory at Kisangani University Clinics for analysis. The blood samples were centrifuged at 5,000 rpm for five minutes. The obtained serum was divided into two aliquots, placed in separate cryotubes, and labeled (each cryotube carried an identifier corresponding to the participant's study code). Cryotubes were stored at HUB-Kisangani at -80°C. Half of these cryotubes were sent to the Biochemistry Laboratory of the Faculty of Life Sciences at the University of Strasbourg, in collaboration with the Chemistry and Biochemistry Section of the Faculty of Science at the University of Geneva, for comparative trace element dosage. Serum transport was conducted using a liquid nitrogen container until arrival at the University of Strasbourg laboratory.
Serum trace element concentrations were analyzed using inductively coupled plasma mass spectrometry (ICP-MS Agilent 7700X).
24-hour Urine Collection : Pregnant women with blood pressure readings beyond the normal range (≥ 140/90 mmHg) were given dry, sterile containers to collect 24-hour urine samples. If the container was given at 9 :30 AM today, urine collection started the next day at 6 :00 AM or upon waking and continued until 6 :00 AM the following day. The samples were then taken to the hospital and handed over to designated nurses, who informed the principal investigator to arrange for sample retrieval before 9 :30 AM. These urine samples were analyzed for 24-hour proteinuria using spectrophotometry.
7. Data Processing and Analysis Plan
1. Manual sorting and categorization of data ;
2. Data analysis.
Data were entered into a computer using Microsoft Excel 2021. Statistical analysis was conducted using R software version 4.3.0.
We used percentage calculations for qualitative variables and statistical measures (mean, median, standard deviation, variance, minimum, maximum, first and third quartiles, and mode) for quantitative variables. Normality was tested using the Kolmogorov-Smirnov and Shapiro-Wilk tests. As our sample did not follow a normal distribution, we used the Friedman test to compare means across different periods. Univariate and multivariate logistic regressions were conducted to calculate relative risks.
8. Study Variables
1. Dependent Variables
· Serum levels of trace elements (Calcium, Copper, Magnesium, Selenium, and Zinc) ;
· Blood pressure (blood pressure readings) ;
· 24-hour proteinuria (value).
2. Independent Variables
· Age (15-49 years) ;
· Marital status ;
· Occupation of the woman and/or her spouse ;
· Residential area ;
· Education level ;
· Socioeconomic status ;
· Woman's weight ;
· Parity ;
· Gravidity ;
· Age of the last child ;
· Medical history (malaria, intestinal parasitosis, etc.) ;
· Surgical history ;
· Reason for consultation ;
· Objective clinical signs.
9. Operational Definitions
· Private sector employee : Employed in an NGO or independent entrepreneur.
· Preeclampsia : Blood pressure ≥ 140/90 mmHg on at least two occasions, with a 4-6 hour interval, 24-hour proteinuria ≥ 3000 mg, and gestational age ≥ 20 weeks.
· Gestational Hypertension : Blood pressure ≥ 140/90 mmHg and gestational age ≥ 20 weeks.
· Positive 24-hour proteinuria : 24-hour urine tested positive via dipstick or spectrophotometry (≥ 3000 mg).
· Normal and low values ​​of trace elements were categorized as follows: The different trace elements were considered within the normal range (Normal) when their serum values ​​or levels were within the following ranges: For calcium: 2.20-2.60 mmol/l; Copper: 11.0-22.0 micromol/l; Magnesium: 0.7-1.0 mmol/l; Selenium: 0.75-1.51 micromol/l; and Zinc: 11.5-18.5 micromol/l. Trace element status was considered normal when the value was greater than or equal to the lower limit, or less than or equal to the upper limit. Trace element status was considered “Low” when the value was strictly below the lower limit or boundary of the normal range, i.e.: ˂ 2.20 mmol/l for calcium; ˂ 11.0 micromol/l for copper; ˂ 0.70 mmol/l for magnesium; ˂ 0.75 micromol/l for selenium; and ˂ 11.5 micromol/l for zinc.
LOW STATUS IN TRACE ELEMENTS
10. Ethical Considerations 
The Ethics Committee of the University of Kisangani approved the study (Approval No. : UNIKIS/CER/025/2022, dated 26/12/2022). This study was conducted in accordance with the requirements of good clinical practices and the principles of the Helsinki Declaration of the World Medical Association, along with any subsequent relevant amendments. Consent was obtained from the authorities of the participating institutions, and measures were taken to ensure that no information allowing patient identification was collected. Anonymity was guaranteed during data collection and analysis. Data were collected only after signing of the document, informed consent, by participants, with explanations provided in the local language (Swahili or Lingala) if necessary.











3.RESULTS
3.1. Socio-demographic characteristics of the respondents
In this table, we will present the socio-demographic characteristics of pregnant women. (see table 1 on page 8)
Table 1. Distribution of respondents according to their socio-demographic characteristics
	Socio-demographic characteristics
	Frequency  
N=628
	Percentage

	Age (in year)
	 
	 

	< 20 
	77
	12,3

	20 to 34 
	464
	73,9

	≥ 35 
	87
	13,9

	Adress
	 
	 

	Mangobo
	175
	27,9

	Makiso
	164
	26,1

	Kabondo
	104
	16,6

	Tshopo
	100
	15,9

	Kisangani
	47
	7,5

	Lubunga
	38
	6,1

	Occupation
	 
	 

	House kipper
	339
	54,0

	Trader
	62
	9,9

	State agent
	46
	7,3

	Student 
	35
	5,6

	Seamstress 
	34
	5,4

	Teacher 
	27
	4,3

	Private sector employee 
	27
	4,3

	Farmer
	19
	3,0

	Pupil 
	18
	2,9

	Nurse 
	17
	2,7

	Soldier
	4
	0,6

	Marital statut
	 
	 

	Maried
	542
	86,3

	Single 
	86
	13,7

	Educational level
	 
	 

	Primary
	21
	3,3

	Hihg school
	465
	74,0

	University 
	142
	22,6


Reading this table, we see that 73.9% of pregnant women were aged between 20 and 34 years, with an average age of 26.5 ± 6.3 years. The age extremes were 15 years and 46 years. The respondents living in the commune of Mangobo and Makiso were at 27.9% and 26.1%. Housewives were at 54.0% and married women at 86.3%. 74.0% of pregnant women were at the secondary level.
3.2. INCIDENCE OF PREECLAMPSIA
In this table, we will present the incidence of preeclampsia in the entire study population. (See table 2 on page 9) 
Table 2. Incidence of preeclampsia in all of our respondents
	Hypertensive disorder developed during pregnancy
	Frequency
	Percentage

	Gravidique hypertensive disorder
	78
	12,4

	Preeclampsia
	294
	46,8

	Pas de trouble hypertensif
	256
	40,8

	TOTAL
	628
	100,0


This table shows us that the incidence of preeclampsia among our respondents was 46.8% (i.e. 79.0% of all recorded cases of hypertension)

3.3. Micronutrient status at the time of diagnosis of Preeclampsia
In this table, we will present the averages of the different trace elements at the time the diagnosis of preeclampsia was made. (see table 3 on page 10)

Table 3. Micronutrient status at the time of diagnosis of preeclampsia
	Trace minerals
	Means
	Variance
	Sd
	Minimum
	P 25
	Median
	P 75
	Maximum
	Mode

	Calcium (mmol/l)
	1,4433
	0,3113
	0,5579
	0,72
	1,03
	1,2
	2,15
	2,8
	1,18

	Cuivre (micromol/l)
	12,898
	1,706
	1,3062
	10,83
	12,01
	12,625
	13,59
	16,52
	12,01

	Magnesium (mmol/l)
	0,4812
	0,0398
	0,1995
	0,24
	0,38
	0,42
	0,48
	1,24
	0,42

	Selenium (micromol/l)
	0,4832
	0,0551
	0,2346
	0,15
	0,31
	0,39
	0,74
	1,11
	0,41

	Zinc (micromol/l)
	8,7232
	6,4037
	2,5305
	0,43
	7,11
	7,58
	11,76
	16,2
	7,4


The mean selenium and zinc were 0.48 ± 0.24 micromol/L and 8.72 ± 2.53 micromol/L. The copper mode was 12.01 micromol/l. Calcium had an average of 1.44 ± 0.56 mmol/l; and magnesium from 0.48 ± 0.2 mmol/l.

3.4. Normality tests in the distribution of micronutrient levels
The following table shows the distribution of trace minerals at the time of diagnosis of hypertensive disorders, during the 3 trimesters of pregnancy and post-partum. (see table 4 on page 10 and 11) 
Table 4. Tests of normality
	                      Trimester
	Kolmogorov-Smirnova
	Shapiro-Wilk

	
	Statistics
	Ddl
	P-value
	Statistics
	ddl
	P-value

	Calcium (mmol/l)
	Diagnosis 
	0,20
	367,00
	0,000
	0,86
	367,00
	0,000

	
	Post-partum
	0,20
	626,00
	0,000
	0,91
	626,00
	0,000

	
	T2
	0,22
	628,00
	0,000
	0,88
	628,00
	0,000

	
	T1
	0,17
	628,00
	0,000
	0,93
	628,00
	0,000

	
	T3
	0,23
	628,00
	0,000
	0,88
	628,00
	0,000

	Cuivre (micromol/l)
	Diagnosis 
	0,09
	367,00
	0,000
	0,95
	367,00
	0,000

	
	Post-partum
	0,10
	626,00
	0,000
	0,88
	626,00
	0,000

	
	T2
	0,09
	628,00
	0,000
	0,97
	628,00
	0,000

	
	T1
	0,16
	628,00
	0,000
	0,93
	628,00
	0,000

	
	T3
	0,06
	628,00
	0,000
	0,98
	628,00
	0,000

	Magnesium (mmol/l)
	Diagnosis 
	0,26
	367,00
	0,000
	0,77
	367,00
	0,000

	
	Post-partum
	0,14
	626,00
	0,000
	0,70
	626,00
	0,000

	
	T2
	0,19
	628,00
	0,000
	0,88
	628,00
	0,000

	
	T1
	0,19
	628,00
	0,000
	0,84
	628,00
	0,000

	
	T3
	0,29
	628,00
	0,000
	0,72
	628,00
	0,000

	Selenium (micromol/l)
	Diagnosis 
	0,23
	367,00
	0,000
	0,86
	367,00
	0,000

	
	Post-partum
	0,11
	626,00
	0,000
	0,94
	626,00
	0,000

	
	T2
	0,18
	628,00
	0,000
	0,91
	628,00
	0,000

	
	T1
	0,21
	628,00
	0,000
	0,90
	628,00
	0,000

	
	T3
	0,12
	628,00
	0,000
	0,95
	628,00
	0,000

	Zinc (micromol/l)
	Diagnosis 
	0,26
	367,00
	0,000
	0,81
	367,00
	0,000

	
	Post-partum
	0,10
	626,00
	0,000
	0,93
	626,00
	0,000

	
	T2
	0,19
	628,00
	0,000
	0,88
	628,00
	0,000

	
	T1
	0,20
	628,00
	0,000
	0,87
	628,00
	0,000

	
	T3
	0,14
	628,00
	0,000
	0,93
	628,00
	0,000


A reading of this table shows that the distribution of trace element levels does not respect    
3.5. Risk of Hypertensive Disorder
In these tables, we will present the risk of developing hypertensive disorders in pregnant women according to age, parity, gesture and micronutrients statuts. (see table 5 on page 11) and the number of times low trace mineral status multiplies the risk of developing hypertensive disorder. (see table 6)

Table 5. Risk Factors for Hypertensive Disorder
	Characteristics
	Effectif,       N = 628
	Hypertensive disorder
	RR
	IC at 95% 
	p-value

	Age (in year)
	 
	 
	 
	 
	 

	    < 20 
	107
	65 (60,7%)
	—
	—
	 

	    20 à 34 
	447
	263 (58,8%)
	0,97
	0,82 – 1,16
	0,7

	    ≥ 35 
	74
	44 (59,5%)
	0,98
	0,76 – 1,25
	0,9

	Parity
	 
	 
	 
	 
	 

	    Nulliparous
	175
	100 (57,1%)
	—
	—
	 

	    Primiparous
	110
	60 (54,5%)
	0,95
	0,78 – 1,17
	0,7

	    Secondiparous
	130
	85 (65,4%)
	1,14
	0,95 – 1,38
	0,2

	    Multiparous
	182
	107 (58,8%)
	1,03
	0,86 – 1,23
	0,7

	    Large multiparous
	31
	20 (64,5%)
	1,13
	0,82 – 1,52
	0,4

	Gesture
	 
	 
	 
	 
	 

	    Primigravida
	159
	93 (58,5%)
	—
	—
	 

	    Secondigravida
	105
	56 (53,3%)
	0,91
	0,74 – 1,13
	0,4

	    Multigravida
	288
	179 (62,2%)
	1,06
	0,91 – 1,25
	0,5

	    Large multigravida
	76
	44 (57,9%)
	0,99
	0,78 – 1,24
	>0,9

	Statut in micronutients
	 
	 
	 
	 
	 

	    Normal
	322
	111 (34,5%)
	—
	—
	 

	    Low
	306
	261 (85,3%)
	2,47
	2,15 – 2,86
	<0,001


It appears from this table that the incidence of hypertensive disorder was 85.3% in pregnant women with low micronutrient status, and 34.5% in pregnant women with normal status.














Table 6. Multivariate analysis
	Characteriscs
	RRA
	IC at 95%
	p-value

	Age (in year)
	 
	 
	 

	    < 20 
	1
	—
	 

	    20 à 34 
	0,91
	0,73 – 1,14
	0,4

	    ≥ 35  
	0,91
	0,65 – 1,27
	0,6

	Gesture
	 
	 
	 

	    Primigravida
	1
	—
	 

	    Secondigravida
	0,71
	0,42 – 1,13
	0,2

	    Multigravida
	0,73
	0,38 – 1,34
	0,3

	    Large multigravida
	0,63
	0,31 – 1,23
	0,2

	Parity
	 
	 
	 

	    Nulliparous
	1
	—
	 

	    Primiparous
	1,36
	0,84 – 2,36
	0,2

	    Secondiparous
	1,34
	0,74 – 2,59
	0,4

	    Multiparous
	1,52
	0,83 – 2,95
	0,2

	    Large multiparous
	1,59
	0,77 – 3,43
	0,2

	Statut in micronutrient
	 
	 
	 

	    Normal
	1
	—
	 

	    Low 
	2,5
	2,17 – 2,89
	<0,001
















Multivariate analysis showed that pregnant women with low micronutrient levels had a 2.5 times greater risk of hypertensive disorders than those with normal micronutrient levels.
3.6. Association of age, parity, gesture, micronutrient status and preeclampsia
In this table, we will present the risk factors or those associated with the occurrence of preeclampsia, the incidence of preeclampsia according to these factors (see table 7 on page 12 and 13) and the number of times the risk of developing pre-eclampsia multiplies (see table 8 on page 13). 









Table 7. Association between age, parity, gestation, and trace element statue and preeclampsia
	Caractéristiques
	Total               N = 628
	Prééclampsie (n = 294)
	RR
	 IC à 95%
	p-value

	Age(in year)
	 
	 
	 
	 
	 

	    < 20 
	107
	53 (49,5%)
	—
	—
	 

	    20 à 34 
	447
	204 (45,6%)
	0,92
	0,74 – 1,15
	0,5

	    ≥ 35 
	74
	37 (50,0%)
	1,01
	0,74 – 1,37
	>0,9

	Parity
	 
	 
	 
	 
	 

	    Nulliparous
	175
	80 (45,7%)
	—
	—
	 

	    Primiparous
	110
	49 (44,5%)
	0,97
	0,75 – 1,26
	0,8

	    Secondiparous
	130
	69 (53,1%)
	1,16
	0,92 – 1,47
	0,2

	    Multiparous
	182
	79 (43,4%)
	0,95
	0,76 – 1,19
	0,7

	    Large multiparous
	31
	17 (54,8%)
	1,2
	0,80 – 1,73
	0,4

	Gesture
	 
	 
	 
	 
	 

	    Primigravida
	159
	75 (47,2%)
	—
	—
	 

	    Secondigravida
	105
	46 (43,8%)
	0,93
	0,71 – 1,21
	0,6

	    Multigravida
	288
	139 (48,3%)
	1,02
	0,83 – 1,26
	0,8

	    Large multigravida
	76
	34 (44,7%)
	0,95
	0,70 – 1,27
	0,7

	Statut in micronitrients
	 
	 
	 
	 
	 

	    Normal
	322
	77 (23,9%)
	—
	—
	 

	    Low 
	306
	217 (70,9%)
	2,97
	2,46 – 3,60
	<0,001


Reading this Table 7 shows that the low micronutrient status in our pregnant women was associated with the occurrence of preeclampsia. This risk was 2.97-fold in pregnant women with deficit (RR : 2.97; CI: 2.46-3.60; p-value ˂ 0.001).













Table 8. Multivariate Analysis
	Characteristics
	RRA
	IC à 95% 
	p-value

	Age (in year)
	 
	 
	 

	    > 20 
	1
	—
	 

	    20 à 34 
	0,89
	0,67 – 1,18
	0,4

	    ≥ 35 
	1,04
	0,67 – 1,59
	0,9

	Gesture
	 
	 
	 

	    Primigravida
	1
	—
	 

	    Secondigravida
	0,63
	0,30 – 1,15
	0,2

	    Multigravida
	0,58
	0,24 – 1,27
	0,2

	    Large multigravida
	0,45
	0,17 – 1,08
	0,088

	Parity
	 
	 
	 

	    Nulliparous
	1
	—
	 

	    Primiparous
	1,62
	0,86 – 3,46
	0,2

	    Secondiparous
	1,69
	0,77 – 4,13
	0,2

	    Multiparous
	1,78
	0,80 – 4,36
	0,2

	    Large multiparous
	2,08
	0,80 – 5,82
	0,15

	Status in micronitrients
	 
	 
	 

	    Normal
	1
	—
	 

	    Low 
	2,99
	2,47 – 3,63
	<0,001


After eliminating confounders, this Table 7 shows that the OR was 2.99. That is, pregnant women with a low micronutrient status with 2.99 times the risk of developing preeclampsia than those with normal status. not the law of normality.

3. DISCUSSION
3.1. INCIDENCE OF PREECLAMPSIA
During our research, we observed that the incidence of preeclampsia in pregnant women in Kisangani was 46.8%. Among the hypertensive disorders observed, the incidence of preeclampsia was 79% and that of gestational hypertension was 21%. Hypertensive disorders had an incidence of 85.3% in pregnant women with low micronutrient status and 34.5% in pregnant women with normal micronutrient status.

	Table 9. INCIDENCE DE LA PREECLAMPSIE

	No
	Auteur
	Year
	Pays
	Study design
	Echantillon
	Incidence
	% of Incidence

	1
	Maereg W.
	2016 [36]
	Ethiopie
	Etude rétrospective
	42963
	1508
	3,5

	2
	Shambel
	2016 [37]
	Ethiopie
	Etude rétrospective
	320
	21
	6,56

	3
	Rob Mooij
	2015 [38]
	Tanzanie
	Etude rétrospective
	3398
	26
	0,76

	4
	Eshetu Sey
	2015 [39]
	Ethiopie
	Etude rétrospective
	5415
	76
	1,4

	5
	Prabhanjan
	2015 [40]
	Ethiopie
	Etude rétrospective
	7702
	172
	2,23

	6
	Leonard
	2016 [41]
	Nigeria
	Etude rétrospective
	13750
	136
	0,98

	7
	Jonah Mus.
	2018 [42]
	Nigeria
	Etude prospective
	307
	27
	8,79

	8
	Gezehagn.
	2015 [43]
	Ethiopie
	Etude rétrospective
	1015
	159
	15,66

	9
	Solwayo,
	2017 [44]
	Zimbabwe
	Etude rétrospective
	9086
	95
	1,04

	10
	Businge BC
	2013 [45]
	RSA
	Case control Study
	992
	492
	49,59

	11
	Pierre-Mars,
	2017 [46]
	Cameroun
	Etude prospective
	152
	96
	63,15

	12
	Laura A
	2019 [47]
	Nigeria
	Etude prospective
	7114
	232
	3,26

	13
	Sumedha,
	2019 [48]
	Mozambique
	Etude prospective
	4253
	183
	4,3

	14
	Kyembwa
	2018 [49]
	RD Congo
	Case control Study
	184
	92
	50

	15
	Annette,
	2016 [50]
	Ouganda
	Etude prospective
	3100
	218
	7,03

	16
	Ayohola A
	2017 [51]
	Nigeria
	Case control Study
	120
	60
	50

	17
	Ouedraago,
	2018 [52]
	Burkinafaso
	Etude retrospective
	5791
	200
	3,45

	18
	Helen C. o,
	2016 [53]
	Nigeria
	Case control Study
	200
	100
	50

	19
	Obadia MP 
	2017 [54]
	RDCongo
	Case control Study
	350
	200
	57,14

	20
	Jean-Pierre
	2016 [55]
	RDCongo
	Case control Study
	178
	89
	50

	21
	Hind M,
	2017[56]
	Soudan
	Case control Study
	166
	70
	42,16

	22
	Abebaw,
	2018 [57]
	Ethiopie
	Case control Study
	76
	38
	50

	23
	Cette étude
	      2023
	RD Congo             
	Etude de cohorte
	628
	294
	46,8


The incidence of preeclampsia varies according to different authors, study types, and even study settings. Our results are higher compared to some authors [36-44], similar or slightly lower than those of other authors [54,55,57]. The relatively high incidence in our cohort reflects the growing burden of preeclampsia in the Democratic Republic of Congo, particularly in Kisangani, and in most developing countries. We believe that the reported frequency of preeclampsia fluctuates from one environment to another, with lower rates in most developed countries [58] and higher figures worldwide [59], especially in developing countries. These incidence fluctuations may be associated with changes in the study period, gestational age at diagnosis, sample size, and case selection criteria [58,60].
Our results align with literature findings, which report significant variations in the incidence of preeclampsia in the Democratic Republic of Congo, occurring just after Ghana, which holds the record for the highest incidence of preeclampsia among African countries [61-65].
Our results can largely be explained by our case selection criteria, which differ from those of other retrospective or case-control studies, as well as the way these pregnant women were monitored until the diagnosis of preeclampsia.
3.2. AVERAGE LEVELS OF TRACE ELEMENTS AT THE ONSET OF PREECLAMPSIA
The average trace element levels at the time of preeclampsia diagnosis were 1.4 ±0.6 mmol/L for calcium; 12.9 ±1.3 µmol/L for copper; 0.5 ±0.2 mmol/L for magnesium; 0.5 ±0.2 µmol/L for selenium; and 8.7 ±2.5 µmol/L for zinc.
Similar observations were made in studies by Ghaemi S.Z et al. in Iran [66], Dawson E.B et al. [67], El-Moselhy E.A et al. in Egypt [68], and Rayman M.P et al. [69].
However, Gromadzinska et al. [70] found that trace element levels were higher at the time of preeclampsia diagnosis in sick pregnant women compared to those who were not. This could be explained by studies conducted in environments where the population’s diet is fortified with micro and macronutrients, and also by the fact that preeclampsia remains multifactorial, with sometimes unexplained causes.
In general, there is a physiological balance between antioxidants and free radicals. When antioxidant concentrations decrease in the human body, increased lipid peroxidation damages blood vessels. This leads to modifications in polyunsaturated fatty acids, compromising the formation of capillary endothelial cells. Consequently, endothelial cell damage may be the primary trigger of the pathophysiological phenomena associated with preeclampsia.
To function optimally in the maternal body, antioxidant enzymes require an adequate quantity of trace elements. A deficiency or reduction in trace element levels prevents them from effectively defending against free radicals and oxidants, which are responsible for oxidative stress. This could explain the occurrence of preeclampsia in our pregnant patients with low trace element levels, making them vulnerable to oxidative stress, which is at the root of preeclampsia symptoms.
In preeclampsia, a notable increase in oxidative stress is observed in both the placenta and maternal circulation [71,72], along with a reduction in antioxidant activity. Disruption of antioxidant function causes oxidative stress in tissues [73,74]. Placental ischemia can lead to an increase in placental debris in the circulatory system, and these microparticles are associated with inflammation and vascular damage [75].
Selenium plays a crucial role in forming antioxidant selenoproteins, including glutathione peroxidase (GPx) and thioredoxin reductase, which are major antioxidant enzymes (selenocysteine being present in their active sites) [76]. Insufficient selenium levels could impair selenoprotein functions, leading to a lack of protection against oxidative damage [77]. Selenoproteins, key components of the natural antioxidant system, protect the endothelium by regulating the expression of cytokine-stimulated adhesion molecules and reducing inflammation [78].
Glutathione peroxidases also reduce endothelial damage by lowering hydrogen peroxide hydroperoxides, phospholipids, and lipids [79]. Our study, considering the link between oxidative stress and the onset of systemic endothelial dysfunction, confirms that the low selenium levels observed in our patients make them susceptible to developing preeclampsia.
The interaction of these trace elements may contribute to increased blood pressure in pregnant women. Calcium causes blood vessel contraction, whereas magnesium, acting as an antagonist, blocks calcium channels. This limits calcium-dependent constriction in arterial smooth muscles, ultimately leading to vasodilation [80]. Additionally, there is increased activity of various neurohormonal agents such as angiotensin-II, serotonin, bradykinin, epinephrine, norepinephrine, and acetylcholine. These agents enhance vasoconstriction, leading to hypertension [81].
Magnesium works alongside calcium to maintain normal cellular function. Some endogenous antioxidant enzymes require magnesium as a cofactor. Therefore, a reduction in intracellular magnesium concentration and the absence of magnesium-based channels in membranes may be key determinants in the pathological mechanism of vasoconstriction. Moreover, a positive correlation has been noted between calcium and zinc. The development of preeclampsia in pregnant women is attributed to increased vasoconstriction caused by reduced serum calcium and a decrease in zinc’s vasodilatory effect [82]. However, besides fluctuations in trace element concentrations, endothelial dysfunction and sympathetic tone abnormalities may also contribute to pregnancy-related hypertension [83-85].
Copper is a crucial trace element acting as a cofactor for several enzymes involved in angiogenesis, metabolic processes, and oxygen transport. It also has antioxidant properties when incorporated into enzymes such as catalases, superoxide dismutase (a well-known oxidative defense enzyme), and cytochrome c oxidase [81]. It is important to note that copper is a transition metal with redox activity, capable of participating in single-electron reactions and inducing free radical formation. These radicals can cause oxidative stress, a hallmark of preeclampsia. Thus, copper can act as a pro-oxidant, but when associated with cupric/zinc dismutase, it functions as an antioxidant [82].
We believe that copper played a pro-oxidant role in our subjects, given that its value or concentration remained within normal ranges at the time preeclampsia manifested.
Overall, most of the subjects studied exhibited dysfunction in the antioxidant system, a hypothesis supported by the low trace element levels observed when preeclampsia was diagnosed.
Our initial research hypothesis has been verified and confirmed.
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