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Abstract 
Pre-eclampsia is a pregnancy complication that affects both the mother and the fetus. It is a major 

cause of both maternal and neonatal morbidity and mortality. 

The currentstudy was conducted in Shendi town from April to July 2018, to evaluate minerals level 

(Ca+2,Mg+2,Na+,K+ ) in women with preeclampsia. 

A total number of80pregnant womenwasenrolled in the study. Fiftyof them with precclampsia as case 

group and 30 were of normal blood pressure as control group.Venous blood samples were collected 

in lithium heparin anticoagulant containers from each participant for measurement of (Ca+2, Mg +2, 

Na+, K+.) 

There was statistically significant variation between mean potassium level of women with 

preeclampsia and control group (3.94& 4.11) mg/dl, with P.value of (0.00 ) and that of magnesium in 

women with preeclampsia and control (1.30&1.90) mg/dl, withP.value (0.02 ). 

There was statistically insignificant variation neither between mean level of sodium women with 

preeclampsia and control (136.80 &136.80) mg/dl with P.value of (0.95) nor that of calcium in 

women with preeclampsia and control (8.20&0.90) mg/dl, with P.value (0.89). 

 

Keywords: Pre-cclampsia, Sudanese pregnant women, Albuminurea, Calcium, Magnesium, Sodium, 

Potassium. 

 

Introduction 

The incidence rate of pre-eclampsia stands at 3-10% globally, butits etiology remains 

unknown. Factors such as obesity, diabetes, calcium (Ca2+) deficiency, advanced maternal 

age, oxidative stress; placental ischaemia, genetic factors and immune maladaptation have 

been implicated. Altered calcium metabolism role in the pathogenesis of this disorder is 

suggested by epidemiologic evidence linking low dietary level of calcium with increased 

incidence of pre-eclampsia. Changes in intracellular calcium and magnesium concentrations 

seem to be involved in the pathogenesis of preeclampsia. On the basis of the vasodilating 

therapeutic effects of magnesium salts, it is suggested that a deficiency in magnesium 

contributes to the development of vasoconstriction in pre-eclampsia.  

Total body calcium of (1000) g. (99%) is bound in the skeleton and the rest is distributed 

through the intracellularfluids. Calcium biologic role includebone and teeth 

formation,Enzyme regulation, Blood clotting ( cofactor for factors vii,ix,x ),cell growth and 

division and maintenance of plasma membrane stability. 

Potassium is the major intracellular cation in the body, with total amount of (3000) mmol, of 

which about (98%) is intracellular. had Function of potassium in the body include regulation 

neuromuscular excitability, concentration of the heart, intracellular fluid volume,and 

hydrogen ion concentration. 

Sodium is one of the body's electrolytes, which are minerals that the body needs in relatively 

large amounts. Electrolytes carry an electric charge when dissolved in body fluids. 

Most of body's sodium is located in blood and in the fluids around cells. Sodium helps the  
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body keep fluids in a normal balance. Sodium plays a key 

role in normal nerve and muscle function. 

Magnesium is fourth most abundant cation in the body and 

second most abundant intracellular ion.Magnesium acts as 

Co factor of more than 300 enzymes, including enzyme 

involved protein synthesis and glycolysis.It is also 

important in the maintenance of ribosomes, nucleic acids, 

some proteins Itplays a pivotal role in the physiological 

regulation of blood pressure. This may explain 

thetherapeutic benefit of magnesium in the treatment of 

preeclampsia. 

Hypertension during pregnancyis defined as a systolic 

blood pressure (SBP) ≥ 140 mmHg and/or a diastolic blood 

pressure (DBP) ≥ 90 mmHg and is classified into four 

categories preeclampsia, chronic hypertension, chronic 

hypertension with superimposed preeclampsia, and 

gestational hypertension (1). 

 Hypertension is considered to be mild, moderate or severe 

when SBP is ≥ 140, 150 or 160 mmHg or DBP is ≥ 90,100 

or 110 mmHg, respectively (2). 

 Preeclampsia was usually defined as new-onset 

hypertension (i.e. SBP ≥ 140 mmHg and/or DBP ≥ 90 

mmHg) and proteinuria (> 0.3 g/day) arising after 20 weeks 

of gestation in a previously normotensive woman.. 

Alternatively, a urine protein (mg/dL)/creatinine ratio 

(mg/dL) ≥ 0.3 has good sensitivity (98.2%) and specificity 

(98.8%) as a diagnostic tool (3). Conversely, a positive 

qualitative dipstick test for proteinuria provides too 

variable results to be considered as a reliable diagnostic 

tool of proteinuria. It can be used if no other method is 

readily available. In that case only, a 1+ dipstick result is 

considered as the cut-off for the diagnosis of proteinuria.  

Proteinuria is no longer considered as mandatory for the 

diagnosis of preeclampsia (4,5). Consequently, in the 

absence of proteinuria, preeclampsia can be diagnosed as 

newonset hypertension associated with: 

 Thrombocytopenia < 100.000/µL. 

 Elevated liver transaminases (> twice the normal 

values). 

 Impaired renal function (with serum creatinine > 1.1 

mg/dL or doubling of serum creatinine level in the 

absence of any other renal disease). 

 Pulmonary edema. 

 New onset visual or cerebral disturbances. 

Severe preeclampsiais defined as preeclampsia associated 

with any of the following: 

 Severe hypertension (i.e. SBP ≥ 160 mmHg and/ or 

DBP ≥ 110 mmHg).  

 Thrombocytopenia < 100.000/µL. 

 Impaired liver function with liver transaminases higher 

than twice the normal values. 

 Severe and persistent right upper quadrant (RUQ) or 

epigastric pain not accounted for by any other 

diagnosis. 

 Renal insufficiency defined as serum creatinine >1.1 

mg/dL or a doubling of serum creatinine in the absence 

of other renal disease. 

 Massive proteinuria > 5 g/day. 

 Pulmonary edema, – new-onset cerebral or visual 

disturbances. 

 Fetal growth restriction (FGR). 

 

 

However, recent studies have demonstrated minimal to no 

influence of the severity of proteinuria on pregnancy 

outcome in preeclampsia (4, 6).  

Preeclampsia complicates (5 to 8%) of all pregnancies. 

This represents (8.5 million) cases a year worldwide. This 

pathology remains one of the three leading causes of 

maternal death. (1,2). Renal failure, pulmonary edema, liver 

failure or rupture, seizures (eclampsia), disseminated 

intravascular coagulation (DIC), retinal detachment; 

cortical blindness, abruptio placentae, and hemorrhage 

represent other complications of preeclampsia. All 

contribute to preeclampsia-associated maternal morbidity 

and mortality. Five percent of severe preeclamptic patients 

are admitted to an ICU. Finally, preeclampsia is known to 

increase the risk of developing a cardiovascular disease 

later in life by a factor of two (2). 

Regarding the fetus and the neonate, preeclampsia is 

responsible for (5%) of stillbirths in infants without 

congenital abnormalities, accounts for 8-10% of the overall 

preterm birth rate, and for (15-20%) of the overall FGR and 

very low birth weight (7) 

As opposed to normal pregnancy, preeclampsia is 

characterized by an immunologically-initiated impaired 

trophoblast invasion of the spiral arteries between 8 and 16 

gestation weeks. This abnormal invasion of placenta 

nourishing arteries leads to a failure of their remodeling. 

Failed remodeling impairs the transformation of small high 

resistance muscular arteries into large capacitance vessels. 

Consequently, the utero-placental blood flow progressively 

fails to meet the needs. Placental ischemia ensues, with 

oxidative stress, inflammation, apoptosis, and structural 

damage (8). 

As a consequence of placental ischemia, secondary 

mediators are released. During normal pregnancy, placental 

growth factor (PlGF) and vascular endothelial growth 

factors (VEGF) are potent proangiogenic substances. They 

enhance the vasodilating properties of prostaglandins (PG) 

and nitrous oxide (NO), and promote endothelial health. In 

preeclampsia, several anti-angiogenic factors are produced. 

They are responsible for angiogenic imbalance, impaired 

vasodilation and an endothelial dysfunction. The soluble 

fms-like tyrosinekinase (sFlt-1) antagonises VEGF and 

PlG. Soluble endoglin (sEng) antagonises TGF-β, and 

blocks NO. This imbalance between pro and anti-

angiogenic factors produces generalized endothelial 

dysfunction, microangiopathy, and vasospasm. These rise 

to the various signs and symptoms of this multisystemic 

disease, which become clinically evident after 20 gestation 

weeks (8, 9). 

Different hemodynamic states have been describedto 

explain underlying mechanism of hypertension in 

preeclamptic patients. These range from low cardiac output 

(CO) with increased systemic vascular resistance (SVR) to 

a hyperdynamic state with increased CO associated with an 

increased stroke volume and a moderate increase in SVR 
(10,15,).These different hemodynamic situations might be 

related to the early or late onset of preeclampsia, as well as 

to its severity (16). Use of cardiac output, and not only blood 

pressure, as an endpoint when treating severe preeclampsia 

might improve the hemodynamic management of these 

patients (17, 18,,19,20,21).  

Eclampsia occurs in 0.5% of pre-eclamptic patients without 

severe features, and in 2-3% of severe preeclampsia. This 

corresponds up to 10/10000 deliveries in developed 
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countries, and up to 157/10000 deliveries in developing 

countries (22). Eclamptic seizures contribute substantially to 

maternal morbidity and mortality (23, 24,25, 26).  

Several factors are associated with an increased risk of 

preeclampsia such asantiphospholipid syndrome, past 

history of preeclampsia, pregestationaldiabetes,multiple 

gestation. nulliparity, family history of preeclampsia, body 

mass index (BMI) > 30 before pregnancy, age ≥ 40 years, 

pre-existing hypertension, pre-existing renal disease, and 

pregnancy interval > 10 years (27, 28).  

Biomarkers of preeclampsia and its severity have also been 

proposed (8, 29). Placental expression and serum levels of 

sFlt-1 inpreeclamptic women are increased during active 

disease, as compared with normal pregnancy (30).  

Preeclamptic patients have higher levels of natriuretic 

peptide than non preeclamptic patients (31). 

Women at high risk of preeclampsia should receive low 

dose aspirin daily from gestation week 12 to 37. Statins, by 

stimulating hemoxygenase expression, inhibit sFlt-1 release 

and promote VEGF (9). 

 

Rationale 
Preeclampsia and its complication is considered one of the 

commonest obstetrical complication in Sudan. It is a major 

cause of morbidity and mortality worldwide.Overall(10% -

15% ) of maternal death are directly associated with 

preeclampsia and eclampsia.Calcium, magnesium, sodium 

and potassium contribute significantly in the functioning of 

the vascular smooth muscles, Hence the present study was 

designed to evaluate the role of these electrolytes in the 
genesis of preeclampsia or pregnancy induced 

hypertension(PIH) in ShendiLocality. 
 

Objectives 

The general objective of the current study was to evaluate 

serum levels of calcium, magnesium, sodium and 

potassium in Sudanese women with pre-eclampsiaas well 

as factors such as body mass index as possible etiological 

factors for pre-eclampsia. 
 

Materials and methods 

This was cross sectional, hospital based study, conducted at 

Shendi town in Sudan, from March to July 2018.The study 

samples comprised 80 pregnant women, 50 were women 

with pre-clampsia as case groupand 30healthy pregnant 

women as control group. Both groups werematched for 

duration of gestation.  

All women included in the study were in their third 

trimester (gestational age of ≥26weeks). They were 

pregnant women with blood pressure more than 140/90 

mmHg during the third trimester of pregnancy, with 

excretion of more than 300mg of urinary protein per 

24hours and have edema.  

The control group included pregnant women with normal 

blood pressure, absence of proteinuria and without any 

other systemic or endocrine disorder and age-matched with 

the case group.  

Fiveml of venous blood was collected from each participant 

in plain containers. Serum was separated by centrifugation 

at 300 rpm for5 minutes. 

Serum total calciumwas assayed by Methyl thymol blue 

method.Serum Mg+2 was assayed by standard method of 

MindrayBs 200.Sodium and potassium ions (Na+&K+) 

were assayed by ion selective electrode for (Na+&K+) by 

standard method of Easylyte(Medica) in the clinical 

chemistry laboratory in El –mekNimir University Hospital 

in Shendi. 

Three levels of control sera were run with every batch of 

the assays to ensure accuracy and quality assurance. 

 

Data analysis 

All collected data was analyzed using statistical package 

for social sciences (SPSS), for windows, version 16.0. The 

data was represented as mean ± stander deviation.Mean 

values were compared using paired student t-test for 

calculating degree of variation, P. value<0.05 was 

considered as statistically significant. Analysis of variance 

(ANOVA) was used for continuous data and the statistical 

results were presented as means ± SEMs.  

 

Ethical considerations 

Ethical approval for the study was obtained from the Board 

of the Faculty of Graduates Studies and Scientific Research 

in Shendi University. Verbal informed consent for 

participation in the study was obtained from each 

participant before recruitment into the study. Procedure of 

venous blood sampling was explained to the participants. 

All participants were informed about the research 

objectives and procedures during the interview period. 

 

Results 

 

 
 

Fig. 1: The distributionof agecategories in the study group 
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Table 1: BMI, GA, parity and Blood pressure profiles in the study groups 
 

 
Study 

group 
Frequency Mean 

P. 

value 
Correlation 

Body mass index (kg/m2) 
Test 50 26.5 

 Significant ٭0.02
Control 30 25.6 

Gestational age(weeks) 
Test 50 32.7 

0.913 Insignificant 
Control 30 32.0 

Number of pregnancy 
Test 50 1.88 

0.696 Insignificant 
Control 30 1.86 

Systolic pressure 

(mmHg) 

Test 50 151.2 
 Significant ٭0.02

Control 30 106.2 

Diastolic blood pressure 

(mmHg) 

Test 50 102.6 
0.40 Insignificant 

Control 30 73.8 

 

Table 2: Maternal biochemical parameters 
 

 Study group Frequency Mean P. value Correlation 

Haemoglbin concentration (g/dl) 
Test 50 11.5 

 Significant ٭0.03
Control 30 10.2 

Albuminurea 

(by dipstick test(+) 

Test 50 2.8 
 Significant ٭0.00

Control 30 .00 

 

Table 3: Maternal electrolytes concentration (mg/dl) 
 

Electrolytes concentration (mg/dl) Study group Frequency Mean P. value Correlation 

Calcium 
Test 50 8.2 

0.89 Insignificant 
Control 30 9.0 

Magnesium 
Test 50 1.3 

 Significant ٭0.02
Control 29 1.9 

Sodium 

 

Test 50 136.8 
0.95 Insignificant 

Control 30 136.8 

Potassium 
Test 50 3.94 

 Significant ٭0.00
control 30 4.11 

Discussion 

The result displayed in table (1) showed that the mean of 

BMI ((kg/m2) in women with preeclampsia was (26.5) and 

in the control group was (25.6) withP.value of (0.02).Thus 

BMI increased in women with pre-eclampsia, in agreement 

with the findings reported by (Hauger, et al.2008) that the 

risk of pre-eclampsia was highest among overweight 

pregnant women (32). 

Also the mean of systolic pressure (mmHg) in women with 

preeclampsia was (151.2) and in the control group was 

(106.2). The systolic pressure was increased in women with 

pre-eclampsia with P.value of (0.02), and this result 

supported the findings reported early by (Redman CWG, et 

al.1976) in the Lancet (33). 

The result illustrated in table (2) revealed 

increasedalbuminurea in pre-eclamptic women withP.value 

of (0.000) as well as Hbconcentration with P.value of 

(0.03). 

The mean concentration of serum Mg+2(mg/dl) in women 

with preeclampsia was (1.3) versus (1.9) in the control 

group. This findings illustrated decreased serum Mg+2in 

women with preeclampsia with P.value (0.02), which 

coincided with the findings in Sudanese pregnant women 

with precclampsia reported by (MohannedAbdala Elhassan 

Sidahmed, et al. 2017)(34). 

The mean concentration of serum+ (mg/dl) in women with 

preeclampsia was (3.94) compared to (4.11) in the control 

group.This result proveddecreased serum potassium in 

women with preeclampsia with the P.value of (0.00), also 

in agreement with the findings reported by 

(MohannedAbdala Elhassan Sidahmed, et al. 2017) (34). 

Also the result appeared in table (3) showed no association 

between preeclampsia and concentration of serumNa+, with 

insignificant P.value of ( 0.95),which was in agreement 

with the findings reported by(Ebenezer OwusuDarkwa, et 

al. 2017) in Ghana(35). 

The meanconcentration of serum Ca+2 level in women with 

pre-eclampsis was (8.1) compared to (9.2) in the control 

group with statistically insignificant P.value of (0.89).This 

results questioned the association between preeclampsia 

and serum concentration of Ca+2in agreement with the 

findings reported by (Ugwuja El et al. 2016) in Nigerian 

women with pre-eclampsia (36)...In contrast to this 

findingsAbdelmageedElmugabil, et al (2016) reporteda low 

calcium and a higher magnesium level in pre-eclamptic 

Sudanese women (37). 

 So far the etiology of preeclampsia still remains 

ambiguous.Placental defects and oxidative stress early 

during pregnancy in affected pregnancies were suggested 

as possible underlying cause (38,39) 

Micronutrients and trace elements are integral part of a 

robust antioxidant body system, there for future researches 

should include other elements such as iodine selenium, as 

part of a whole cluster, so as to provide strong evidence-

basefindingsthatcould be implemented for prevention of 

preeclampsia. 

 

Conclusion 

On the basis of these results the study it could be concluded 

thatpre-eclampsia occurs mostly in the age group (34-40) 

yearsin senior primigravida,in their third trimester. 

 

Recommendation 

Pre-eclampsia associated with decreasing serum 

concentration level of Mg+2 and K+ and no association 

existed with serum concentration level ofNa+ and Ca+2 
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level. Therefore, it is recommended for pregnant women to 

take nutrients dense food items rich in these trace elements; 

calcium, magnesiumand potassium such as green leafy, 

vegetables, nuts, seeds, fish,beans and avocados. It is also 

recommended to decrease intake of calories dense food 

items to achieve ideal body weight. 

 

References 

1. Cantwell R., Clutton-Brock T., Cooper G., Dawson A., 

Drife J., Garrod D., Harper A., Hulbert D., Lucas S., 

McClure J., Millward-Sadler H., Neilson J., 

NelsonPiercy C., Norman J., O’Herlihy C., M. Oates, 

J. Shakespeare, M. de Swiet, C. Williamson, V. Beale, 

M. Knight, C. Lennox, A. Miller, D. Parmar, J. Rogers, 

Springett A., Saving Mothers’ Lives : Reviewing 

maternal deaths to make motherhood safer : 2006-

2008. The Eighth Report of the Confidential Enquiries 

into Maternal Deaths in the United Kingdom, BJOG, 

118 Suppl 1, 1-203, 2011. 

2. Khan K. S., Wojdyla D., Say L., Gulmezoglu A. M., 

and Van Look P. F., WHO analysis of causes of 

maternal death: a systematic review, Lancet, 367, 

1066-74, 2006. 

3. Leanos-Miranda A., Marquez-Acosta J., Romero-

Arauz F., Cardenas-Mondragon G. M., Rivera-Leanos 

R., IsordiaSalas I., Ulloa-Aguirre A., Protein: 

creatinine ratio in random urine samples is a reliable 

marker of increased 24- hour protein excretion in 

hospitalized women with hypertensive disorders of 

pregnancy, Clin. Chem., 53, 1623-8, 2007.  

4. The American College of Obstetricians and 

GynecologistsTask Force on Hypertension in 

Pregnancy. Hypertension in pregancy. In: Library of 

Congress Cataloging-inPublication Data, 2013. 

5. Homer C. S., Brown M. A., Mangos G., Davis G. K., 

Nonproteinuric pre-eclampsia : a novel risk indicator 

in women with gestational hypertension, J. Hypertens., 

26, 295-302, 2008. 

6. Magee L. A., Helewa M., Moutquin J. M., von 

Dadelszen P. ; Hypertension Guideline Committee ; 

Strategic Training Initiative in Research in the 

Reproductive Health Sciences, Diagnosis, evaluation, 

and management of the hypertensive disorders of 

pregnancy. J Obstet. Gynaecol. Can., 30, S1-48, 2008. 

7. Hypertension in pregnancy. The management of 

hypertensive disorders during pregnancy, National 

Institute for Health and Clinical Excellence clinical 

guideline, 107, 2010. 

8. Lam C., Lim K. H., Karumanchi S. A., Circulating 

angiogenic factors in the pathogenesis and prediction 

of preeclampsia, Hypertension, 46, 1077-85, 2005. 

9. Warrington J. P., George E. M., Palei A. C., Spradley 

F. T., Granger J. P., Recent advances in the 

understanding of the pathophysiology of preeclampsia, 

Hypertension, 62, 666- 73, 2013.  

10. Bosio P. M., McKenna P. J., Conroy R., O’Herlihy C., 

Maternal central hemodynamics in hypertensive 

disorders of pregnancy, Obstet. Gynecol., 94, 978-84, 

1999.  

11. Brichant J. F., Brichant G., Dewandre P. Y., Foidart J. 

M. ; Collége national des gynécologues et obstétriciens 

; Sociétéfrançaise de medécinepérinatale ; 

Sociétéfrançaise de néonatalogie, Sociétéfrançaise de 

anesthésie et de réanimation, [Circulatory and 

respiratory problems in preeclampsia], Ann. Fr. 

Anesth. Reanim., 29, e91-5, 2010. 

12. Dennis A. T., Castro J., Carr C., Simmons S., Permezel 

M., Royse C., Haemodynamics in women with 

untreated preeclampsia, Anaesthesia, 67, 1105-18, 

2012. 

13. Easterling T. R., Benedetti T. J., Schmucker B. C., 

Millard S. P., Maternal hemodynamics in normal and 

preeclamptic pregnancies: a longitudinal study, Obstet. 

Gynecol., 76, 1061-9, 1990.  

14. Easterling T. R., Watts D. H., Schmucker B. C., 

Benedetti T. J., Measurement of cardiac output during 

pregnancy : validation of Doppler technique and 

clinical observations in preeclampsia, Obstet. 

Gynecol., 69, 845-50, 1987. 

15. Elvan-Taspinar A., Franx A., Bots M. L., Bruinse H. 

W., Koomans H. A., Central hemodynamics of 

hypertensive disorders in pregnancy, Am. J. 

Hypertens., 17, 941-6, 2004.  

16. Valensise H., Vasapollo B., Gagliardi G., Novelli G. 

P., Early and late preeclampsia: two different maternal 

hemodynamic states in the latent phase of the disease, 

Hypertension, 52, 873-80, 2008. 

17. Langesaeter E., Is it more informative to focus on 

cardiac output than blood pressure during spinal 

anesthesia for cesarean delivery in women with severe 

preeclampsia ?, Anesthesiology, 108, 771-2, 2008.  

18. Dyer R. A., James M. F., Maternal hemodynamic 

monitoring in obstetric anesthesia, Anesthesiology, 

109, 765-7, 2008. 

19. Nuthalapaty F. S., Beck M. M., Mabie W. C., 

Complications of central venous catheters during 

pregnancy and postpartum: a case series, Am. J. 

Obstet. Gynecol., 201, 311 e1-5, 2009. 

20. Dennis A. T., Transthoracic echocardiography in 

obstetric anaesthesia and obstetric critical illness, Int. 

J. Obstet. Anesth., 20, 160-8, 2011. 

21. Akkermans J., Diepeveen M., Ganzevoort W., van 

Montfrans G. A., Westerhof B. E., Wolf H., 

Continuous non-invasive blood pressure monitoring, a 

validation study of Nexfin in a pregnant population, 

Hypertens. Pregnancy, 28, 230-42, 2009. 

22. Norwitz E. R.,  

23. http ://www.uptodate.com/contents/eclampsia, July, 

2014. 

24. Cipolla M. J., Cerebrovascular function in pregnancy 

and eclampsia, Hypertension, 50, 14-24, 2007. 

25. Cipolla M. J., Sweet J. G., Chan S. L., Cerebral 

vascular adaptation to pregnancy and its role in the 

neurological complications of eclampsia, J. Appl. 

Physiol. (1985), 110, 329-39, 2011. 

26. Brewer J., Owens M. Y., Wallace K., Reeves A. A., 

Morris R., Khan M., LaMarca B., Martin J. N., Jr., 

Posterior reversible encephalopathy syndrome in 46 of 

47 patients with eclampsia, Am. J. Obstet. Gynecol., 

208, 468.e1-6, 2013.  

27. Wagner S. J., Acquah L. A., Lindell E. P., Craici I. M., 

Wingo M. T., Rose C. H., White W. M., August P., 

Garovic V. D., Posterior reversible encephalopathy 

syndrome and eclampsia : pressing the case for more 

aggressive blood pressure control, Mayo Clin. Proc., 

86, 851-6, 2011. 

28. Lowe S. A., Brown M. A., Dekker G. A., Gatt S., 

McLintock C. K., McMahon L. P., Mangos G. Moore 



 

~ 29 ~ 

World Wide Journal of Multidisciplinary Research and Development 
 

M. P., Muller P., Paech M., Walters B. ; Society of 

Obstetric Medicine of Australia and New Zealand, 

Guidelines for the management of hypertensive 

disorders of pregnancy 2008, Aust. N. Z. J. Obstet. 

Gynaecol., 49, 242-6, 2009. 

29. Mostello D., Kallogjeri D., Tungsiripat R., Leet T., 

Recurrence of preeclampsia : effects of gestational age 

at delivery of the first pregnancy, body mass index, 

paternity, and interval between births, Am. J. Obstet. 

Gynecol., 199, 55.e1-7, 2008. 

30. Rana S., Karumanchi S. A., Lindheimer M. D., 

Angiogenic factors in diagnosis, management, and 

research in preeclampsia, Hypertension, 63, 198-202, 

2014. 

31. Rana S., Powe C. E., Salahuddin S., Verlohren S., 

Perschel F. H., Levine R. J., Lim K. H., Wenger J. B., 

Thadhani R., Karumanchi S. A., Angiogenic factors 

and the risk of adverse outcomes in women with 

suspected preeclampsia, Circulation, 125, 911-9, 2012. 

32. Hauger MS, Gibbons L, Vik T, Belizán 

JM.Prepregnancy weight status and the risk of adverse 

pregnancy outcome.ActaObstetGynecol 

Scand. 2008;87(9):953-9. 

33. Redman CWG, Beilin LJ, Bonnar J and Wilkinson RH. 

Plasma urate measurements in ... fetal death in 

hypertensive pregnancy. Lancet 1 : 1370–1373, 1976 

34. Mohanned Abdala Elhassan Sidahmed 

,NuhaEljailyAbubaker and GadaElfadil .Serum total 

calcium, magnesium, sodium and potassium in 

Sudanese women with preeclampsia. Int. J. Adv .Res. 

Feb 2017; 5(2), 2061-2066. 

35. Ebenezer OwusuDarkwa, Charles Antwi-

Boasiako, Robert Djagbletey, Christian Owoo, Samuel 

Obed, and Daniel Sottie .Serum magnesium and 

calcium in preeclampsia: a comparative study at the 

Korle-Bu Teaching Hospital, Ghana ; Integr Blood 

Press Control. 2017; 10: 9–15. 

36. EI Ugwuja, AC Famurewa, and CI Ikaraoha. 

Comparison of serum calcium and magnesium 

between preeclamptic and normotensive pregnant 

Nigerian Women in Abakaliki, Nigeria.Ann Med 

Health Sci Res. 2016 Jan-Feb; 6(1): 33–37. 

37. AbdelmageedElmugabil , Hamdan Z. Hamdan, Anas 

E. Elsheikh, Duria A. Rayis, Ishag Adam, and Gasim I. 

Gasim. Serum Calcium, Magnesium, Zinc and Copper 

Levels in Sudanese Women with Preeclampsia. PLOS 

One. 2016; 11(12): e0167495. 

38. Bueno AA, Ghebremeskel K, Bakheit KH, Elbashir 

MI, Adam I. Dimethyl acetals, an indirect marker of 

the endogenous antioxidant plasmalogen level, are 

reduced in blood lipids of Sudanese pre-eclamptic 

subjects whose background diet is high in 

carbohydrate. J ObstetGynaecol 2012; 32:241–6.  

39. Bakheit KH, Ghebremeskel K, Pol K, Elbashir MI, 

Adam I. Erythrocyte omega-3 and omega-6 fatty acids 

profile in Sudanese women with pre-eclampsia. J 

ObstetGynaecol 2010; 30:151–4. 


