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Abstract: Homocysteine is an amino acid that is a product of methionine metabolism, it is related to preeclampsia in 20-

30%, the increase of this or hyperhomocysteinemia may result from the genetic defect of the enzyme 

methylenetetrahydrofolate reductase involved in the synthesis of homocysteine. Maternal mortality due to preeclampsia is up 

to 44% and perinatal mortality is reported at up to 27.8%. The objective of this research was to determine homocysteine levels 

as a predictor of preeclampsia in pregnant women that have 12 to 20 weeks. This was an observational, longitudinal and 

prospective investigation. The study population were patients attending the first prenatal care consultation between the 12th to 

20th weeks, the sample was random and it included 360 patients from whom it was determined their serum homocysteine level. 

The study excluded 48 patients who did not meet the inclusion and exclusion criteria; it was found homogeneity among the 

patients, 270 patients (86.5%) had a normal evolution at pregnancy, 27 patients (8.65%) had gestational hypertension, 9 

(2.88%) mild preeclampsia and 6 patients (1.9%) severe preeclampsia, none developed HELLP syndrome. Increased 

homocysteine levels were found in 9 patients who were not related to hypertensive pregnancy disorders. In the present 

research, homocysteine was not shown to be a predictor of hypertensive disease in pregnancy. 
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1. Introduction 

Preeclampsia (PE) - eclampsia is a hypertensive disorder of 

placenta which cause is unknown. Various theories have been 

considered, to explain the variety of pathophysiological events 

that characterize it. The hereditary, acquired, familial, 

environmental, immunological, and individual factors attributed 

to it appear to interact in various ways to make it appear. It is 

also suggested that the common denominator in it is utero-

placental ischemia from an incomplete replacement of the 

muscular layer of the wall of the spiral arterioles (terminal 

branches of the uterine arteries) by trophoblastic cells at 12th, 

14th and 16th to 18th weeks of gestation. [1] 

It has been found that alterations in methionine-

homocysteine (Hci) metabolism may be related to 

systematic vascular damage, which can lead to the classic 

clinical appearance of hypertensive disorders of pregnancy. 

It is also assumed that high levels of Hci can contribute to 

the development of placental microvascular diseases and 

PE, negatively affecting the endothelium. Women 

diagnosed with PE are at higher risk of future 

cardiovascular or cerebrovascular disease, compared to 

unaffected women. Hyperhomocysteinemia acts as a risk 

factor for cardiovascular disease; peripheral vascular; 

cerebrovascular disease, cognitive-dementia disorders; 

neurodegenerative and fractures associated with 

osteoporosis, and could have a genetic origin or related to 

folate deficiency [2]. 



2 Ramon Vargas-Vera et al.:  Homocysteine as a Predictor of Hypertensive Disorders of Pregnancy  
 

The cause of hyperhomocysteinemia in preeclampsia has 

been attributed to a decrease in folate concentration, secondary 

to a deficient intake of folic acid or an alteration in the 

metabolism of the enzyme methylene tehydrofolate ductase 

(MTHFR). Other possible mechanisms may be underlying 

metabolic syndrome, tissue damage, oxidative stress, and 

inflammation. Only a few authors consider that this increase is 

due to the increase in xanthine oxidase activity [2] 

HCI is the method used to measure the serum of a 

pregnant women with a reference value of up to 10 mmol/dl. 

The association of homocysteine with vascular disorders is 

an issue that has been causing an impact in the last decades; 

A study carried out determined that 11 of 58 severe PEs 

(19%) before 28 weeks of gestation had high homocysteine 

levels. Plasma homocysteine concentrations are significantly 

elevated in pregnant women with preeclampsia compared to 

healthy pregnant women during the third trimester of 

gestation. The prevalence of hyperhomocysteinemia is 

significantly higher in patients with preeclampsia compared 

to the control group [3]. 

Hyperhomocysteinemia is a risk factor for the 

development of PE due to the increased sensitivity of the 

uterus-placental vasculature during pregnancy; this can 

persist after pregnancy and predispose to late vascular 

disease or coronary artery disease at any stage of life. Some 

predictive risk factors have been described for the 

development of PE before its clinical presentation [4]. 

According to these antecedents, it has been observed that 

there are risk factors that are related to this pathology of 

pregnancy, which has a high rate of maternal perinatal 

mortality (MMP), but the etiological situation and the way to 

predict it is not yet clear. Some algorithms have been 

developed to predict PE, they are encouraging and must be 

validated. Simple preventive measures, such as low-dose 

aspirin, calcium, and diet and lifestyle interventions, show 

some potential benefit [5]. 

According to the World Bank (2014), the average 

expenditure on health care is estimated to be $ 579 per year 

per person in low-income countries; and the protocols of 

preconception care are not carried out and if they exist they 

are deficient, thus we observe that the preconception and 

postconception folic acid supplementation do not follow the 

international protocols; in pregnancy pathologies, screening 

is not performed in asymptomatic stages such as gestational 

diabetes and DHE [6] In our country and particularly in the 

University Hospital of Guayaquil (HUG) there are no 

preconception care programs, likewise prenatal care is 

deficient and routine control programs are not adequate in 

patients with regard to folic acid dosage and the 

determination of Hci in serum; the patients usually go to the 

first prenatal control from the second trimester. 

Hyperhomocysteinemia is one of the signs associated with 

preeclampsia, but considering it as a predictive tool is a 

matter of debate. The objective of this research was to 

analyze the relationship between hyperhomocysteinemia in 

the first trimester of pregnancy and pre-eclampsia to consider 

it as a predictive method during pregnancy. 

2. Material and Methods 

Descriptive, observational, prospective, longitudinal-cut 

study in patients who attended the obstetric outpatient clinic 

of the Hospital Universitario de Guayaquil Ecuador from 

October 2018 - October 2019. 

The analyzed universe consisted of 360 pregnant women 

between 12th and 20th week of gestation. A peripheral blood 

sample was taken with prior informed consent to quantify 

serum homocysteine levels and correlate whether high levels 

were related to the development of pre-eclampsia or another 

hypertensive disorder of pregnancy, the selected sample was of 

312 patients who met the criteria of inclusion and exclusion. 

Patients treated at the same hospital institution who had 

other associated diseases during pregnancy, those who did 

not have adequate follow-up by medical history, and those 

who ended their pregnancy at another institution were 

excluded. 

Hyperhomocysteinemia was selected as the independent 

variable and hypertensive disorders of pregnancy were selected 

as the dependent variable. Among the unrelated variables were: 

body mass index (BMI), birth weight and maternal morbidity. 

Descriptive means were determined for quantitative variables: 

arithmetic mean and standard deviation. The qualitative 

variables were determined the absolute frequency and 

percentage. To establish an association between qualitative 

variables, the Chi square was determined. In all cases we 

worked for a significance level α = 0.05. The variables under 

study were processed in an SPSS statistical package. 

2.1. Techniques and Procedures 

Peripheral blood samples were taken from the patients in 

the 12th to 20th week of gestation in the clinical laboratory of 

the hospital in order to determine the serum levels of 

homocysteine; for which homocysteine levels of 12 umol/dL 

were taken as a cohort point. 

Preeclampsia was considered to be any patient who 

presented blood pressure figures of 140/90 mm Hg or more, 

verified at least twice in a period of 4-6 hours, after 20 weeks 

of pregnancy with proteinuria: ≥300 mg in 24 hours. 

2.2. Ethical Procedures 

The consent of the Scientific Council of the Unit where the 

research was carried out, the Research Ethics Committee and 

the Technical Council of the Hospital were taken into 

account, in addition to the provisions of the Helsinki 

agreements and the Medical Ethics regulations. 

3. Results 

Of the total of 360 women who attended the HUG obstetrics 

consultation for prenatal control in the first trimester of 

pregnancy, 48 patients who did not meet the inclusion criteria 

were excluded, because they had a history of hypertension, 

cardiovascular disease, diabetes mellitus, current multiple 

pregnancy, anti-folate drug treatment, diagnosed kidney 

disease and over 40 years of age, leaving 312 patients for the 
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study. See tables 1 and 2. 58% of the patients were from urban 

areas, 23% from rural areas; 19% of the marginal urban area. 

72 patients had more than two previous partners, which 

corresponds to 23.1%; systolic blood pressure, as well as 

diastolic blood pressure, did not show significant alterations. 

The study population had the same characteristics in the intake 

of folic acid. With respect to the risk factors studied, we 

observe maternal age, parity, the low intake of foods rich in 

folates has an important value. See table 2. 

Table 1. Characteristics of the population. 

VARIABLE PATIENTS n = 312 (%) 

Age 

<19 years 63 (20.2%) 

> 35 years 33 (10.6%) 

20 - 34 years 216 (69.2%) 

Initial Weight 65.64 + 15.01 

Systolic TA 110 (66-144) 

Diastolic TA 68 (44 - 98) 

Weight gain 129 (39.1%) 

Proteinuria 21 (9.1%) 

History of PE 
Yes 96 (30.7%) 

No 216 (69.3%) 

Gestation 
Primigravity 111 (35.6%) 

Multiparous 201 (64.4%) 

Table 1 describes the initial values of the study in terms of 

age, weight, blood pressure, history of PE and number of 

pregnancies. 

Table 2. Risk factors in the population. 

VARIABLE PATIENTS n = 312 (%) 

Gestational age 
<15 weeks 141 (58.0%) 

16-20 weeks 108 (42.0% 

Marital status 

Free Union 171 (54.8%) 

Catholic 69 (22.1%) 

married 72 (23.1%) 

Job 

Student 42 (14.3%) 

Housewife 162 (55.1%) 

Others 90 (30.6%) 

Instruction 

Primary 75 (23.1%) 

Secondary 177 (56.1%) 

Higher 60 (19.2%) 

Address 

Rural 72 (23%) 

Urban 183 (58.7%) 

Marginal urban 58 (19%) 

Gestations 
Primigravity 108 (46.4%) 

Multiparous 204 (53.6%) 

Couples 
A 237 (76.9%) 

More fingers 75 (23.1%) 

Folic acid intake 

No 36 (11.5%) 

Preconception 57 (18.3%) 

postconception 219 (70.2%) 

Foods rich in cereals 

and vegetables 

No 0 

1-2 times 168 (53.8%) 

Over 3 144 (46.2%) 

Foods rich in meat 

No 12 (3.8%) 

1-2 times 159 (51%) 

Over 3 141 (45.2%) 

normal 297 (90%) 

Table 2 shows the comparison of risk factors for 

hypertensive disease of pregnancy. 

Of the 312 pregnant women, 270 (86.5%) had a normal-

evolutionary pregnancy, 27 patients (8.7%) had gestational 

hypertension, 9 (2.9%) had mild PE and 6 patients (1.9%) 

had severe PE, proteinuria 21 (6, 7%) none developed 

HELLP syndrome. 

Homocysteine values did not show significant values, of 

the 312 pregnant women only 9 patients (2.7%) had elevated 

serum homocysteine that ranged from 13 to 15 µmol/L, and 

303 patients (84.5%) had homocysteine values of 5 to 12 

µmol/L. See table 3. 

Table 3. Homocysteine Values. 

 PATIENTS n = 312 (%) 

High homocysteine 9 (2.9%) 

Normal homocysteine 303 (97.1%) 

Homocysteine values were taken in reference to reference values (5-13um/L) 

The most important variable of interest, identified as the 

proportion of DHE, did not become statistically significant (P 

0.454), observing a 13.5% prevalence of hypertensive 

disease. See table 4. 

Table 4. Proportion of Gestational Hypertensive Disease by Age Grou. 

Pregnancy <19 20 - 34 > 35 Total 

Normoevolutionary 54 (85.7%) 201 (93.%) 15 (45.6%) 270 

Gestational hypertension 6 (1.92%) 12 (3.85%) 9 (2.88%) 27 

Mild PE 3 (0.96%) 0 (0%) 6 (1.92%) 9 

Severe PE 0 (0.0%) 3 (0.96%) 3 (0.96%) 6 

Total 63 216 33 312 

Of the 312 patients who participated in the study, it reveals 

that 15 of them (4.8%) developed PE. These patients and 

those who presented a normal evolutionary pregnancy show 

Hci levels without statistical differences (p 0.0088) in 

patients with PE. and (p 0.03766518) in patients with 

gestational hypertension. See table 5. 

Table 5. Comparison of Homocysteine between patients with PE and normal 

evolutionary pregnancy. 

Variable 
Gestational 

hypertension (n = 27) 
PE (n = 15) 

Evolutionary 

norm (n = 270) 

Homocysteine 11.05 ± 1.28 12.05 ± 1.29 10.13 ± 1.65 

These results give us a sensitivity of 28.12% and a 

specificity of 47.12% as well as a positive predictive value of 

2.29% and a negative predictive value of 49.52% for PE. 

The culmination of pregnancy was uncomplicated in all 

patients, they continued with periodic prenatal controls, as 

well as the intake of iron, calcium and folic acid. Regarding 

the type of delivery triggered in our sample, the following 

results were obtained: 57.7% of the pregnant women ended 

in eutocic delivery and 42.3% in caesarean section. The main 

indications for cesarean section were: 22.7% for presenting 

cephalopelvic disproportion due to pelvic narrowing, 56.8% 

for having had a previous cesarean section, 9.1% for acute 

fetal distress, 6.8% for pelvic presentation, and 4.5% as a 

consequence of severe PE. See graph 1. The mean weight of 

the newborns was 3227 ± 407 g. 
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Figure 1. Completion of pregnancy. 

4. Discussion 

DHE stand out as the main causes of MMP, the relationship 

with risk factors is well known and it is verified in the 

literature that the extremes of the reproductive life of women 

are associated with DHE [7, 8]; however, our study did not 

identify women under 19 or over 35 as risk factors. For 

decades of research on the disease and the ability of clinicians 

to predict PE, prior to the onset of symptoms, it has not 

significantly improved [9-11]. Guven et al in 2009, 

demonstrated that Hci levels are higher in patients with pre-

eclampsia in the third trimester compared to those of healthy 

pregnant women [12], therefore it has been suggested that Hci 

levels could be used as predictors of pre-eclampsia [3.13-19]. 

Other studies also describe high levels of Hci in early 

pregnancies, associating them with the later development 

of mild PE [7], Kharb et al. Found that levels of Hci were 

slightly higher in the maternal blood of hypertensive 

pregnant women compared to the Normotensive pregnant 

women (p <0.001, p> 0.05 respectively). Mujawar et al. 

showed that serum Hci, folic acid and vitamin B12 levels 

are altered in pre-eclampsia [24]; and the situation of 

hyperhomocysteinemia together with low levels of folic 

acid is related to PE [6.25]. But the study published with 

Wadhwani et al. which assesses the levels of maternal 

plasma folate, vitamin B 12 and Hci in women with 

normotensive control (NC) and women with PE from early 

pregnancy to delivery [26]. Maternal plasma homocysteine 

levels were higher in PE compared to NC at all time 

points These results indicate that there are higher levels of 

homocysteine in women with PE from early pregnancy 

and continue until delivery, these results had been 

discordant with those of the present research work. 

Andrey et al. revealed that Hci levels are altered in 

uncomplicated and complicated pregnancy, in some 

reviews they tend to decrease in the second and third 

trimesters of pregnancy [27]. these results being discordant 

with those of the present research work. Andrey et al. 

revealed that Hci levels are altered in uncomplicated and 

complicated pregnancy, in some reviews they tend to 

decrease in the second and third trimesters of pregnancy 

[27]. these results being discordant with those of the 

present research work. Andrey et al. revealed that Hci 

levels are altered in uncomplicated and complicated 

pregnancy, in some reviews they tend to decrease in the 

second and third trimesters of pregnancy [27]. 

The present investigation did not find an increase in 

homocysteine, hyperhomocysteinemia was increased in 9 

patients studied who did not develop PE. Sun F et al. 

revealed that hyperhomocysteine concentration in the first 

trimester is an independent risk factor for severe PE [28]. 

These results gave us a sensitivity of 28.12% and a 

specificity of 47.12% as well as a positive predictive value of 

2.29% and a negative predictive value of 49.52% for PE. 

Vitamin B12 levels were lower in the maternal blood of 

hypertensive pregnant women compared to normotensive 

pregnant women, concluding that folate and vitamin B12 

deficiency and elevated Hci during pregnancy may be a risk 

factor for PE and a future cardiovascular risk [29]. However, 

our findings do not agree with these publications, since Hci 

levels did not establish a direct relationship with the 

development of PE, which would be explained by a diet 

enriched with folic acid, as well as the supplementation of 5 

mg of folic acid from entered the study, the development of 

the disease decreased on them. In this sense, the 

recommendation to administer folic acid supplements to 

reduce the possibility of PE, and to have lower 

homocysteinemia concentrations, has not been successful in 

our work, therefore, we can compare our results to those 

published by Mujawar et al. in 2011 [24]. 

In the USA, 20% of pregnant women do not consume folic 

acid supplements and its incidence is the same as that of the 

rest of the population, which supports the observation that 
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folic acid levels do not have a predictive role for the 

development of PE [12]. Today it is accepted that 

hyperhomocysteinemia is a cardiovascular risk factor, 

causing endothelial damage through veins and arteries due to 

a decreased capacity to incorporate deoxyuridine, including 

the placental vasculature, for this reason it is important to 

consider higher dosages of folic acid during pregnancy, as a 

protective factor for the appearance of pre-eclampsia [20, 36]. 

Supplementation of folic acid with L-arginine could prevent 

PE by improving endothelial function [1]. 

It can be seen the evidence of hyperhomocysteinemia as a 

predictor of PE in pregnant women. Our study did not 

provide significant results since their foods are fortified with 

folic acid; this suggests that exogenous folic acid 

administration does not have a significant impact on the 

development of PE. This allows us to guide randomized, 

blinded and placebo studies to really establish the dose and 

its relationship with PE. Currently, the recommended daily 

dose of folic acid to reduce the risks of neural tube closure 

defects is 1 to 5mg daily [30]. 

As we know, DHE are one of the main causes of MMP, 

with significant chronic disability and death in mothers, as 

well as important and serious complications in the newborn 

that include prematurity, delayed intrauterine growth, and 

placental abruption. So far there are no preventive or curative 

strategies for these conditions [1, 2, 7, 31, 32]. The need to 

reduce the incidence of maternal and fetal complications 

from DUS is a health priority. It is estimated that only in 

Ecuador in 2013 there were 43 deaths from this cause, with 

an estimated maternal mortality rate of 43 for every 340,000 

live births [33]. 

On the other hand, the incidence of PE in its two varieties, 

mild or severe, is from 5 to 8%, or even up to 10%, with a 

significant rate of maternal and fetal mortality, as well as 

prematurity, delay in intrauterine growth and placental 

abruption [34, 35]. 

The incidence of DUS found in the present work was 

13.5%, similar to that reported in the literature, a percentage 

of which 8.7% corresponds to gestational hypertension, 4.8% 

to PE. As with the sociodemographic, personal pathological 

and gynecological-obstetric risk factors, no significant 

differences were found (p 0.0088) and neither with what was 

published in the literature [32]. 

The study presented several limitations, in the beginning 

we proposed to achieve a larger sample size. In addition, it 

was shown that high doses of folic acid did not reduce the PE 

index, and a trend towards the opposite was observed, with 

higher proportions of hypertensive disease in pregnancy, 

although not statistically significant. We believe that this 

result is caused by the first limitation raised, for which a 

study is proposed in search of equivalences regarding 

hypertensive diseases of pregnancy. 

5. Conclusions 

Finally, we can say that hypertensive disorders of 

pregnancy are a public health problem, particularly PE and 

eclampsia, as they are considered the second cause of 

maternal death in the world. We have observed 

theeffectiveness of hyperhomocysteinemia through 

specificity, sensitivity, positive and negative predictive value 

as a predictor of preeclampsia, taking into consideration the 

sensitivity of 28.12% and the specificity of 47.12%, the 

positive predictive value for PE was 2.29% and predictive 

value negative of 49.52%, for which we consider that the test 

is not specific or sensitive to predict preeclampsia in the 

present investigation. 

6. Recommendations 

Homocysteine can be used in first-level health, combining 

it with the prevention of other risk factors it can be improved 

the diagnosis of hypertensive disorders of pregnancy and 

therefore avoid complications with a timely prophylactic 

treatment. 

It is necessary to carry out other experimental studies in 

which pregnant women at risk of suffering from 

preeclampsia and hyperhomocysteine are identified and 

treated prophylactically with low-salt diets, changes in 

lifestyles and breaks in the left lateral decubitus position, in 

this way the effectiveness of homocysteine to reduce the 

prevalence of this disease could be better evidenced. 

The use of homocysteine with a larger population in 

multicenter studies is recommended in order to increase the 

sample size and decrease the degree of imprecision and 

variability shown in the present study. 

Authors' Contribution 

Ramon Miguel Vargas Vera: design and preparation of the 

protocol, field work, analysis and interpretation of results and 

preparation of the manuscript. 

Martha Verónica Placencia Ibadango: field work and 

translation. 

Kalid Stefano Vargas Silva: field work and analysis and 

interpretation of results. 

Daniela Zalamea-Holguin: translation, field work, analysis 

and interpretation of results. 

Noren Enrique Villalobos Inciarte: field work, analysis and 

interpretation of results and preparation of the manuscript. 

Saul Alencastro-Placencia: field work, analysis and 

interpretation of results interpretation of results. 

Eneida Encalada-Moreira: field work, analysis and 

interpretation of results interpretation of results. 

 

References 

[1] Burton GJ, Woods AW, Jauniaux E, Kingdom JC. Rheological 
and physiological consequences of conversion of the maternal 
spiral arteries for uteroplacental blood flow during human 
pregnancy. Placentajournal.org [Internet]. 2009 [cited 2017 
May 10]; 30 (6): [approx 9 p.]. Available at: 
https://www.placentajournal.org/article/S0143-
4004(09)00066-6/fulltext 



6 Ramon Vargas-Vera et al.:  Homocysteine as a Predictor of Hypertensive Disorders of Pregnancy  
 

[2] Fernández M, Fernández G, Diez-Ewald, Torres, Vizcaíno G, 
Fernández N, Narváez J, Arteaga-Vizcaíno M. Plasma 
homocysteine concentrations in pregnant women and their 
relationship with the development of pre-eclampsia. Effect of 
prenatal administration of folic acid. Invest. Clinic 2005 v. 46 
(2) 187-195. 

[3] Leeda M, Riyazi N, de Vries JI, Jakobs C, van Geijn HP, 
Dekker GA. Effects of folic acid and vitamin B6 
supplementation on women with hyperhomocysteinemia and a 
history of preeclampsia or fetal growth restriction. Am J 
Obstet Gynecol. 1998; 179 (1): 135-139. 

[4] Cotter AM, Molloy AM, Scott JM, Daly SF. Elevated plasma 
homocysteine in early pregnancy: a risk factor for the 
development of severe preeclampsia. Am J Obstet Gynecol. 
2001; 185 (4): 781-785. 

[5] Saleem S, McClure EM, Goudar SS, et al. A prospective study 
of maternal, fetal, and neonatal deaths in low- and middle-
income countries. Bull World Health Organ. 2014; 92 (8): 
605-612. 

[6] Finzón Florez CE. Health expenditure, income inequality and 
the marginalization index in the Mexican health system. Pan 
American Journal of Public Health January 2014.35 (1): 01-
07. 

[7] Vargas-Vera R; Villalobos N; War M; Placencia M; Leal L; 
Chiriguaya M; Lucero C; Vargas-Silva K. Risk factors and 
complications of pre-eclampsia in pregnant adolescents at the 
Matilde Hidalgo de Procel hospital. Rev. Latin. Perinat. 2020; 
23 (1): 50-53. 

[8] Bajana M, Carrasco A, Zapata A, Ramírez K, Cuadro R, 
Ramírez M, Cordones M, Recalde K. Association of maternal 
age with gestational complications Revista Latinoamericana 
de Hipertensión. 2018; 13 (2). 52-61. 

[9] Allotey J, Snell KIE, Chan C, et al. External validation, 
update, and development of prediction models for pre-
eclampsia using an Individual Participant Data (IPD) meta-
analysis: The International Prediction of Pregnancy 
Complication Network (IPPIC pre-eclampsia) protocol. Diagn 
Progn Res. 2017; 1: 16. 

[10] Maged AM, Saad H, Meshaal H, Salah E, Abdelaziz S, Omran 
E, Deeb WS, Katta M. Maternal serum homocysteine and 
uterine artery Doppler as predictors of preeclampsia and 
malapplacentation. Arch Gynecol Obstet. 2017; 296; 475-482. 

[11] Williams PJ, Broughton Pipkin F. The genetics of pre-
eclampsia and other hypertensive disorders of pregnancy. Best 
Pract Res Clin Obstet Gynaecol. 2011; 25 (4): 405-417. 

[12] Guven MA, Coskun A, Ertas IE, Aral M, Zencirci B, Oksuz H. 
Association of maternal serum CRP, IL-6, TNF-alpha, 
homocysteine, folic acid, and vitamin B12 levels with the 
severity of preeclampsia and fetal birth weight. Hypertens 
Pregnancy. 2009; 28 (2): 190-200. 

[13] Secondi M., Flores L, Fay P, Almanza S, Villegas S, Barone 
G, Van der Velde J. Hyperhomocysteinemia and pre-
eclampsia: a combination with severe vascular risk. Rev. 
Hosp. Mat. Inf. Ramón Sardá. 2001;.20 (4) 152-155. 

[14] De la Calle M, Usandizaga R, Sancha M, Magdaleno F, 
Cabrillo E, González Palomino A Hyperhomocysteinemia and 
pre-eclampsia. Progress of Obstetrics and Gynecology 2003; 
46 (5): 201-207. 

[15] Reyna-Villasmil AND; Mejia-Montilla J; Torres-Cepeda D; 
Santos-Bolivar J; Aragon-Charrys J; Reyna-Villasmil N; 
Bravo-Henríquez A. Plasma homocysteine in pre-eclampsia 
and eclampsia during pre and postpartum Plasma 
homocysteine in pre-eclampsia and eclampsia before and after 
delivery Prog. Obstet. gynecol. 2014; 57 (8): 356-361. 

[16] Nisha Bhatia, Hemanshu B. Hyperhomocysteinemia in 
Recurrent pregnancy loss. International Journal of 
Reproduction, Contraception, Obstetrics and Gynecology. 
2017; 6 (7): 2919-2922. 

[17] Rasha Eltayeb Ahmed and Nour Mahmoud Abdelatif Ali 
Assessment of Maternal Plasma Homocysteine levels among 
Sudanese Pregnant Ladies with Preeclampsia J. of 
Multidisciplinary and Current research, 2018; (6): 126-128. 

[18] Mohini Paul; Annu Dabla. Estimation of role of serum 
homocysteine and serum folate in preeclamptic women at 
term pregnancy. Global Journal for Research Analysis. 2018; 
7 (6), 7-9. 

[19] Andrey N. Gaiday Akylbek B. Tussupkaliyev Saule K. 
Bermagambetova Sagira S. Zhumagulova Leyla K. 
Sarsembayeva Moldir B. Dossimbetova Zhanibek Zh Daribay. 
Effect of homocysteine on pregnancy: A systematic review. 
Chemico-Biological Interactions. 2018; 293: 70-76. 

[20] Vizcaíno Gilberto, Vizcaíno Jennifer. Homocysteine: genetic 
bases and its cardiovascular and cognitive implications as a 
risk factor. Invest Clin 2017; 58 (4): 406-436. 

[21] Santiso Ramos M, López Santiso P, Robert Companini L, 
Cabrera Espinosa O. Homocysteine, marker of vascular risk. 
Bibliographic review. MediCiego. 2016, 22 (4): [approx. 10 
p). 

[22] López-Alarcón M, Vital-Reyes VS, Montalvo-Velarde I, 
Hinojosa-Cruz JC, Puello-Tamara E. Interaction between 
endothelial damage markers (homocysteine and asymmetric 
dimethylarginine) with antioxidant and group B vitamins in 
patients with preeclampsia. Ginecol Obstet Mex 2015; 83: 
329-339. 

[23] Vargas-Vera RM, Domínguez M, Maldonado M, Placencia M, 
Vargas K, Villalobos N. Clinical predictors of pre-eclampsia in 
low-risk pregnant women. Rev. Latin. Perinat. 2019, 22 (3): 
187-190. 

[24] Mujawar SA, Patil VW, Daver RG. Study of serum 
homocysteine, folic Acid and vitamin B (12) in patients with 
preeclampsia. Indian J Clin Biochem. 2011; 26 (3): 257-260. 

[25] Haram K, Mortensen JH, Nagy B. Genetic aspects of 
preeclampsia and the HELLP syndrome. J Pregnancy. 2014; 
910751: 1-13. 

[26] Wadhwani NS, Patil VV, Mehendale SS, Wagh GN, Gupte 
SA, Joshi SR. Increased homocysteine levels exist in women 
with preeclampsia from early pregnancy. J Matern Fetal 
Neonatal Med. 2016; 29 (16): 2719-2725. 

[27] Sun F, Qian W, Zhang C, Fan JX, Huang HF. Correlation of 
Maternal Serum Homocysteine in the First Trimester with the 
Development of Gestational Hypertension and Preeclampsia. 
Med Sci Monit. 2017; (23): 5396-5401. 

[28] Liu C, Liu C, Wang Q, Zhang Z. Supplementation of folic 
acid in pregnancy and the risk of preeclampsia and gestational 
hypertension: a meta-analysis. Arch Gynecol Obstet. 2018; 
298 (4): 697-704. 



 International Journal of Biomedical Engineering and Clinical Science 2022; 8(1): 1-7 7 
 

[29] Lapidus, A. "Hypertensive states and pregnancy" Consensus 
of Obstetrics. 2017 FASGO 2017 
http://www.fasgo.org.ar/archivos/consensos/Consenso_Fasgo_
2017_Hipertension_y_embarazo.pdf 

[30] Acilmis YG, Dikensoy E, Kutlar AI, et al. Homocysteine, folic 
acid and vitamin B12 levels in maternal and umbilical cord 
plasma and homocysteine levels in placenta in pregnant 
women with pre-eclampsia. J Obstet Gynaecol Res. 2011; 37 
(1): 45-fifty. 

[31] Serrano N, Quintero-Lesmes D, Dudbridge F, Leon L, 
Hingorani A, Williams D, Casas J. Family history of pre-
eclampsia and cardiovascular disease as risk factors for pre-
eclampsia: the GenPE case-control study. Hypertension in 
pregnancy. 2020; 39: (1), 56-63. 

[32] Vargas-Vera RM, Placencia-Ibadango MV, Vargas-Silva KE, 
Toapanta-Orbea LE, Villalobos-Inciarte NE, Loor-Goya MA. 
Complications in neonates born to mothers with hypertensive 

disorders of pregnancy. Ginecol Obstet Mex. 2021; 89 (7): 
509-515. 

[33] INEC. 2013 https://www.entaciónrencifras.gob.ec/catalogo-
inec-2013-2/ 

[34] Wright D, Rolnik DL, Syngelaki A, et al. Evidence-based 
aspirin test for prevention of pre-eclampsia: effect of aspirin 
on length of stay in the neonatal intensive care unit. I am J. 
Obstet Gynecol. 2018; 218 (6): 612.e1-612.e6. 

[35] Belay Tolu L, Yigezu E, Urgie T, Feyissa GT Maternal and 
perinatal outcome of pre-eclampsia without severe features 
among pregnant women treated at a tertiary referral hospital in 
urban Ethiopia. PLoS ONE. 2020; 15 (4): e0230638. 

[36] Liu J, Li Z, Ye R, Liu J, Ren A. Periconceptional folic acid 
supplementation and sex difference in prevention of neural 
tube defects and their subtypes in China: results from a large 
perspective cohort study. Nutr J. 2018; 17 (1): 115. 

 


