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Introduction 

Preeclampsia (PE) is a major hypertensive 
complication of pregnancy, characterised by 
widespread endothelial dysfunction. This 
condition is often linked to the failure of 
endovascular trophoblast invasion into maternal 
spiral arteries. Affecting 2-8% of pregnant women 
globally, PE remains one of the leading causes of 
maternal death (1). In PE cases, the insufficient 
invasion of trophoblasts can lead to the thickening 
of spiral arteries, increased non-invasive 
trophoblasts, and thrombosis in surrounding 
tissues. This situation can activate the coagulation 
system, leading to abnormal hemostasis and the 
formation of atheromatous plaques. Consequently, 
uteroplacental blood flow is compromised, 
resulting in fetoplacental hypoxia. This lack of 
proper blood flow causes an imbalance in the 
release and metabolism of endothelin and nitric 
oxide (NO) from the placenta and extraplacental 
tissues. This contributes to vasoconstriction,  
 

 
endothelial cell damage, and liver damage 
associated with hypertension (2). Folic acid, also 
known as "Pteroylmonoglutamic acid," is a water-
soluble crystalline derivative with a molecular 
weight of 550 daltons. It serves as a coenzyme in 
single carbon transfer reactions. In its active form, 
tetrahydrofolic acid (THF), folic acid supports the 
biosynthesis of serine, methionine, glycine, 
choline, and purine nucleotides, essential for 
cellular metabolism and overall health (3). Low 
levels of folic acid and vitamin B12 are linked to 
elevated homocysteine levels, a sulfur-containing 
amino acid involved in important metabolic 
pathways. Adequate intake of folic acid and 
vitamin B12 is crucial, especially during 
pregnancy, as deficiencies are associated with an 
increased risk of cardiovascular diseases (4). 
This study investigates the relationship between 
serum tetrahydrobiopterin (BH4) and folic acid 
levels and the development of preeclampsia in 
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pregnant women during the second and third 
trimesters. 

Materials and Methods 

This case-control study was conducted from June 
1, 2022, to February 28, 2024. The study included 
80 patients diagnosed with preeclampsia (PE) 
according to the 2013 guidelines of the American 
College of Obstetricians and Gynecologists 
(ACOG), who presented to an Obstetrics and 
Gynecology Clinic at a Van Yuzuncu Yil 
University Medical School Hospital between 20-37 
weeks of gestation. Additionally, 80 healthy 
pregnant women who presented within the same 
gestational weeks were included as the control 
group (8). The sample size was selected based on 
previous studies examining similar results in 
preeclampsia research. Due to the lack of 
preliminary data, no sample calculation was made 
before starting the study, and based on the current 
literatüre (9), a sample size of 160 cases (80 in 
each group) was considered sufficient to detect 
significant differences between the groups. 
However, after the completion of the study, a post 
hoc power analysis was performed to test the 
adequacy of the study power. According to the 
power analysis results, the power for the 
comparison of the main hypothesis of the study, 
BH4, Biopterin, NO and Folate parameters, was 
found to be over 99.9%. Approval was obtained 
from a university's Non-Interventional Clinical 
Research Ethics Committee to conduct the 
research. Informed consent was obtained from 
patients who participated in the study voluntarily 
and agreed to the use of their information. The 
inclusion criteria for the study consisted of 
pregnant women aged 18-35, who were 
multiparous, without any chronic diseases, and 
carrying singleton pregnancies. Exclusion criteria 
included a history of chronic conditions such as 
diabetes, autoimmune diseases, chronic 
hypertension, vascular connective tissue diseases, 
nephropathy, rheumatic diseases, and 
thrombophilias. Additionally, women with 
multiple pregnancies, nulliparous pregnancies, a 
body mass index (BMI) over 30, or a personal or 
family history of preeclampsia were excluded from 
the study. Obstetric anamnesis information, 
demographic information, obstetric 
ultrasonography biometric measurements, routine 
tests, as well as 24-hour urine protein, serum 
albumin, total protein, homocysteine, vitamin B12, 
folate, biopterin, BH4, and NO tests were 
performed on the patients. Systolic and diastolic 
blood pressures were measured, and pregnant 
women meeting the PE diagnostic criteria 

according to the 2013 ACOG guidelines were 
identified. The group diagnosed with PE and the 
control group without PE were asked if they 
regularly took a 400 mcg methyl folate preparation 
daily in the first trimester, and the patients were 
divided into four groups accordingly. 
Group 1: Healthy pregnant women without any 
chronic diseases who did not take a daily 400 mcg 
methyl folate preparation regularly in the first 
trimester. 
Group 2: Healthy pregnant women without any 
chronic diseases who took a daily 400 mcg methyl 
folate preparation regularly in the first trimester. 
Group 3: Pregnant women diagnosed with PE 
according to the 2013 ACOG guidelines did not 
take a daily 400 mcg methyl folate preparation 
regularly in the first trimester. 
Group 4: Pregnant women diagnosed with PE 
according to the 2013 ACOG guidelines took a 
daily 400 mcg methyl folate preparation regularly 
in the first trimester. 
A total of 80 cases without PE were classified 1 
and 2, and a total of 80 cases diagnosed with PE 
were classified 3 and 4. When the total number of 
160 cases was reached in both groups, no new 
cases were included in the study. From each 
patient who volunteered to participate in the 
study, 5 ml of venous blood was collected in a 
biochemistry tube, centrifuged at 4000 rpm for 10 
minutes, and stored in two Eppendorf tubes at -50 
degrees Celsius. The blood samples from the 
pregnant women were analyzed in the 
biochemistry laboratory using Enzyme-linked 
Immunosorbent Assay Kits for BH4 (Catalog No: 
CEG421Ge), General Biopterin ELISA Kit 
(Catalog No: E2158Ge), and Human Nitric Oxide 
ELISA Kit (Catalog No: SL1275Hu), according to 
the manufacturer's instructions, with a Biotek 
ELX800 ELISA reader. 
Ethical approval: Ethical permission was 
obtained from the Clinical Research Ethics 
Committee of Van Yüzüncü Yıl University Faculty 
of Medicine with decision number 09 dated 
27.03.2024. 
Statistical analysis: All statistical analyses were 
performed using version 25 of the Statistical 
Package for the Social Sciences (SPSS) software 
(SPSS Inc., Chicago, USA). The data included in 
the study were presented as mean and standard 
deviation (± SD) for the groups. The normality of 
the data distribution was evaluated with the 
Kolmogorov-Smirnov test. Differences between 
two groups for normally distributed data were 
analyzed using Student's t-test, and differences 
among three or more groups were analyzed using 
ANOVA. For non-normally distributed data,  
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Table 1: Comparison of Demographic and Laboratory Characteristics Between Control and PE Groups  

Characteristic Control (n=80) 
Mean ± S.D. 

PE (n=80) 
Mean ± S.D. 

p-value 

Age (years) 29 ± 5 30 ± 5 0.283b 

Gestational Age (weeks) 29 ± 5 31 ± 4 0.138b 

Gravida 4 ± 2 4 ± 2 0.295b 

BMI (kg/m²) 26 ± 2 27 ± 1 0.001b 

SBP (mmHg) 120 ± 7 149 ± 5 0.001b 

DBP (mmHg) 78 ± 4 91 ± 5 0.001b 

Haemoglobin (g/dL) 12.2 ± 1.2 11.9 ± 1.3 0.085a 

PLT (x10³/µL) 233 ± 60 227 ± 58 0.530b 

AST (U/L) 19 ± 7 22 ± 14 0.343b 

ALT (U/L) 14 ± 8 16 ± 15 0.914b 

Creatinine (mg/dL) 0.57 ± 0.06 0.61 ± 0.12 0.070b 

Homocysteine (µmol/L) 7.41 ± 4.82 8.51 ± 5.13 0.174b 

Albumin (g/dL) 31 ± 3 28 ± 4 0.001b 

Total Protein (mg/dL) 65 ± 5 62 ± 6 0.001b 

Urinary Protein (mg/L) 138 ± 47 1719 ± 3565 0.001b 

BH4 (pg/mL) 81.4 ± 10 67.8 ± 8.9 0.001a 

Biopterin (nmol/L) 177.4 ± 15.7 186.4 ± 12.7 0.002b 

NO (µmol/L) 15.2 ± 6.7 29.4 ± 21.4 0.001b 

Folate (ng/mL) 9.3 ± 4.6 9.4 ± 4.5 0.802b 

Vitamin B12 (pg/mL) 181 ± 69 187 ± 87 0.811b 

 Abbreviations: BMI: Body mass index, SBP: Systolic blood pressure, DBP: Diastolic blood pressure, PLT: Platelet count, 
AST: Aspartate Aminotransferase, ALT: Alanine Aminotransferase, BH4: Tetrahydrobiopterin, NO: Nitric oxide. Values are 
presented as mean ± SD: an Independent Sample-T test or b Mann Whitney-U test calculated p-values. Statistically significant 
p values are marked in bold. 

comparisons between two groups were performed 
using the Mann-Whitney U test, and comparisons 
among  three  or  more  groups  were   perform 
using the Kruskal-Wallis test. A significance level 
of p < 0.05 was considered for all analyses. In 
order to determine the statistical power of the 
study, power analysis was performed with the 
G*Power 3.1 program, targeting 80% power and 
5% significance level in hypothesis tests. As a 
result of these analyses, it was determined that 80 
participants for each group would be sufficient to 
determine the expected effect size. 

Results 

Table 1 compares the demographic and laboratory 
characteristics of the control group with those of 
the PE group. No significant differences were 
found between the control and preeclampsia 
groups in terms of maternal age, gestational age, 
gravida, haemoglobin, platelet count, AST, ALT, 
and creatinine levels (p>0.05). The mean BH4 
level was 81.4±10 pg/mL in the control group and 
67.8±8.9 pg/mL in the PE group, with a p-value 
of 0.001, indicating a statistically significant 
difference. The mean NO level was 15.2±6.7 
µmol/L in the control group and 29.4±21.4 
µmol/L in the PE group, also showing a 
statistically significant difference with a p-value of  

0.001. The mean biopterin level was 177.4±15.7 
nmol/L in the control group and 186.4±12.7 
nmol/L in the PE group, with a p-value of 0.002, 
indicating statistical significance. However, there 
were no statistically significant differences in 
folate levels (9.3±4.6 ng/mL in the control group 
vs. 9.4±4.5 ng/mL in the PE group, p=0.802) or 
vitamin B12 levels (181±69 pg/mL in the control 
group vs. 187±87 pg/mL in the PE group, 
p=0.811). Table 2 shows the comparison of 
demographic and laboratory findings between 
different groups based on the presence of PE and 
folic acid supplementation. The groups were 
classified as follows: Group 1 (no PE, no folic 
acid supplementation, P(-)/F(-)), Group 2 (no PE, 
with folic acid supplementation, P(-)/F(+)), 
Group 3 (with PE, no folic acid supplementation, 
P(+)/F(-)), and Group 4 (with PE, with folic acid 
supplementation, P(+)/F(+)). No significant 
differences were found among all groups in terms 
of maternal age, gestational age, gravida, 
haemoglobin, platelet count, AST, ALT, 
creatinine, and homocysteine levels (p>0.05). The 
mean BH4 levels were as follows: Group 1, 
78.9±9.7 pg/mL; Group 2, 82.4±10.1 pg/mL; 
Group 3, 68.9±10.3 pg/mL; Group 4, 67.0±7.9 
pg/mL. The p-value for the differences among 
these four groups 
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Table 2: Comparison of Demographic and Laboratory Findings of PE and Control Group Patients 
According to Folic Acid Use Status

Characteristic P(-)/F(-) 
(n=23) 

Mean ± S.D. 

P(-)/F(+) 
(n=57) 

Mean ± S.D. 

P(+)/F(-) 
(n=30) 

Mean ± S.D. 

P(+)/F(+) 
(n=50) 

Mean ± S.D. 

p-value 

Age (years) 28 ± 5 29 ± 5 29 ± 5 30 ± 5 0.455b 
Gestational Age (weeks) 30 ± 6 29 ± 5 32 ± 4 31 ± 4 0.246b 
Gravida 4 ± 2 4 ± 2 4 ± 2 4 ± 2 0.727b 
BMI (kg/m²) 27 ± 2 26 ± 2 27 ± 1 27 ± 1 0.011b 
SBP (mmHg) 121 ± 7 120 ± 7 150 ± 5 148 ± 5 0.001b 
DBP (mmHg) 78 ± 4 78 ± 5 90 ± 4 91 ± 5 0.001b 
Haemoglobin (g/dL) 11.7 ± 3 12.4 ± 1.1 11.6 ± 1.3 12.0 ± 1.2 0.019a 
PLT (x10³/µL) 242 ± 70 229 ± 57 230 ± 60 225 ± 57 0.861b 
AST (U/L) 16 ± 5 20 ± 8 19 ± 7 24 ± 17 0.130b 
ALT (U/L) 11 ± 6 15 ± 8 14 ± 10 18 ± 17 0.163b 
Creatinine (mg/dL) 0.56 ± 0.07 0.58 ± 0.06 0.62 ± 0.13 0.61 ± 0.12 0.244b 
Homocysteine (µmol/L) 6.97 ± 4.4 7.59 ± 5.02 9.79 ± 6.44 7.75 ± 4.05 0.183b 
Albumin (g/dL) 30 ± 3 31 ± 3 27 ± 4 28 ± 5 0.001b 
Total Protein (mg/dL) 65 ± 4 65 ± 5 61 ± 7 62 ± 6 0.002b 
Urinary Protein (mg/L) 139 ± 53 137 ± 46 1448 ± 2835 1882 ± 3957 0.001b 
BH4 (pg/mL) 78.9 ± 9.7 82.4 ± 10.1 68.9 ± 10.3 67.0 ± 7.9 0.001a 
Biopterin (nmol/L) 171.5 ± 14.9 179.3 ± 15.6 189.2 ± 8.1 184.9 ± 14.5 0.004b 
NO (µmol/L) 15.9 ± 7.9 14.9 ± 6.2 28.4 ± 19.8 29.9 ± 22.5 0.001b 
Folate (ng/mL) 5.8 ± 2.4 10.7 ± 4.6 6.7 ± 3.5 11.1 ± 4.3 0.001b 
Vitamin B12 (pg/mL) 169 ± 64 187 ± 71 177 ± 95 193 ± 82 0.521b 

BMI: Body mass index, SBP: Systolic blood pressure, DBP: Diastolic blood pressure, PLT: Platelet count, AST: Aspartate 
Aminotransferase, ALT: Alanine Aminotransferase, BH4: Tetrahydrobiopterin, NO: Nitric oxide. Values are presented as 

mean ± SD, n: number  p-values were calculated with aOne-way ANOVA or bKruskal Wallis test. The significant pairwise 
group comparison results were as represented below;  
For BH4: 1 to 3: p= 0.001, 1 to 4: p=0.001, 2 to 3: p=0.001, 2 to 4: p=0.001, (Post Hoc test: with Bonferroni correction). For 
Biopterin: 1 to 3: p=0.018, 2 to 3: p=0.30 (Post Hoc test: Tamhane’s test). For NO: 1 to 3: p=0.018, 1 to 4: p=0.001, 2 to 3  
p=0.006. 
 
was 0.001, indicating a statistically significant 
difference (p=0.001). Formean BH4 values; there 
is a significant difference between group 1 and 
groups 3 and 4 and between group 2 and group 3 
and 4. The values are higher in groups 1 and 2. 
The mean biopterin levels were: Group 1, 
171.5±14.9 nmol/L; Group 2, 179.3±15.6 
nmol/L; Group 3, 189.2±8.1 nmol/L; Group 4, 
184.9±14.5 nmol/L. The p-value for these 
differences was 0.004, indicating statistical 
significance (p=0.004). There is a significant 
difference between Group 1 and Group 3 for the 
mean Biopterin value. The values are lower in 
group 1. The mean NO levels were: Group 1, 
15.9±7.9 µmol/L; Group 2, 14.9±6.2 µmol/L; 
Group 3, 28.4±19.8 µmol/L; Group 4, 29.9±22.5 
µmol/L. The p-value for these differences was 
=0.001, indicating a statistically significant 
difference (p=0.001). For mean NO values; there 
is a significant difference between group 1 and 
groups 3 and 4 and between group 2 and group 3. 
The values are lower in groups 1 and 2. The mean 
vitamin B12 levels were: Group 1, 169±64 pg/mL; 
Group 2, 187±71 pg/mL; Group 3, 177±95 
pg/mL; Group 4, 193±82 pg/mL. The p-value for 

these differences was 0.521, showing no 
statistically significant difference (p>0.05) 

Discussion 

The study successfully demonstrates a significant 
association between serum tetrahydrobiopterin 
(BH4) levels, folic acid supplementation, and the 
development of preeclampsia (PE). BH4 levels 
were notably lower in the PE group, indicating its 
potential involvement in the pathogenesis of PE, 
particularly in endothelial dysfunction and nitric 
oxide (NO) synthesis. However, while folic acid 
supplementation improved serum folate and 
haemoglobin levels, no direct relationship between 
folic acid and the prevention of PE was 
established. These findings suggest that while folic 
acid plays a beneficial role in maternal health, its 
influence on PE risk is less clear. Overall, this 
study supports the hypothesis that BH4 may serve 
as a key marker in assessing preeclampsia risk, 
though additional clinical and biochemical 
parameters must be considered for a 
comprehensive diagnosis and treatment strategy. 
The underlying mechanisms contributing to the 
pathophysiology of preeclampsia (PE) remain 
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incompletely understood. However, both genetic 
and environmental factors play significant roles in 
its development. As a multifactorial disorder, PE 
originates at the maternal-fetal interface and 
impacts multiple organs. The placenta is central to 
the progression of PE, and its removal typically 
resolves the clinical manifestations of the disease 
(10). Nitric oxide (NO), synthesized from L-
arginine by nitric oxide synthase (NOS), is a key 
mediator in endothelium-dependent vasodilation. 
This molecule reduces peripheral vascular 
resistance during pregnancy and is essential for 
maintaining vascular function in various organs. 
Impaired endothelial function and increased 
oxidative stress have been implicated in the 
pathogenesis of PE and other conditions such as 
miscarriage and polycystic ovary syndrome 
(PCOS) (11,12,13). Although research on BH4 
deficiency in PE is limited, Toth et al. 
hypothesized that adequate vitamin C levels in the 
placenta may protect the NO/eNOS pathway by 
stabilizing BH4. Decreased vitamin C levels in PE 
could contribute to BH4 depletion, leading to 
impaired NO production. Additionally, Kukor et 
al. reported variability in placental BH4 
concentrations between PE and healthy 
pregnancies, noting that in some PE patients, 
eNOS becomes resistant to BH4 stimulation. This 
results in eNOS uncoupling, reduced NO 
production, and increased superoxide generation, 
suggesting oxidative stress as a key driver of 
vascular dysfunction in PE (14). Numerous 
studies have examined potential preventive and 
therapeutic strategies for PE. One area of focus 
has been folic acid metabolism and its relationship 
to homocysteine levels, which are elevated in 
hypertensive pregnancy disorders. Although folic 
acid supplementation has been shown to reduce 
homocysteine levels, its effect on PE risk remains 
unclear. Some studies indicate a potential benefit 
of folic acid supplementation in lowering PE risk, 
while others provide conflicting results (15). 
Moreover, insufficient folic acid intake has been 
associated with adverse pregnancy outcomes, 
including miscarriage, placental abruption, and 
fetal growth restriction (FGR) (16). Some 
researchers have explored whether folic acid 
supplementation can reduce the risk of FGR and 
preterm birth, but the results remain controversial. 
For example, some studies suggest that high 
maternal folate levels reduce the risk of preterm 
birth, while others link elevated folate levels early 
in pregnancy to an increased risk of gestational 
diabetes (17,18). The variability in outcomes 
highlights the need for further investigation into 
the role of folic acid in pregnancy. Emerging 

evidence suggests that the concentration of folic 
acid in fetal circulation may exceed that in 
maternal circulation, potentially leading to the 
accumulation of inactive metabolites in the fetus. 
Experimental studies indicate that even moderate 
increases in folic acid intake during pregnancy can 
alter placental gene expression related to 
angiogenesis, potentially influencing pregnancy 
outcomes (19). Several studies have demonstrated 
that folic acid supplementation, particularly in the 
first trimester, is associated with a reduced risk of 
severe PE (20). A Canadian study also reported a 
significant reduction in PE rates in women who 
took ≥1.0 mg of folic acid daily, particularly those 
at increased risk (21). These findings suggest that 
extending folic acid supplementation beyond the 
first trimester and using higher doses may help 
prevent PE by supporting physiological 
angiogenesis. Despite this, some studies have 
shown no significant relationship between folic 
acid supplementation and PE prevention (22). A 
systematic review concluded that the evidence for 
folic acid-reducing PE risk is weak (23), and a 
multicenter randomized controlled trial found no 
benefit from high-dose (4 mg/day) folic acid 
supplementation in preventing PE in twin 
pregnancies (24,25). 

Study limitations: The most important 

limitation of this case-control study is the high 
risk of recall bias due to its retrospective nature. 
Participants' inability to accurately recall past 
exposures may affect the accuracy of the results. 
Additionally, accurate matching of cases and 
controls may be difficult and potential 
confounding variables may not be fully controlled. 
The generalizability of the findings is also limited 
because case-control studies may not reflect the 
general population. 

Conclusion 

This study revealed significantly lower serum 

BH4 levels in pregnant women with PE compared 
to controls. Additionally, folic acid 
supplementation was found to increase serum 
folate levels, with statistically significant 
differences observed between PE and control 
groups in terms of BH4, biopterin, NO, albumin, 
total protein, and urinary protein levels. These 
findings suggest that factors affecting vascular 
function, such as BH4 and NO, may play a critical 
role in PE pathogenesis. While no direct 
relationship between folic acid supplementation 
and PE development was established, folic acid 
use was shown to improve serum folate and 
haemoglobin levels, underscoring its importance 
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in general maternal health and pregnancy 
outcomes. However, BH4 and folic acid levels 
alone are insufficient to predict PE risk; instead, 
these factors should be considered alongside other 
clinical parameters for a more comprehensive 
assessment. Given the complexity of PE, further 
large-scale studies are needed to explore the role 
of BH4 and folic acid metabolism in its 
development. Future research should focus on 
understanding the precise mechanisms by which 
these molecules influence PE pathogenesis and 
evaluating their potential as therapeutic targets. 
This study provides valuable insights into the early 
diagnostic markers of PE and lays the groundwork 
for future research aimed at improving maternal 
and fetal outcomes. 
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