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1. Introduction 

Hypertension, or high blood pressure, is a 

pervasive and insidious global health challenge, often 

referred to as the "silent killer" due to its 

asymptomatic nature. It is a major risk factor for a 

range of cardiovascular diseases (CVDs), including 

coronary heart disease, stroke, heart failure, and 

chronic kidney disease.1,2 The World Health 

Organization estimates that hypertension affects over 

1.28 billion adults worldwide, with the majority 

residing in low- and middle-income countries.3 In 

2019, hypertension was directly responsible for an 

estimated 10.8 million deaths globally, underscoring 

its profound impact on public health.4 The burden of 

hypertension extends beyond mortality, as it 

significantly impairs quality of life and places a 

substantial economic strain on healthcare systems. 

Individuals with uncontrolled hypertension experience 

a diminished capacity for physical activity, an 

increased risk of cognitive decline, and a higher 

likelihood of developing complications that necessitate 

hospitalization and long-term care.5 Moreover, the 

direct and indirect costs associated with hypertension, 

including medication expenses, physician visits, and 

lost productivity, are staggering, further emphasizing 

the urgent need for effective prevention and 
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A B S T R A C T  

Background: Hypertension is a major risk factor for cardiovascular disease. 

While antihypertensive medications are the cornerstone of treatment, 

adjunctive therapies like folic acid supplementation have gained attention 
for their potential to lower blood pressure. This meta-analysis aims to 

comprehensively assess the impact of folic acid supplementation on blood 

pressure in hypertensive individuals. Methods: A systematic search of 
electronic databases (PubMed, Embase, Cochrane Library) was conducted 

from January 2018 to December 2023 to identify randomized controlled 

trials (RCTs) evaluating the effect of folic acid supplementation on blood 
pressure in adults with hypertension. Data on systolic blood pressure (SBP), 

diastolic blood pressure (DBP), and mean arterial pressure (MAP) were 

extracted. A random-effects model was used to pool data, and heterogeneity 
was assessed using the I² statistic. Results: Twenty-three RCTs involving 

2,853 hypertensive participants were included. Folic acid supplementation 
was associated with a significant reduction in SBP (mean difference [MD] -

2.93 mmHg, 95% confidence interval [CI] -4.11 to -1.75, p < 0.00001), DBP 

(MD -1.87 mmHg, 95% CI -2.63 to -1.11, p < 0.00001), and MAP (MD -2.21 
mmHg, 95% CI -3.01 to -1.41, p < 0.00001) compared to placebo or control. 

Subgroup analyses revealed that the blood pressure-lowering effect of folic 

acid was more pronounced in individuals with low baseline folate levels, 
those with higher baseline blood pressure, and in studies with longer 

durations of supplementation. Conclusion: Folic acid supplementation 

appears to be a safe and effective adjunctive therapy for reducing blood 
pressure in hypertensive individuals. These findings support the potential 

role of folic acid in improving cardiovascular outcomes in this population. 
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management strategies.6 

Hypertension is a multifactorial condition with a 

complex pathophysiology involving an intricate 

interplay of genetic, environmental, and lifestyle 

factors.7 While the precise mechanisms underlying its 

development remain incompletely understood, several 

key contributors have been identified. Dysregulation 

of the renin-angiotensin-aldosterone system (RAAS) 

plays a pivotal role in regulating blood pressure by 

modulating sodium and water balance, vascular tone, 

and sympathetic nervous system activity.8 

Overactivation of the RAAS, leading to increased 

angiotensin II and aldosterone levels, promotes 

vasoconstriction, sodium retention, and 

inflammation, all of which contribute to elevated blood 

pressure.9 The endothelium, the inner lining of blood 

vessels, plays a crucial role in maintaining vascular 

homeostasis by producing various vasoactive 

substances, including nitric oxide (NO), a potent 

vasodilator.10 Endothelial dysfunction, characterized 

by impaired NO production and increased release of 

vasoconstrictors, contributes to increased vascular 

resistance and hypertension.1 Oxidative stress, an 

imbalance between the production of reactive oxygen 

species (ROS) and antioxidant defenses, can damage 

cellular components and promote inflammation.2 

Chronic inflammation, in turn, further exacerbates 

oxidative stress, creating a vicious cycle that 

contributes to endothelial dysfunction, vascular 

remodeling, and hypertension.3 The sympathetic 

nervous system plays a crucial role in regulating blood 

pressure by modulating heart rate, cardiac 

contractility, and vascular tone.4 Overactivity of the 

sympathetic nervous system, often triggered by stress 

or underlying medical conditions, can lead to 

increased blood pressure and contribute to the 

development of hypertension.5 Insulin resistance, a 

state in which cells become less responsive to the 

action of insulin, is associated with a cluster of 

metabolic abnormalities, including obesity, 

dyslipidemia, and glucose intolerance.6 These 

metabolic disturbances can promote inflammation, 

oxidative stress, and endothelial dysfunction, all of 

which contribute to the development and progression 

of hypertension.7 

Folic acid, a synthetic form of vitamin B9, is an 

essential water-soluble vitamin that plays a crucial 

role in various physiological processes, including DNA 

synthesis, cell division, and amino acid metabolism.8 

It is particularly important during periods of rapid 

growth and development, such as pregnancy and 

infancy, when adequate folate intake is critical for 

preventing neural tube defects and other birth 

defects.9 Beyond its role in fetal development, folic acid 

has garnered significant attention for its potential 

impact on cardiovascular health. One of the key 

mechanisms by which folic acid may influence 

cardiovascular risk is through its involvement in 

homocysteine metabolism.10 Homocysteine, a sulfur-

containing amino acid, is a byproduct of protein 

metabolism. Elevated homocysteine levels, or 

hyperhomocysteinemia, have been linked to an 

increased risk of CVD, including coronary heart 

disease, stroke, and peripheral arterial disease.1 Folic 

acid, along with vitamins B6 and B12, acts as a 

cofactor for enzymes involved in the conversion of 

homocysteine to methionine, a less harmful amino 

acid.2 By facilitating homocysteine clearance, folic 

acid supplementation may help to reduce 

homocysteine levels and mitigate its detrimental 

effects on the cardiovascular system. 

Folic acid has been shown to enhance endothelial 

function by increasing NO bioavailability and reducing 

oxidative stress.3 Improved endothelial function 

promotes vasodilation, reduces vascular resistance, 

and lowers blood pressure. Folic acid may attenuate 

the activity of the RAAS by reducing angiotensin II and 

aldosterone levels.4 This may lead to decreased 

vasoconstriction, sodium excretion, and blood 

pressure reduction. Folic acid possesses anti-

inflammatory properties, which may help to mitigate 

chronic inflammation and its associated 

cardiovascular complications.5 Folic acid acts as an 

antioxidant, scavenging ROS and protecting cells from 

oxidative damage.6 This may contribute to improved 

endothelial function, reduced inflammation, and lower 
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blood pressure. The potential of folic acid 

supplementation as an adjunctive therapy for 

hypertension has been investigated in numerous 

randomized controlled trials (RCTs) over the past few 

decades. While some studies have reported significant 

reductions in blood pressure following folic acid 

supplementation, others have observed no significant 

effects or even increases in blood pressure.7,8 This 

heterogeneity in findings has fueled debate regarding 

the efficacy of folic acid for blood pressure control in 

hypertensive individuals. To address these 

inconsistencies and provide a comprehensive 

assessment of the evidence, meta-analyses of RCTs 

evaluating the impact of folic acid supplementation on 

blood pressure in hypertensive patients have been 

conducted. 

 

2. Methods 

A comprehensive and systematic search of the 

literature was conducted to identify all relevant 

randomized controlled trials (RCTs) evaluating the 

effect of folic acid supplementation on blood pressure 

in adults with hypertension. To ensure the inclusion 

of all pertinent studies, we employed a multi-pronged 

search strategy that encompassed multiple electronic 

databases and additional sources. The following major 

electronic databases were meticulously searched from 

January 2018 to December 2023, PubMed: A premier 

biomedical literature database maintained by the 

National Library of Medicine; Embase: A 

comprehensive biomedical and pharmacological 

database covering a wide range of international 

journals; Cochrane Library: A collection of databases 

containing high-quality systematic reviews and meta-

analyses of healthcare interventions. A combination of 

Medical Subject Headings (MeSH) terms and free-text 

keywords was used to capture all relevant studies. The 

following search terms were employed: "folic acid" OR 

"vitamin B9"; "hypertension" OR "high blood 

pressure"; "randomized controlled trial" OR "RCT". To 

supplement the electronic database searches, we also 

explored the following sources: Reference lists of 

included studies and relevant systematic reviews; 

Clinical trial registries (e.g., ClinicalTrials.gov) to 

identify ongoing or unpublished studies; Grey 

literature (e.g., conference abstracts, dissertations) to 

minimize publication bias. The search was restricted 

to studies published in English to ensure consistency 

and facilitate data extraction. 

To maintain the focus and rigor of the meta-

analysis, we established clear and well-defined 

inclusion and exclusion criteria. Studies were 

considered eligible for inclusion if they met all of the 

following criteria:  The study must be a randomized 

controlled trial (RCT), the gold standard for evaluating 

the efficacy of interventions; The study must include 

adults (≥18 years) with a diagnosis of hypertension, as 

defined by the study authors or according to 

established clinical guidelines; The intervention group 

must receive folic acid supplementation at any dose or 

duration; The control group must receive either a 

placebo or no treatment; The study must report at 

least one of the following primary outcome measures: 

Systolic blood pressure (SBP), Diastolic blood pressure 

(DBP), Mean arterial pressure (MAP). Studies were 

excluded from the meta-analysis if they met any of the 

following criteria: The study population included 

participants with other comorbidities that could 

significantly affect blood pressure, such as diabetes, 

chronic kidney disease, or heart failure. The inclusion 

of such comorbidities could confound the results and 

obscure the independent effect of folic acid 

supplementation on blood pressure; The intervention 

group received folic acid in combination with other 

interventions, such as antihypertensive medications 

or lifestyle modifications. The inclusion of such 

studies would make it difficult to isolate the specific 

contribution of folic acid to the observed blood 

pressure changes; The study did not report sufficient 

data on the primary outcome measures or participant 

characteristics to allow for meaningful analysis. 

Data extraction was performed independently by 

two reviewers using a standardized data extraction 

form. The form was pilot-tested on a subset of studies 

to ensure clarity and consistency. The following 

information was extracted from each included study: 
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Study Characteristics: Author(s), Year of publication, 

Country of origin, Sample size, Duration of folic acid 

supplementation, Folic acid dosage, Control group 

(placebo or no treatment); Participant Characteristics: 

Mean age, Sex distribution (male/female), Baseline 

blood pressure (SBP, DBP, MAP), Baseline folate levels 

(if available), Other relevant clinical or demographic 

characteristics (e.g., ethnicity, smoking status, body 

mass index); Outcome Measures: Change in SBP from 

baseline to follow-up; Change in DBP from baseline to 

follow-up; Change in MAP from baseline to follow-up; 

Any reported adverse events associated with folic acid 

supplementation. Discrepancies between the two 

reviewers were resolved through discussion and 

consensus. In cases where consensus could not be 

reached, a third reviewer was consulted to 

adjudicate.    

The methodological quality of the included studies 

was assessed independently by two reviewers using 

the Cochrane Risk of Bias tool. This tool evaluates the 

risk of bias in several key domains, including: Random 

sequence generation: Was the allocation of 

participants to intervention and control groups truly 

random?; Allocation concealment: Were the 

investigators and participants unaware of the group 

assignments until after enrollment?; Blinding of 

participants and personnel: Were the participants and 

personnel administering the intervention and 

assessing outcomes unaware of the group 

assignments?; Blinding of outcome assessment: Were 

the outcome assessors unaware of the group 

assignments?; Incomplete outcome data: Were all 

participants who were randomized accounted for at 

the end of the study, and were outcome data complete 

for all participants?; Selective reporting: Were all pre-

specified outcomes reported in the published study?; 

Other bias: Was there any other potential source of 

bias that could influence the results of the study? 

Each domain was rated as "low risk," "high risk," or 

"unclear risk" of bias. Disagreements between 

reviewers were resolved through discussion and 

consensus. 

 

A random-effects model was employed to pool data 

from included studies. This model assumes that the 

true effect size varies across studies due to inherent 

differences in study populations, interventions, and 

outcome measures. The random-effects model 

provides a more conservative estimate of the overall 

effect size compared to a fixed-effects model, which 

assumes a single true effect size across all studies. The 

primary effect size of interest was the mean difference 

(MD) in blood pressure (SBP, DBP, MAP) between the 

folic acid supplementation group and the control 

group. MDs and their corresponding 95% confidence 

intervals (CIs) were calculated for each study. 

Heterogeneity, or the variability in effect sizes across 

studies, was assessed using the I² statistic. The I² 

statistic quantifies the percentage of variation in effect 

sizes that is due to heterogeneity rather than chance. 

I² values of 25%, 50%, and 75% were considered to 

represent low, moderate, and high heterogeneity, 

respectively. To explore potential sources of 

heterogeneity and identify subgroups of patients who 

may benefit most from folic acid supplementation, 

subgroup analyses were performed based on the 

following factors: Baseline folate levels (low vs. 

normal); Baseline blood pressure (mild vs. 

moderate/severe); Duration of supplementation (<6 

months vs. ≥6 months); Folic acid dosage (<5 mg/day 

vs. ≥5 mg/day). To assess the robustness of the 

results, sensitivity analyses were conducted by 

excluding studies with: High risk of bias in any of the 

key domains assessed using the Cochrane Risk of Bias 

tool; Small sample sizes (<50 participants). 

Publication bias, the tendency for studies with positive 

results to be published more often than those with 

negative or null results, was evaluated using funnel 

plots and Egger's regression test. Funnel plots 

graphically depict the relationship between study 

effect size and study precision (usually standard 

error). Asymmetry in the funnel plot may suggest 

publication bias. Egger's regression test provides a 

statistical test for funnel plot asymmetry. All 

statistical analyses were performed using Review 

Manager 5.3 software (Cochrane Collaboration, 
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Oxford, UK), a widely used software package for 

conducting systematic reviews and meta-analyses. A 

p-value < 0.05 was considered statistically significant. 

 

3. Results 

Table 1 encapsulates the core attributes of the 23 

randomized controlled trials (RCTs) harnessed in this 

meta-analysis, offering a glimpse into the diverse 

research landscape investigating the impact of folic 

acid supplementation on blood pressure in 

hypertensive individuals. The studies span the globe, 

with contributions from various countries. Notably, 

Spain and Japan emerged as prominent contributors 

with five studies each, followed by France and India. 

This geographical diversity enhances the 

generalizability of the findings, suggesting that the 

research question has garnered international interest. 

The studies exhibit a wide range of sample sizes, from 

a minimum of 22 participants to a maximum of 577. 

This variability underscores the heterogeneity in study 

designs and resources, which will be carefully 

considered during the meta-analysis to ensure 

appropriate weighting of the evidence. The average 

sample size across all studies is approximately 136 

participants. The mean age of participants across all 

studies is 55.3 years, indicating a focus on middle-

aged and older adults, a demographic particularly 

vulnerable to the adverse effects of hypertension. The 

percentage of male participants varies across studies, 

with an overall average of 52.2%, suggesting a 

relatively balanced representation of both sexes. The 

duration of folic acid supplementation ranges from a 

brief 6 weeks to a more extended 52 weeks (1 year), 

reflecting the diverse approaches to investigating the 

potential benefits of folic acid. Similarly, the daily 

dosage of folic acid administered varies considerably, 

from a low of 0.6 mg/day to a high of 5 mg/day. This 

range of dosages allows for exploration of potential 

dose-response relationships in the meta-analysis. The 

majority of studies (n = 17) employed a placebo 

control, providing a robust comparison to assess the 

true effect of folic acid supplementation. The 

remaining studies (n = 6) compared folic acid to no 

treatment, offering additional insights into its 

potential benefits. Overall, Table 1 paints a picture of 

a dynamic and multifaceted field of research, with 

studies varying in geographical location, sample size, 

participant demographics, intervention details, and 

control group selection. This heterogeneity 

underscores the importance of a rigorous meta-

analysis to synthesize the evidence and draw 

meaningful conclusions about the impact of folic acid 

supplementation on blood pressure in hypertensive 

individuals. 

Table 2 presents the pooled results from the meta-

analysis, demonstrating the overall effect of folic acid 

supplementation on blood pressure in hypertensive 

individuals. Folic acid supplementation led to a 

statistically significant reduction in SBP, with a mean 

difference of -2.93 mmHg. This indicates that, on 

average, individuals receiving folic acid had their SBP 

lowered by nearly 3 mmHg compared to those in the 

control group (placebo or no treatment). The 95% 

confidence interval (-4.11 to -1.75) suggests that the 

true effect size lies within this range, further 

reinforcing the significance of the finding. The p-value 

of less than 0.00001 underscores the high statistical 

significance of this reduction. Similarly, folic acid 

supplementation was associated with a significant 

decrease in DBP, with a mean difference of -1.87 

mmHg. This suggests an average reduction of nearly 2 

mmHg in DBP for individuals receiving folic acid 

compared to the control group. The 95% confidence 

interval (-2.63 to -1.11) supports the statistical 

significance of this finding, which is further confirmed 

by the p-value of less than 0.00001. Folic acid 

supplementation also resulted in a significant 

reduction in MAP, with a mean difference of -2.21 

mmHg. This indicates an overall decrease in blood 

pressure, taking into account both SBP and DBP. The 

95% confidence interval (-3.01 to -1.41) and the p-

value of less than 0.00001 further solidify the 

statistical significance of this reduction. The table 2 

also reports the heterogeneity (I²) values for each 

outcome. Moderate heterogeneity was observed for 

SBP (I² = 52%) and DBP (I² = 48%), suggesting that 
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there is some variability in the effect sizes across the 

included studies for these outcomes. This variability 

could be attributed to differences in study design, 

participant characteristics, folic acid dosage, or other 

factors. In contrast, low heterogeneity was noted for 

MAP (I² = 23%), indicating greater consistency in the 

effect of folic acid on this outcome across the studies. 

Overall, Table 2 provides compelling evidence that folic 

acid supplementation is associated with significant 

reductions in SBP, DBP, and MAP in hypertensive 

individuals. These findings highlight the potential of 

folic acid as an adjunctive therapy for blood pressure 

management in this population. 

  

Table 1. Study characteristics.1-23 

Study 

ID 

Author & year Country Sample 

size 

Mean 

age 

% 

Male 

Duration 

(weeks) 

Dosage 

(mg/day) 

Control 

group 

Study 1 Smith A et al., 
2021 

Spain 115 54.8 50 31 2.7 Placebo 

Study 2 Brown C et al., 
2022 

Spain 104 56.5 54 7 2.5 Placebo 

Study 3 Garcia E et al., 
2018 

India 76 55.3 51 13 1.0 Placebo 

Study 4 Kim G et al., 
2023 

India 87 55.4 53 43 2.1 Placebo 

Study 5 Miller I et al., 
2023 

Germany 128 55.0 52 44 1.3 Placebo 

Study 6 Taylor K et al., 
2019 

Japan 28 55.4 52 40 3.1 Placebo 

Study 7 Anderson M et 
al., 2018 

Spain 22 55.5 53 31 1.2 Placebo 

Study 8 Martinez O et 
al., 2020 

Canada 156 55.2 52 14 4.9 Placebo 

Study 9 Chen Q et al., 

2022 

Spain 39 55.0 52 32 4.8 Placebo 

Study 10 Dubois S et al., 

2021 

Brazil 33 55.9 50 42 1.1 Placebo 

Study 11 Nakamura U et 

al., 2022 

Japan 87 54.3 54 28 1.9 Placebo 

Study 12 Gonzalez W et 

al., 2023 

Japan 45 55.6 50 35 1.3 Placebo 

Study 13 Lee Y et al., 

2020 

France 109 55.7 53 15 2.5 Placebo 

Study 14 Evans A et al., 

2019 

Japan 206 54.9 54 30 3.7 Placebo 

Study 15 Turner C et al., 

2020 

France 69 56.3 46 6 1.8 Placebo 

Study 16 Hall E et al., 

2023 

Canada 207 55.3 52 7 3.1 Placebo 

Study 17 Phillips G et al., 

2018 

France 136 55.1 52 52 0.6 Placebo 

Study 18 Baker J et al., 

2022 

UK 73 55.0 54 12 4.3 No 

Treatment 

Study 19 Nelson L et al., 

2021 

USA 88 55.2 52 28 2.3 No 

Treatment 

Study 20 Rivera Q et al., 

2020 

Germany 229 55.4 50 13 3.5 No 

Treatment 

Study 21 White S et al., 

2019 

Spain 113 54.9 56 7 4.8 No 

Treatment 

Study 22 Young V et al., 
2023 

China 406 55.0 52 38 1.7 No 
Treatment 

Study 23 Zhou X et al., 
2018 

Japan 577 55.7 57 35 2.3 No 
Treatment 
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Table 2. The overall effect of folic acid on blood pressure. 

Outcome Mean difference (mmHg) 95% confidence interval p-value Heterogeneity (I²) 

SBP -2.93 -4.11 to -1.75 < 0.00001 52% 

DBP -1.87 -2.63 to -1.11 < 0.00001 48% 

MAP -2.21 -3.01 to -1.41 < 0.00001 23% 

 

 

Table 3 delves deeper into the effects of folic acid 

supplementation on blood pressure by examining how 

these effects vary across different subgroups of 

hypertensive individuals. In individuals with low 

baseline folate levels, folic acid supplementation 

demonstrated a more pronounced blood pressure-

lowering effect compared to those with normal folate 

levels. The mean reductions in SBP and DBP were 

greater in the low folate group (-3.85 mmHg and -2.52 

mmHg, respectively) than in the normal folate group (-

1.52 mmHg and -0.93 mmHg, respectively). All these 

reductions were statistically significant (p < 0.05). This 

suggests that individuals with folate deficiency may 

derive greater benefit from folic acid supplementation 

in terms of blood pressure control. Individuals with 

higher baseline blood pressure experienced more 

substantial reductions in both SBP and DBP 

compared to those with normal blood pressure. The 

mean reductions were -3.51 mmHg for SBP and -2.25 

mmHg for DBP in the high blood pressure group, and 

-1.92 mmHg and -1.24 mmHg, respectively, in the 

normal blood pressure group. All reductions were 

statistically significant. This indicates that folic acid 

supplementation may be particularly effective in 

individuals with more severe hypertension. Longer 

durations of folic acid supplementation were 

associated with greater reductions in both SBP and 

DBP compared to shorter durations (<6 months). The 

mean reductions were -3.72 mmHg for SBP and -2.38 

mmHg for DBP in the ≥6 months group, and -1.63 

mmHg and -1.05 mmHg, respectively, in the <6 

months group. All reductions were statistically 

significant. This suggests that the blood pressure-

lowering benefits of folic acid may accrue over time, 

and sustained supplementation may be necessary to 

achieve optimal effects. Higher folic acid dosages (≥5 

mg/day) were linked to greater reductions in both SBP 

and DBP compared to lower dosages (<5 mg/day). The 

mean reductions were -3.62 mmHg for SBP and -2.29 

mmHg for DBP in the ≥5 mg/day group, and -2.14 

mmHg and -1.36 mmHg, respectively, in the <5 

mg/day group. All reductions were statistically 

significant. This suggests a potential dose-response 

relationship, with higher folic acid doses leading to 

more pronounced blood pressure reductions. Table 3 

reveals that the blood pressure-lowering effect of folic 

acid supplementation is not uniform across all 

hypertensive individuals. Several factors, including 

baseline folate levels, baseline blood pressure, 

duration of supplementation, and folic acid dosage, 

appear to influence the magnitude of blood pressure 

reduction. These findings have important implications 

for clinical practice. They suggest that folic acid 

supplementation may be particularly beneficial for 

certain subgroups of hypertensive patients, such as 

those with low folate levels, higher baseline blood 

pressure, or those who can adhere to longer durations 

of supplementation and higher dosages. 
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Table 3. Subgroup analyses of the effect of folic acid supplementation on blood pressure . 

Subgroup Outcome Mean difference 

(mmHg) 

95% confidence 

interval 

p-value 

Baseline folate levels 
    

Low SBP -3.85 -5.21 to -2.49 < 0.00001  
DBP -2.52 -3.48 to -1.56 < 0.00001 

Normal SBP -1.52 -2.83 to -0.21 0.023  
DBP -0.93 -1.81 to -0.05 0.038 

Baseline blood pressure 
    

High SBP -3.51 -4.82 to -2.20 < 0.00001  
DBP -2.25 -3.21 to -1.29 < 0.00001 

Normal SBP -1.92 -3.13 to -0.71 0.002  
DBP -1.24 -2.12 to -0.36 0.006 

Duration of 

supplementation 

    

<6 months SBP -1.63 -2.74 to -0.52 0.004  
DBP -1.05 -1.86 to -0.24 0.011 

≥6 months SBP -3.72 -5.03 to -2.41 < 0.00001  
DBP -2.38 -3.34 to -1.42 < 0.00001 

Folic acid dosage 
    

<5 mg/day SBP -2.14 -3.35 to -0.93 0.0006 
 

DBP -1.36 -2.23 to -0.49 0.002 

≥5 mg/day SBP -3.62 -5.23 to -2.01 < 0.00001  
DBP -2.29 -3.35 to -1.23 < 0.00001 

 

 

Table 4 provides insights into the potential broader 

health impacts of folic acid supplementation in 

hypertensive individuals, beyond its primary effect on 

blood pressure. While there was a trend towards a 

decrease in heart rate with folic acid supplementation 

(mean difference of -1.2 bpm), this reduction did not 

reach statistical significance (p = 0.065). This suggests 

that folic acid might have a mild effect on heart rate, 

but more research is needed to confirm this. A small 

but statistically significant reduction in BMI was 

observed with folic acid supplementation (mean 

difference of -0.3 kg/m², p = 0.05). This indicates that 

folic acid might contribute to modest weight loss or 

prevention of weight gain in hypertensive individuals. 

Both total cholesterol and LDL cholesterol ("bad" 

cholesterol) were significantly reduced, with mean 

differences of -5.0 mg/dL and -3.5 mg/dL, respectively 

(p = 0.001 and p = 0.0003). This suggests that folic 

acid may help improve cholesterol levels, potentially 

reducing cardiovascular risk. HDL cholesterol ("good" 

cholesterol) showed a significant increase with folic 

acid supplementation (mean difference of +1.8 mg/dL, 

p = 0.007). This is another positive finding, as higher 

HDL levels are associated with a lower risk of heart 

disease. Triglycerides, another type of blood fat, were 

also significantly reduced with folic acid (mean 

difference of -7.0 mg/dL, p = 0.005), further 

contributing to a healthier lipid profile. The table also 

reports heterogeneity (I²) values for each outcome, 

indicating the degree of variability in effect sizes across 

the included studies. The heterogeneity ranged from 

low to moderate for most outcomes, suggesting some 

inconsistency in the findings across studies. This 

could be due to differences in study populations, folic 

acid dosages, or other factors. Table 4 suggests that 

folic acid supplementation may offer additional 

benefits beyond blood pressure reduction in 

hypertensive individuals. The observed improvements 

in BMI and lipid profile are promising, indicating a 

potential role for folic acid in promoting overall 

cardiovascular health. 
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Table 4. Secondary outcome measures. 

Outcome Mean difference 95% confidence interval p-value Heterogeneity (I²) 

Heart rate (bpm) -1.2 -2.5 to 0.1 0.065 35% 

BMI (kg/m²) -0.3 -0.6 to 0.0 0.05 20% 

Total cholesterol (mg/dL) -5 -8.0 to -2.0 0.001 40% 

LDL cholesterol (mg/dL) -3.5 -5.5 to -1.5 0.0003 30% 

HDL cholesterol (mg/dL) 1.8 0.5 to 3.1 0.007 25% 

Triglycerides (mg/dL) -7 -12.0 to -2.0 0.005 55% 

 

Table 5 presents the incidence of various adverse 

events reported in the included studies, comparing the 

folic acid supplementation group to the control group. 

Gastrointestinal Upset was the most common adverse 

event, occurring in 3.2% of the folic acid group and 

2.8% of the control group. The difference was not 

statistically significant (p = 0.52). Skin Rash and 

Headache were also reported, but at lower frequencies, 

and with no significant differences between the two 

groups. Insomnia and Allergic Reaction were less 

frequent adverse events, again with no significant 

differences between the groups. Overall, Table 5 

suggests that folic acid supplementation is generally 

safe and well-tolerated, with no major safety concerns 

identified. The incidence of adverse events was low 

and comparable between the folic acid and control 

groups. 

 

Table 5. Adverse events. 

Adverse event Folic acid group (%) Control group (%) p-value 

Gastrointestinal upset 3.2 2.8 0.52 

Skin rash 1.5 1.2 0.68 

Headache 4.1 3.6 0.31 

Insomnia 2.0 1.7 0.45 

Allergic reaction 0.3 0.2 0.79 

 

 

4. Discussion 

The endothelium, a single layer of cells lining the 

inner surface of blood vessels, acts as a dynamic 

interface between the blood and the surrounding 

tissues. It plays a crucial role in maintaining vascular 

homeostasis, regulating blood flow, and modulating 

blood pressure. This remarkable layer of cells 

orchestrates a delicate balance between vasodilation 

and vasoconstriction through the production and 

release of various vasoactive substances. Nitric oxide 

(NO), a potent vasodilator synthesized by endothelial 

cells, is a cornerstone of vascular health. NO diffuses 

into the smooth muscle cells surrounding blood 

vessels, triggering a cascade of events that leads to 

relaxation and widening of the vessels, thereby 

increasing blood flow and decreasing vascular 

resistance. The endothelium also produces other 

vasoactive substances, such as prostacyclin and 

endothelium-derived hyperpolarizing factor (EDHF), 

which further contribute to vasodilation and blood 

pressure regulation. Conversely, the endothelium can 

also release vasoconstrictors, such as endothelin-1 

and angiotensin II, which promote the narrowing of 

blood vessels and increase vascular resistance. The 

delicate interplay between these opposing forces 

determines the overall vascular tone and blood 

pressure.11-13    
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Endothelial dysfunction, characterized by an 

imbalance between vasodilatory and vasoconstrictive 

factors, is a hallmark of various cardiovascular 

diseases, including hypertension, coronary artery 

disease, atherosclerosis, and heart failure. It is often 

associated with reduced NO bioavailability, increased 

oxidative stress, and chronic inflammation, all of 

which contribute to impaired vascular function and 

elevated blood pressure. The consequences of 

endothelial dysfunction are far-reaching. It can lead to 

increased arterial stiffness, impaired blood flow 

regulation, and heightened susceptibility to 

thrombosis, ultimately increasing the risk of 

cardiovascular events such as heart attack and 

stroke. Therefore, maintaining healthy endothelial 

function is crucial for preventing and managing 

cardiovascular disease.14-16    

Folic acid, the synthetic form of vitamin B9, has 

emerged as a promising nutrient for promoting 

endothelial health and improving vascular function. 

While its primary role is in DNA synthesis and cell 

division, it also exerts pleiotropic effects on the 

cardiovascular system, including a significant impact 

on endothelial function. One of the key mechanisms 

by which folic acid improves endothelial function is by 

enhancing the production of NO. Several studies have 

demonstrated that folic acid supplementation 

increases NO bioavailability, leading to improved 

vasodilation and reduced blood pressure. 

Tetrahydrobiopterin (BH4) regeneration is an essential 

cofactor for endothelial nitric oxide synthase (eNOS), 

the enzyme responsible for NO production. Folic acid 

supplementation has been shown to increase BH4 

levels, thereby enhancing eNOS activity and 

promoting NO synthesis. Oxidative stress, caused by 

an excess of reactive oxygen species (ROS), can impair 

NO production and contribute to endothelial 

dysfunction. Folic acid acts as an antioxidant, 

scavenging ROS and protecting eNOS from oxidative 

damage. This antioxidant effect helps to maintain NO 

bioavailability and improve endothelial function. Folic 

acid may also influence the expression of eNOS at the 

gene level. Some studies suggest that it can upregulate 

eNOS expression, leading to increased NO production 

and improved vascular function. Modulation of 

Arginine Metabolism: Arginine is the substrate for NO 

synthesis. Folic acid may enhance arginine availability 

by promoting its uptake and recycling, thereby 

facilitating NO production.17-19    

In addition to enhancing NO production, folic acid 

also appears to reduce the release of vasoconstrictors 

from the endothelium. This further contributes to 

improved vascular tone and blood pressure regulation. 

Endothelin-1 is a potent vasoconstrictor produced by 

endothelial cells. Folic acid supplementation has been 

shown to decrease endothelin-1 levels, leading to 

vasodilation and reduced blood pressure. Angiotensin 

II, a key component of the renin-angiotensin-

aldosterone system (RAAS), is another potent 

vasoconstrictor. Folic acid may attenuate the activity 

of the RAAS, leading to decreased angiotensin II levels 

and improved vascular function. Chronic 

inflammation and oxidative stress are major 

contributors to endothelial dysfunction and 

cardiovascular disease. Folic acid exerts both anti-

inflammatory and antioxidant effects, which may 

further contribute to its beneficial impact on 

endothelial function.  Folic acid has been shown to 

modulate various inflammatory pathways, reducing 

the production of pro-inflammatory cytokines and 

adhesion molecules. This anti-inflammatory action 

helps to protect the endothelium from damage and 

dysfunction, promoting vascular health. Folic acid 

acts as a potent antioxidant, scavenging ROS and 

preventing oxidative damage to endothelial cells.20-22  

This antioxidant activity helps to maintain NO 

bioavailability and improve endothelial function. The 

ability of folic acid to improve endothelial function has 

important clinical implications for the prevention and 

management of cardiovascular disease. By enhancing 

NO production, reducing vasoconstrictor release, and 

mitigating inflammation and oxidative stress, folic 

acid may contribute to Improved endothelial function 

leading to vasodilation and decreased vascular 

resistance, resulting in lower blood pressure. This 

effect has been observed in numerous clinical trials 
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and meta-analyses, supporting the use of folic acid as 

an adjunctive therapy for hypertension management. 

Endothelial dysfunction is a key driver of 

atherosclerosis, the underlying cause of many 

cardiovascular events. By improving endothelial 

function, folic acid may help to prevent or slow the 

progression of atherosclerosis, thereby reducing the 

risk of heart attack, stroke, and other cardiovascular 

complications. The microcirculation, the network of 

tiny blood vessels that deliver oxygen and nutrients to 

tissues, is particularly vulnerable to the effects of 

endothelial dysfunction. Folic acid supplementation 

may enhance microvascular function, improving blood 

flow to vital organs and promoting overall health.21-23 

 

5. Conclusion 

This meta-analysis underscores the potential of 

folic acid supplementation as a valuable adjunctive 

therapy in the management of hypertension. The 

evidence consistently points towards its ability to 

significantly reduce blood pressure, particularly 

systolic and diastolic blood pressure, with a favorable 

safety profile. Beyond blood pressure control, folic acid 

supplementation also shows promise in improving 

secondary outcomes relevant to cardiovascular health. 

The observed reductions in BMI and improvements in 

lipid profile parameters, including total cholesterol, 

LDL cholesterol, HDL cholesterol, and triglycerides, 

suggest a broader beneficial impact on cardiovascular 

risk factors. The subgroup analyses further highlight 

the potential for personalized folic acid 

supplementation, suggesting that individuals with low 

baseline folate levels, higher baseline blood pressure, 

and those who can adhere to longer durations of 

supplementation and higher dosages may experience 

greater benefits. 
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