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Folate (5-MTHF) at a Glance

In adults with chronic kidney disease and in type-2 diabetes, folate-based administration lowered homocysteine levels &°.

In healthy aging and mild cognitive impairment, folic acid, vitamin B12 and vitamin B6, individually or combined, lowered homocysteine levels .

In coronary heart disease, oral folic acid lowered homocysteine levels and raised plasma folate levels '°%; in non-alcoholic fatty liver disease, the difference

from placebo was narrowly not confirmed °4.

Two meta-analyses found a lower stroke risk with folic acid '*. Around conception, according to systematic reviews, folic acid reduced neural tube defects
910

We evaluated 290 human studies on Folate (5-MTHF), including 190 randomised controlled trials and 36 meta-analyses or systematic reviews; the controlled
studies include 94,925 participants in total. As of 4 October 2026.

1. What Is Folate (5-MTHF)? Occurrence, Origin and Forms

Folate is a group of water-soluble B vitamins that includes 5-methyltetrahydrofolate (5-MTHF), the form circulating in blood. Folate occurs naturally in green
leafy vegetables, legumes and citrus fruit, while the oxidised, synthetically produced form is called folic acid. Common uses are a folate-rich diet,
fortification of staple foods and folate supplements around pregnancy.

Folate occurs in green leafy vegetables, legumes, citrus fruit and liver, and 5-MTHF is the predominant form in blood. Fortified flours and cereal products
can be an additional source.

Folic acid is produced synthetically and added in this stable form to supplements and fortified foods. Studies mainly examine folic acid, 5-MTHF as a salt
and folinic acid, each given as a tablet, capsule or fortified food.

Forms and Preparations Studied

« Folic acid (synthetic, oxidised form)

* 5-MTHF (5-methyltetrahydrofolate)

« Folinic acid (5-formyltetrahydrofolate)
« Dietary folates as polyglutamates

« Fortified foods and flours
Not covered on this page:

« Vitamin B12 (cobalamin) — often studied together, but a substance of its own.
« Methotrexate and other folate antagonists — drugs that interfere with folate metabolism.
« Homocysteine — a metabolic intermediate and measured marker, not folate itself.

« Folate deficiency - a deficiency state, not the substance.

2. What Does Folate (5-MTHF) Do? Results by Area

AREA RESULT IN CONTROLLED STUDIES STRENGTH OF EVIDENCE STUDIES PARTICIPANTS
Homocysteine metabolism mostly improved high 3 meta-analyses - 47 controlled - 12 other 10,552

Heart and circulation mixed moderate 3 meta-analyses - 25 controlled - 9 other 25,691
Cognition and memory mixed moderate 0 meta-analyses - 8 controlled - 9 other 3,018
Pregnancy and neural tube development mostly improved moderate 3 meta-analyses - 1 controlled - 12 other 0

Blood formation and anaemia mostly no difference low 3 meta-analyses - 6 controlled - 1 other 1,348

Fertility mostly no difference unclear 0 meta-analyses - 2 controlled - 4 other 70

Other investigations mixed high 8 meta-analyses - 97 controlled - 41 other 27,084

How to read the table: counted are human studies whose results concern the area. "High"” means at least one meta-analysis and two controlled studies
showing improvement, or at least three controlled studies of which three quarters show improvement, with at least 300 participants in total. “Moderate”
means at least two controlled studies showing improvement, as a majority, or one meta-analysis alongside controlled studies. “Low" means one controlled
study showing improvement. Where an area has no controlled study, the strength of evidence is at most “low" (result “reviews only” or “observational data
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only"). Everything else is “unclear”. A study counts as showing improvement when at least half of its outcomes in this area improved. Reviews of
combination products do not count as meta-analyses; results that only describe side effects or shares of users do not count as an effect. The same study is
counted only once.

3. What the Studies Show in Detail

Folate (5-MTHF) and Homocysleine Metabolism: Human Studies

In adults with chronic kidney disease, folate-based supplementation lowered homocysteine levels; this was shown by a meta-analysis . In adults with type-
2 diabetes, a meta-analysis also found a lowering of homocysteine levels °. A network meta-analysis on healthy aging and mild cognitive impairment found
lower homocysteine levels with folic acid, vitamin B12 and vitamin B6, individually or combined '. In coronary heart disease, oral folic acid lowered
homocysteine levels and raised plasma folate levels '°%; in non-alcoholic fatty liver disease, the difference from placebo was narrowly not confirmed 4. In
direct comparison, 5-methyltetrahydrofolate and folic acid lowered homocysteine equally strongly 2°'°%. No difference in homocysteine was found by a
higher versus a lower folic acid dose in pregnancy '“® and folic acid versus placebo in children with sickle cell anemia 2. The findings predominantly
concern laboratory values; whether a clinical benefit follows from this is open.

STUDY DESIGN - PARTICIPANTS PREPARATION - DOSE - DURATION - COMPARISON

7 Lassi et al. systematic review - 17,771 participants oral folic acid, alone or with other micronutrients; vs. no folic acid (placebo or same micronutrients without folic ac
2013

8 Chan et al. meta-analysis - 8,625 participants Folate-based supplementation (folic acid or alternative folate forms); not reported; subgroup analysis by higher fo
2026

1’ meta-analysis - 426 participants Folic acid supplementation; vs. Placebo

Mokgalaboni

etal. 2024

8 Liu et al. meta-analysis folic acid alone or with DHA, vitamin B12, vitamin B6; vs. other nutritional supplements or control

2026

22 Yin et al. meta-analysis Folic acid plus vitamin B12 (26 studies), plus B6 (1), plus B12+B6 (2); vs. Control groups of included RCTs

2025

24 Benvidi et meta-analysis B-vitamin supplementation, including folic acid; vs. Diabetic controls without nephropathy or placebo/control

al. 2025

%5 Leeetal. meta-analysis Vitamin B12 and folic acid; 6 months; vs. Placebo

2024

34 Wang et randomised controlled - 3,411 participants Aged garlic and steam-distilled garlic oil; vitamin C, vitamin E, selenium; Not reported; 7.3 years; vs. Placebo, 2(3)
al. 2009

Further studies in this area: 41 49 5154 63 66 69 7173 74 76 78 80 84 87 94 95 99 100 101 102 103 105 106 108 109 111 113 115 117 118 121 122 123 124 125 128 139 142 143 146 147 151 152 164 166
170 180 189 190 191 195 201 215

Folate (5-MTHF), Heart and Circulation: Human Studies

Two meta-analyses found a lower stroke risk with folic acid '°, especially in areas without grain fortification and in people without previous stroke or heart
attack °. In a large randomized controlled trial, enalapril plus folic acid reduced the risk of a first stroke more than enalapril alone 2. Folic acid improved
flow-mediated dilation in coronary heart disease '°¢, but not in healthy adults "', In postmenopausal women, nighttime blood pressure fell with 5-
methyltetrahydrofolate, but not with placebo '?4. For cardiovascular events and mortality with folate administration in chronic kidney disease, no difference
was found &. The lipid profile also did not improve with folic acid in non-alcoholic fatty liver disease °“. In a randomized controlled trial with folic acid plus
methylcobalamin in type-2 diabetes, there was likewise no difference in the serum lipid profile ®”. A meta-analysis on folic acid plus vitamin B6 and vitamin
B12 in people at high stroke risk found a reduction in total stroke risk 2. A randomized controlled trial with 5-methyltetrahydrofolate plus vitamin B6 and
vitamin B12 as well as n-3 fatty acids in factorial arms showed no difference in blood pressure . A randomized controlled trial with a mixed preparation of
garlic extract, vitamin B12, folic acid, vitamin B6 and L-arginine reported a lower progression of coronary calcium . The robustness is moderate; it remains
open whether the stroke benefits also exist with grain fortification and in people who are already ill.

STUDY DESIGN - PARTICIPANTS PREPARATION - DOSE - DURATION - COMPARISON

TAnetal. meta-analysis - 883,627 participants folic acid as part of micronutrient supplementation; vs. control group without folic acid supplementation
2022

2 Nguyen et meta-analysis - 673,624 participants Vitamin B6 + B12 + folic acid (combination); vs. Control group and other non-pharmacological interventions
al. 2026

3 Zhang et meta-analysis - 115,559 participants Folic acid supplementation, alone or in combination; not reported; not reported; vs. Placebo or control

al. 2024
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STUDY DESIGN - PARTICIPANTS PREPARATION - DOSE - DURATION - COMPARISON

& Chan et al. meta-analysis - 8,625 participants Folate-based supplementation (folic acid or alternative folate forms); not reported; subgroup analysis by higher
2026

9 De-Regil systematic review - 7,391 participants Folic acid alone or with other vitamins and minerals; 400 pg (0.4 mg) or higher daily; periconceptional; vs. no int
etal. 2015

15 meta-analysis - 426 participants Folic acid supplementation; vs. Placebo

Mokgalaboni

etal. 2024

32 Zhao et randomised controlled - 20,702 participants Enalapril plus folic acid vs. enalapril alone; median 4.5 years; vs. enalapril alone

al. 2017

37 S5zabo et randomised controlled - 2,501 participants 5-methyl-THF 560 pg plus vitamin B6 3 mg and vitamin B12 20 pg; 560 pg 5-MTHF daily, two capsules daily; me
al. 2012

Further studies in this area: 5163 65 69 87 94 95 99 101 105 106 108 111 112 114 115 117 118 121 124 125 136 152 177 190 210 213 215 216

Folate (5-MTHTF), Cognition and Memory: Human Studies

For cognition and memory, the controlled studies show a mixed picture. In a randomized controlled trial, folic acid improved total IQ, digit span and block
design compared with the control in older people with mild cognitive impairment 7'. A meta-analysis on folic acid plus vitamin B12 in Alzheimer's disease
found a better MMSE score, but no difference in ADAS-Cog and everyday function 2°. Folic acid plus methylcobalamin in mild cognitive impairment % and
folic acid plus vitamin B12 in schizophrenia '°* remained without a confirmed difference. A re-analysis of a placebo-controlled study found a benefit of folic
acid for cognition only with low omega-3 fatty acid status "°°. The robustness is moderate. Several studies tested folic acid together with vitamin B12,
vitamin B6, vitamin D3 or omega-3 fatty acids, so the effect cannot be reliably attributed to folate alone 3°6°66"6 |t remains open whether the improvements
in individual test scores under folic acid are confirmed in larger studies and are clinically meaningful.

STUDY DESIGN - PARTICIPANTS PREPARATION - DOSE - DURATION - COMPARISON

5 Zhang meta-analysis - 42,768 participants folate-based B vitamin supplements, folic acid alone or in combination; vs. placebo or countries with versus without 1
etal.
2024

8 Liu et meta-analysis folic acid alone or with DHA, vitamin B12, vitamin B6; vs. other nutritional supplements or control
al. 2026

25 L ee et meta-analysis Vitamin B12 and folic acid; 6 months; vs. Placebo
al. 2024
39 randomised controlled - 1,748 participants 5-methyltetrahydrofolate plus vitamins B6 and B12, partly with omega-3 fatty acids; folate 0.56 mg, B6 3 mg, B12 0.0
Andreeva

etal.

20M

60 | ju et randomised controlled - 402 participants Folic acid alone or folic acid plus 1600 IU vitamin D3; Folic acid dose not reported; vitamin D3 1600 IU; 24 weeks; vs.
al. 2024

%6 Gong randomised controlled - 279 participants 500 pg methylcobalamin plus 400 pg folic acid or placebo; 400 pg folic acid + 500 pg methylcobalamin daily; 24 mol
etal.

2022

9 Xie et randomised controlled - 215 participants oral thiamin 90 mg/day plus folic acid 30 mg/day; folic acid 30 mg/day, thiamin 90 mg/day; 96 weeks; vs. placebo
al. 2026

7" Ma et randomised controlled - 180 participants Oral folic acid; 400 pg/day; 6 months; vs. Conventional treatment (control group)

al. 2016

Further studies in this area: 82 103 116 160 195 198 201 203 205

Folate (5-MTHF), Pregnancy and Neural Tube Development: Human Studies

A systematic review found that with folic acid, alone or with other vitamins and minerals, there were overall fewer neural tube defects, including recurrence
after an affected pregnancy °. The earlier version of this review reached the same conclusion; for first occurrence, only one study without a confirmed
difference was available °. Mainly folic acid was tested, sometimes in combination products with other vitamins and minerals ®'°. It remains open whether 5-
methyltetrahydrofolate is equivalent to folic acid in protecting against neural tube defects, because the reviews are based on studies with folic acid.

STUDY DESIGN - PARTICIPANTS PREPARATION - DOSE - DURATION - COMPARISON
7 Lassi et systematic review - 17,771 participants oral folic acid, alone or with other micronutrients; vs. no folic acid (placebo or same micronutrients without folic acid)
al. 2013
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STUDY DESIGN - PARTICIPANTS PREPARATION - DOSE - DURATION - COMPARISON

9 De-Regil systematic review - 7,391 participants Folic acid alone or with other vitamins and minerals; 400 ug (0.4 mg) or higher daily; periconceptional; vs. no interven
etal. 2015

0 pe- systematic review - 6,105 participants Folic acid alone or with other vitamins and minerals; periconceptional (before and during early pregnancy); vs. no inte
Regil et al.
2010

21 Xu et al. meta-analysis serum folate levels (no folate supplement given); vs. RLS patients vs. non-RLS patients
2025

138 randomised controlled MMS with folic acid and iron vs. iron-folic acid (IFA); Jan 2023 to Dec 2024; vs. MMS versus IFA in routine antenatal ¢
Tessema
etal.

2026

180 cross-sectional study - 561 participants no intervention; measurement of plasma folate, cobalamin, tHcy, MMA; vs. no comparison; association with socio-ecc
Schwinger

etal. 2021

8T yan et study - 511 participants Folic acid supplementation within a lifestyle program; 24 weeks; vs. Before-and-after comparison without control grot
al. 2020

183 John cross-sectional study - 420 participants Serum folate measurement; no folate administration studied; vs. women with vs. without iron/folic acid supplementatic
etal.
2023

Further studies in this area: 187 197 200 201 203 206 212 214

Folate (5-MTHTF), Blood Formation and Anaemia: Human Studies

A randomized controlled trial with synthetic folic acid found an increase in red blood cell folate compared with placebo "', In contrast, a randomized
controlled trial with 5-MTHF glucosamine salt compared with folic acid found no difference in red blood cell folate °, and the hematological measurements
also did not differ from placebo under folic acid '?2. For hemoglobin, two systematic reviews on folic acid showed no difference '°2°. The evidence is low;
synthetic folic acid, 5-MTHF and a multiple-fortified table salt with folic acid, iron, zinc, vitamin B12 and iodine were tested “°. It remains open whether this
results in advantages in anemia.

STUDY DESIGN - PARTICIPANTS PREPARATION - DOSE - DURATION - COMPARISON

7 Lassi et systematic review - 17,771 participants oral folic acid, alone or with other micronutrients; vs. no folic acid (placebo or same micronutrients without folic acic
al. 2013

16 Dixit et systematic review - 117 participants Folic acid tablets vs. placebo (calcium lactate); 1 mg folic acid orally daily; one year; vs. placebo (calcium lactate)
al. 2018

26 Arrey et systematic review Folic acid supplements; vs. no comparator; review of studies from the last 10 years

al. 2024

49 Goh et randomised controlled - 998 participants Quintuply-fortified salt (QFS) with folic acid, iron, zinc, vitamin B12, iodine; Salt disappearance 6.0 g/adult female eq
al. 2025

74 randomised controlled - 149 participants folate-rich diet, 5-MTHF or folic acid vs. placebo; daily 200 ug folate from diet, 200 pg 5-MTHF or 200 pg folic acid,;
Zappacosta

etal. 2013

80 Ernawati randomised controlled - 110 participants 5-MTHF glucosamine salt vs. folic acid; 1100 pg 5-MTHF vs. 600 pg folic acid, equimolar; 12 weeks; vs. folic acid 6C
etal. 2026

122 williams randomised controlled - 31 participants folic acid 1 mg/d versus placebo; 1 mg/d; 12 = 1 wk, then 12 + 1 wk washout, cross-over; vs. placebo, double-blind rz
etal. 2025
51 Duthie randomised controlled Synthetic folic acid; 1.2 mg folic acid daily; 12 weeks; vs. Placebo
et al. 2010
165 184

Further studies in this area:

Folate (5-MTHF) and Fertility: Human Studies

In men with unexplained infertility, a randomized controlled trial found no differences in semen parameters compared with placebo under folic acid with
selenium and vitamin E 2. A randomized controlled trial with folic acid plus zinc also found no differences in sperm DNA methylation and epigenetic age of
sperm "4, Both controlled trials tested folic acid only in combination with other substances, so an effect cannot be attributed to folate alone. A meta-analysis
on folic acid plus zinc in men with infertility reports promising semen parameters, but leaves the pregnancy rate open *'. The evidence is overall unclear;
folic acid was studied as a tablet in mixed preparations.
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STUDY

31
Buhling
etal.
2019

92

Bahmyari
etal.
2021

144

Jenkins
etal.
2022

173
Regidor
etal.
2018

204

Ramgir-
Naidu et
al. 2026

217 ya0
etal.
2016

DESIGN - PARTICIPANTS

meta-analysis

randomised controlled - 70 participants

randomised controlled

study - 3,602 participants

review

review

Folate (5-MTHF)

PREPARATION - DOSE - DURATION - COMPARISON

Folic acid plus zinc, oral supplementation; folic acid 5 mg/day, zinc 66 mg/day; vs. placebo (randomized, double-blind)

Folic acid tablet plus selenium tablet and vitamin E capsule; folic acid 5 mg/day oral; 3 months; vs. placebo

Folic acid 5 mg plus elemental zinc 30 mg daily; 5 mg folic acid, 30 mg zinc daily; 6 months; vs. Placebo

myo-inositol + folic acid; 2 x 2000 mg myo-inositol + 2 x 200 ug folic acid/day; 2-3 months, mean use 10.2 weeks; vs. ¢

Folate among other micronutrients

Combination of zinc and folate; vs. Placebo or other therapies (not specified)

Folate (5-MTHTF): Further Outcomes in Studies

Under "Further investigations" are studies on very different questions; the results are mixed. Folic acid lowered the first occurrence of colorectal adenomas
in a randomized controlled trial in older adults without prior findings 2. In children with autism, high-dose folinic acid improved social reciprocity compared
with the control #°. In Rett syndrome, 5-MTHF in the cerebrospinal fluid increased under folinic acid, but an objective clinical improvement did not occur "3,
Folic acid, 5-MTHF, folinic acid and dietary folates as polyglutamate were studied. It remains open which form and dose are most suitable for which
population group and whether the observed laboratory changes also bring clinical advantages in the long term.

STUDY

6 Luo et
al.
2024

& Chan
etal.
2026

° De-
Regil et
al. 2015

10 De-
Regil et
al. 2010

12 Qi et
al.
2026

13
Sakuma
etal.
2018

4 Bae
etal.
2021

16 Dixit
etal.
2018

DESIGN - PARTICIPANTS

meta-analysis - 34,700 participants

meta-analysis - 8,625 participants

systematic review - 7,391 participants

systematic review - 6,105 participants

systematic review - 3,486 participants

meta-analysis - 925 participants

systematic review - 822 participants

systematic review - 117 participants

ih-research.com/en/knowledge/folate/

PREPARATION - DOSE - DURATION - COMPARISON

B vitamins (folate, B6, B12); vs. Placebo or control

Folate-based supplementation (folic acid or alternative folate forms); not reported; subgroup analysis by higher folate dos:

Folic acid alone or with other vitamins and minerals; 400 pg (0.4 mg) or higher daily; periconceptional; vs. no intervention,

Folic acid alone or with other vitamins and minerals; periconceptional (before and during early pregnancy); vs. no interven

Folic acid alone or with iron/vitamins/minerals; mostly >1.0 mg/day; one trial 400 pg/day; vs. Placebo or no folic acid, both

Folic acid, methylfolate, or folinic acid added to antipsychotics; vs. Placebo plus antipsychotics

folic acid supplements, partly with creatine; 400 pg/d or 800 pg/d; 12 or 24 weeks; vs. placebo, creatine alone, or no inter'

Folic acid tablets vs. placebo (calcium lactate); 1 mg folic acid orally daily; one year; vs. placebo (calcium lactate)
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Further studies in this area: 17 18 20 21 22 23 24 25 26 27 28 29 30 34 36 38 41 42 47 48 49 50 52 53 54 55 56 57 59 61 62 63 64 65 67 68 69 70 7172 73 75 76 77 78 79 80 81 82 83 85 86 87
88 89 90 91 93 94 96 97 98 102 103 104 106 107 110 111 112 116 119 120 122 123 124 126 127 129 130 131 132 133 134 135 137 139 140 141 145 146 148 149 150 151 152 153 154 155 156 157 158 159 161 162 163

164 165 167 168 169 171 172 173 174 175 176 178 179 182 185 186 188 189 190 191 192 193 194 196 198 199 201 202 207 208 209 211

4. How Is Folate (5-MTHF) Dosed? Preparation, Dose and Duration in Studies

The studies predominantly used oral folic acid and 5-methyltetrahydrofolate, and partly also folinic acid as well as dietary folates as polyglutamate within a
green-Mediterranean diet. Some of the investigations tested folic acid or 5-methyltetrahydrofolate in mixed preparations with vitamin B12, vitamin B6,

omega-3 fatty acids or other micronutrients. The exact doses and intake durations are shown in the table.

PREPARATION OR
FORM

Enalapril plus folic
acid vs. enalapril
alone

Multiple micronutrient
supplement (MMS) vs.
iron-folic acid (IFA)

Aged garlic and
steam-distilled garlic
oil; vitamin C, vitamin
E, selenium

routine iron folic acid
(IFA) vs. MMN vs.
MQ-LNS

5-MTHF plus vitamin
B6 and B12, some also
omega-3 fatty acids

5-methyl-THF 560 pg
plus vitamin B6 3 mg
and vitamin B12 20 pg

5_
methyltetrahydrofolate
plus vitamins B6 and
B12

5_
methyltetrahydrofolate
plus vitamins B6 and
B12, partly with
omega-3 fatty acids

Standard supplement
(folic acid, iron,
calcium, iodine, B-
carotene) vs. added
myo-inositol,
probiotics,
micronutrients

Folic acid
supplementation

Folic acid

Weekly folic acid
alone, iron+folic acid,
or multiple
micronutrients before
conception; daily
iron+folic acid during
pregnancy

IFA (iron and folic
acid) vs. MMS
(multiple micronutrient
supplements)

DOSE

Not reported

IFA: 60 mg iron + folic acid; MMN: 20 micronutrients + 30 mg iron; MQ-LNS: 30 mg iron + 237 kcal

5-MTHF 0.56 mg, B6 3 mg, B12 0.02 mg daily

560 pg 5-MTHF daily, two capsules daily

0.56 mg 5-MTHF, 3 mg B6, 0.02 mg B12

folate 0.56 mg, B6 3 mg, B12 0.02 mg, EPA/DHA 600 mg (2:1)

0 mg to 2.4 mg once daily

ih-research.com/en/knowledge/folate/

DURATION

median 4.5 years

Supplementation during pregnancy

7.3 years

5 years

median 4-7 years (assessment up to 5 years)

median 4.7 years

4 years

up to 12 months

6 months

8 weeks

Preconception until conception, then daily duril

IFA 90 days; MMS 180 days
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PREPARATION OR

phmente DOSE DURATION

IFA (iron + folic acid) 60 mg/d Fe + 400 pg/d folic acid; MMN 250 pg/d iodine; LNS 20 g/d until childbirth

vs. MMN (18

vitamins/minerals incl.

iodine) vs. SQ-LNS

LNS, MMN or iron plus — Pregnancy to 6 months postpartum; child LNS

folic acid (IFA); LNS
group additionally 6-
18 months

5. Is Folate (5-MTHF) Safe? Side Effects in Studies

In a study with high-dose folinic acid in children with autism, no significant side effects occurred 6. A systematic review reports no evidence of short-term
side effects '°. In a randomized controlled trial, prostate cancer was diagnosed more frequently with folic acid than with placebo 2. Details are shown in the
table.

STUDY REPORTED SIDE EFFECTS

3 Zhang et al. 2024 not reported

4 Finkelstein et al. 2024 Adverse effects: RR 1.29, 95% CI 0.83 to 2.02; very low-certainty evidence

8 Chan et al. 2026 adverse events comparable to controls

9 De-Regil et al. 2015 no evidence of negative effects reported

10 De-Regil et al. 2010 no evidence of short-term side effects

1 Zhou et al. 2024 Safety ranked by SUCRA; folic acid not among top 3

13 Sakuma et al. 2018 Lower incidence of serious adverse events; no differences in other safety outcomes

16 Dixit et al. 2018 no significant differences in infections reported

19 Dhiman et al. 2026 Intermittent regimens had fewer gastrointestinal adverse effects

22 Yin et al. 2025 Overall incidence and specific types of diabetes-related complications as safety outcomes
34 Wang et al. 2009 Not reported

58 Huda et al. 2019 Abdominal pain, indigestion, diarrhea and black stool significantly higher with ferrous sulfate

6. What Remains Open: Limits of the Evidence

= Most findings concern laboratory values such as homocysteine or folate levels; whether a clinical benefit follows from this is open.

« Many studies tested folic acid only in mixed preparations, so the effect cannot be reliably attributed to folate alone.

« The stroke benefits have been observed mainly in areas without grain fortification; whether they also exist in people who are already ill remains open.
« For cognition, blood formation and fertility, there are only a few controlled studies with folic acid alone.

« Which form and dose is most suitable for which population group has not been clarified.

7. Bottom Line: What Is Established About Folate (5-MTHF)

According to systematic reviews, folic acid reduced neural tube defects, alone or with other vitamins and minerals °'°. In meta-analyses and controlled trials,
folic acid and 5-methyltetrahydrofolate lowered homocysteine levels, for example in chronic kidney disease, type 2 diabetes and coronary heart disease
815106 |n direct comparison, 5-methyltetrahydrofolate and folic acid lowered homocysteine to a similar extent £°'°%: a higher dose during pregnancy '“® and
folic acid in children with sickle cell anemia 22 did not change homocysteine. For the heart and circulation, two meta-analyses found a lower stroke risk with
folic acid '%; the results on vascular function and blood pressure are mixed 0617124,

For cognition, the evidence is moderate; for blood formation and fertility, it is low to unclear; several studies tested folic acid only together with other
substances 3°°?144_ |t remains open whether the observed laboratory changes bring clinical benefits in the long term and which form and dose are most
suitable for which population group.
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Frequently Asked Questions

How well has Folate (3-MTHF) been studied in humans?

We evaluated 290 human studies on Folate (5-MTHF), including 190 randomised controlled trials and 36 meta-analyses or systematic reviews; the
controlled studies include 94,925 participants in total. As of 4 October 2026.

Does Folate (5-MTHF) help with homocysteine metabolism? What the studies show

We evaluated 3 meta-analyses or systematic reviews, 47 controlled studies and 12 further studies; the controlled studies include 10,552 participants in

total. Result of the controlled studies: mostly improved. Strength of evidence under our published rules: high. Sources: 781518

Does Folate (5-MTHF) help with heart and circulation? What the studies show

We evaluated 3 meta-analyses or systematic reviews, 25 controlled studies and 9 further studies; the controlled studies include 25,691 participants in

total. Result of the controlled studies: mixed. Strength of evidence under our published rules: moderate. Sources: 3¢

Does Folate (5-MTHF) help with cognition and memory? What the studies show

We evaluated 8 controlled studies and 9 further studies; the controlled studies include 3,018 participants in total. Result of the controlled studies:
mixed. Strength of evidence under our published rules: moderate. Sources: 253°

Does Folate (3-MTHF) help with pregnancy and neural tube development? What the studies show

We evaluated 3 meta-analyses or systematic reviews, one controlled study and 12 further studies. Result of the controlled studies: mostly improved.
Strength of evidence under our published rules: moderate. Sources: 79'°?!

Does Folate (5-MTHF) help with blood formation and anaemia? What the studies show

We evaluated 3 meta-analyses or systematic reviews, 6 controlled studies and one further study; the controlled studies include 1,348 participants in

total. Result of the controlled studies: mostly no difference. Strength of evidence under our published rules: low. Sources: 7162649

Does Folate (5-MTHF) help with fertility? What the studies show

We evaluated 2 controlled studies and 4 further studies; the controlled studies include 70 participants in total. Result of the controlled studies: mostly
no difference. Strength of evidence under our published rules: unclear. Sources: 192144173

Does folic acid lower homocysteine levels?

In adults with chronic kidney disease and in type-2 diabetes, folate-based administration lowered homocysteine levels '°. In coronary heart disease,
oral folic acid lowered homocysteine levels and raised plasma folate levels '°°: in non-alcoholic fatty liver disease, the difference from placebo was
narrowly not confirmed °4.

Does folic acid affect stroke risk?

In a large randomized controlled trial, enalapril plus folic acid reduced the risk of a first stroke more than enalapril alone *2. Whether this benefit also
exists with grain fortification and in people who are already ill remains open.

Does folic acid affect cognition and memory?

For cognition and memory, the controlled studies show a mixed picture. In a randomized controlled trial, folic acid improved total 1Q, digit span and
block design compared with the control in older people with mild cognitive impairment ”'. A meta-analysis on folic acid plus vitamin B12 in Alzheimer's
disease found a better MMSE score, but no difference in ADAS-Cog and everyday function 2°. Folic acid plus methylcobalamin in mild cognitive
impairment ©© and folic acid plus vitamin B12 in schizophrenia '°® remained without a confirmed difference. A secondary analysis of a placebo-
controlled study found a benefit of folic acid for cognition only with low omega-3 fatty acid status '®°. Several studies investigated mixed preparations,
so the effect cannot be reliably attributed to folate alone.
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Which forms of folate were used in the studies?

The studies predominantly used oral folic acid and 5-methyltetrahydrofolate, and partly also folinic acid as well as dietary folates as polyglutamate
within a green-Mediterranean diet. Some of the investigations tested folic acid or 5-methyltetrahydrofolate in mixed preparations with vitamin B12,
vitamin B6, omega-3 fatty acids or other micronutrients. The exact doses and intake durations are shown in the table.

How well tolerated is folic acid?

A systematic review reports no evidence of short-term side effects '°. In a randomized controlled trial, prostate cancer was diagnosed more frequently
with folic acid than with placebo °2.
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Micronutrient Supplementation to Reduce Cardiovascular Risk
An P, Wan S, Luo Y, Luo J, Zhang X, Zhou S et al. - 2022

Comparative Effects of Non-Pharmacological Interventions for Stroke Prevention in Adults: A
Network Meta-Analysis
Nguyen NQ, Ta KT, Chuang KJ - 2026

Folic acid supplementation for stroke prevention: A systematic review and meta-analysis of
21randomized clinical trials worldwide
Zhang N, Zhou Z, Chi X, Fan F, Li S, Song Y et al. - 2024

Daily oral iron supplementation during pregnancy
Finkelstein JL, Cuthbert A, Weeks J, Venkatramanan S, Larvie DY, De-Regil LM et al. - 2024

A Comparative Study Evaluating the Effectiveness of Folate-Based B Vitamin Intervention on
Cognitive Function of Older Adults under Mandatory Folic Acid Fortification Policy: A
Systematic Review and Meta-Analysis of Randomized Controlled Trials

Zhang L, Chen X, Chen Y, Yan J, Huang G, Li W - 2024

B vitamins and bone health: a meta-analysis with trial sequential analysis of randomized
controlled trials
Luo Y, Zheng S, Jiang S, Yang G, Pavel V, JiH et al. - 2024

Folic acid supplementation during pregnancy for maternal health and pregnancy outcomes
Lassi ZS, Salam RA, Haider BA, Bhutta ZA - 2013

Effect of Folate-Based Supplementation in Kidney Disease: A Systematic Review and Meta-
analysis of Kidney, Cardiovascular, and Mortality Outcomes
Chan WL, Jiao Y, Chim KCY, Lederman Z, Tang SCW, Rainer TH - 2026

Effects and safety of periconceptional oral folate supplementation for preventing birth
defects
De-Regil LM, Pefia-Rosas JP, Fernandez-Gaxiola AC, Rayco-Solon P - 2015

Effects and safety of periconceptional folate supplementation for preventing birth defects
De-Regil LM, Fernandez-Gaxiola AC, Dowswell T, Pefa-Rosas JP - 2010

Safety and efficacy of antioxidant therapy in children and adolescents with attention deficit
hyperactivity disorder: A systematic review and network meta-analysis
Zhou P, Yu X, Song T, Hou X - 2024

Folic acid supplementation and malaria susceptibility and severity among people taking
antifolate antimalarial drugs in endemic areas
Qi YP, Crider KS, Gutman J, Centeno-Tablante E, Fothergill A, Daniels K et al. - 2026

Folic acid/methylfolate for the treatment of psychopathology in schizophrenia: a systematic
review and meta-analysis
Sakuma K, Matsunaga S, Nomura |, Okuya M, Kishi T, lwata N - 2018

Provision of folic acid for reducing arsenic toxicity in arsenic-exposed children and adults
Bae S, Kamynina E, Guetterman HM, Farinola AF, Caudill MA, Berry RJ et al. - 2021

Folic acid supplementation on inflammation and homocysteine in type 2 diabetes mellitus:
systematic review and meta-analysis of randomized controlled trials
Mokgalaboni K, Mashaba GR, Phoswa WN, Lebelo SL - 2024

Folate supplementation in people with sickle cell disease
Dixit R, Nettem S, Madan SS, Soe HHK, Abas AB, Vance LD et al. - 2018

The relationship between vitamin B9 (folate) supplementation and suicidality: a scoping
review
Noel C, Lombardi N, Price M, Herbert E, Lavigne JE - 2026

Nutritional supplements and cognition in healthy aging and mild cognitive impairment
patients: a systematic review and network meta-analysis

Liu X, Yang C, Wang X, Liao H, Liu H, Ma J et al. - 2026

Daily Versus Intermittent Oral Iron Supplementation for the Treatment of Anaemia in Low- and
Middle-Income Countries: A Systematic Review and Meta-analysis

Dhiman P, Zode M, Chowdhary R, Kumar P, Manna S, Chatterjee D et al. - 2026

Medical treatment of autism spectrum disorder in children: Current evidence, controversies,
and clinical challenges
Elbeltagi YM, Abd Rab El Rasool AQ, Elkashlan AM, Al-Beltagi M - 2026

Role of vitamins in the pathogenesis and treatment of restless leg syndrome: A systematic
review and meta-analysis
Xu XM, Ruan JH, Tao T, Xiang SL, Meng RL, Chen X - 2025

Effects of folic acid with vitamin B12/vitamin B6 intervention on serum homocysteine
metabolism and complications in patients with type 2 diabetes: a systematic review and
meta-analysis of randomized controlled trials

Yin'Y, Zhao Z, Wang X, Wu Q - 2025

Effects of water-soluble vitamins on glycemic control and insulin resistance in adult type 2
diabetes: an umbrella review of meta-analyses
Chai Y, Chen C, Yin X, Wang X, Yu W, Pan H et al. - 2025

The Homocysteine Paradox in Diabetic Nephropathy: A Comprehensive Meta-Analysis
Reveals Strong Biomarker Association but No Therapeutic Benefit from B-Vitamin
Supplementation

Benvidi H, Shafieizadegan S, Gholaminejad A - 2025

Role of vitamin B12 and folic acid in treatment of Alzheimer's disease: a meta-analysis of
randomized control trials
Lee CY, Chan L, Hu CJ, Hong CT, Chen JH - 2024

Folic Acid in the Treatment of Sickle Cell Disease: A Systematic Review
Arrey Agbor DB, Panday P, Ejaz S, Gurugubelli S, Prathi SK, Palou Martinez Y et al. - 2024

Dietary and Nutraceutical Interventions as an Adjunct to Non-Surgical Periodontal Therapy-A
Systematic Review
Woelber JP, Reichenbécher K, GroB T, Vach K, Ratka-Kriiger P, Bartha V - 2023

Mood Disorders in Youth: Complementary and Integrative Medicine
Saxena K, Kurian S, Kumar R, Arnold LE, Simkin DR - 2023

Impact of Methyl-Donor Micronutrient Supplementation on DNA Methylation Patterns: A
Systematic Review and Meta-Analysis of in vitro, Animal, and Human Studies

da Mota JCNL, Ribeiro AA, Carvalho LM, Esteves GP, Sieczkowska SM, Goessler KF et al. -
2023

Obesity is d with folate
Kose S, Sozlu S, Bollikbasi H, Unsal N, Gezmen-Karadag M - 2020
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Influence of oral vitamin and mineral supplementation on male infertility: a meta-analysis and
systematic review

Buhling K, Schumacher A, Eulenburg CZ, Laakmann E - 2019

EFFICACY OF FOLIC ACID SUPPLEMENTATION ON REDUCING THE RISK OF STROKE AMONG
HYPERTENSIVE PATIENTS

Zhao M, Qin X, Wang B, Li J, He M, Tang G et al. - 2017

Dietary diversity as a modifier of the effect of supplementation with multiple micronutrients
during pregnancy on low birth weight in a randomized controlled trial in Bangladesh

de Boer M, Thorne-Lyman AL, Shamim AA, Wu LS, Shaikh S, Ali H et al. - 2025

Long-term garlic or micronutrient st 1, but not anti-H pylori therapy,
increases serum folate or glutathione without affecting serum vitamin B-12 or homocysteine
in a rural Chinese population

Wang Y, Zhang L, Moslehi R, Ma J, Pan K, Zhou T et al. - 2009

Effect of prenatal multiple micronutrient supplements and medium-quantity lipid-based
nutritional supplements on maternal weight gain and infant birth weight in rural Niger: a
cluster-randomised trial

Rattigan SM, Garba S, Plikaytis B, Sudfeld C, Guindo O, Soumana | et al. - 2025

B vitamin and/or w-3 fatty acid supplementation and cancer: ancillary findings from the
supplementation with folate, vitamins B6 and B12, and/or omega-3 fatty acids (SU.FOL.OM3)
randomized trial

Andreeva VA, Touvier M, Kesse-Guyot E, Julia C, Galan P, Hercberg S - 2012

Effect of B-vitamins and n-3 PUFA supplementation for 5 years on blood pressure in patients
with CVD
Szabo de Edelenyi F, Vergnaud AC, Ahluwalia N, Julia C, Hercberg S, Blacher J et al. - 2012

Supplementation with B vitamins or n-3 fatty acids and depressive symptoms in
cardiovascular disease survivors: ancillary findings from the SUpplementation with FOLate,
vitamins B-6 and B-12 and/or OMega-3 fatty acids (SU.FOL.OM3) randomized trial
Andreeva VA, Galan P, Torres M, Julia C, Hercberg S, Kesse-Guyot E - 2012

Cognitive function after supplementation with B vitamins and long-chain omega-3 fatty
acids: ancillary findings from the SU.FOL.OM3 randomized trial
Andreeva VA, Kesse-Guyot E, Barberger-Gateau P, Fezeu L, Hercberg S, Galan P - 2011

Time-to-conception and clinical pregnancy rate with a myo-inositol, probiotics, and
micronutrient supplement: secondary outcomes of the NiPPeR randomized trial
Chan SY, Barton SJ, Loy SL, Chang HF, Titcombe P, Wong JT et al. - 2023

Defining the plasma folate concentration associated with the red blood cell folate
concentration threshold for optimal neural tube defects prevention: a population-based,
randomized trial of folic acid supplementation

Chen MY, Rose CE, Qi YP, Williams JL, Yeung LF, Berry RJ et al. - 2019

Effect of MTHFR C677T gene polymorphism on folic acid intervention in Chinese
hypertensive patients : a multicentered, randomized, double-blind, clinical trial
Zou J, Zhang Y, Tang L, Shi X, Chen G, Zhang X et al. - 2022

Preconception micronutrient supplementation positively affects offspring perceptual
reasoning at 10-11 years of age: follow-up of a randomized controlled trial in Vietnam
Nguyen PH, Tran LM, Khuong LQ, Nguyen PT, Van Nguyen B, Be TH et al. - 2026

Assessing the adherence and acceptability to iron and folic acid compared with multiple
micronutrient supplements during pregnancy: a cluster-randomized noninferiority trial in
Cambodia

Sauer C, Hoang MA, Kroeun H, Gupta AS, Ngik R, Sokchea M et al. - 2025

Consumption of multiple micronutrients or small-quantity lipid-based nutrient supplements
containing iodine at the recommended dose during pregnancy, compared with iron and folic
acid, does not affect women's urinary iodine concentration in rural Malawi: a secondary
outcome analysis of the iLINS DYAD trial

Adu-Afarwuah S, Arnold CD, Maleta K, Ashorn P, Ashorn U, Jorgensen JM et al. - 2021

Early-life nutritional supplementation protects against home environmental risks in Ghanaian
children's social-emotional development
Partington LC, Yuan H, Demuyakor ME, Adu-Afarwuah S, Guyer AE, Dewey KG et al. - 2025

Folic acid supplementation and risk of colorectal neoplasia during long-term follow-up of a
randomized clinical trial
Passarelli MN, Barry EL, Rees JR, Mott LA, Zhang D, Ahnen DJ et al. - 2019

The Effect of Quintuply-Fortified Salt on the Gut Microbiome of Nonpregnant Women of
Reproductive Age in Punjab, India: A Substudy of a Randomized, Community-Based Trial
Thompson L, Goh YE, Jamwal M, Singh BL, Brar GK, Arnold CD et al. - 2025

Effects of quintuply-fortified salt on the micronutrient status of females of reproductive age
in Punjab, India: a randomized, community-based trial
Goh YE, Duggal M, Das R, Manger MS, Jamwal M, Singh BL et al. - 2025

Baseline plasma total homocysteine and adenoma recurrence: results from a double blind
randomized clinical trial of aspirin and folate supplementation
Levine AJ, Grau MV, Mott LA, Ueland PM, Baron JA - 2010

Daily Folic Acid and/or Vitamin B12 Supplementation Between 6 and 30 Months of Age and
Cardiometabolic Risk Markers After 6-7 Years: A Follow-Up of a Randomized Controlled Trial
Manapurath R, Strand TA, Chowdhury R, Kvestad |, Yajnik CS, Bhandari N et al. - 2023

Folic acid and risk of prostate cancer: results from a randomized clinical trial
Figueiredo JC, Grau MV, Haile RW, Sandler RS, Summers RW, Bresalier RS et al. - 2009

The Folic Acid and Creatine Trial: Treatment Effects of Supplementation on Arsenic
Methylation Indices and Metabolite Concentrations in Blood in a Bangladeshi Population
Abuawad AK, Bozack AK, Navas-Acien A, Goldsmith J, Liu X, Hall MN et al. - 2023

Betaine and choline status modify the effects of folic acid and creatine supplementation on
arsenic methylation in a randomized controlled trial of Bangladeshi adults
Bozack AK, Howe CG, Hall MN, Liu X, Slavkovich V, llievski V et al. - 2021

Folic acid supplementation enhances arsenic methylation: results from a folic acid and
creatine supplementation randomized controlled trial in Bangladesh
Bozack AK, Hall MN, Liu X, llievski V, Lomax-Luu AM, Parvez F et al. - 2019

Folic Acid and Creatine as Therapeutic Approaches to Lower Blood Arsenic: A Randomized
Controlled Trial
Peters BA, Hall MN, Liu X, Parvez F, Sanchez TR, van Geen A et al. - 2015
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Supplementation with Folic Acid, but Not Creatine, Increases Plasma Betaine, Decreases
Plasma Dimethylglycine, and Prevents a Decrease in Plasma Choline in Arsenic-Exposed
Bangladeshi Adults

Hall MN, Howe CG, Liu X, Caudill MA, Malysheva O, llievski V et al. - 2016

Assessing the Efficacy of Bovine Lactoferrin to Correct Iron Deficiency Anemia in Non-
pregnant Non-lactating Women: A Randomized Controlled Trial (FS08-02-19)
Huda T, Dibley M, Arifeen S, Islam S, Ali N, Raihana S et al. - 2019

Effects of Quintuply-Fortified Salt on the Micronutrient Status of Children 12 to 59 Months of
Age in Punjab, India: Results from a Randomized, Community-Based, Household Trial
Long JM, Goh YE, Duggal M, Das R, Manger MS, Jamwal M et al. - 2026

Effects of Vitamin D3 Combined with Folic Acid on Domain and Specific Cognitive Function
among Patients with Mild Cognitive Impairment: A Randomized Clinical Trial
Liu W, Zheng D, Li X, Wang T, Wang L, Hao L et al. - 2024

Folic acid fortification of iodized salt improves the folate status of nonpregnant adult
Ethiopian females and does not impair their iodine status: a community-based, household-
randomized, dose-response trial

Tessema M, Nane D, Woldeyohannes M, Agbemafle |, McDonald CM, Arnold CD et al. - 2026

Provision of Salt at No Cost Does Not Affect Total Discretionary Salt Intakes among Adult
Females in Ethiopia: Secondary Analysis of a Community-Based Intervention Trial
Nane D, Fereja M, Agbemafle I, Arnold CD, Woldeyohannes M, McDonald CM et al. - 2026

5-methyltetrahydrofolate administration is associated with prolonged survival and reduced
inflammation in ESRD patients
Cianciolo G, La Manna G, Coli L, Donati G, D'Addio F, Persici E et al. - 2008

School-Based Weekly Iron-Folic Acid Supplementation and Its Effect on Mental Health
Outcomes Among Adolescent Girls in Central Ethiopia: A Cluster-Randomized Controlled Trial
Kedir S, Tamiru D, Ademe BW, Abate KH - 2026

Effect of green mediterranean diet on serum folate and its interaction with genetic variation in
folate metabolism: The DIRECT PLUS 18-month dietary randomized controlled trial
Zelicha H, Keller M, Meir AY, Rinott E, Tsaban G, Kaplan A et al. - 2026

B Vitamin Supplementation Slows Cognitive Decline in Mild Cognitive Impairment Patients
with Frontal Lobe Atrophy
Gong X, ShiL, WuY, Luo Y, Kwok T - 2022

Folate status and homocysteine levels during a 24-week oral administration of a folate-
containing oral contraceptive: a randomized, double-blind, active-controlled, parallel-group,
US-based multicenter study

Bart S, Marr J, Diefenbach K, Trummer D, Sampson-Landers C - 2012

Influence of folic acid and vitamin B12 supplementation on arsenic methylation: A double-
blinded, placebo-controlled trial in Bangladeshi children
Martinez-Morata |, Parvez F, Wu H, Eunus M, Goldsmith J, llievski V et al. - 2024

A prospective, randomized, double-blind, placebo-controlled, multicenter study of thiamin
plus folic acid in the treatment of cognitive impairment in undergoing mair
hemodialysis

Xie K, Jiang Y, Chen T, Liu S, Fang Y, Chen F et al. - 2026

The effectiveness of daily supplementation with 400 or 800 pg/day folate in reaching
protective red blood folate concentrations in non-pregnant women: a randomized trial
Obeid R, Schon C, Wilhelm M, Pietrzik K, Pilz S - 2018

Effects of 6-Month Folic Acid Supplementation on Cognitive Function and Blood Biomarkers
in Mild Cognitive Impairment: A Randomized Controlled Trial in China
Ma F, Wu T, Zhao J, Han F, Marseglia A, Liu H et al. - 2016

Plasma Methylmalonic Acid Concentration in Folic Acid-St
with Low or Marginal Vitamin B-12: A Randomized Trial
Carter B, Zenasni Z, Moat SJ, Hudson PR, Russell IT, McCaddon A et al. - 2021
EE-drospirenone-levomefolate calcium versus EE-drospirenone + folic acid: folate status
during 24 weeks of treatment and over 20 weeks following treatment cessation
Diefenbach K, Trummer D, Ebert F, Lissy M, Koch M, Rohde B et al. - 2013

Depressed

Homocysteine lowering by folate-rich diet or phar itations in
with moderate hyperhomocysteinemia

Zappacosta B, Mastroiacovo P, Persichilli S, Pounis G, Ruggeri S, Minucci A et al. - 2013

Red blood cell folate concentrations increase more after supplementation with [6S]-5-
methyltetrahydrofolate than with folic acid in women of childbearing age
Lamers Y, Prinz-Langenohl R, Bramswig S, Pietrzik K - 2006

1-5-Methyltetrahydrofolate Supplementation Increases Blood Folate Concentrations to a
Greater Extent than Folic Acid Supplementation in Malaysian Women
Henderson AM, Aleliunas RE, Loh SP, Khor GL, Harvey-Leeson S, Glier MB et al. - 2018

Response of serum and red blood cell folate concentrations to folic acid supplementation
depends on methylenetetrahydrofolate reductase C677T genotype: results from a crossover
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