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Introduction: The results of randomized controlled trials (RCTs) on the effect of folic acid supplementation on memory status due to various heterogeneity, dosage, duration, and cognitive function assessments were inconclusive. Therefore, we have performed a systematic review and meta-analysis to investigate the effect of folic acid supplementation on memory in RCTs.

Method: Comprehensive computerized systematic searches were conducted throughout Scopus, PubMed/Medline, and Google Scholar from inception until February 2022 to investigate the effect of folic acid supplementation memory levels in RCTs. The standardized mean difference (SMD) and 95% confidence interval (CIs) were used to estimate the overall effect size using random-effects meta-analyses.

Results: The overall results of nine trials with 641 participants, revealed that folic acid supplementation did not significantly change memory score compared to placebo (SMD: 0.12; 95% CI: −0.17, 0.40, p = 0.418; I2 = 62.6%). However, subgroup analyses showed that supplementation with folic acid had favorable effects on memory levels considering the following conditions: (1) doses lower than 1 mg/day, (2) treatment lasting more than 6 months, (3) conducted in eastern countries, and (4) in participants equal to or older than 70 years old. The dose-response analysis suggested a significant favorable effect on memory status at doses of 6–11 mg/d and a significant decline at doses of 17–20 mg/d.

Discussion: Although we did not find a significant effect of folic acid supplementation on memory, there were some suggestions of beneficial effects in the subgroup analyses.
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Introduction

Memory is a fragmentary process and its subtypes are localized to different anatomical sites. The aging process has an impact on decreasing memories-conscious, specific memories of episodes and events, in addition to semantic information (Small, 2001). Neurodegenerative disorders, Exposure to toxic elements, infectious disease, oxidative stress, changes in cerebrovascular supply, and gestational hormonal levels can cause memory decline (Small, 2001; Albert, 2002). Both external factors [drugs such as erythropoietin (EPO), imidazobenzodiazepine (IBZD), and histamine] and internal factors (such as a diet rich in omega 3 and consuming foods containing probiotics) can improve memory (Schneider et al., 2020). As the population ages, the incidence of disease-related memory decline is increasing and now becoming a worldwide health problem (Petersen et al., 2001; Ferri et al., 2005; Li et al., 2018). Progressive memory loss is generally accepted as a sign of Mild Cognitive Impairment (MCI) and Alzheimer’s disease (AD) in most patients. There is no certain cure for disease-related memory decline such as Alzheimer’s Disease, Vascular Dementia (VD), and MCI therefore, focusing on the management of the risk factors will be the best strategy to take (Morris et al., 2001; Dam et al., 2017). Although the main mechanism of memory decline is still uncertain, inflammatory states alongside homocysteine levels are presented as two possible pathological mechanisms (Bell et al., 1992; Rosenberg, 2001; Gezen-Ak et al., 2013; Ilkjaer et al., 2014). Due to the toxic role of homocysteine on glutathione peroxidase activity and antioxidant vitamin levels, neurons become more sensitive to oxidative stress (Chen et al., 2016). In addition, some experimental studies implied folic acid could improve memory by reducing homocysteine levels (de Lau et al., 2007; Shooshtari et al., 2012). Folate is an essential nutrient that naturally occurs in reduced form in foods, folate is present in an oxidized synthetic form (folic acid) in dietary supplements and fortified foods (Medicine et al., 1998). Folic acid was investigated in our study. folic acid deficiency is one of the common conditions in the elderly (Moretti et al., 2017). Folic acid has crucial functions in the nervous system and its necessity becomes more important in individuals in their later life. It has been estimated that low serum folic acid levels increase the risk of memory decline by about 90% (Ravaglia et al., 2005; Dolatabadi et al., 2012; Ebara, 2017). Folic acid deficiency causes impaired vitamin B12 metabolism, which leads to an inflammatory state (Das, 2008). Moreover, low serum folic acid concentration increases homocysteine levels, which is mentioned as a risk factor for cognitive decline (Rosenberg, 2001; Smith, 2008). Several studies investigated the role of folic acid supplementation on memory impairment through homocysteine levels reduction (Nilsson et al., 2001; Sommer et al., 2003; Dam et al., 2017). It was reported in observational studies that the risk of memory disorder in individuals with lower levels of folic acid is much higher than that in people who are in the normal range of folic acid (Ebara, 2017). In addition, the results of randomized controlled trials (RCTs) due to various heterogeneity, dosage, duration, and cognitive function assessments are not conclusive (Eussen et al., 2006; Durga et al., 2007; Aisen et al., 2008; Higgins et al., 2019). It was reported in a trial that folic acid supplementation could not make any improvements on cognitive function and memory (Sommer et al., 2003). Moreover, another study illustrated that memory traits respond to folic acid regarded to the initial stage of folic acid deficiency (Fioravanti et al., 1997). On the contrary, Loria-Kohen et al. (2013) showed significant changes in cognitive scores after 6 months of folic acid therapy. Overall, these disagreements intrigued us to investigate through a meta-analysis whether folic acid supplementation affects memory impairment or not.



Method

The preferred reporting items for systematic reviews and meta-analyses (PRISMA) checklist was used to report this systematic review and meta-analysis.


Search strategy

We performed comprehensive computerized systematic searches throughout PubMed/Medline, Scopus, and Google Scholar from inception until February 2022. To find relevant articles, the following keywords containing MESH (Medical Subject Headings) and non-MESH terms were applied: (“Cognitions” OR “Dementia” OR “Memory” OR “Alzheimer’s disease” OR “Cognitive Function”) AND (“Folic acid” OR “Vitamin M” OR “Vitamin B9”) AND (“Single-Blind Method” OR “Double-Blind Method” OR “Clinical Trials as Topic” OR RCT). More details on search strategy were provided in a Supplementary Table 1. No language restriction was applied. We also manually checked all reference lists of related articles to avoid missing any relevant papers. PubMed’s e-mail alert service was activated as a tool to find any new additional articles that may have looked on this after our initial search.



Selection criteria

The population, intervention, comparison, outcome, and study design (PICOS) criteria used for the present meta-analysis are presented in Table 1. We included studies in this meta-analysis that met the following criteria: (1) RCTs with either parallel or crossover design; (2) were carried out on adult people (≥18 years old); (3) RCTs that assessed the effects of oral folic acid supplementation on memory compared with the placebo; (4) RCTs which reported sufficient information on pre-and post-supplementation for memory in both intervention and placebo groups.


TABLE 1    The population, intervention, comparison, outcome, study design (PICO) criteria.
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Articles were excluded if (1) were performed on children and pregnant women; (2) had a non-RCT design including observational studies, in vitro studies, letters, conference papers, dissertations, patents, and protocol studies; (3) did not have any placebo group to compare the results with the intervention; (4) contained incomplete information about the selected outcomes in the intervention or placebo groups.



Data extraction

Two independent authors (CA and AB) extracted the following information from all the qualified papers: first author’s name, year of publication, duration of intervention, mean age and gender of participants, study location, design of the study (parallel or crossover), participant’s health condition, details of the intervention including dose, number of cases and controls, and mean ± standard deviation and/or changes of the outcomes including memory tests before and after supplementation in both intervention and control groups. Furthermore, if included trials provided effect size for different periods of time, the longest intervention was extracted.



Quality assessment


Assessment of risk of bias

Two authors (CA and ZK) assessed the risk of bias of the included trials by using the Cochrane Collaboration Risk of Bias tool based on random sequence generation, concealed allocation, blinding of participants, investigator and outcome assessment, incomplete outcome data, selective reporting, and other biases (Higgins et al., 2011). Trials were classified as good quality (low risk of bias for all domains), fair (high risk of bias for at most 1 item), or poor (high risk of bias for >2 items). With regard to study quality, three studies had good quality (Connelly et al., 2008; Ma et al., 2019; Bai et al., 2021), four trials were fair (Fioravanti et al., 1997; Sommer et al., 2003; Eussen et al., 2006; Pathansali et al., 2006) and two articles had poor quality (Loria-Kohen et al., 2013; Chen et al., 2016). The allocation concealment and blinding (outcome assessment) were common biases. Only two papers provided information about all domains (Connelly et al., 2008; Bai et al., 2021). The detailed results for assessment of the risk of bias are summarized in Supplementary Table 2.




Statistical analysis

The mean change and standard deviation of memory scores were used to calculate pooled effect size. The overall effect size was estimated using random-effects meta-analyses, and the standardized mean difference (SMD) and 95% confidence interval (CIs) were used. We applied the following formula to calculate mean change (SD) for studies that did not report it: SDchange = square root [(SDbaseline)2 + (SDfinal)2−(2R × SDbaseline × SDfinal)], and mean change = final values–baseline values. The best correlation coefficient (R) was determined by examining studies that reported mean (SD) changes (Borenstein et al., 2021). Moreover, we extracted numerical estimates from graphs using Get Data Graph Digitizer version 2.24 (Fedorov, 2002).

Subgroup analyses were done on the basis of predefined variables including dosage of supplementation, mean age, sample size, duration of intervention, and study location and health status of participants. To account for the obvious heterogeneity in study designs, we applied random-effects models. The I-squared index was used to assess study heterogeneity. If the I2 was greater than 50%, there was heterogeneity between the included trials (Mousavi et al., 2022). A sensitivity analysis was used to evaluate the potential bias and robustness of the overall effect estimate (Mousavi et al., 2021). To determine the presence of publication bias, Egger’s regression test as well as funnel plot were used. Additionally, non-linear associations were investigated using fractional polynomial models (polynomials) (Jie et al., 2018). Stata software (Stata Crop, College Station, TX, USA) version 14 was used for all statistical analyses. A significance level of p-values <0.05 was considered statistically significant.



Grading the evidence

We used the Grading of Recommendations Assessment, Development and Evaluation (GRADE) approach to rate certainty of evidence (Schunemann, 2008).




Results


Study selection

According to the initial database search, 1,772 publications (436 from PubMed, 1,333 from Scopus, and 2 from other sources) were captured. After eliminating 753 duplicates, 1,019 publications remained for more screening. The study selection process was done by two independent authors (CM and ZK). Based on initial screening, 1,002 records were excluded according to the titles and abstracts and 17 trials remained for full-text extraction. In the secondary screening, eight publications were excluded for the following reasons: combination with other components (n = 4) (McMahon et al., 2006; McNeill et al., 2007; Kennedy et al., 2011; Walker et al., 2012), conducted on the same population (n = 2) (Ma et al., 2016a,b), and trials with insufficient data (n = 2) (Durga et al., 2007; Farhana et al., 2016). In total, 9 trials with 10 effect sizes were included (Fioravanti et al., 1997; Sommer et al., 2003; Eussen et al., 2006; Pathansali et al., 2006; Connelly et al., 2008; Loria-Kohen et al., 2013; Chen et al., 2016; Ma et al., 2019; Bai et al., 2021). The general characteristics of these trials are shown in Figure 1.
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FIGURE 1
Flow diagram of study selection. Adopted from Moher et al. (2009).




Study characteristics

The detailed characteristics of the nine included studies are summarized in Table 2. All trials had a randomized controlled parallel trial design. These trials were published between 1997 and 2021 and performed in Italy (Fioravanti et al., 1997), the United States (Sommer et al., 2003), the United Kingdom (Pathansali et al., 2006; Connelly et al., 2008), Spain (Loria-Kohen et al., 2013), Netherland (Eussen et al., 2006), and China (Chen et al., 2016; Ma et al., 2019; Bai et al., 2021). Overall, 641 participants including 326 subjects in the intervention group and 315 subjects in the control group participated in these trials. The age range of participants was from 22 to 83. The duration of intervention in these trials varied from 4 to 96 weeks, and the dosage of folic acid varied from 0.4 to 20 mg/d. All the articles were randomized controlled parallel trials and performed on both genders. Out of nine studies, two studies were conducted on patients with MCI (Ma et al., 2019; Bai et al., 2021), two trials on patients with AD (Connelly et al., 2008; Chen et al., 2016), one RCT on subjects with dementia and low normal folic acid levels (Sommer et al., 2003), one study on healthy elderly subjects (Pathansali et al., 2006), one trial on people aged >70 years with mild vitamin B-12 deficiency (Eussen et al., 2006) and one RCT on individuals with eating disorders (Loria-Kohen et al., 2013).


TABLE 2    General characteristics of randomized, double-blind, placebo-controlled parallel trial.
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Effect of folic supplementation on memory

The pooled results of nine trials [including 10 effect sizes; One study has got four groups [folic acid+docosahexaenoic acid (DHA), folic acid group, DHA group, and control group] we compared the folic acid and control groups once, and again compared the folic acid+DHA and DHA groups, so there are two effect sizes (Bai et al., 2021)], containing 641 participants (intervention = 326, control = 315), revealed that folic acid supplementation did not significantly change memory score compared to placebo (SMD: 0.12; 95% CI: −0.17, 0.40, P = 0.418), with a moderate degree of heterogeneity (I2 = 62.6%, p = 0.004) (Figure 2). To determine the source of heterogeneity, subgroup analyses were done. Age and participant’s health status were two sources of study heterogeneity. Subgroup analysis also indicated that memory score was significantly improved in trials that administered folic acid lower than 1 mg/d (SMD: 0.22; 95% CI: 0.02–0.42; p = 0.03). In addition, a significant improvement on memory score was observed in trials lasted ≥6 months of folic acid intervention (SMD: 0.18; 95% CI: 0.02–0.35; p = 0.02), conducted in eastern countries (SMD: 0.22; 95% CI: 0.03–0.42; p = 0.02), and in subjects ≥70 years (SMD: 0.37; 95% CI: 0.15–0.58; p = 0.01). The detailed results for subgroup analyses are summarized in Table 3.
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FIGURE 2
Forest plot for the effect of folic acid supplementation on memory, expressed as standardized mean differences between intervention and control groups. Weights are from random effects analysis.



TABLE 3    Pooled estimates of folic acid supplementation among different subgroups.
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Dose-response analysis

The non-linear dose-response analysis showed a significant non-linear association between folic acid dose and memory improvement (Pnon–linearity = 0.01). Memory levels significantly increased with folic acid supplements at the dosage of 6–11 mg/day. Folic acid supplementation higher than 17 mg per day resulted in a significant decreasing trend in memory score (Figure 3).
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FIGURE 3
Non-linear dose-response relations between folic acid dosage (mg/d) and memory. The 95% CI is revealed in the shaded regions.




Sensitivity analysis and publication bias

To find out the effect of each trial on the pooled effect size, we excluded each study step-by-step from overall analysis. There were no significant effects of any individual trials on pooled effect size, according to our finding. The examination of publication bias by visual inspection of the funnel plot indicated asymmetry (Figure 4). However, Egger’s test showed no evidence of publication bias for trials evaluating the effect of folic acid supplementation on memory (p = 0.1).
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FIGURE 4
Funnel plot for the effect of folic acid supplementation on memory to identify publication bias.




Grading the evidence

The certainty of evidence was rated using the GRADE approach. The certainty of evidence was rated moderate due to a downgrade for serious imprecision (Table 4).


TABLE 4    Grading of recommendations assessment, development and evaluation (GRADE) evidence table for the effect of folic acid supplementation on memory.
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Discussion

This meta-analysis aimed to systematically evaluate the strength of current research on the efficacy of folic acid supplementation on memory improvement. The overall results revealed no benefits for folic acid supplementation over placebo in adult population on memory improvement. However, subgroup analysis showed that supplementation with folic acid had favorable effects on memory levels considering the following conditions: (1) doses lower than 1 mg/day, (2) treatment lasting more than 6 months, (3) conducted in eastern countries, and (4) in participants equal to or older than 70 years old. Moreover, dose-response analysis showed a significant increment in memory level at doses of 6–11 mg/d and a significant decrement at doses of 17–20 mg/d.

Folic acid is a group of heterocyclic compounds consisting of 4- (pterin-6-methylamino) benzoic acid and one or more L-glutamic acids. In addition, it is a co-factor in the process of one-carbon metabolism (OCM) that plays an important role in the flexibility of nerve cells and maintaining the integrity of neurons (Bailey and Gregory, 1999; Li et al., 2013). Aging causes a significant decrease in the concentration of folic acid and its constituent metabolite S-adenosylmethionine in cerebrospinal fluid and ultimately causes hyperhomocysteinemia (Reynolds, 1968). Hyperhomocysteinemia has been shown to occur in various neurological pathologies such as dementia and Alzheimer’s disease (Clarke et al., 1998; Seshadri et al., 2002). Folic acid deficiency and high homocysteine levels also endanger neurons, causing DNA damage and apoptosis in the hippocampus, which is responsible for memory (Kruman et al., 2000). Therefore, the effect of folic acid supplementation on memory has been considered.

The results of our meta-analysis suggested that folic acid supplementation had no effect on memory improvement.

Consistent with our results, in Wald et al. (2010) performed a meta-analysis of nine placebo-controlled randomized trials involving 2,835 participants and found no effect on cognitive function within 3 years. This previous meta- analysis investigated the effect of folic acid, with or without other B vitamins, on cognitive decline, whereas our study examined the effect of folic acid alone on memory, so several experimental studies were excluded from our review (Bryan et al., 2002; Lewerin et al., 2005; Stott et al., 2005; McMahon et al., 2006; Durga et al., 2007; McNeill et al., 2007). Wald et al. (2010) included only trials with at least 20 participants, aged 45 years or older, whereas our study included subjects older than 18 years. Also, four studies were published after the publication of the previous meta-analysis, which were included in our meta-analysis (Loria-Kohen et al., 2013; Chen et al., 2016; Ma et al., 2016a; Bai et al., 2021). Other previous studies were systematic reviews, and such reviews were largely descriptive and lacked the power to provide a brief effect of folic acid supplementation on brain function (Balk et al., 2007). Meanwhile, observational studies have found an association between low serum folic acid levels and neocortical atrophy of the brain in people who died of Alzheimer’s disease (Snowdon et al., 2000). But it is not clear whether folic acid supplementation reduces the incidence of Alzheimer’s disease or not.

Folic acid plays a key role in stabilizing short-term and long-term memory and attenuating memory disorders (Reynolds, 2002; Enderami et al., 2018). However, the acceptable biochemical mechanism is not completely clear. Most of the available evidence points to the major role of folic acid-mediated one-carbon metabolism and DNA methylation events (Scott and Weir, 1998). In fact, folic acid increases the methylation potential and activity of DNA methyl transferases (DNMTs), modifies DNA methylation, and ultimately reduces β-amyloid precursor protein (APP) and Aβ protein levels, and can improve memory and cognition (Smith et al., 2012; Duncan et al., 2013). In addition, folic acid has antioxidant properties that counteract the effects of Alzheimer’s disease and other cognitive impairments (Archibald et al., 2013). Folic acid also inhibits tau phosphorylation and subsequent formation of neurofibrillary tangle by indirectly regulating cyclin-dependent protein phosphatase and glycogen synthase kinase activity (Zhang et al., 2009; Sontag and Sontag, 2014).

Also, our results showed that in doses lower than 1 mg per day, folic acid supplementation has a beneficial effect on memory, while this effect was not seen in higher doses. To prevent adverse health effects, the tolerable upper intake level (UL) of 1 mg per day was set as folic acid. Taking more than UL of folic acid can mask pernicious anemia, which causes neurological disorders caused by vitamin B12 deficiency (Scott and Weir, 1998; Sommer et al., 2003; Smith, 2008; Zhang et al., 2009; Smith et al., 2012; Archibald et al., 2013; Duncan et al., 2013; Ebara, 2017; Enderami et al., 2018). Also, high levels of folic acid can decrease the activity of the Na+, K+-ATPase enzyme. The proper functioning of this enzyme is related to the memory and learning process, because this enzyme continuously interacts with N-methyl-D-aspartate (NMDA) receptor which is located in the synaptic regions and it has an important role in the memory process (Vieira Carletti et al., 2016; Deniz et al., 2018).

There are several plausible explanations for our results. The duration of treatment in some trials might be too short (Sommer et al., 2003). As observed in the subgroup analysis, studies with interventions longer than 6 months showed that folic acid supplementation had a significant effect on improving memory. In addition, it is difficult to distinguish significant differences between groups as cognition is unlikely to decrease significantly, especially in healthy elderly, in this short period of time. People with high total plasma homocysteine (tHcy) may also benefit more by reducing homocysteine with folic acid supplementation (Flicker et al., 2006). Due to the lack of reported data on tHcy in the studies, we were unable to take these observations into account in the analysis. Another limitation of this study is the lack of reporting of dietary pattern in the included studies, so we could not consider this data in the analysis. Moreover, most of the studies were from Europe, Asia, and North America and limited data from Africa and South America. It may be necessary to consider the regional effect. In our study the heterogeneity was large so, we did subgroup analysis to identify the source of heterogeneity. It revealed that heterogeneity decreased for sample size, dosage, and health status.

As far as we know, this is the most comprehensive systematic review and meta-analysis to examine the effect of folic acid supplementation on memory. In addition, dose-response analysis was another strength of this review. Also, non-linear dose-response analysis showed a significant non-linear relationship between folic acid dosage and memory improvement. As the number of RCTs and sample size were very small, more studies are needed to support the results.



Conclusion

This meta-analysis revealed that the most effect of folic acid supplementation on memory score was observed when administered at doses lower than 1 mg/day, long-term duration, and in subjects with 70 years and older. In addition, there was a non-linear relationship between folic acid dosage and memory improvement. Due to the small number of RCTs and sample size, further research is needed to support our results.



Data availability statement

The original contributions presented in this study are included in the article/Supplementary material, further inquiries can be directed to the corresponding authors.



Author contributions

ZV was the guarantor. CA, ZK, and SE wrote the manuscript. MG and HR conducted the literature search and performed the data extraction and quality assessment. HI and CA developed the search strategy. CA and AB conceived the study and performed the statistical analysis. All authors read and approved the final protocol manuscript.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fnagi.2022.966933/full#supplementary-material



References

Aisen, P. S., Schneider, L. S., Sano, M., Diaz-Arrastia, R., Van Dyck, C. H., Weiner, M. F., et al. (2008). High-dose B vitamin supplementation and cognitive decline in Alzheimer disease: A randomized controlled trial. JAMA 300, 1774–1783. doi: 10.1001/jama.300.15.1774

Albert, M. S. (2002). Memory decline: The boundary between aging and age-related disease. Ann. Neurol. 51, 282–284. doi: 10.1002/ana.10156

Archibald, S., Lehmann, C. E., Gómez-Dans, J. L., and Bradstock, R. A. (2013). Defining pyromes and global syndromes of fire regimes. Proc. Natl. Acad. Sci. U.S.A. 110, 6442–6447. doi: 10.1073/pnas.1211466110

Bai, D., Fan, J., Li, M., Dong, C., Gao, Y., Fu, M., et al. (2021). Effects of folic acid combined with DHA supplementation on cognitive function and amyloid-β-related biomarkers in older adults with mild cognitive impairment by a randomized, double blind, placebo-controlled trial. J. Alzheimers Dis. 81, 155–167. doi: 10.3233/JAD-200997

Bailey, L. B., and Gregory, J. F. III (1999). Folate metabolism and requirements. J. Nutr. 129, 779–782. doi: 10.1093/jn/129.4.779

Balk, E. M., Raman, G., Tatsioni, A., Chung, M., Lau, J., and Rosenberg, I. H. (2007). Vitamin B6, B12, and folic acid supplementation and cognitive function: A systematic review of randomized trials. Arch. Internal Med. 167, 21–30. doi: 10.1001/archinte.167.1.21

Bell, I. R., Edman, J., Selhub, J., Morrow, F., Marby, D., Kayne, H., et al. (1992). Plasma homocysteine in vascular disease and in nonvascular dementia of depressed elderly people. Acta Psychiatr. Scand. 86, 386–390. doi: 10.1111/j.1600-0447.1992.tb03285.x

Borenstein, M., Hedges, L. V., Higgins, J. P., and Rothstein, H. R. (2021). Introduction to meta-analysis. Chichester: John Wiley & Sons. doi: 10.1002/9781119558378

Bryan, J., Calvaresi, E., and Hughes, D. (2002). Short-term folate, vitamin B-12 or vitamin B-6 supplementation slightly affects memory performance but not mood in women of various ages. J. Nutr. 132, 1345–1356. doi: 10.1093/jn/132.6.1345

Chen, H., Liu, S., Ji, L., Wu, T., Ji, Y., Zhou, Y., et al. (2016). Folic acid supplementation mitigates Alzheimer’s disease by reducing inflammation: A randomized controlled trial. Mediators Inflamm 2016:5912146. doi: 10.1155/2016/5912146

Clarke, R., Smith, A. D., Jobst, K. A., Refsum, H., Sutton, L., and Ueland, P. M. (1998). Folate, vitamin B12, and serum total homocysteine levels in confirmed Alzheimer disease. Arch. Neurol. 55, 1449–1455. doi: 10.1001/archneur.55.11.1449

Connelly, P. J., Prentice, N. P., Cousland, G., and Bonham, J. (2008). A randomised double-blind placebo-controlled trial of folic acid supplementation of cholinesterase inhibitors in Alzheimer’s disease. Int. J. Geriatr. Psychiatry 23, 155–160. doi: 10.1002/gps.1856

Dam, K., Füchtemeier, M., Farr, T. D., Boehm-Sturm, P., Foddis, M., Dirnagl, U., et al. (2017). Increased homocysteine levels impair reference memory and reduce cortical levels of acetylcholine in a mouse model of vascular cognitive impairment. Behav. Brain Res. 321, 201–208. doi: 10.1016/j.bbr.2016.12.041

Das, U. N. (2008). Folic acid and polyunsaturated fatty acids improve cognitive function and prevent depression, dementia, and Alzheimer’s disease—But how and why? Prostaglandins Leukot. Essent. Fatty Acids 78, 11–19. doi: 10.1016/j.plefa.2007.10.006

de Lau, L. M., Refsum, H., Smith, A. D., Johnston, C., and Breteler, M. M. (2007). Plasma folate concentration and cognitive performance: Rotterdam Scan Study. Am. J. Clin. Nutr. 86, 728–734. doi: 10.1093/ajcn/86.3.728

Deniz, B. F., Confortim, H. D., Deckmann, I., Miguel, P. M., Bronauth, L., de Oliveira, B. C., et al. (2018). Gestational folic acid supplementation does not affects the maternal behavior and the early development of rats submitted to neonatal hypoxia-ischemia but the high supplementation impairs the dam’s memory and the Na+, K+-ATPase activity in the pup’s hippocampus. Int. J. Dev. Neurosci. 71, 181–192. doi: 10.1016/j.ijdevneu.2018.10.001

Dolatabadi, H. R. D., Reisi, P., Alaei, H., Malekabadi, H. A., and Pilehvarian, A. A. (2012). Folic acid and coenzyme Q10 ameliorate cognitive dysfunction in the rats with intracerebroventricular injection of Streptozotocin. Iran. J. Basic Med. Sci. 15, 719–724.

Duncan, T. M., Reed, M. C., and Nijhout, H. F. (2013). A population model of folate-mediated one-carbon metabolism. Nutrients 5, 2457–2474. doi: 10.3390/nu5072457

Durga, J., van Boxtel, M. P., Schouten, E. G., Kok, F. J., Jolles, J., Katan, M. B., et al. (2007). Effect of 3-year folic acid supplementation on cognitive function in older adults in the FACIT trial: A randomised, double blind, controlled trial. Lancet 369, 208–216. doi: 10.1016/S0140-6736(07)60109-3

Ebara, S. (2017). Nutritional role of folate. Congenit. Anom. 57, 138–141. doi: 10.1111/cga.12233

Enderami, A., Zarghami, M., and Darvishi-Khezri, H. (2018). The effects and potential mechanisms of folic acid on cognitive function: A comprehensive review. Neurol. Sci. 39, 1667–1675. doi: 10.1007/s10072-018-3473-4

Eussen, S. J., de Groot, L. C., Joosten, L. W., Bloo, R. J., Clarke, R., Ueland, P. M., et al. (2006). Effect of oral vitamin B-12 with or without folic acid on cognitive function in older people with mild vitamin B-12 deficiency: A randomized, placebo-controlled trial–. Am. J. Clin. Nutr. 84, 361–370. doi: 10.1093/ajcn/84.2.361

Farhana, K. M., Malueka, R. G., Wibowo, S., and Gofir, A. (2016). Effectiveness of gotu kola extract 750 mg and 1000 mg compared with folic acid 3 mg in improving vascular cognitive impairment after stroke. Evid. Based Complement. Alternat. Med. 2016:2795915. doi: 10.1155/2016/2795915

Fedorov, S. (2002). GetData Graph digitizer version 2.24. Available online at: http://getdata-graph-digitizer.com/ (accessed January 2022).

Ferri, C. P., Prince, M., Brayne, C., Brodaty, H., Fratiglioni, L., Ganguli, M., et al. (2005). Global prevalence of dementia: A Delphi consensus study. Lancet 366, 2112–2117. doi: 10.1016/S0140-6736(05)67889-0

Fioravanti, M., Ferrario, E., Massaia, M., Cappa, G., Rivolta, G., Grossi, E., et al. (1997). Low folate levels in the cognitive decline of elderly patients and the efficacy of folate as a treatment for improving memory deficits. Arch. Gerontol. Geriatr. 26, 1–13. doi: 10.1016/S0167-4943(97)00028-9

Flicker, L., Vasikaran, S. D., Thomas, J., Acres, J. M., Norman, P., Jamrozik, K., et al. (2006). Efficacy of B vitamins in lowering homocysteine in older men: Maximal effects for those with B12 deficiency and hyperhomocysteinemia. Stroke 37, 547–549. doi: 10.1161/01.STR.0000198815.07315.68

Gezen-Ak, D., Dursun, E., Hanaǧasi, H., Bilgiç, B., Lohman, E., Araz, Ö. S., et al. (2013). BDNF, TNFα, HSP90, CFH, and IL-10 serum levels in patients with early or late onset Alzheimer’s disease or mild cognitive impairment. J. Alzheimers Dis. 37, 185–195. doi: 10.3233/JAD-130497

Higgins, J., Altman, D., Gøtzsche, P., Jüni, P., Moher, D., Oxman, A., et al. (2011). Cochrane bias methods group; cochrane statistical methods group. The Cochrane Collaboration’s tool for assessing risk of bias in randomised trials. BMJ 343:d5928. doi: 10.1136/bmj.d5928

Higgins, J. P., Thomas, J., Chandler, J., Cumpston, M., Li, T., Page, M. J., et al. (2019). Cochrane handbook for systematic reviews of interventions. Chichester: John Wiley & Sons. doi: 10.1002/9781119536604

Ilkjaer, L., Babcock, A., Myhre, C. L., and Fiinsen, B. (2014). Inflammatory responses and plaque deposition in early stage Alzheimer’s pathology in mice. J. Neuroimmunol. 1, 154–155. doi: 10.1016/j.jneuroim.2014.08.413

Jie, F., Yin, G., Yang, W., Yang, M., Gao, S., Lv, J., et al. (2018). Stress in regulation of GABA amygdala system and relevance to neuropsychiatric diseases. Front. Neurosci. 12:562. doi: 10.3389/fnins.2018.00562

Kennedy, D. O., Veasey, R. C., Watson, A. W., Dodd, F. L., Jones, E. K., Tiplady, B., et al. (2011). Vitamins and psychological functioning: A mobile phone assessment of the effects of a B vitamin complex, vitamin C and minerals on cognitive performance and subjective mood and energy. Hum. Psychopharmacol. Clin. Exp. 26, 338–347. doi: 10.1002/hup.1216

Kruman, I. I., Culmsee, C., Chan, S. L., Kruman, Y., Guo, Z., Penix, L., et al. (2000). Homocysteine elicits a DNA damage response in neurons that promotes apoptosis and hypersensitivity to excitotoxicity. J. Neurosci. 20, 6920–6926. doi: 10.1523/JNEUROSCI.20-18-06920.2000

Lewerin, C., Matousek, M., Steen, G., Johansson, B., Steen, B., and Nilsson-Ehle, H. (2005). Significant correlations of plasma homocysteine and serum methylmalonic acid with movement and cognitive performance in elderly subjects but no improvement from short-term vitamin therapy: A placebo-controlled randomized study. Am. J. Clin. Nutr. 81, 1155–1162. doi: 10.1093/ajcn/81.5.1155

Li, W., Yu, M., Luo, S., Liu, H., Gao, Y., Wilson, J. X., et al. (2013). DNA methyltransferase mediates dose-dependent stimulation of neural stem cell proliferation by folate. J. Nutr. Biochem. 24, 1295–1301. doi: 10.1016/j.jnutbio.2012.11.001

Li, X., Jia, S., Zhou, Z., Jin, Y., Zhang, X., Hou, C., et al. (2018). The role of the Montreal Cognitive Assessment (MoCA) and its memory tasks for detecting mild cognitive impairment. Neurol. Sci. 39, 1029–1034. doi: 10.1007/s10072-018-3319-0

Loria-Kohen, V., Gómez-Candela, C., Palma-Milla, S., Amador-Sastre, B., Hernanz, A., and Bermejo, L. M. (2013). A pilot study of folic acid supplementation for improving homocysteine levels, cognitive and depressive status in eating disorders. Nutr. Hospital. 28, 807–815.

Ma, F., Li, Q., Zhou, X., Zhao, J., Song, A., Li, W., et al. (2019). Effects of folic acid supplementation on cognitive function and Aβ-related biomarkers in mild cognitive impairment: A randomized controlled trial. Eur. J. Nutr. 58, 345–356. doi: 10.1007/s00394-017-1598-5

Ma, F., Wu, T., Zhao, J., Han, F., Marseglia, A., Liu, H., et al. (2016a). Effects of 6-month folic acid supplementation on cognitive function and blood biomarkers in mild cognitive impairment: A randomized controlled trial in China. J. Gerontol. Ser. A Biomed. Sci. Med. Sci. 71, 1376–1383. doi: 10.1093/gerona/glv183

Ma, F., Wu, T., Zhao, J., Song, A., Liu, H., Xu, W., et al. (2016b). Folic acid supplementation improves cognitive function by reducing the levels of peripheral inflammatory cytokines in elderly Chinese subjects with MCI. Sci. Rep. 6:37486. doi: 10.1038/srep37486

McMahon, J. A., Green, T. J., Skeaff, C. M., Knight, R. G., Mann, J. I., and Williams, S. M. (2006). A controlled trial of homocysteine lowering and cognitive performance. N. Engl. J. Med. 354, 2764–2772. doi: 10.1056/NEJMoa054025

McNeill, G., Avenell, A., Campbell, M. K., Cook, J. A., Hannaford, P. C., Kilonzo, M. M., et al. (2007). Effect of multivitamin and multimineral supplementation on cognitive function in men and women aged 65 years and over: A randomised controlled trial. Nutr. J. 6, 1–5. doi: 10.1186/1475-2891-6-10

Medicine, I. O., Staff, I. O. M., Food, I. O. M., and Board, N. (1998). Dietary reference intakes: A risk assessment model for establishing upper intake levels for nutrients. Washington, DC: National Academies Press.

Moher, D., Liberati, A., Tetzlaff, J., and Altman, D. G., The PRISMA Group (2009). Preferred reporting items for systematic reviews and meta-analyses: The PRISMA statement. PLoS Med. 6, e1000097. doi: 10.1371/journal.pmed.1000097

Moretti, R., Caruso, P., Dal Ben, M., Conti, C., Gazzin, S., and Tiribelli, C. (2017). Vitamin D, homocysteine, and folate in subcortical vascular dementia and Alzheimer dementia. Front. Aging Neurosci. 9:169. doi: 10.3389/fnagi.2017.00169

Morris, M. S., Jacques, P. F., Rosenberg, I. H., and Selhub, J. (2001). Hyperhomocysteinemia associated with poor recall in the third National Health and Nutrition Examination Survey. Am. J. Clin. Nutr. 73, 927–933. doi: 10.1093/ajcn/73.5.927

Mousavi, S. M., Beatriz Pizarro, A., Akhgarjand, C., Bagheri, A., Persad, E., Karimi, E., et al. (2022). The effects of Anethum graveolens (dill) supplementation on lipid profile and glycemic control: A systematic review and meta-analysis of randomized controlled trials. Crit. Rev. Food Sci. Nutr. 62, 5705–5716. doi: 10.1080/10408398.2021.1889459

Mousavi, S. M., Jayedi, A., Bagheri, A., Zargarzadeh, N., Wong, A., Persad, E., et al. (2021). What is the influence of cinnamon supplementation on liver enzymes? A systematic review and meta-analysis of randomized controlled trials. Phytother. Res. 35, 5634–5646. doi: 10.1002/ptr.7200

Nilsson, K., Gustafson, L., and Hultberg, B. (2001). Improvement of cognitive functions after cobalamin/folate supplementation in elderly patients with dementia and elevated plasma homocysteine. Int. J. Geriatr. Psychiatry 16, 609–614. doi: 10.1002/gps.388

Pathansali, R., Mangoni, A. A., Creagh-Brown, B., Lan, Z.-C., Ngow, G.-L., Yuan, X.-F., et al. (2006). Effects of folic acid supplementation on psychomotor performance and hemorheology in healthy elderly subjects. Arch. Gerontol. Geriatr. 43, 127–137. doi: 10.1016/j.archger.2005.10.002

Petersen, R. C., Doody, R., Kurz, A., Mohs, R. C., Morris, J. C., Rabins, P. V., et al. (2001). Current concepts in mild cognitive impairment. Arch. Neurol. 58, 1985–1992. doi: 10.1001/archneur.58.12.1985

Ravaglia, G., Forti, P., Maioli, F., Martelli, M., Servadei, L., Brunetti, N., et al. (2005). Homocysteine and folate as risk factors for dementia and Alzheimer disease–. Am. J. Clin. Nutr. 82, 636–643. doi: 10.1093/ajcn/82.3.636

Reynolds, E. (1968). Mental effects of anticonvulsants, and folic acid metabolism. Brain 91, 197–214. doi: 10.1093/brain/91.2.197

Reynolds, E. (2002). Folic acid, ageing, depression, and dementia. BMJ 324, 1512–1515. doi: 10.1136/bmj.324.7352.1512

Rosenberg, I. H. (2001). B vitamins, homocysteine, and neurocognitive function/discussion. Nutr. Rev. 59:S69. doi: 10.1111/j.1753-4887.2001.tb05503.x

Schneider, F., Horowitz, A., Lesch, K.-P., and Dandekar, T. (2020). Delaying memory decline: Different options and emerging solutions. Transl. Psychiatry 10:13. doi: 10.1038/s41398-020-0697-x

Schunemann, H. (2008). GRADE handbook for grading quality of evidence and strength of recommendation. Version 3.2. Available online at: http://www.cc-ims.net/gradepro/ (accessed January 2022).

Scott, J. M., and Weir, D. G. (1998). Folic acid, homocysteine and one-carbon metabolism: A review of the essential biochemistry. J. Cardiovasc. Risk 5, 223–227. doi: 10.1097/00043798-199808000-00003

Seshadri, S., Beiser, A., Selhub, J., Jacques, P. F., Rosenberg, I. H., D’Agostino, R. B., et al. (2002). Plasma homocysteine as a risk factor for dementia and Alzheimer’s disease. N. Engl. J. Med. 346, 476–483. doi: 10.1056/NEJMoa011613

Shooshtari, M. K., Moazedi, A. A., and Parham, G. A. (2012). Memory and motor coordination improvement by folic acid supplementation in healthy adult male rats. Iran. J. Basic Med. Sci. 15, 1173–1179.

Small, S. A. (2001). Age-related memory decline: Current concepts and future directions. Arch. Neurol. 58, 360–364. doi: 10.1001/archneur.58.3.360

Smith, A. D. (2008). The worldwide challenge of the dementias: A role for B vitamins and homocysteine? Food Nutr. Bull. 29, S143–S172. doi: 10.1177/15648265080292S119

Smith, D. E., Smulders, Y. M., Blom, H. J., Popp, J., Jessen, F., Semmler, A., et al. (2012). Determinants of the essential one-carbon metabolism metabolites, homocysteine, S-adenosylmethionine, S-adenosylhomocysteine and folate, in cerebrospinal fluid. Clin. Chem. Lab. Med. 50, 1641–1647. doi: 10.1515/cclm-2012-0056

Snowdon, D. A., Tully, C. L., Smith, C. D., Riley, K. P., and Markesbery, W. R. (2000). Serum folate and the severity of atrophy of the neocortex in Alzheimer disease: Findings from the Nun study. Am. J. Clin. Nutr. 71, 993–998. doi: 10.1093/ajcn/71.4.993

Sommer, B. R., Hoff, A. L., and Costa, M. (2003). Folic acid supplementation in dementia: A preliminary report. J. Geriatr. Psychiatry Neurol. 16, 156–159. doi: 10.1177/0891988703256052

Sontag, J.-M., and Sontag, E. (2014). Protein phosphatase 2A dysfunction in Alzheimer’s disease. Front. Mol. Neurosci. 7:16. doi: 10.3389/fnmol.2014.00016

Stott, D. J., MacIntosh, G., Lowe, G. D., Rumley, A., McMahon, A. D., Langhorne, P., et al. (2005). Randomized controlled trial of homocysteine-lowering vitamin treatment in elderly patients with vascular disease. Am. J. Clin. Nutr. 82, 1320–1326. doi: 10.1093/ajcn/82.6.1320

Vieira Carletti, J., Ferrary Deniz, B., Jiménez Rojas, J., Maidana Miguel, P., Kolling, J., Barros Scherer, E., et al. (2016). Folic acid can contribute to memory deficit and Na+, K+-ATPase failure in the hippocampus of adolescent rats submitted to hypoxia-ischemia. CNS Neurol. Disord. Drug Targets 15, 64–72. doi: 10.2174/1871527315666151110125227

Wald, D. S., Kasturiratne, A., and Simmonds, M. (2010). Effect of folic acid, with or without other B vitamins, on cognitive decline: Meta-analysis of randomized trials. Am. J. Med. 123, 522–527.e2. doi: 10.1016/j.amjmed.2010.01.017

Walker, J. G., Batterham, P. J., Mackinnon, A. J., Jorm, A. F., Hickie, I., Fenech, M., et al. (2012). Oral folic acid and vitamin B-12 supplementation to prevent cognitive decline in community-dwelling older adults with depressive symptoms—the Beyond Ageing Project: A randomized controlled trial. Am. J. Clin. Nutr. 95, 194–203. doi: 10.3945/ajcn.110.007799

Zhang, C.-E., Wei, W., Liu, Y.-H., Peng, J.-H., Tian, Q., Liu, G.-P., et al. (2009). Hyperhomocysteinemia increases β-amyloid by enhancing expression of γ-secretase and phosphorylation of amyloid precursor protein in rat brain. Am. J. Pathol. 174, 1481–1491. doi: 10.2353/ajpath.2009.081036


OPS/images/fnagi-14-966933-t002.jpg
References

Fioravanti et al., 1997

Sommer et al., 2003

Pathansali et al., 2006

Eussen et al., 2006

Connelly et al., 2008

Loria-Kohen et al., 2013

Chen et al,, 2016

Ma et al., 2016b

Baietal., 2021

Baietal., 2021

Country

Ttaly

USA

UK

Netherlands

UK

Spain

China

China

China

China

Health status of
subjects

Memory complaints in
the past 2 years

Dementia and
low-normal folic acid
levels

Healthy elderly subjects

Aged >70 years with
mild vitamin B-12
deficiency

Alzheimer’s disease

Eating disorder

Alzheimer’s disease

Mild Cognitive
Impairment (MCI)

Mild Cognitive
Impairment (MCI)

Mild Cognitive

Impairment (MCI)

Gender

Both

Both

Both

Both

Both

Participants:
Folic
acid/Placebo

16/14

4/3

12/12

51/54

23/18

14/10

61/60

76175

35/33

34/36

Duration
(week)

24

24

24

24

96

48

48

Mean age
(year)

80.25

76.25

83

75.65

74.8

67.51

66.74

Intervention
treatment Placebo

group
Folic acid (15 mg/d) Placebo
Folic acid (20 mg/d) Placebo
Folic acid (5 mg/d) Placebo
Folic acid (0.4 mg/d) Placebo
Folic acid (1 mg/d) Placebo
Folic acid (10 mg/d) Placebo
Folic acid Placebo

(1.25 mg/d)

Folic acid (0.4 mg/d) Placebo
Folic acid (0.8 mg/d) Placebo
Folic acid (0.8 mg/d) Placebo

questionnaire

Randt Memory Test
(RMT)
Wechsler Memory
Scale (WMS)

Scanning Memory
Sets (SMS)
Wechsler Adult
Intelligence Scale
(WAIS)
Mini-
Mental State
Examination
(MMSE)

Stroop color-word
interference test

The Mini-
Mental State
Examination

(MMSE)

Wechsler Adult
Intelligence
Scale-Revised
(WAIS-RC)
Wechsler Adult
Intelligence
Scale-Revised
(WAIS-RC)
Wechsler Adult
Intelligence
Scale-Revised
(WAIS-RC)

Outcomes

Memory

Memory

Memory

Memory

Memory

Memory

Memory

Memory

Memory

Memory






OPS/images/fnagi-14-966933-t001.jpg
Criteria

Population
Intervention
Comparison
Outcome

Study design

Description

Adults (aged >18 years)
Folic acid supplement
Placebo or no intervention
Changes in memory score

Randomized controlled trials





OPS/images/fnagi-14-966933-t004.jpg
Certainty assessment
No of Study Riskof  Inconsistency Indirectness Imprecision
studies design bias
10 Randomized ~ Not serious Not serious® Not serious Serious®
trials

CI, confidence interval; RR, relative risk; SD, standard deviation; SMD, standardized mean difference.
dserious inconsistency (I> = 63%), explained by age and health status in the subgroup analyses. Not downgraded.

bserious imprecision since optimal information size was not met (1 = 800). Downgraded.

Other
considerations

None

No of patients
Intervention Control
326 315

Effect (95%
CI)

SMD 0.12 SD
(95% CI: —0.17,
0.40)

Certainty

SO0
Moderate

Importance

Important





OPS/images/fnagi-14-966933-t003.jpg
Group

Folic acid dosage
<l mg/d

>1 mg/d
Duration

<6 months

>6 months
Study location
Western countries
Eastern countries
Mean age

<70 years

>70 years
Sample size

<50

>50

Health status

Mild Cognitive Impairment

Alzheimer’s disease

Other

Number of
trials

SMD (95% CI)

0.22 (0.02, 0.42)
0.15 (—0.10, 0.40)

0.27 (—0.25, 0.81)
0.18 (0.02, 0.35)

0.14 (—0.12, 0.40)
0.22 (0.03, 0.42)

—0.01 (—0.25, 0.21)
0.37 (0.15, 0.58)

0.07 (—0.28, 0.44)
0.22 (0.04, 0.39)

0.22 (—0.007, 0.46)
0.11 (—0.19, 0.41)
0.22 (—0.06, 0.51)

P-effect

0.03
0.23

0.31
0.02

0.30
0.02

0.89
0.01

0.67
0.01

0.06
0.48
0.13

I* (%)

759
56.3

80.2
56.8

56.1
75.9

2.5
67.0

64.1
67.9

83.9
757
1.0

P-within subgroup P-between subgroup

heterogeneity

0.01
0.04

0.01
0.03

0.04
0.01

0.36
0.01

0.02
0.01

0.01
0.01
0.34

heterogeneity

0.67

0.76

0.61

0.01

0.48





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Does folic acid supplementation have a positive effect on improving memory? A systematic review and meta-analysis of randomized controlled trials



		Introduction



		Method



		Search strategy



		Selection criteria



		Data extraction



		Quality assessment



		Assessment of risk of bias







		Statistical analysis



		Grading the evidence







		Results



		Study selection



		Study characteristics



		Effect of folic supplementation on memory



		Dose-response analysis



		Sensitivity analysis and publication bias



		Grading the evidence







		Discussion



		Conclusion



		Data availability statement



		Author contributions



		Conflict of interest



		Publisher’s note



		Supplementary Material



		References

















OPS/images/fnagi-14-966933-g004.jpg
se(SMD)

Funnel plot with pseudo 95% confidence limits

L&

/

/

N
\
\

p

c_a

SMD

pa—





OPS/images/fnagi-14-966933-g003.jpg
-5

-10

—
—

I | I

10 15 20
Dose (mg/d)

95% CI
# Mean change

Predicted mean change






OPS/images/fnagi-14-966933-g002.jpg
Study
ID

Fioravanti (1997)
Sommer (2003)
Pathansali (2006)
Eussen (2006)
Connelly (2008)
Loria-Kohen (2013)
chen (2016)

Ma (2017)

Bai (2021)

Bai (2021)

Overall (I-squared = 62.6%, p = 0.004)

%

SMD (95% CI)  Weight

0.75 (0.01, 1.50)  8.06
-3.83 (-6.64, -1.02) 0.96
0.06 (-0.74,0.86)  7.41
0.21 (-0.17, 0.60) 13.64
-0.04 (-0.66, 0.57) 9.76
-0.17 (-0.98, 0.64) 7.27
0.23 (-0.13,0.58) 14.11
0.64 (0.31,0.96)  14.65
10.25 (-0.73,0.23) 11.99
-0.16 (-0.63,0.31) 12.13
0.12 (-0.17, 0.40)  100.00

=





OPS/images/cover.jpg
& frontiers | Frontiers in Aging Neuroscience

Does folic acid
supplementation have
a positive effect on improving
memory? A systematic review
and meta-analysis
of randomized controlled
trials












OPS/images/logo.jpg
’ frontiers | Frontiers in Aging Neuroscience







OPS/images/cross.jpg
@ Check for updates.





OPS/images/fnagi-14-966933-g001.jpg
]

Identification

[

]

Screening

Eligibility

Records identified through
database searching
(h= 1770)

Additional records identified
through other sources
(n=2)

Records after duplicates removed

(n=1019)

\ 4

Records screened
(n=17)

Records excluded
(n =1002)

Y

Full-text articles assessed
for eligibility
(n=9)

\ 4

Included

Studies included in
qualitative synthesis
(n=9)

\ 4

Studies included in
quantitative synthesis
(meta-analysis)

Memory (n =9)

Full-text articles excluded,

with reasons (n=8):

e Combination with
other component
(n=4)

e Conducted on
same population
(n=2)

e Not sufficient data
(n=2)






