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Abstract
Introduction. The most common type of dementia is Alzheimer’s disease (AD). AD is characterized by loss of mem-
ory and cognitive impairment. In epidemiological studies, low folate could disturb vitamin B12 absorption, which leads 
to the inflammatory process, and it explains the association between both vitamins and Alzheimer’s disease. 
Material and methods. We did a systematic search through PubMed and Embase according to the PRISMA pro-
tocol. We included studies published in the last 5 years (from 2015 to June 2020). Data will be extracted by two 
reviewers. We assess the quality of studies using JADAD Scale for randomized-controlled trials. 
Results. We found 426 journals in our search strategy. In the end, 2 studies met the eligibility criteria and were in-
cluded in this review. These two randomized controlled trials revealed that folic acid improved cognitive function in 
Alzheimer’s disease (p < 0.05) and mild cognitive impairment (p = 0.028).
Discussion. In this systematic review, we found that daily folic acid supplements could improve cognitive function 
in patients with Alzheimer’s disease and mild cognitive impairment. The exact mechanism is unknown, but it is be-
lieved that folic acid supplementation improves cognitive function by reducing the levels of peripheral inflammatory 
cytokines
Conclusion. Daily oral folic acid supplemental (400 µg and 1.2 mg) for 6-12 months improves cognitive function in 
Alzheimer’s disease and mild cognitive impairment.
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INTRODUCTION

The most common type of dementia is Alzheim-
er’s disease (AD). AD is characterized by loss of 
memory and cognitive impairment. AD is a neuro-
degenerative disease and worsens by age, which 
leads to death within 7-10 years of diagnosis (1,2). 
The pathogenesis is still unclear, but it is expected 
that the inflammatory process plays a role in the 
mechanism of AD and mild cognitive impairment 
(3).

Folate is a water-soluble B vitamin. In epidemi-
ological studies, low folate could disturb vitamin 
B12 absorption, which leads to an inflammatory 
process, and it explains the association between 
both vitamin and Alzheimer’s disease (4). Folate, 
B12, and B6 vitamins support process in the 

remethylation of homocysteine to methionine.  
Homocysteine serum levels is associated with AD 
and cognitive impairment. High homocysteine 
levels lead to have an impact on cerebral patholo-
gy, neurotoxic effects, influence on neurofibrillary 
tangle, and deposit of β-amyloid, which may play 
a role in mechanism of AD and cognitive impair-
ment (5). Some studies have also reported that 
folate levels are lower in patients with Alzheimer’s 
disease than in normal patients (6).

Many clinicians prescribed folate and other B 
vitamin supplement for AD and cognitive impair-
ment patients, but the effectiveness remains con-
troversial (7). The purpose of making this system-
atic review to identify whether folic acid 
supplementation improves cognitive function or 
not.
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MATERIAL AND METHODS

Searching and screening

We did a systematic search through PubMed and 
Embase according to the PRISMA protocol. We in-
cluded studies published in the last 5 years (from 
2015 to June 2020). We use two keywords – “folic 
acid”; “cognitive function” – on the database search.

Inclusion and exclusion criteria

We included published articles with rand-
omized-controlled trial design. We exclude articles 
that are cohort, case-control, cross-sectional,  

descriptive studies, case reports, or qualitative 
studies. Non-English articles were also excluded. 
Eligibility criteria in the PICOS model are presented 
in Table 1. 

Data extraction

Data will be extracted by two reviewers. The 
disagreement data from two reviewers will be  
resolved by the third reviewer.

Quality assessment

We assess the quality of studies using JADAD 
Scale for randomized-controlled trials. The quality 
assessment table can be seen in Table 2.

TABLE 1. Eligibility criteria in PICOS model
Inclusion Exclusion

Population Human, adults with history of cognitive impairment Non-human
Intervention Folic acid supplementation Besides folic acid, combination 

with other supplement
Control Healthy patients who do not take folic acid supplementation
Outcomes Improvement in cognitive function measured by 

specific methods
Do not measure cognitive 
function

Study Design Randomized-Controlled Trial Cohort
Case-control
Cross-sectional
Case report
Case series
Descriptive studies
Qualitative studies

Language English Non-English
Statistics There is an analytical statistic explanation Just only descriptive studies

FIGURE 1. Flow diagram 
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RESULTS

Study selection 

We found 426 journals in our search strategy. 
At the first screening, we excluded 80 duplicated 
journals. Second, the title and abstract were  
reviewed based on the eligibility criteria, as many 
as 301 were excluded, 45 remained. At the third 
screening, full-text was reviewed, as many as 43 
journals were excluded. Finally, 2 studies met the 
eligibility criteria and were included in this review. 
The flow diagram of the systematic searching 
strategy is shown in Figure 1.

Quality assessment

The overall quality of the studies was good. We 
used JADAD Scale to assess the quality of our 
studies. The two studies are randomized, blinded, 
and described the subject withdrawal. The quality 
assessment can be seen in Table 2 (JADAD Scale).

TABLE 2. JADAD Scale. Quality assessment for 
randomized-controlled trial
Author, 
years Randomization Blinding Withdrawals Total

Chen, 2016 2 2 1 5/5
Ma, 2016 2 2 1 5/5

Study report characteristics 

These two randomized-controlled trials were 
conducted in China. The total participants ranged 
from 121 to 152 patients. Chen revealed that Mean 
MMSE improved in the intervention group com-
pared to the control group (p < 0.05). Ma revealed 
that daily 400µg of folic acid for 12 months  
improves cognitive function measured by many 
cognitive tests, such as Full-Scale IQ Test  
(p = 0.028), Information (p = 0.031), and Digit 

Span (p = 0.009). More info about study character-
istics can be seen in Table 3.

DISCUSSION

In this systematic review, we found that daily 
folic acid supplements could improve cognitive 
function in patients with Alzheimer’s disease and 
mild cognitive impairment. The exact mechanism 
is unknown, but it is believed that folic acid sup-
plementation improves cognitive function by  
reducing the levels of peripheral inflammatory  
cytokines (9).

Peripheral inflammatory cytokine levels and 
cognitive impairment and dementia

Peripheral inflammatory cytokines play a role 
in developing cognitive impairment and dementia. 
Inflammatory cytokines, such as IL-6, IL-1β, and 
TNF-α can cross the blood-brain barrier, suggest-
ing that it may have a direct effect on the brain. 
Peripheral cytokines have been associated with a 
reduced volume of hippocampal and memory per-
formance (10,11).

Folic acid supplementation on peripheral  
inflammatory cytokine levels

Homocysteine is a risk factor in developing de-
mentia and cognitive impairment. High homocyst-
eine levels lead to have an impact on cerebral pa-
thology, neurotoxic effects, influence on the 
neurofibrillary tangle, and deposit of β-amyloid, 
which may play a role in the mechanism of AD and 
cognitive impairment (5). Homocysteine is also 
associated with peripheral inflammation in animal 
studies and human. Folate promotes the remethyl-
ation of homocysteine to methionine. Some stud-
ies suggested that daily folic acid supplementation 

TABLE 3. Study characteristics
Author Design Subject Intervention Control Result
Chen, 2016 
(8)

RCT 121 patients 
with possible 
Alzheimer’s 
disease, with 
MMSE score 
between 3 and 26

61 Alzheimer’s disease 
patients that received 
1.25mg/d folic acid 
supplementation + 
donepezil medication, 
completed 6-months 
follow-up

60 with Alzheimer’s 
disease and 
donepezil 
medication, 
completed 
6-months follow-up

Mean MMSE improved in intervention 
group compared to control group  
(p < 0.05). Folic acid has a role in 
improving cognitive function in patient 
with Alzheimer’s disease.

Ma, 2016 
(9)

RCT 152 patients with 
mild cognitive 
impairment, 
identified by 
Petersen’s criteria

77 MCI patients that 
received 400µg/d folic 
acid tablet for 12 months

75 patients with 
conventional 
therapy for 12 
months

Daily 400 µg folic acid for 12 months 
improves cognitive function measured 
by many cognitive tests, such as Full-
Scale IQ Test (p = 0.028), Information 
(p = 0.031), and Digit Span (p = 0.009)
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reduced homocysteine concentration in plasma. 
Therefore, it is believed that folic acid may have a 
role in cognitive improvement by reducing the  
homocysteine concentration (12,13). Studies from 
Ma also revealed that consuming folic acid supple-
mentation (400 µg) in the 12-months period,  
decreased the IL-6, TNF-α, and Aβ-42 (β-amyloid) 
levels.

Folic acid supplementation improves cognitive 
function

In this systematic review, daily oral folic acid 
supplements can significantly improve cognitive 
function. It is similar to the results of a FACIT trial 
that daily oral 800 μg folic acid for 36 months im-
proves the performance on a test that measures the 
memory function (14). Study from Chen, involved 
61 Alzheimer’s disease patients with MMSE score 
between 3 and 26 that received 1.25 mg/d folic 
acid supplementation + donepezil medication, 
completed 6-months follow-up, revealed that mean 
MMSE improved in the intervention group (folic 
acid and donepezil) compared to the control group 
(donepezil only) (p < 0.05) (8). Study from Ma, 
involved 77 MCI patients that received 400 µg/d 
folic acid tablet for 12 months, revealed that daily 
400µg folic acid for 12 months improves cognitive 
function measured by many cognitive tests, such 
as Full-Scale IQ Test (p = 0.028), Information  
(p = 0.031), and Digit Span (p = 0.009). Patients 
with folic acid have a better performance on Infor-
mation Test and Digit Span test compared to con-
trol group (9).

Decreased memory function has been associated 
with hippocampal lesions. Hippocampal plays an 
important role in short and long-term memory. 
Low-grade peripheral inflammation may cause 
hippocampal change, including hippocampal vol-
ume. Hippocampal also has a huge number of  
receptors for inflammatory cytokines, such as IL-6 
and IL-1β in the brain. As mentioned above, folic 
acid supplement decreased IL-6, TNF-α, and other 
inflammatory cytokines. Thus, folic acid supple-
ment could be potentially improves the cognitive 
function via reducing levels of peripheral inflam-
matory cytokines (15-17).

This review has some limitations. First, the 
number of studies included in this review was 
small (only 2 studies). Second, there were different 
diagnostic criteria to diagnose cognitive impair-
ment (MMSE and Full Scale-IQ, Information, and 
Digit Span test). But hopefully, this review could 
give update information about association between 
folic acid supplement and cognitive function.

CONCLUSIONS

Daily oral folic acid supplementation (400 µg 
and 1.2 mg) for 6-12 months improves cognitive 
function in Alzheimer’s disease and mild cognitive 
impairment. More studies about the association 
between folic acid and cognitive function are needed.
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