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Objective   This study aimed to examine the association between normal-but-low folate levels and cognitive function in the elderly pop-
ulation using a prospective cohort study. 
Methods   We analyzed 3,910 participants whose serum folate levels were within the normal reference range (1.5–16.9 ng/mL) at base-
line evaluation in the population-based prospective cohort study named the “Korean Longitudinal Study on Cognitive Aging and De-
mentia.” The association between baseline folate quartile categories and baseline cognitive disorders [mild cognitive impairment (MCI) 
or dementia] was examined using binary logistic regression analysis adjusting for confounding variables. The risks of incident MCI and 
dementia associated with the decline of serum folate level during a 4-year follow-up period were examined using multinomial logistic 
regression analysis.
Results   The lowest quartile group of serum folate (≥1.5, ≤5.9 ng/mL) showed a higher risk of cognitive disorders than did the highest 
quartile group at baseline evaluation (odds ratio 1.314, p=0.012). Over the 4 years of follow-up, the risk of incident dementia was 2.364 
times higher among subjects whose serum folate levels declined from the 2nd–4th quartile group to the 1st quartile than among those 
for whom it did not (p=0.031).
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INTRODUCTION

Dementia is one of the most disabling and burdensome 
health conditions worldwide and its prevalence and economic 
costs are increasing rapidly along with the increasing num-
ber of older adults in the population.1,2 Mild cognitive im-
pairment (MCI) is a transitional phase from normal aging to 
dementia, and elderly individuals with MCI are at high risk 
of developing dementia.3 Given that there is currently no cure 
for dementia, it is crucial to identify modifiable risk factors 
for the prevention of MCI and dementia.4

Nutritional factors have been widely considered to contrib-
ute to the development of dementia.5 Folate, which is one of 
the B vitamins involved in the early development of the brain 
and the methylation process, is essential for maintaining nor-
mal brain function in later life, along with vitamin B6 and vi-
tamin B12; folate levels in the blood are affected by dietary 
intake.6 Folate acts as a donor of methyl groups for the ho-
mocysteine cycle and folate deficiency can cause an increase 
in blood levels of homocysteine.7 Elevated homocysteine lev-
els lead to cognitive impairment by increasing the risk for 
atherosclerosis and cerebrovascular disease8 or through pro-
ducing direct neurotoxic effects.7 In addition to its effect in 
lowering homocysteine levels, folate acts as a coenzyme in 
the synthesis of neurotransmitters9 and improves nitric oxide 
availability in the brain. Folate deficiency impairs the DNA 
repair mechanism in neurons and sensitizes neurons to oxi-
dative damage and the toxicity of amyloid beta-peptide.10 

Previous epidemiological studies have reported cross-sec-
tional11,12 and longitudinal13,14 associations between low blood 
folate levels and the risk of cognitive impairment. In a recent 
meta-analysis that evaluated the associations between homo-
cysteine, folate, vitamin B12, and Alzheimer’s disease (AD), 
the mean folic acid and vitamin B12 levels in AD patients were 
significantly lower than those in healthy controls, and low 
folate levels were linked to an increased risk of AD occur-
rence.15 

Excessive folate levels are also associated with cognitive 
dysfunction. Morris et al.16 found that subjects with the high-
est quintile of folate intake (median, 742 μg/day) had a faster 
rate of cognitive decline than those in the lowest quintile of 

folate intake (median, 186 μg/day). Hunter et al.17 observed 
mental changes and sleep disturbances in 12 out of 14 nor-
mal volunteers who ingested 15 mg of folic acid per day, over 
a 1 month period (mean serum folate level changed from 
4.49 ng/mL to >120 ng/mL). Therefore, folate deficiency or 
excessive folate confirmed by laboratory testing might con-
tribute to the risk of cognitive dysfunction. 

In clinical settings, we used to examine folate concentra-
tion when looking for the etiology of cognitive impairment 
in order to rule out folate deficiency. However, the values of 
“lower” folate levels in previous studies that reported an as-
sociation of folate level with cognitive impairment were above 
the normal reference range.11,12 If there is any possibility that 
even a normal folate level might be associated with the risk 
of cognitive impairment, it may be clinically meaningful to 
investigate the relationship between folate level and cognitive 
function when excluding the impacts of folate deficiency or 
excess. To our knowledge, no study has investigated the asso-
ciation between folate levels within the normal range and cog-
nitive function. We investigated the association between serum 
folate levels and the risk of MCI and dementia in a commu-
nity-dwelling population-based prospective cohort of Korean 
elders whose baseline folate levels were within the normal 
range. Furthermore, we also examined the change in folate 
levels over a period of 4 years in relation to incident cognitive 
disorders at a 4-year follow-up. Our hypothesis was that a 
normal-but-low level of folate is associated with a higher risk 
of cognitive impairment and incident cognitive disorder.

METHODS

Subjects
This study was conducted as part of the Korean Longitudi-

nal Study on Cognitive Aging and Dementia (KLOSCAD), 
which is a population-based prospective multicenter (13 cen-
ters) cohort study of Korean elders aged 60 years and older.18 
In total, 6,818 participants completed the process for cogni-
tive function evaluation during the baseline study period, 
between 2010 and 2012 from the random sample (n=12,694) 
(response rate=53.7%). For baseline analysis, participants 
with no record of baseline folate levels, an abnormal value 

Conclusion   Normal-but-low serum folate levels were associated with the risk of cognitive disorders in the elderly population, and a 
decline to normal-but-low serum folate levels was associated with incident dementia. Maintaining serum folate concentration above 5.9 
ng/mL may be beneficial for cognitive status. Psychiatry Investig 2019;16(7):532-538
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(<1.5 or >16.9 ng/mL), or with a history of stroke or signifi-
cant head trauma with a loss of consciousness of at least 10 
minutes (n=2,908) were excluded (Figure 1). As a result, 3,910 
subjects (mean age=69.5±6.7 years, education=8.4±5.3 
years, female=55.0%) were eligible. Among the 3,910 sub-
jects included in this study, 2,587 subjects (66.2%) completed 
the 4 years of follow-up evaluation (Figure 1). All partici-
pants were fully informed about the study protocol and pro-
vided written informed consent, signed by the subjects or their 
legal guardians. The study protocol was approved by the In-
stitutional Review Board of the Seoul National University 
Bundang Hospital (B-0912/089-010). 

Folate and other biochemical measurements
At the baseline and 4-year follow-up evaluations, fasting 

blood was collected from each participant and transported 
on ice to the Seoul Clinical Laboratory (SCL, Seoul, Korea). 
Serum folate levels were measured using radioimmunoassay 
(MP Biomedicals, Solon, OH, USA). Radioactivity was mea-
sured using Gamma-10 (Shin Jin Medics Inc., Goyang, Ko-
rea). Using the normal laboratory values (1.5–16.9 ng/mL), 
baseline folate levels were categorized into quartiles: 1st (≥1.5, 
≤5.9), 2nd (>5.9, ≤8.2), 3rd (>8.2, ≤11.0), and 4th (>11.0, 
≤16.9). Folate levels at the 4-year follow-up were also divided 

into four groups using the same thresholds as the quartile 
categories at baseline.

Diagnostic assessments of cognitive disorders
To diagnose cognitive disorders, geriatric neuropsychia-

trists in each research center with expertise in dementia re-
search administered a face-to-face standardized diagnostic 
interview, as well as physical and neurological examinations 
using the Korean version of the Consortium to Establish a 
Registry for Alzheimer’s disease Assessment Packet Clinical 
Assessment Battery (CERAD-K-C).19 Research neuropsychol-
ogists or trained research nurses administered the Korean ver-
sion of the Consortium to Establish a Registry for Alzheim-
er’s disease Assessment Packet Neuropsychological Assessment 
Battery (CERAD-K-N),19,20 Digit Span Test (DST),21 and Fron-
tal Assessment Battery.22 The CERAD-K-N consists of nine 
neuropsychological tests: Verbal Fluency Test, 15-item Bos-
ton Naming Test, Mini Mental Status Examination for de-
mentia screening (MMSE-DS),23 Word List Memory Test, 
Constructional Praxis Test, Word List Recall Test, Word List 
Recognition Test, Constructional Recall Test, and Trail Mak-
ing Test A/B.19,20 A panel of four research neuropsychiatrists 
in the core center confirmed participants’ final diagnoses af-
ter receiving the assessment data from each center. Dementia 
was diagnosed according to the Diagnostic and Statistical 
Manual of Mental Disorders, Fourth Edition (DSM-IV) di-
agnostic criteria.24 MCI was diagnosed according to the Con-
sensus Criteria from the International Working Group on 
MCI.25 The presence of objective cognitive impairment was 
ascertained when the performance of the subjects was 1.5 stan-
dard deviations (SD) or more below the age-, sex-, and edu-
cation-adjusted norms in any of the neuropsychological tests.26 

Statistical analyses
One-way analysis of variance (ANOVA) for continuous vari-

ables and a linear-by-linear test for categorical variables were 
used to compare the baseline sociodemographic and clinical 
characteristics between the four quartile categories of base-
line folate levels. A post-hoc analysis using the Bonferroni 
method was also performed.

Binary logistic regression analysis was used to examine the 
association between baseline folate quartile categories and 
baseline cognitive disorders (MCI or dementia) adjusting for 
age, sex, education, presence of hypertension, diabetes melli-
tus, body mass index (BMI, kg/m2), the Korean version of the 
Geriatric Depression Scale (GDS-K),27 total cholesterol, se-
rum creatinine, alcohol intake, smoking, presence of apolipo-
protein (APOE) ε4 allele, and vitamin B12 levels. 

To investigate the association between the decline of folate 
levels from baseline to 4 years of follow-up and incident cog-

12,694 subjects randomly selected

6,818 completed baseline evaluation

3,910 eligible for baseline analysis

1,668 eligible for 4-years follow-up 
analysis

2,587 completed the evalution
of the 4 years of follow-up

Excluded, N=2,908
  No (1,707) or abnormal baseline folate level (690)
  History of stroke or significant head trauma (511)

Excluded, N=1,323
  Deceased (192)
  Institutionalized (31), loss to follow-up (1,100)

Excluded, N=919
  Baseline 1st lowest folate category (607)
  No folate level at the 4 years of follow-up (292)
  Dementia at baseline (20)

Figure 1. Enrollment and follow-up of study participants.
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nitive disorders at 4 years of follow-up, multinomial logistic 
regression analysis was performed. Subjects with dementia at 
baseline were excluded from the model, and the decline of fo-
late levels was defined as the concentration at baseline in the 
2nd to 4th categories falling to the 1st category at 4-year fol-
low-up. The model was also adjusted for the same variables 
as those in the binary logistic regression model. All statistical 
analyses were performed using SPSS software (version 23.0; 
IBM Corp., Armonk, NY, USA). 

RESULTS

Baseline characteristics according to serum folate 
level quartile groups

The mean baseline folate level of all participants was 8.6± 
3.4 ng/mL, and those of the 1st, 2nd, 3rd, and 4th folate 
quartile groups were 4.6±1.0, 7.1±0.7, 9.6±0.8, and 13.4±1.7 
ng/mL respectively (Table 1). The mean age of the 1st lowest 
quartile group (70.6±7.3 years) was significantly higher than 
those of the other three quartile groups (F=13.873, p<0.001). 
Subjects within the higher quartile groups (i.e., 4th quartile 

vs. 3rd quartile, 3rd quartile vs. 2nd quartile, and 2nd quartile 
vs. 1st quartile) consisted of more women (p<0.001). Com-
pared to the lower quartile groups (1st and 2nd groups), sub-
jects within the 3rd (8.7±5.2) and 4th (8.8±5.4) quartiles had 
more years of education (F=7.209, p<0.001). At the baseline 
evaluation, 2,746 (70.2%) subjects were cognitively normal, 
1,044 (26.7%) subjects had MCI, and 120 (3.1%) subjects had 
dementia. The distribution of diagnosis was significantly dif-
ferent between the four quartile groups (p<0.001).

Association of the baseline serum folate levels with 
the baseline cognitive disorders

The first lowest quartile group of serum folate levels 
showed a 1.314-fold higher risk of cognitive disorders (MCI 
or dementia) compared to subjects in the highest quartile 
group [odds ratio (OR) 1.314, 95% CI 1.062–1.626, p=0.012] 
adjusting for age, sex, education, presence of hypertension, 
diabetes mellitus, BMI, GDS-K, total cholesterol, serum cre-
atinine, alcohol intake, smoking, presence of APOE ε4 allele, 
and vitamin B12 levels (Table 2). 

Table 2. Association of the baseline serum folate levels with the baseline cognitive disorders*

Variables B S.E. Wald Sig.† OR (95% CI)
1st quartile (≤ 5.9 ng/mL) 0.273 0.109 6.299 0.012 1.314 (1.062–1.626)
2nd quartile (≤ 8.2 ng/mL) 0.066 0.108 0.375 0.541 1.068 (0.865–1.319)
3rd quartile (≤11.0 ng/mL) 0.032 0.108 0.087 0.768 1.032 (0.835–1.277)
4th quartile (>11.0 ng/mL) Ref.
*mild cognitive impairment or dementia, †binary logistic regression that computed age, sex, education, presence of apolipoprotein ε4 allele, 
Geriatric Depression Scale, presence of hypertension, diabetes mellitus, body mass index, total cholesterol, serum creatinine, alcohol intake, 
smoking, and serum vitamin B12 levels as covariates. CI: confidence interval, OR: odds ratio

Table 1. Baseline sociodemographic and clinical characteristics among baseline serum folate quartile groups

Total 
(N=3,910)

Baseline serum folate levels
p value* post-hoc†1st quartile

(N=991)
2nd quartile 

(N=991)
3rd quartile 

(N=973)
4th quartile 

(N=955)
Folate (ng/mL) (range) 8.6±3.4

(≥1.5, ≤16.9)
4.6±1.0 

(≥1.5, ≤5.9)
7.10±0.7 

(>5.9, ≤8.2)
9.6±0.8 

(>8.2, ≤11.0)
13.4±1.7 

(>11.0, ≤16.9)
<0.001 1<2<3<4

Age (years) 69.5±6.7 70.6±7.3 69.5±6.4 68.8±6.5 69.0±6.3 <0.001 1>2,3,4
Female (N, %) 2,151 (55.0) 391 (39.5) 540 (54.5) 584 (60.0) 636 (66.6) <0.001
Education (years) 8.4±5.3 8.0±5.2 8.0±5.3 8.7±5.2 8.8±5.4 <0.001 1,2<3,4
GDS-K (points) 9.7±6.6 10.1±6.8 9.7±6.4 9.6±6.6 9.5±6.5 0.202
Baseline diagnosis (N, %)

Normal cognition 2,746 (70.2) 639 (64.5) 700 (70.6) 708 (72.8) 699 (73.2) <0.001
MCI 1,044 (26.7) 306 (30.9) 267 (26.9) 241 (24.8) 230 (24.1)
Dementia 120 (3.1) 46 (4.6) 24 (2.4) 24 (2.5) 26 (2.7)

Data are shown as mean±standard deviation (SD) for continuous variables. *derived from one-way analysis of variance for continuous vari-
ables, from a linear-by-linear association test for categorical variables, †post-hoc analysis using Bonferroni; 1, 2, 3, and 4 denote baseline 1st 
quartile, 2nd quartile, 3rd quartile, and 4th quartile respectively. GDS-K: Korean version of the Geriatric Depression Scale, MCI: mild cogni-
tive impairment
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Risks of cognitive disorders at the 4-year follow-up 
evaluation associated with the decline of serum 
folate levels 

Among the 2,587 subjects who completed the evaluation 
over the 4 years of follow-up, the 607 subjects included in the 
1st lowest folate category at baseline and 292 subjects who 
did not have their folate levels examined at the 4-year follow-
up were excluded in order to investigate the relationship be-
tween the decline of folate levels and longitudinal cognitive 
impairment. After the additional 20 subjects with dementia 
at baseline were excluded, 1,668 subjects (1,306 with normal 
cognition, 362 with MCI at baseline) were eligible for analy-
sis (Figure 1). Among them, 293 (17.6%) were diagnosed with 
MCI and 31 (1.9%) were diagnosed with dementia at the 
4-year follow-up (mean follow-up period of 3.9±0.3 years). 

Among the 1,668 subjects in the 2nd, 3rd, 4th baseline fo-
late categories with a diagnosis of cognitive normal or MCI 
at baseline, 375 (22.5%) dropped to the 1st lowest folate cate-
gory at the 4-year follow-up. They had a 2.364-fold risk of 
dementia at the 4-year follow-up compared to the subjects 
who did not drop to this group (OR 2.364, 95% CI 1.080–5.177, 
p=0.031) after adjusting for age, sex, education, presence of 
hypertension, diabetes mellitus, BMI, GDS-K, total choles-
terol, serum creatinine, alcohol intake, smoking, presence of 
APOE ε4 allele, and vitamin B12 levels (Table 3). They also 
showed a 1.318-fold risk of MCI at the 4-year follow-up 
compared to the subjects who did not, but statistical signifi-
cance was not achieved. 

DISCUSSION

In this study, serum folate in the normal-but-low range (≥1.5, 
≤5.9 ng/mL) was significantly associated with cognitive dis-
orders (MCI or dementia). Among the participants with nor-
mal baseline folate, the lowest quartile group of serum folate 
showed a higher risk of MCI or dementia than the other quar-
tiles after controlling for various confounding factors that could 
affect cognitive function. Furthermore, during the 4-year fol-
low-up period, the risk of incident dementia was significantly 
higher in subjects whose folate levels dropped to the lowest 
quartile after adjustment for potential confounders.

Previous studies suggest that lower folate levels are associ-
ated with a higher risk of cognitive impairment,11-15 which is 
consistent with our results. Clark et al.11 revealed that the OR 
of confirmed AD associated with a folate level in the lower 
third (≤7.5 ng/mL) compared with the upper third (>10.7 ng/
mL) of the control distribution was 3.3 (95% CI 1.8–6.3). 
Quadri et al.12 found that the lowest folate tertile (<6.0 ng/
mL) had significantly higher odds ratios for MCI (OR=3.1, 
95% CI 1.2–8.1) and dementia (OR=3.8, 95% CI 1.3–11.2) 
than that of the highest tertile (>8.6 ng/mL). In a Korean pro-
spective cohort study, over a 2.4-year follow-up period, the 
incidence of dementia increased significantly across descend-
ing quintiles of baseline folate concentration (OR=1.41, 95% 
CI 1.08–1.83).13 In another 4-year longitudinal study con-
ducted in Italy, compared with the top folate quartile (>6.7 
ng/mL), hazard ratios (HR) for dementia were 2.22 (95% CI 
1.21–4.05) for the bottom quartile (<3.9 ng/mL) and 1.83 (95% 
CI 1.00–3.34) for the second lowest quartile (3.9–5.2 ng/mL); 
the HR for the third quartile (5.3–6.7 ng/mL) was not statis-
tically significant.14 

The prevalence of folate deficiency (<3.0 ng/mL) was re-
ported to be low at 0.056% to 1.73%28,29 in Western countries 
since folic acid fortification began in 1998. In a population of 
individuals aged 50 years or more, 2.2–2.3% had a deficiency 
in folic acid (<3.0 ng/mL).28 In healthy Korean adults, about 
13.3% of men and 3.2% of women showed a folate deficiency 
(<3.0 ng/mL)30 but there has been a lack of research in elder-
ly populations. Folate deficiency was observed in 0.02% (<1.5 
ng/mL) and 1.8% (<3.0 ng/mL) of individuals in the KLOSCAD 
sample. When we focus on folate deficiency alone, we can 
treat a relatively small proportion of people at-risk of demen-
tia. However, when we may give clinical attention to people 
with normal folate levels but below 5.9 ng/mL or people who 
have folate levels that have fallen below 5.9 ng/mL, it may be 
helpful to the larger population at risk of dementia. A study 
from Italy, which has demonstrated that low folate concen-
trations (≤5.2 ng/mL) were related to incident dementia, re-
ported a similar threshold to that observed in our study.14 

In this study, a decline in the folate level from the 2nd–4th 
quartile groups to the 1st lowest quartile group during the 
4-year follow-up period increased the risk of incident demen-

Table 3. The risks of cognitive disorders at the 4-year follow-up evaluation associated with the decline of serum folate level* during the 
4-year follow-up period

B SE Wald Sig.† OR (95% CI)
MCI 0.276 0.157 3.086 0.079 1.318 (0.969–1.793)
Dementia 0.860 0.400 4.630 0.031 2.364 (1.080–5.177)
*the participants whose serum folate level was within the 2nd–4th quartile at baseline but declined to the lowest quartile at the 4-year follow-
up evaluation, †multinomial logistic regression that computed age, sex, education, presence of apolipoprotein ε4 allele, Geriatric Depression 
Scale, presence of hypertension, diabetes mellitus, body mass index, total cholesterol, serum creatinine, alcohol intake, smoking, and serum 
vitamin B12 level as covariates. CI: confidence interval, OR: odds ratio, MCI: mild cognitive impairment



S Jang et al. 

   www.psychiatryinvestigation.org  537

tia. A decrease in serum folate status was reported to be as-
sociated with cognitive decline31 or incident dementia13 in 
previous studies. Folate directly plays a biological role in cog-
nition by possessing an antioxidant potential to counteract ox-
idative stress, which is involved in the pathogenesis of AD, and 
by being involved in the synthesis or repair mechanism of 
DNA, which could stimulate adult neurogenesis in the hip-
pocampus, a critical area of the brain for memory function.10,32 
Moreover, folate is an important mediator of homocysteine 
levels and is thus indirectly related to cognitive function through 
multiple mechanisms, such as increasing the risk of cerebro-
vascular disease8 or influencing amyloid beta-peptide me-
tabolism.10 Therefore, low folate levels or a decrease in folate 
levels may be associated with incident cognitive disorders. 
However, it is not conclusive whether a decline in folate level 
may lead to incident dementia or the neurodegenerative pro-
cess leads to a decline of folate level. Evidence from an ani-
mal study indicated that low folate levels might contribute to 
neurodegeneration and also that low folate levels might be 
triggered by the neurodegeneration process itself because fo-
late requirements are increased due to oxidative stress.33 Thus, 
low folate levels could result from early neurodegeneration, 
and in fact, cognitively impaired people often had insufficient 
dietary intake, leading them to have a poor folate status.13 

There are several limitations of this study. First, we did not 
consider the homocysteine levels, which play a role in the re-
lationship between folate and cognitive function, as data on 
this were unavailable.7 Second, the conversion rate to demen-
tia was relatively small (1.1% over 4 years compared with 1–2% 
in the general population per year34) because those subjects 
with conversion to dementia were likely to be lost to follow-up. 

The strengths of this study include the large sample size 
and the fact that the diagnosis of dementia or MCI was made 
by geropsychiatrists with dementia expertise. Additionally, 
most previous studies only demonstrated that the change in 
folate level from baseline to follow-up may affect cognitive 
decline.13,31 However, we suggested the optimal maintenance 
concentration of folate to prevent cognitive decline. To our 
knowledge, this study is the first to report that a normal-but-
low folate level is associated with worse cognitive status and 
outcomes. These results suggest that, in terms of cognitive 
function, higher cut-offs for serum folate deficiency (e.g., 5.9 
ng/mL) and regular screening of folate concentration to en-
sure that it is maintained above a certain level would be ben-
eficial; earlier intervention in older adults might also be helpful 
to prevent cognitive decline. In the future, long-term random-
ized controlled clinical trials with a large sample size should 
be conducted to investigate whether supplementation of folic 
acid may improve cognitive function in the elderly, even in 
the absence of clinically manifested folate deficiency.

Acknowledgments
This study was supported by a grant from the Korean Health Technolo-

gy R&D Project, Ministry of Health and Welfare, Republic of Korea (grant 
no. HI09C1379 [A092077]).

Conflicts of Interest
The authors have no potential conflicts of interest to disclose. 

Author Contributions
Conceptulization: Ji Won Han, Ki Woong Kim. Data curation: Ji Won 

Han. Formal Analysis & Software & Visualization: Soomin Jang, Jiyoon 
Shin, Ji Won Han, Ki Woong Kim. Funding acquisition: Ki Woong Kim. 
Investigation & Methodology & Resources & Writing—review & editing: Ji 
Won Han, Tae Hui Kim, Kyung Phil Kwak, Kayoung Kim, Bong Jo Kim, 
Shin Gyeom Kim, Jeong Lan Kim, Tae Hyun Kim, Seok Woo Moon, Jae 
Young Park, Joon Hyuk Park, Seonjeong Byun, Seung Wan Suh, Jiyeong 
Seo, Yoonseop So, Seung-Ho Ryu, Jong Chul Youn, Kyoung Hwan Lee, 
Dong Young Lee, Dong Woo Lee, Seok Bum Lee, Jung Jae Lee, Ju Ri Lee, 
Hyeon Jeong, Hyun-Ghang Jeong, Jin Hyeong Jhoo, Kyuhee Han, Jong 
Woo Hong, Ki Woong Kim. Project administration & Supervision & Vali-
dation: Ji Won Han, Ki Woong Kim. Writing—original draft: Soomin Jang, 
Ji Won Han, Ki Woong Kim.

ORCID iDs
Ji Won Han https://orcid.org/0000-0003-2418-4257
Soomin Jang https://orcid.org/0000-0003-3515-7211

REFERENCES

1. Ferri CP, Prince M, Brayne C, Brodaty H, Fratiglioni L, Ganguli M, et 
al. Global prevalence of dementia: a Delphi consensus study. Lancet 
2005;366:2112-2117.

2. Alzheimer’s Association. 2016 Alzheimer’s disease facts and figures. 
Alzheimers Dement 2016;12:459-509.

3. Petersen RC, Caracciolo B, Brayne C, Gauthier S, Jelic V, Fratiglioni L. 
Mild cognitive impairment: a concept in evolution. J Intern Med 2014; 
275:214-228.

4. Roberts JS, Tersegno SM. Estimating and disclosing the risk of devel-
oping Alzheimer’s disease: challenges, controversies and future direc-
tions. Future Neurol 2010;5:501-517.

5. Beydoun MA, Beydoun HA, Gamaldo AA, Teel A, Zonderman AB, 
Wang Y. Epidemiologic studies of modifiable factors associated with 
cognition and dementia: systematic review and meta-analysis. BMC 
Public Health 2014;14:643.

6. Brussaard JH, Lowik MR, van den Berg H, Brants HA, Goldbohm RA. 
Folate intake and status among adults in the Netherlands. Eur J Clin 
Nutr 1997;51(Suppl 3):S46-S50.

7. Reynolds E. Vitamin B12, folic acid, and the nervous system. Lancet 
Neurol 2006;5:949-960.

8. Wald DS, Law M, Morris JK. Homocysteine and cardiovascular dis-
ease: evidence on causality from a meta-analysis. BMJ 2002;325:1202.

9. Shane B, Stokstad EL. Vitamin B12-folate interrelationships. Annu Rev 
Nutr 1985;5:115-141.

10. Kruman, II, Kumaravel TS, Lohani A, Pedersen WA, Cutler RG, Kru-
man Y, et al. Folic acid deficiency and homocysteine impair DNA re-
pair in hippocampal neurons and sensitize them to amyloid toxicity in 
experimental models of Alzheimer’s disease. J Neurosci 2002;22:1752-
1762.

11. Clarke R, Smith AD, Jobst KA, Refsum H, Sutton L, Ueland PM. Fo-
late, vitamin B12, and serum total homocysteine levels in confirmed 
Alzheimer disease. Arch Neurol 1998;55:1449-1455.

12. Quadri P, Fragiacomo C, Pezzati R, Zanda E, Forloni G, Tettamanti M, 
et al. Homocysteine, folate, and vitamin B-12 in mild cognitive impair-
ment, Alzheimer disease, and vascular dementia. Am J Clin Nutr 



538  Psychiatry Investig  2019;16(7):532-538

Folate and Cognitive Impairment

2004;80:114-122.
13. Kim JM, Stewart R, Kim SW, Shin IS, Yang SJ, Shin HY, et al. Changes 

in folate, vitamin B12 and homocysteine associated with incident de-
mentia. J Neurol Neurosurg Psychiatry 2008;79:864-868.

14. Ravaglia G, Forti P, Maioli F, Martelli M, Servadei L, Brunetti N, et al. 
Homocysteine and folate as risk factors for dementia and Alzheimer 
disease. Am J Clin Nutr 2005;82:636-643.

15. Shen L, Ji HF. Associations between Homocysteine, Folic Acid, Vita-
min B12 and Alzheimer’s Disease: Insights from Meta-Analyses. J Al-
zheimers Dis 2015;46:777-790.

16. Morris MC, Evans DA, Bienias JL, Tangney CC, Hebert LE, Scherr PA, 
et al. Dietary folate and vitamin B12 intake and cognitive decline among 
community-dwelling older persons. Arch Neurol 2005;62:641-645.

17. Hunter R, Barnes J, Oakeley HF, Matthews DM. Toxicity of folic acid 
given in pharmacological doses to healthy volunteers. Lancet 1970;1: 
61-63.

18. Han JW, Kim TH, Kwak KP, Kim K, Kim BJ, Kim SG, et al. Overview 
of the Korean Longitudinal Study on Cognitive Aging and Dementia. 
Psychiatry Investig 2018;15:767-774.

19. Lee JH, Lee KU, Lee DY, Kim KW, Jhoo JH, Kim JH, et al. Develop-
ment of the Korean version of the Consortium to Establish a Registry 
for Alzheimer’s Disease Assessment Packet (CERAD-K): clinical and 
neuropsychological assessment batteries. J Gerontol B Psychol Sci Soc 
Sci 2002;57:P47-53.

20. Lee DY, Lee KU, Lee JH, Kim KW, Jhoo JH, Kim SY, et al. A normative 
study of the CERAD neuropsychological assessment battery in the 
Korean elderly. J Int Neuropsychol Soc 2004;10:72-81.

21. Wechsler DA. Wechsler Memory Scale-Revised. New York: Psycho-
logical Corporation; 1987. 

22. Kim TH, Huh Y, Choe JY, Jeong JW, Park JH, Lee SB, et al. Korean ver-
sion of frontal assessment battery: psychometric properties and nor-
mative data. Dement Geriatr Cogn Disord 2010;29:363-370.

23. Kim TH, Jhoo JH, Park JH, Kim JL, Ryu SH, Moon SW, et al. Korean 
version of mini mental status examination for dementia screening and 

its’ short form. Psychiatry Investig 2010;7:102-108.
24. American Psychiatric Association. Diagnostic and Statistical Manual 

of Mental Disorders: DSM-IV. Washington, DC: American Psychiatric 
Association; 1994.

25. Winblad B, Palmer K, Kivipelto M, Jelic V, Fratiglioni L, Wahlund LO, 
et al. Mild cognitive impairment--beyond controversies, towards a 
consensus: report of the International Working Group on Mild Cogni-
tive Impairment. J Intern Med 2004;256:240-246.

26. Lho SK, Kim TH, Kwak KP, Kim K, Kim BJ, Kim SG, et al. Effects of 
lifetime cumulative ginseng intake on cognitive function in late life. 
Alzheimers Res Ther 2018;10:50.

27. Bae JN, Cho MJ. Development of the Korean version of the Geriatric 
Depression Scale and its short form among elderly psychiatric patients. 
J Psychosom Res 2004;57:297-305.

28. Godoy A, Tabares AH. Prevalence of low folate deficiency after wheat 
flour supplementation - should we still measure serum folate? Hema-
tol Transfus Cell Ther 2018;40:305-309.

29. Theisen-Toupal J, Horowitz G, Breu A. Low yield of outpatient serum 
folate testing: eleven years of experience. JAMA Intern Med 2014;174: 
1696-1697.

30. Kim YN, Cho YO. Folate food source, usual intake, and folate status in 
Korean adults. Nutr Res Pract 2018;12:47-51.

31. Nurk E, Refsum H, Tell GS, Engedal K, Vollset SE, Ueland PM, et al. 
Plasma total homocysteine and memory in the elderly: the Hordaland 
Homocysteine Study. Ann Neurol 2005;58:847-857.

32. Morris MS. The role of B vitamins in preventing and treating cognitive 
impairment and decline. Adv Nutr 2012;3:801-812.

33. Farkas M, Keskitalo S, Smith DE, Bain N, Semmler A, Ineichen B, et 
al. Hyperhomocysteinemia in Alzheimer’s disease: the hen and the 
egg? J Alzheimers Dis 2013;33:1097-1104.

34. Petersen RC, Smith GE, Waring SC, Ivnik RJ, Tangalos EG, Kokmen E. 
Mild cognitive impairment: clinical characterization and outcome. 
Arch Neurol 1999;56:303-308.


