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Abstract

Background: Cognitive health is a public health concern among older adults. Dietary 

supplement (SUP) use is common and concerns have been raised about high folic acid intake 

among those with vitamin B-12 deficiency and exacerbation of poor cognitive performance (PCP).

Objectives: We evaluated SUP use, usual folic acid intake, and blood folate and vitamin B-12 

concentrations in relation to cognitive performance.

Methods: We used NHANES 2011–2014 data on adults aged ≥60 y (n = 2867) and estimated 

total usual folic acid intake from diet and supplements, vitamin B-12 intake from SUPs, blood 

folates, vitamin B-12 concentrations, vitamin B-12 insufficiency (≤258 pmol/L), high folate 

(serum folate ≥59 nmol/L or RBC folate ≥1609 nmol/L), and PCP (<34 on the Digit Symbol 

Substitution Test). We assessed folate distributions adjusted for multiple variables, including renal 

function.

Results: Compared with persons without PCP, adults with PCP were less likely to use 

supplements containing folic acid (mean ± SEE: 34.4% ± 2.4%) or vitamin B-12 (mean ± SEE: 

47.5% ± 1.6%). Among vitamin B-12–insufficient adults, 18.0% ± 1.6% (mean ± SEE) reported 

taking a vitamin B-12 supplement. Among participants with high folate and insufficient vitamin 

B-12 concentrations, 34.3% ± 11.5% (mean ± SEE) reported taking vitamin B-12–containing 

supplements. Persons with high folate and normal vitamin B-12 concentrations had lower odds of 

PCP [aOR (adjusted odds ratio): 0.61; 95% CI: 0.45, 0.83] than persons with normal folate and 

vitamin B-12. Persons with high folate and normal methylmalonic acid (MMA) had lower odds 
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of PCP (OR: 0.56; 95% CI: 0.40, 0.78) than those with normal folate and MMA concentrations. 

After adjustment for renal function, elevated risk of PCP was attenuated among persons with high 

folate and MMA. Concurrent high folate and insufficient vitamin B-12 concentrations were not 

associated with PCP.

Conclusions: Differential associations between vitamin B-12 and MMA highlight the need to 

consider renal function in studies of high folate and low vitamin B-12 status. Consumption of 

vitamin B-12 supplements concurrent with low vitamin B-12 status may indicate vitamin B-12 

malabsorption. Am J Clin Nutr 2022;116:74–85.
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Introduction

Cognitive health is an important public health concern among older adults and may 

be influenced by genetic (e.g., APOE genotype), environmental (e.g., ambient air 

pollution), as well as health or lifestyle factors (e.g., smoking) (1-4). Deterioration in 

cognitive functioning can negatively influence personal relationships, quality of life, and 

independence and can lead to additional health care needs and caregiving and financial 

challenges (5, 6). Patients with symptoms of poor cognition often delay necessary and 

appropriate clinical evaluation (7). The estimated prevalence of cognitive impairment among 

older adults ranges from 3% to 24% owing to inconsistent classification tools and definitions 

being used (8, 9).

The use of dietary supplements (SUPs) is becoming increasingly prevalent among older 

adults owing to their perceived benefits for cognition and overall health (10-12). Of adults 

aged ≥60 y, >70% reported using an SUP daily and 52% reported using a vitamin B-12–

containing SUP (17). However, despite the ubiquitous use of vitamin B-12 supplements, 

older adults can remain vitamin B-12 insufficient because of age, diet, and certain medical 

conditions (e.g., gastrointestinal disorders, pernicious anemia) that result in vitamin B-12 

malabsorption (13-17). Folate is a B vitamin important in basic cell processes and 

commonly available as folic acid in supplements and food fortification. Previous studies 

have raised a concern that “high” folate intake among older adults with low vitamin B-12 

status may exacerbate poor cognitive performance (PCP) (18, 19). Currently, no formal 

definition of “high” folate exists because it is not associated with adverse health outcomes 

and because cutoffs are arbitrary and/or inconsistently used in the literature.

Folate and vitamin B-12 have overlapping and unique manifestations of deficiency. Severe 

deficiency in either folate or vitamin B-12 results in megaloblastic anemia, due to the 

inhibition of cell division and disrupted DNA replication [reviewed in Berry (20)]. Unlike 

natural food folate, folic acid can rescue DNA replication and correct the anemia without the 

presence of vitamin B-12. However, folic acid is unable to prevent or treat the neurologic 

problems associated with vitamin B-12 deficiency. If left untreated, vitamin B-12 deficiency 

can lead to irreversible neurologic damage. Historical case reports suggested that cognitive 
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issues persisted in persons despite receiving treatment of pernicious anemia with folic acid 

[reviewed in Berry (20)]. This led to concerns about the exposure of folic acid through 

food fortification or supplement use and its effects (i.e., masking) on those with vitamin 

B-12 deficiency (after vitamin B-12 was discovered and characterized) [reviewed in Berry 

(20)]. These concerns were alleviated with the availability of clinical vitamin B-12 testing 

[reviewed in Berry (20)].

In 1998, the United States began mandatory folic acid fortification of enriched cereal-grain 

products (ECGPs) for the prevention of neural tube defects (NTDs) (21), which has since 

averted ≥1300 NTDs annually and largely prevented folate deficiency and its related anemia 

across the US population (22, 23). Studies have reported that in the absence of vitamin B-12 

deficiency, “higher” folate concentrations were not associated with poor cognition among 

older adults (18, 19, 24). However, concerns remain over the interrelation between folate 

and vitamin B-12 as it relates to cognitive performance (25). Therefore, we conducted a 

cross-sectional study in adults ≥60 y old to evaluate SUP use and usual folic acid intake, as 

well as vitamin B-12, methylmalonic acid (MMA), and blood folate concentrations, in the 

context of cognitive performance.

Methods

Demographics

We combined 2011–2012 and 2013–2014 NHANES data into a single data set (2011–2014) 

to describe the demographic characteristics of our population, to assess folic acid intake 

(usual and from SUPs only), vitamin B-12 intake from SUPs, and to calculate folate 

and vitamin B-12 concentrations among adults aged ≥60 y. NHANES is a cross-sectional 

survey conducted in 2-y phases using a stratified multistage probability design to capture 

a nationally representative sample of the noninstitutionalized civilian US population. The 

survey design and procedures have been described in detail elsewhere (26). Briefly, trained 

interviewers gather health information biennially from a sample of adults using phone and 

in-home interviews, followed by a physical examination in a mobile examination center 

(MEC). The protocols for conducting NHANES were approved by the institutional review 

board of the National Center for Health Statistics, CDC, and informed consent was obtained 

from all participants. Adults aged ≥60 y with supplement use information who attended 

the MEC examination and had an RBC folate concentration measurement and cognitive 

performance data were included in the analyses (n = 2867) (Figure 1).

Cognitive assessment

The Digit Symbol Substitution Test (DSST) is a performance module from the Wechsler 

Adult Intelligence Scale, Third Edition (WAIS III) that primarily assesses processing speed, 

sustained attention, and working memory (27). The DSST has been widely used to assess 

aspects of cognitive functioning. The test was administered in paper form to adults aged 

≥60 y. Using a key containing 9 numbers paired with symbols at the top of the paper form, 

participants had 2 min to copy the corresponding symbols in the 133 boxes that connected 

the numbers. The score was the total number of correct matches achieved within the allotted 

time. Higher scores were indicators of better cognitive performance. We used DSST <34—
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the 25th percentile of the distribution—as a cutoff in NHANES to classify PCP for adults 

aged ≥60 y based on the methods used in the published literature (24, 28). As a sensitivity 

analysis, we reran our analyses with other measures of cognitive performance available 

through NHANES 2011–2014, including word recall tests from the Consortium to Establish 

a Registry for Alzheimer’s Disease (CERAD) testing battery and an Animal Fluency (AF) 

test, using the same exposure percentile cutoffs for each of these analyses. CERAD is 

used to identify Alzheimer’s disease and consists of a 10-item word list learning with 

both immediate [CERAD-WL (Consortium to Establish a Registry for Alzheimer’s Disease

—Word List Memory Task)] and delayed recall [CERAD-DR (Word List Recall Test)]. AF 

measures verbal fluency and asks participants to name as many animals as possible in 1 

min. These additional cognitive tests include executive function and a memory subdomain 

that assesses the ability to learn new verbal information (29). Based on the literature, the 

following cutoffs were used to indicate PCP for these additional cognitive tests: <17 for 

CERAD-WL, <5 for CERAD-DR, and < 14 for AF (29, 30).

SUP use and usual folic acid intake

SUP use was ascertained by asking participants to recall their supplement use in the past 30 

d. Intakes of foods in the previous 24 h were collected in person in the MEC (day 1) and 

by telephone 3–10 d later (day 2). Supplement use data were used to define the types and 

amounts of SUPs consumed to estimate intakes of nutrients from those SUPs. Participants 

who reported supplement use were asked to provide the name of the supplement, frequency 

of use, and typical dose. We extracted information related to folic acid and vitamin B-12 

supplement use. These supplements were reported as microgram (μg) dosage during the past 

30 d. To estimate usual intake of folic acid, we used the National Cancer Institute macro 

method, which took age, gender, poverty:income ratio (PIR), and race/ethnicity into account 

as covariates (31). Total usual intake distributions of folate were estimated using available 

nutrient components (31). We categorized usual daily intake of folic acid into ≥400 μg or 

≥1000 μg [the tolerable upper intake level (UL)] (21).

Vitamin B-12, MMA, and folate status

Blood draws were conducted in an MEC and NHANES serum specimens were 

processed, stored, and shipped to the Division of Laboratory Sciences, National Center 

for Environmental Health, CDC for analysis. Serum vitamin B-12 was measured using 

the Elecsys Vitamin B-12 assay, which uses a competitive electrochemiluminescence 

immunoassay using intrinsic factor specific for vitamin B-12. Serum vitamin B-12 

insufficiency was defined as serum vitamin B-12 ≤258 pmol/L (32-34). Serum MMA was 

measured using LC–MS and liquid chromatography–tandem mass spectrometry (LC–MS/

MS). Elevated MMA was defined as >260 nmol/L and sensitivity analyses were performed 

for MMA ≥210 nmol/L (33, 35, 36). MMA was independently assessed because it is highly 

specific to vitamin B-12 deficiency and is not easily influenced by vitamin B-6 or folate 

concentrations (37, 38).

Folate status was ascertained using serum and RBC folate concentrations, which were 

measured in NHANES using the LC–MS/MS and microbiological assay methods, 

respectively, and log transformed before analysis (39). High folate status was classified in 
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various ways because there is no consistent cutoff used in the literature. We assessed serum 

and RBC folate among a series of percentile cutoffs (25th, 50th, 75th, 90th, 95th, and 97th 

percentiles). Based on previous publication findings, we also assessed folate status using a 

combination of serum and RBC concentrations (59 nmol/L and 1609 nmol/L, respectively) 

(18, 19).

Study variables

Participants were categorized by age (60–64, 65–69, 70–74, 75–79, ≥80 y), gender (female/

male), race/ethnicity (non-Hispanic black, non-Hispanic white, Hispanic, other), education 

[<high school, high school graduate or equivalent (General Educational Development), 

>high school], marital status (married/living together, widowed/divorced/separated, never 

married), alcohol use status (<1, 1 to <2, ≥2 drinks/d), and PIR (<1, 1 to <2, 2 to <4, ≥4). 

PIR is the total household income divided by the poverty threshold according to the US 

Census Bureau and accounting for family size, year, and state (26). A PIR <1 reflects adults 

living below the poverty level.

Participant height and weight were measured during MEC examinations and were used 

to calculate the BMI (in kg/m2). We categorized BMI into <25, 25 to <30, and ≥30. 

Smoking status (nonsmoker, smoker) was determined using serum cotinine concentrations 

from samples taken at the MEC (cotinine concentrations >10 ng/mL were classified as 

smokers) (37).

In the United States there are 3 main sources of folic acid: ECGPs, ready-to–eat cereals 

(RTEs), and SUPs. ECGPs are grain products labeled “enriched” and are required to be 

fortified with 140 μg folic acid per 100 g of product. RTEs are voluntarily fortified and can 

contain ≤400 μg folic acid per serving (21). SUPs typically contain 400–800 μg folic acid. 

We created 4 mutually exclusive folic acid intake groups: those who reported consuming 

1) folic acid from ECGPs only (ECGPs), 2) ECGPs and RTEs that contained folic acid 

(ECGPs + RTEs), 3) ECGPs and SUPs that contained folic acid (ECGPs + SUPs), and 4) all 

3 sources (ECGPs + RTEs + SUPs). We categorized the average intake per day of folic acid 

supplement use as nonusers, <400 μg, 400 to <800 μg, 800 to ≥1000 μg, and ≥1000 μg and 

vitamin B-12 supplement use as nonusers, ≤6 μg, >6 to 25 μg, and >25 μg.

We used the following measures to assess kidney function: serum creatinine, 

albumin:creatinine ratio (ACR), and estimated glomerular filtration rate (eGFR). Serum 

creatinine was defined as high (≥1.3 mg/dL) and not high (<1.3 mg/dL). ACR (mg/g) was 

calculated as urine albumin (mg/dL) divided by urine creatinine (g/dL), and categorized 

into <30 mg/g, 30–300 mg/g, and >300 mg/g (elevated ACR). eGFR was calculated using 

the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation for calibrated 

creatinine and classified as reduced kidney function if values ranged from 0 to <60 mL · 

min−1 · 1.73 m−2 (40).

Participants also were asked whether they had ever been diagnosed with medical conditions 

(e.g., cancer, diabetes) and self-reported responses were obtained. Fasting status was defined 

as no food or supplement use for ≥8 h before the blood draw. We analyzed unmetabolized 
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folic acid (UMFA) as a categoric variable at the 80th percentile cutoff of the distribution (≥2 

or <2 nmol/L) (41, 42).

Statistical analysis

We used NHANES 4-y MEC sampling weights to analyze the survey data and account 

for nonresponse, unequal probabilities of selection, and poststratification. Chi-square tests 

and t tests were used to assess statistical differences; we considered P values < 0.05 to 

be statistically significant. Logistic regression univariable and multivariable models were 

developed to estimate the ORs and 95% CIs. The multivariable models were developed 

using an iterative stepwise procedure to identify factors potentially associated with PCP. 

We adjusted for model 1 (age, gender, ethnicity, marital status, education, smoking, PIR, 

eGFR, and ACR); model 1 + vitamin B-12; and model 1 + MMA. Nonsignificant factors 

(P values > 0.10) were eliminated. To account for the complex survey design of NHANES, 

all statistical analyses were conducted using SAS-callable SUDAAN software, version 11 

(Research Triangle Institute).

Results

Prevalence of PCP

In this cross-sectional cohort study in 2867 US adults aged ≥60 y, the prevalence of PCP, 

defined by DSST score, was 15.1% (95% CI: 12.9%, 17.5%). Prevalence of PCP was 

significantly higher among older adults; non-Hispanic blacks and Hispanics; those with less 

than a high school education or lower PIR; those who were not married/living together, or 

smoked; those without folic acid or vitamin B-12 supplement use; those with elevated serum 

MMA; those with high creatinine, ACR, or eGFR <60 mL · min−1 · 1.73 m−2; and those 

with anemia, macrocytosis, diabetes, or arthritis (Tables 1 and 2, Supplemental Table 1).

Cognitive performance by folic acid intake and health status

In bivariate analyses, consuming multiple sources of folic acid was associated with 

significantly lower odds of PCP (Table 1). Compared with consuming only ECGPs, persons 

consuming ECGPs + SUPs or ECGPs + RTEs + SUPs had lower odds of PCP (OR: 0.5; 

95% CI: 0.4, 0.7 and OR: 0.5; 95% CI: 0.3, 0.8, respectively). Furthermore, people with 

higher (as opposed to low, <30 mg/g) ACRs had significantly increased odds of PCP (OR: 

2.4; 95% CI: 1.9, 2.9 among those with ACR of 30–300 mg/g and OR: 5.2; 95% CI: 3.1, 8.8 

among those with ACR >300 mg/g) (Table 1).

Compared with persons with usual folic acid intake <400 μg/d, persons with intake ≥400 

μg/d had significantly reduced odds of PCP (OR: 0.50; 95% CI: 0.37, 0.66) (Table 3). 

The finding remained significant after adjustment. UMFA was not associated with cognitive 

performance and therefore removed from the multivariable models.

Nutritional risk factors for PCP

PCP was more common among persons who had lower RBC folate concentrations (<800 

nmol/L, prevalence: 20.1%; 95% CI: 14.9%, 26.7%) than among those with higher RBC 

folate concentrations (800 to <1496 nmol/L, prevalence: 15.3%; 95% CI: 12.8%, 18.2% 
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and ≥1496 nmol/L, prevalence: 13.1%; 95% CI: 11.0%, 15.5%). Similarly, PCP was more 

common among persons who had lower serum folate concentrations (Tables 1 and 2). 

Supplement use was associated with lower unadjusted odds of PCP among those reporting 

vitamin B-12 use (OR: 0.6; 95% CI: 0.5, 0.8) or folic acid use (OR: 0.6; 95% CI: 0.4, 0.7). 

Among supplement users, PCP was more common among persons who had lower vitamin 

B-12 supplement use (≤6 μg, prevalence: 13.6%; 95% CI: 9.5%, 19.1%) than among those 

with higher vitamin B-12 supplement use (>6 to 25 μg, prevalence: 11.4%; 95% CI: 8.6%, 

14.9% and >25 μg, prevalence: 10.3%; 95% CI: 7.9%, 13.3%) (Tables 1 and 2).

Compared with persons without PCP, those with PCP were less likely to use supplements 

containing folic acid or vitamin B-12 (mean ± SEE: 34.4% ± 2.4% and 47.5% ± 1.6%, 

respectively) (data not shown).

Among vitamin B-12–insufficient adults, 18.0% ± 1.6% (mean ± SEE) reported taking a 

vitamin B-12 supplement. Among participants with high folate and insufficient vitamin B-12 

concentrations, 34.3% ± 11.5% (mean ± SEE) reported taking vitamin B-12–containing 

supplements. Concurrent high folate and insufficient vitamin B-12 concentrations were not 

associated with PCP.

Cognitive performance (as measured by DSST) by serum folate concentrations

High serum folate concentration (≥90th percentile) was not significantly associated with 

PCP, before and after adjustment (Table 3). Persons with high folate and low vitamin B-12 

did not have significantly higher odds of PCP than those with high folate and normal vitamin 

B-12 (OR: 1.46; 95% CI: 0.78, 2.71) (data not shown). In addition, persons with serum 

folate in the 50th–75th percentiles (≥46 to ≥71 nmol/L) had significantly decreased odds of 

PCP compared with persons with serum folate <46 to <71 nmol/L in all models (Table 3).

Cognitive performance (as measured by DSST) by RBC folate concentrations

As a continuous measure, increasing RBC folate concentration did not significantly increase 

the odds of PCP after adjustment for important covariates across all measured percentile 

groups. At the 25th, 75th, and 90th percentiles, high RBC folate was protective of PCP 

(Table 3). Persons with RBC folate in the 90th percentile had decreased odds of PCP after 

adjustment for important covariates (aOR: 0.64; 95% CI: 0.43, 0.95) and after adjustment 

for important covariates and MMA (aOR: 0.65; 95% CI: 0.45, 0.95). Persons with RBC 

folate in the 97th percentile (≥3000 nmol/L) had increased odds of PCP compared with 

those with RBC folate <3000 nmol/L, but the association became nonsignificant after 

adjustment in all models. The mean ±SE intake of folic acid (478.46 ± 26.88 μg) among 

persons with RBC folate concentrations ≥3000 nmol/L was less than half the UL (≥1000 

μg/d) (data not shown).

Cognitive performance as measured by other (CERAD and AF) tests

Results from the sensitivity analysis showed that high folate concentrations were not 

associated with decreased cognitive performance (Supplemental Table 2).
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Interaction of folate, vitamin B-12, and MMA

Compared with persons with normal folate and normal vitamin B-12 concentrations, persons 

with high folate and normal vitamin B-12 concentrations had significantly lower odds of 

PCP (aOR: 0.61; 95% CI: 0.45, 0.83), and persons with high folate and insufficient vitamin 

B-12 concentrations had no significant difference in PCP (aOR: 0.89; 95% CI: 0.36, 2.22) 

(Table 4). Increasing MMA concentrations were associated with increased odds of PCP 

(aOR: 1.57; 95% CI: 1.19, 2.06), whereas Decreasing vitamin B-12 concentrations were 

not (aOR: 0.93; 95% CI: 0.64, 1.36) (Table 4). Adjusting for eGFR alone significantly 

attenuated the risk associated with high folate and high MMA (unadjusted OR: 1.81; 95% 

CI: 1.23, 2.66; adjusted eGFR only OR: 1.31; 95% CI: 0.88, 1.94; fully adjusted model 

aOR: 1.23; 95% CI: 0.63, 2.40) (Table 4).

Discussion

In this large, population-based representative sample of adults aged ≥60 y, we were unable 

to detect an association of PCP with concurrent high folate and insufficient vitamin B-12 

concentrations. Also, in the presence of normal vitamin B-12 concentrations, high folate 

concentrations were associated with better cognitive performance. Those with usual intake 

of folic acid ≥400 μg had better cognitive performance than those with intake <400 μg; 

those with intake at or exceeding the UL did not have significant differences in cognitive 

performance compared with those with intake below the UL. Previous studies reported that 

high serum folate was associated with higher risk of poorer cognitive performance (18, 19, 

24). However, in our study high serum folate concentrations were not associated with low 

scores on cognitive tests even after adjusting for vitamin B-12 or MMA. In fact, from the 

50th to the 75th percentile, high serum folate was significantly associated with lower odds 

of PCP. Our results were consistent between 3 different (categoric and continuous) measures 

of folate status: folic acid intake, as well as serum and RBC folate concentrations. We did 

find suggestions that high folate and low vitamin B-12 may warrant clinical evaluation and 

appropriate medical intervention, specifically for vitamin B-12 malabsorption and/or kidney 

disease.

Cutoffs for folate and vitamin B-12 values vary in the literature, with many combining 

markers in different combinations (18, 19, 24). Our analysis spanned both continuous and 

categoric exposure variables from the 5th to the 95th percentile and highlights the lack 

of evidence implicating high folate in worsened cognitive performance even at the highest 

folates and/or among those who were vitamin B-12 insufficient. It is of critical importance 

to fully understand the role of high folate and low vitamin B-12. Evidence suggests that 

this phenomenon is an artifact of a sick population and is a reflection of vitamin B-12 

malabsorption and/or conditions such as kidney failure. Although people with high folate 

and low vitamin B-12 are at risk of poor health outcomes, this may not be due to their high 

folate status or folate intake at all but an underlying health condition.

Vitamin B-12 and MMA

Among adults aged ≥60 y in the United States, the RDA of vitamin B-12 (2.4 μg) 

is often exceeded through diet or supplement use (17, 44). Although vitamin B-12 is 
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widely available through SUPs or through foods containing vitamin B-12, some people 

may be unable to achieve adequate concentrations of vitamin B-12 owing to several 

factors, including diet (e.g., not eating animal products), digestive disorders, or underlying 

diseases (i.e., in pernicious anemia) (44, 45). Vitamin B-12 is required for utilization of 

any folate by the S-adenosylmethionine/S-adenosylhomocysteine (SAM/SAH) and MMA 

pathways (46). Vitamin B-12 deficiency can lead to an accumulation of MMA in the urine 

and plasma, neurologic deterioration, and is critical to diagnose (47). Difficulties with 

kidney excretion and vitamin B-12 malabsorption could also contribute to higher MMA 

concentrations and vitamin B-12 insufficiency (47). MMA is strongly tied to renal function. 

Previous analyses have combined vitamin B-12 and MMA status but we did not do this to 

allow for differential effects because assessing MMA in an independent analysis provides 

an alternative way of understanding insufficient vitamin B-12. MMA and vitamin B-12 

concentrations do not directly correlate with each other across the measured range. We 

found weaker but consistent associations of PCP with vitamin B-12 concentrations than with 

MMA concentrations.

To raise vitamin B-12 concentrations, vitamin B-12 supplements are often recommended, 

and among those who do not respond adequately to this treatment, intramuscular injections 

are recommended by Wolffenbuttel et al. (48). To our knowledge, our study is the first to 

assess vitamin B-12 supplement use among those with vitamin B-12 insufficiency in the 

context of folate and cognitive health.

Underlying medical conditions

Among participants who had insufficient vitamin B-12 concentrations, 18% used a vitamin 

B-12–containing supplement. The insufficient vitamin B-12 status among these individuals 

despite their intake of vitamin B-12 supplements may indicate that they are unable to 

adequately absorb vitamin B-12. Laboratory tests that can detect and diagnose vitamin B-12 

and folate deficiencies are available, relatively inexpensive, and may be warranted to quickly 

identify and treat individuals with malabsorption issues (29, 49). Our study supports the 

need for clinicians to consider routinely assessing vitamin B-12 concentrations in older 

adults and to consider vitamin B-12 injections as an important route if inadequate vitamin 

B-12 status is identified despite consumption of oral vitamin B-12 supplements.

We also examined the concern that a phenomenon occurs with “too much folic acid,” in 

the presence of low vitamin B-12 concentrations (18, 19, 24). We found that both high 

concentrations of RBC folate (a measure of long-term folate intake) and serum folate (a 

measure of more recent folate intake) were not associated with PCP. We further restricted 

our sample to those with the highest RBC folate concentrations and found that those 

individuals had similar folic acid intake to those with lower RBC folate concentrations. 

Among participants with high folate and insufficient vitamin B-12 concentrations, 34% 

reported taking vitamin B-12–containing supplements. This is critical for the appropriate 

interpretation of findings from studies of the possible impact of high folate and insufficient 

vitamin B-12 concentrations because these are likely confounded by malabsorption and 

some of these studies may need to be reinterpreted.
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A small percentage of adults in our sample accumulated high RBC folate concentrations in 

the absence of high folic acid intake and/or folic acid supplements, which might suggest 

that those with the highest folate concentrations have problems with excretion. The mean 

intake of folic acid (478.46 ± 26.88 μg/d) among persons with RBC concentrations ≥3000 

nmol/L was much lower than the folic acid UL of ≥1000 μg/d. It has been estimated that 

the usual median intakes of folic acid in US adults aged ≥60 y for ECGPs only, ECGPs 

+ RTEs, ECGPs + SUPs, and ECGPs + RTEs + SUPs are 104, 238, 490, and 672 μg/d, 

respectively (50). These findings are suggestive that the high RBC folate concentrations are 

due to something other than high intake of folic acid. As such, folate accumulation may be 

associated with metabolic and excretion issues whereby older adults have decreased uptake 

by the liver or kidney or greater release from cells (47, 49). Although high folate and high 

MMA did have increased odds of PCP unadjusted, the affect was attenuated in a multivariate 

analysis including adjustments for kidney function; this is consistent with the association 

of high MMA concentrations with poor kidney function (51). When interpreting findings 

associated with high folate and insufficient vitamin B-12 concentrations, it is critical to 

consider comorbidities as causal for bioaccumulation and not assume high intake.

Our findings do not support the hypothesis that high folate concentrations are associated 

with PCP as was suggested in previous studies in older adults with high folate and low 

vitamin B-12 concentrations, including a recent one that combined MMA and vitamin 

B-12 deficiency but did not adjust for eGFR (18, 19, 24). It may be unlikely that high 

folate concentrations are responsible for the PCP noticed in older adults with low vitamin 

B-12 concentrations. Adjusting for renal function is essential and future analyses should 

include this variable to better understand the association. In addition to routinely assessing 

vitamin B-12 concentrations, it would be helpful if clinicians were aware that high folate 

concentrations may indicate underlying health conditions and an appropriate blood marker 

may need to be identified to assess issues of excretion.

Cognitive tests

Although the DSST is a sensitive and good measure of PCP, it is not comprehensive of all 

domains of cognitive function and primarily measures processing speed, attention span, and 

working memory (19, 24, 27). Our results do not support a need to limit folic acid intake 

among older adults under common dosages (e.g., 400–800 μg/d), although large dosages 

(e.g., ≥4000 μg/d) of any substance are generally unnecessary. The literature indicates 

that folate-containing supplements may help improve long-term cognitive function in older 

adults who are healthy and have normal vitamin B-12 concentrations (18, 19). Both folate 

and vitamin B-12 play an important role in cognitive health.

Strengths and limitations

This study had several strengths and limitations. The use of the NHANES for this study 

is a strength because it provides a nationally representative data set that includes rich 

and comprehensive information on dietary, demographic, and lifestyle factors; objective 

cognitive performance testing; as well as biological samples to account for known key 

confounders. Other strengths of our study include the use of multiple definitions and cutoffs 

to assess folic acid (supplement and food) intake, vitamin B-12 supplement intake, and 
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folate and vitamin B-12 biomarker concentrations; the use of two 24-h dietary recalls using 

an established statistical method to estimate usual daily intakes of folic acid; and adjustment 

for potential confounders. Although self-reported information provided by respondents 

could be imprecise, our study was strengthened by the availability of biomarker data (52). 

One limitation of the study is that actual folic acid in foods may be higher or lower than that 

estimated in the nutrient database (53). In addition, we could not assess baseline responses 

and examine whether PCP demonstrates poorer cognition over time or if a respondent 

typically answers poorly on these types of tests. However, residual confounding remains a 

possibility and as a cross-sectional study, we cannot determine temporal causality.

Implications and impact

Our results provide useful insight into dietary patterns in adults ≥60 y old as well as 

potential benefits of proper supplementation and routine clinical testing for vitamin B-12. 

Identifying older adults who are more likely to be vitamin B-12 insufficient is essential 

to prevent potential cognitive issues regardless of folate status. Clinicians might consider 

alternative routes for vitamin B-12 delivery, such as offering vitamin B-12 injections 

to overcome malabsorption issues in affected individuals. Careful considerations and 

adjustments are needed in analyses of high folate concentrations because these may be 

indicative of underlying health conditions and not high intake.

Conclusion

The idea that “high” folic acid intake impairs cognition persists despite evidence to 

the contrary. Insufficient vitamin B-12 concentrations have been consistently associated 

with PCP. Policy makers are encouraged to consider multipronged approaches, including 

fortification to address vitamin B-12 insufficiency and active clinical management to assess 

absorption issues. Early detection and treatment of vitamin B-12 deficiency or excretion 

issues are essential to prevent cognitive and hematologic issues.
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CERAD Consortium to Establish a Registry for Alzheimer’s Disease

CKD-EPI Chronic Kidney Disease Epidemiology Collaboration

DSST Digit Symbol Substitution Test

ECGP enriched cereal-grain product

eGFR estimated glomerular filtration rate

LC–MS/MS liquid chromatography–tandem mass spectrometry

MEC mobile examination center

MMA methylmalonic acid

NHANES National Health and Nutrition Examination Survey

NTD neural tube defect

PCP poor cognitive performance

PIR poverty:income ratio

RBC red blood cell

RTE ready-to–eat cereal

SAM/SAH adenosylmethionine/S-adenosylhomocysteine

SUP dietary supplement

UL tolerable upper intake level

UMFA unmetabolized folic acid

US United States

WAIS III Wechsler Adult Intelligence Scale, Third Edition
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FIGURE 1. 
Participant flowchart NHANES 2011–2014. MEC, mobile examination center.
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