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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 21609 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% ClI: 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 Nutr2022;116:74-85.
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Introduction

Cogpnitive 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 =60y, >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.

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 (7= 2867) (Figure 1).

Cognitive assessment

The Digit Symbol Substitution Test (DSST) is a performance module from the Wechsler
Adult Intelligence Scale, Third Edition (WAIS I11) 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 (pg) 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 ug or
>1000 ug [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, =24).
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 ug folic acid per 100 g of product. RTEs are voluntarily fortified and can
contain <400 g folic acid per serving (21). SUPs typically contain 400-800 ug 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 g, 400 to <800 xg, 800 to =1000 4g, and =1000 g and
vitamin B-12 supplement use as nonusers, <6 /g, >6 to 25 /g, and >25 1qg.

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 ftests were used to assess statistical differences; we considered Pvalues < 0.05 to

be statistically significant. Logistic regression univariable and multivariable models were
developed to estimate the ORs and 95% Cls. 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
(Pvalues > 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~! - 1.73 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 pg/d, persons with intake =400
ug/d had significantly reduced odds of PCP (OR: 0.50; 95% ClI: 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% Cl: 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 pg, prevalence: 13.6%; 95% CI: 9.5%, 19.1%) than among those
with higher vitamin B-12 supplement use (>6 to 25 pg, prevalence: 11.4%; 95% CI: 8.6%,
14.9% and >25 ug, 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% ClI: 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 ug) among
persons with RBC folate concentrations 3000 nmol/L was less than half the UL (=1000
ug/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% ClI: 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%
Cl: 1.23, 2.66; adjusted eGFR only OR: 1.31; 95% ClI: 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 2400 pg had better cognitive performance than those with intake <400 pg;
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 1q)
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 pg/d) among persons with RBC concentrations 23000
nmol/L was much lower than the folic acid UL of =1000 pg/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 wg/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 /g/d), although large dosages
(e.g., 24000 1g/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

Conclusion

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.

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.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1.
Participant flowchart NHANES 2011-2014. MEC, mobile examination center.

Am J Clin Nutr. Author manuscript; available in PMC 2024 March 25.



Page 17

Samson et al.

(807090 €TF9LT €TFLeT  (6¥1'98)¥'1T (6'91) LT GZ 0} 9<
(80'%70)G0 TTFLLT STF¥IT  (€€T'6L)€0T (2°971) vy Ge<
(80'60090 GzFL9yr €CFeve  (8ET'96)STT (6'v¥) 02TT s19sn
19y GT¥EeS veFLe9  (LT2'8vT) 08T (T'58) LvLT SI9SNUON
mzw.mm: juawaddns ZT-g ulwenA
(BTZDYT TTFL8S 6TF2L9 (L6T'THT)L9T (0'09) 608T 65>
'}y TTFETW 6TF8¢€ (LvI'T0T)CTr (0°0v) 966 652
7]/10WU ‘SUOITeIIUSJUOD 81.|0) WINJS
19y TTFL2T 0C¢F08T (L92'6¥T)T0C (5€1) 205 008>
(0T's0)20 LT¥69F TZ*8Ly (e8r'8er)est  (T'Lp)98€T 96vT> 01 008
(8070090 8TF¥Or TeZFeve (SST'OTI)TET (5'6€) 726 96V1<
TJ/10WuU ‘SUOITeIIUBdUOD 81e|0) DFY
(80'€0)S0 O0T¥S6 60F6G (8¥T'59) 66 (6'8) 672 oor>
(L0'v0)90 ¥IFS82 LTFT0Z (9€T'T6)TTT (z'L2) 059 008> 0} 00Y
®0'T0)e0 S0FEE  L0FST  §EST9DE9 (9¢) 22 000T> 01 008
revoet goxet  eoFLsT  gr(TWIR0T  (gr)ee £000T2
(Lo'v0)90 GTFTEr Cr¥eee (ze1'88) 80T (0°'Tv) 600T slasn
19y GTF6'95 <¢¢¥80. (§T2'TST)T8T (0'65) 858T S19SNUON
miw_mm: juswa|ddns pioe 21j04
(80'€0)50 PTIFEIT 9TF00T (Let'0) 66 (¥'g1) 9 SdNS + S31Y +5d903
(L0'v0)G0 GTF89c LTFC6T  (Lv1'98)ETI (9°52) €29 SdNS +sd903
(TT'50)80 C¢TFT8T €CF06T (6'6T'€2T)LGT (¢'81) €05 S31Y +5d903
19y LT¥88 8CF8IS (9€2'€'ST) T'6T (8'0v) 55T $d903
82.N0S pIoe 21]04
TTF6¥8 TTFTGT 98¢ U ‘leoL
(109%S6)  (LTT2=U) (0GL =) (10 %%56) (9% pa1ybram)  $4039E} SSII PUE SONSLIBIORIRYD
H0 Jo0od 10N 1004 29ud[enald u ajdwres

3S F % ‘douewloplad 9

1Mubod Jo uonnqisig

Y102

—TT0Z SINWVHN ‘S10198) s11 pue sansualoeseyd olydelbowsp Aq A 09< pabe synpe Buowe aouewopiad sARIUBOI Jood JO UOINGLIISIP PUR BoUBJBABId

T31avl

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Am J Clin Nutr. Author manuscript; available in PMC 2024 March 25.



Page 18

Samson et al.

‘(e¥) uonnes yum jaididiul ‘srewnss uoneindod e se as19a1dwl (960E€T< YIPIM |D SAIRR[3) 0} 8np pamoy|e se passasddns jou Emn_m

‘(et7) uonned yum 1aadiarur ‘arewnss uoirejndod e se asioaidwi (0g 0< |D 01 8NP pamojje se passaiddns jou Smov

‘(et7) uonned yum 1aidisiul ‘ayewnss uonendod e se asioaidwi ‘G a1 ‘parsabbins uey ssa) ase Em.

*(6r1) asn Ajrep abesany 'p og 1sed ayy ur wawajddns Aselaip pash sey Emg_u_tmn_w

'p19e 91104 Bulureluod uaws|ddns Aseiaip ‘dNS :[eaad 1ea—01-Apeas ‘J 1Y ‘1onpoid uresb-[easdd paydrus ,n_wom_w

(Te'6T) vz OTFT6T TT¥29€e (T'TE'T02)TSe (L'72) 289 09>

1oy 0TF6'08 TC¢¥8€9 (Z¥T'90T)€ETT (e'82) seze 092
2-W ELT - _UIW - W ‘ajed uolre|iy Jejniawo)f parewns3

19y 80F0/8 8TF¥T. (8¥T'60T)LCT (9v8) €z€2 oe>

66TV L0F9TT 8TFScc (TT€'202) 962 (e€T) 6v 00€-0€

(88'T€)TS TOF¥T €TFT9  (T9S'7'TE) €€ (T2) 6 00£<
B/6w ‘onjel sulueaId:UIWING|Y

19y OT*¥'16 6T¥68. (ZST'TITOET (5'68) zeve ubiy 10N ‘€'T>

(zv'eT)8C 0T¥98 6TFTTz (€6€'022) 66T (s01) 298 UbIH ‘€'1=
JU\OE ,wc_c_umm‘_o

(So'c0)v0 TTF¥v8 TZF969 (9T '80T)9CT (z'z8) s82¢ [EWION ‘0925

Joy TTF9GT TTZFv0e (9TE'6'6T)ESE (8'21) 016 parens|3 ‘09z<
T1/lowu ,mco_ambcmo:oo YININ

19y 90%F92 €TFCv (Lre'g1) 22 (82 5L Kousrayeq ‘0TS

(c1'¢0)90 90F¥.6 €TF8G6 (69T'S2T) 9V (cL6) 91LC 1UB1013P 10N ‘0ST<

19y YIFT6T €¢¥62C (8€2'Cen)T LT (2'61) 1SS Kouaraynsul ‘ggz>

(TT'90)80 ¥TI¥608 €CFTL. (e9T'e2n)eyT (e'08) ovze JuBIdLNSUI 10N ‘852=
71/10wd ‘Aduaioinsul ZT-g UIWenA

(TT'S00L0 60FSTT 6TF20T  (T'6T'G6)9€T (e'11) 622 os
(1D%S6)  (L1T2=U) (0GL=U) (12 %56) (9% payBiam)  s4030€) SH pue SlIsIIBIORIBYD

ile) Jood 10N 100d 2oudjenald u ajdwes

3S F 9 ‘s0ueWIopIad aAUB0d JO uonNgIAIsIQ

Author Manuscript Author Manuscript Author Manuscript

Author Manuscript

PMC 2024 March 25.

in

available

Am J Clin Nutr. Author manuscript



Page 19

Samson et al.

(0'8'82) 8% (z9'02) 9¢ Z(861'82) 8L (L9'0g) sy (5'92) 869 0y
pald

Z®z'z9) 8er (90t ‘9°21) 662 Z(eLe'ze) 161 ©O1e'TZD 00z () €9t PaLLIEW JanaN

(7’82 '€'8T) 0°€C (7'82 '5'9T) 6'TC (T'9g '2'8T) 592 (§2z'T6T) 02 (L°08) EVOT  payesedas/padloAIp/PamOPIM

(8°01'6'9)9'8 (evT'96) L'TT (zez'e1T) o1 (TeT'26) 0°TT (0'59) 6591 Jaypebioy Buinll/paLiteN
SNiels |ellen

(86 'v9) €L (cLovvs (897 '9'6) 8'6 (6'2'9°9) L9 (5'79) 6SYT 100y2s ybiy ueyy sioN

(0L1'L6) 62T (L'52'6'€T) T'6T (z1e'TeT) L'0C (STZ'eeT) 0Lt (2€2) 829 a3ao/10oyas ybiH

(zev's62) T'9E (9'65 '9'S) 925 £(909°0'62) Zv¥ (905'6'8€) L'vy  (0'9T) 822 [00yas yBiy uey) s
uolyesnp3

(L51'99) 56 (e6T'c9) 21T (T'62 '6°'TT) 06T (921'08) 02T (T5) e8e Byo

(zvs'eve) ovy (T'8y 'z'6€) 9'ev (925'0g8) T'OY (7'8y ‘0'0v) Ty (T2 ovs SluedsiH IV

(Sev 'e'92) v've (zov '6'1€) 8'8E (zLy's82) vie (Lzv'see) sLe (z'8) ¥99 »e|q d1uedsiH-UoN

(0eT'88) L0T (cer'ol) e (c6T'0L)6TT (¢er'gg) vor (961) vL€T aMyM DluedsIH-UON
>H_o_:_.\_um\mo.mm_

(0zT'901) 5°€T (L'6T'8'TT) ¥'ST (z9z'Ter) T8t (6LT'ven) eyt (2'vS) 6GYT aewa

(8sT'L6) V2T (06T ‘z'ZT) €GT (réz'e9m) 122 (s8T'52T) €ST  (8'SY) 8OVT ElEN
JETIIED)

(6'v€'9'€2) 6'82 (e'zv '€'82) 0'sE glGeL'Lze) Les (ere'T62) TEE  (9%T) 89Y 082

(e'0z '€'0T) T'9T (zog'L02) 812 (029 '6'L2) €Y (962 'z'8T) 5°€C (zot) zte 6.-GL

(Toz'T'11) 0°GT (T'6T '8°0T) ¥'¥T (8'TY '5°€T) 0°GC (e'0z '572T) 091 (6'81) L€5 v.-0L

(tetzv)eL (cot‘ze) et (ter'gL) et (ovt 22 vot (9°€2) 6v9 69-59

s e (TT1°99) 62 (ri1°278) 12T (629 02 (z'2€) 106 79-09
A ‘aby
(ST 0TI TET (z'8T'ge1) €£'ST (L'9z '6'¥T) T'0C (§L1'672T) T'ST 1982 11e19A0

(/10w 96¥1<)
ybIH

(/10w G6T-008)

31RI3POIN

(/10wu 008>)
MOT]

(1D %56) % ‘se140681e2 UOIIRIIUBIU0I 31B|0) DY Ag 8dusjenald dDd

%
‘aouajenald dOd

% paybram
‘u 3| dwes

sonsLIgloRIRYD

Y102

—TT0Z SINWVHN ‘Suolleiuaduod alejo) Dgy 01 Buipioaae sio1ae) ysii pue sonsiiaoeteyd siydeibowsp Agq A 09< pabe synpe Buowe 4Dd JO aduajenald

¢ 31avl

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Am J Clin Nutr. Author manuscript; available in PMC 2024 March 25.



Page 20

Samson et al.

(6TT'29) 98
(T'ez ‘8%1) 98T

(zoz'‘0zt) 26T

(Zy1'L6)8TT

(82T 'C9) 28
TvT've) TTT
Z(691'%2) 99

7ree'ze) ovt

(€€ 'v'ST) T'6T

(e'sT 'z’ 901
(rer'es) 66

'€z 's'6) T'ST

(L'0g '6'ST) S22

(LTEVYED TTC
(9%1'96)6'TT

(16T '2'8) L'2T
(02T'00T) TET
(§9T7'9'8) 02T

(L'sv'8'92) L'Se
(zog ‘v'81) 8°€C

(99T 'v2) 21T

(06T '5'8) 82T
(zoz ‘zen) ¥t

(28T ‘¥'ET) 6'ST

(T°6T '6'8) T'€T

(e61'0L) 61T

(zsT'eL) 01T

Zlesz'sneL
o626 'e've) £2L

(6'6T ‘9°€T) 9°9T

(6vT'SY) €8
(8'6T '2'6) L'E€T
(8ce'gzn TLT
(coz'0et) €91

(8z‘L2T) €61
(921'1T2T) L'¥T

(82z'1T2T) 89T
(62T'TTT) TVT
(56T ‘2TT) 67T

(9es‘eve) L'ev
(Tee‘c12) 912

(T9T'18) S'TT

Z(T2'62) 56

(682 ‘'291) 6’12

(r9e ‘v'vT) L'6T
ezrvs'1T9) 8712

2(6°08'T°€) 90T
e7(g8e'ee) 8T
N

WN
(L'82'9sT) ¥'T2

VN
ZGe'or) 6Tl
Z(88T°L) 1’6

(62€ '591) L'€C

(182 's¥T) 502
(022 'z¥1) 6'6T

(zTE'TET) L'0C
(152 'T'¥T) 06T
(L'TE'€TT) S6T

£(209°'2L2) 62y
(92 'g'02) €08
Zrsr'ev)es

(e€T'6°2) €0T
(L12'8%1) 0°8T

(L'6T 'T'PT) 29T

yt'Ton) gzt

(8¥1'59) 66
(9€T'T6) TTT
2(@s1'92) 59

¢ 7(Ter's8) 90z

(§TZ'TST) T'8T

(Let'o) 66
(LvT'98) €11
(66T ‘€2T) L'ST
(9°€2 '€'ST) T'6T

(z9z'TST) T0C
(L9t '8 1) T¥T

(9°6T '9°2T) 8'ST
(T'2T'22T) ST
(98T '6°0T) €¥T

(€05 'v'2e) T'TY
(e2e'LT2) 992

(71 '6'8) 0'TT

(L°91) vev Ge<
(1°99) L¥LT SIBSNUON

mlv.mw: juswalddns ZT-g uiwenA
(0°09) 608T 65>

(0°0v) 966 652

“1/10Wu ‘31e[0) WNISS

(28) 6¥72 oor>
(£'22) 059 008> 0} 00¥
(22) 1L 000T> 03 008
(cT)€e £0001=
(8'79) 8381 SI3SNUON

mlm.mm: juswsa|ddns pioe o1j04

(7'ST) 9¢€ SdNS +s31Y + 54903
(9°52) €29 SdNS + Sd903
(z'81) €05 $31Y +Sd9D3

(8'0v) SG€T sd903
894N0S PIJe 21|04

(T'v1) 25v 120WS

(6'38) €9¢¢ 130WSUON

GSnIeIs Bujows

(2'92) 852 Ge>
(€°9¢) 5001 0€< 0162
(¥'2€) £90T 0€<

Zwi/Bx ‘smess NG

(T°27) %71 01>
(5'62) 921 6T-T
(692) L0 6'€2

(/10w 96¢1<)
uybiH

(/10w S61T-008)

31e48poIN

(/10w 008>)
Mo

(1D 2%56) % ‘sa110681e2 UOITLIIUAIU0D 81e|0) DFY AQ ddusfenald 40d

%
‘gousfenald 40d

% pa1ybram
‘u ajdwes

sonstisloRIRyD

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

PMC 2024 March 25.

in

available

Am J Clin Nutr. Author manuscript



Page 21

Samson et al.

Wv1'68) ¥'IT (59T '0TT) G€T (Tve ‘zen) o8t (gstytneer  (66L) 890C ON

(6'1€ '6'21) 802 (riz'vinoze e z®W YINYEL  (rez0uT) g2z (102) S99 SOA
PREELl

(8T ‘¥0T) ¥'2T (oLT'e2D) 89T (92z'Ts1) 202 (TiT's2D)9vT (Lv6) 0TL2 ON

osevenoee  A(Tsr'0sT) gL (L'8z'5'9) €€l (rze'ssn) 0ez (€') SaT SoA

mw_moguo\_om_\,_

(62T '2'8) €01 (6'ST '8°0T) T'€T (zve'Len gLt (evT'g01) 22T (§18) 6LET ON

Z(1'8E'9'6T) 6'L2 vy 'eve) 9°€e Z(ess e vov (res'sv2) 91 (52T) 98 SOA
gelwauy

(Qlz'sin) zze Z(Lee'002) 29z (05 'v'ee) L'se (T1e'T0) TS (LT2) ze9 09>

(oet'r)Le (rsTL0T) 8°2T (9ez'0en) 0Lt (zvr'oon)eet  (£'8L) seee 092
N\E cL' T H\_‘__E - ‘aed uonely|iy ‘_m_EmEo_@ parewinnsy

(e'€T'9'8) L'0T (e'ST 'v01) L'2T (6'72 '€'€T) ¥'8T (8vT'6'01) 22T (9'v8) €2€C 0e>

(r'iz 'vst) Loz ('8¢ '6'T2) 562 (TS 'T9T) 608 (T1e'r02) 95z (€€T) 6p 00£-0€

eBeL'ezD) €Ly £(8'65'1'82) €'€Y ez ([E€V9'LTT) 6'2E (196 '¥'1E) £ (T2 56 008<
B/6w ‘onjel sulueaID:UIWING Y

(e'€T 'v'8) 90T (€91 'T'TT) G'€T (T'sz '6'¢1) 28T (zeT'zTn) 0T (9'68) ZEVE ub1y 10N ‘€'T>

GreTMTR (oev'912) §'TE £(665'572) 0Ty (eee'0z2) 66  (S0T) L9€ UbIH ‘€12
Tp/Bw ‘auluneasd

(ezT's8) zoT (79T '0TT) G€T (eTz'0en) TOT (ov1'gor) 92T (821) 018 [BWION ‘095

(zee'TL1)8€2 (6°0¢ ‘v'9T) 822 £(€'€5'0€2) 6'9¢ (o1e'66T) €52 (2'28) S822 petens|3 ‘092<
7J/I0WuU ‘SUOIIeU3dU0D WYININ

(v '8 eyt (L'ez'001) L'ST (ove 'zaT) £'€C (8ez'zen zLt (2'61) 158 AKousraiynsu] ‘gges

(61 ‘z0T) V2T (SL1'92T) 691 (Svz'9eT) v'8T (eot'een) eyt (€°08) Ovee JuBIdL4NSUI 10N ‘852<
71/10wd ‘AduaIdINsul ZT-g UILENA

@er'on ezt (Lvz'v8) 8T £z(Tv9'6L) 2’82 (rér'se)9er  (€TT)6L2 os

(1sT'08) £TT (621'0'8) T'2T 28T Te)8L (67T '9'8) v'TT (6°9T) LT 5z 01 9<
(/10wu 96v1=) (n10wu 561-008) (/710w 008>) % % parybrom sonsusveIeyD

ybiH a1elapoN MO ‘gousfenald 40d ‘u ajdwes

(1D 2%56) % ‘sa110681e2 UOITLIIUAIU0D 81e|0) DFY AQ ddusfenald 40d

Author Manuscript Author Manuscript Author Manuscript

Author Manuscript

PMC 2024 March 25.

in

available

Am J Clin Nutr. Author manuscript



Page 22

Samson et al.

“1S8191U1 JO UONIPUOD Y3jeay 8y pey Asyy Teyy [euoissajoid yesy Jaylo 1o 10100p B Ag pjol usaq Jans pey Asy) JI payse aiem siuediored anm:.:mm%

‘(et) uonned yum 1aidisyul ‘ayewnses uonendod e se asioaidwi (G a1 ‘parsabibins uey ssa) ase E\

*(6rl) wuawiajddns Aselaip jo asn Ajrep mmem><m

“Juw/Bu QT< SUOITRIIUIIUOD BUIUIOD WINJIS :IBNOWS ‘TW/BU QTS SUOITRIIUSIUOD BUILNOD WNISS ;mv_oEwcozm.
*SNJeIS DIWOU0I30190S JayBiy 0) puodsaliod sanfea Jaybiy ‘a1els pue ‘Jeak ‘azis Ajiwey 1oy Bununodde ‘pjoysalyl Alsnod [eiapay sy 0} BW0dUI Ajiwiey paLiodai-|8s JO O13el 3y} Se PauLap si m__n_NV

*(ep) uonnes yum 1a1disyul ‘arewnss uoneindod e se as1oaidwi (0g 0< 1D 01 8NP pamojfe se passaiddns jou Smn_m

‘(e¥) uonnes yum aidisiul ‘srewnss uoneindod e se as19a1dwi ‘60E€T< YIPIM |D 8AIRR[3I 0} 8np pamoy|e se passasddns jou Smow

"9|qeo1jdde jou ‘wN ‘proe o104
Burureluod waws|ddns Aseiaip ‘dNS :[ea1ad 1ea—01-Apeas ‘g 1Y ‘onel awoaur:Auanod “H|d ‘eouewopad aanubod Jood ‘dOd ‘uswdolanaq [euoieanpd [elauss ‘@39 ‘1onpoud urelb-1eassd payduus ‘4903

Author Manuscript

w
(z'sT'vo1) 92T (6:2T'92T) T'ST (292 'v'#1) 9°6T (T21'9°21) L'¥T (5°06) 1652 ON
(672 'STT) 6'ST (v'sz '5'6) 6'ST gz(ELy'E6) €L sz'sTD LT (56) 192 SoA
£95easIp LeaH
(L'€T'T8) S0T (0'ST ‘2'6) 8'TT (e's2'STT) €41 (Lyrroon)zer  (#0S) vovT ON
(58T '0°2T) 0'ST (522 '9'sT) 8'8T (91 '6°9T) ¥'ET L0z '641) 9°LT (9°67) €6€T SOA
Sy
(zot'L0T) TET (96T ‘0°€T) 0°9T (822'LvT) v'0C (58T 'T°€T) 9'ST (592) s0ez ON
(r.11'T6) 12T (z'11'56) 62T (8'62 ‘'T'TT) 88T (02T '50T) €T (5'€2) 655 SOA
g130ued

(/10w 96¢1<)
ubiH

(/10w S6T-008)

a1e43poIN

(/10w 008>)
Mo

(1D 2%56) % ‘sa1106a1e2 UOITRIIUAIU0D 81e|0) DFY AQ ddusfensald 4Od

%
‘aouajenald dod

% pa1ybram
‘u ajdwes

sonstisloRIRyD

Author Manuscript

Author Manuscript

Author Manuscript

PMC 2024 March 25.

in

available

Am J Clin Nutr. Author manuscript



Page 23

Samson et al.

*Brl 0072 SI SALN JusAs.d 0} JUNOWe ayelul Ajlep papuswiwodal 8y

4

NELE]

ayejul Jaddn a)qels]0) N 119848p BgN) [eanau ‘LN PIde dluofew|Aylsw ‘WVINIIN ‘aanjelsl| ‘U Ajsanosdsal ‘\000E> pue ‘0292> ‘26£2> ‘09TZ> ‘0L9T> ‘609T> ‘'022T> ‘268> S 000EZ PUB ‘0292 ‘L6E2=2
‘09T2¢< '0L9T< '609T< ‘022T< 'L68< 104 80uaId)al pue ‘AjoAoadsal '29T> pue ‘yTT> ‘26> ‘TL> ‘65> ‘9v> ‘0€> SI L9T= PUB 'yTT=Z ‘6= ‘T/< ‘65 '9¥=< ‘0€X 10} d0uIal ‘AjoAnoadsal ‘000T> pue 00v>
SI 000T= PUB 0OP= 10) 80UBIBLBY "Ol11e] BUIUITEaId: UILNG[e PUB ‘B)e) UOIIeL}|l Jejniawo]B parewlss ‘ores awodul:Auanod ‘Buiyows ‘uoireanps ‘sniels eiew ‘Andluyle ‘Japuab ‘abe 1oy paisnipe T |9poN

r

(292 '69°0) ¥E'T
(¥€'7'87°0) 080
(€0'T ‘01'0) ¥9°0
($6'0 '7°0) 590
(201 '€5°0) ¥2°0
(00T '15°0) TL0
(L0'T '25°0) SL°0
(€0'T '61°0) TL'0

(0e'z‘22°0)8L°0
(Lz'T'08°0) 29°0
(8T'T'sr°0) €20
(66'0 ‘¥¥'0) 99°0
(88°0'at°0) €90
(26'0 '6%°0) 69°0
(€€'1'85°0) 88°0

(027 'ST0) €8°0

(96°0 ‘9%°0) 99°0

(c0'e '2L'0) Lv'T
(€57 '87°0) 580
(ST'T'6€°0) L9°0
(c0'T'v¥°0) £9°0
(90'T'95°0) LL'0
(S0'T‘€5°0) SL°0
(90'T '25°0) SL°0
(00T ‘15°0) TL°0

(€9'2 '52°0) 18'0
(Te'T'0€°0) £9°0
(LTT'sr°0) 220
(66'0 ‘€¥'0) S9°0
(280 ‘5t°0) £9°0
(26'005°0) 69°0
(0e'T '65°0) 88°0

(997 'vT°0) 18°0

(96°0 ‘9%°0) 99°0

(LLrezromwrt
(ev'1'2v°0) 28°0
(90'T '2€°0) €9°0
($6'0 ‘v°0) ¥9°0
(86'0'25°0) TL'0
(26'0'05°0) 69°0
(¥0'T '25°0) ¥L°0
(66'0'97°0) £9°0

(sez'ezo)eLo
(TZ'T'82°0) 850
(S0t 'zv'0) 29°0
(z6'0 'zv'0) 29°0
(280 ‘2v0) 650
(T6'0 'L'0) 59°0
(zzT'L800¥8°0

(S2€'1T°0) ¥9°0

(060 ‘¥¥°0) 29°0

(£8'€'90'T) €0'C
(S8'1'69°0) €T'T
(6€'T'25°0) 68°0
(9€'1'2L0) 66'0
(80'T '69°0) 98°0
(00T '59°0) 180
(e6'0°26°0) €L°0
(62'0'6%'0) 29°0

(00'e 'zv'0) €T'T
(6LT'2L0)¥T'T
(7T 72°0) €0'T
(86'0'79°0) 8L°0
(58'0°25°0) 69°0
(16'0'55°0) TL'0
(0T'T'€9°0) £8°0

(e¥'Z'0T°0) 050

(990 °2€°0) 05°0

LL
SPT

S0¢
98¢
vEL

018
09vT
¢STe

9¢

8¢t
§9¢
269

966
YovT
0¢Te

1¢

0v8

71/lowu 000€<
1/10Wwu 0¢9e<

T1/lowu 26€¢<
1/10wu 09T¢e=<
71/lowu 0L9T<

1/10Wu 609T<
71/lowu 0geT<
T1/jowu /68<

T/jowu [9T=
T/jowu yT1<
/10w /6=
T/10wu T/<
1/10Wu 68
T1/10wu 9y
T/10wu 0g<

bri 000T=

Bri porz

uiL6
Yyis6
o
yl06
uys,L
Py
ul0s
yise
3|1uadsad arejo) DY
uiL6
u1s6
yi06
uys,
Py
uos
yise

3|1nuaosad a1e|0y WinJes

n
ZSAIN

aX{ejul pioe 910} [ensn

VN + T ISpON

ZT-9 ulwena
winJss + T [9pPoN

T I3PON

parsnipy

paisnlpeun

u

Jomno

Y102

—TT0Z SINWVHN ‘(sajqeLren 211063180) SUOIRIIUSIUOD 31|04 POOIY pPue aXelul pIoe 2104 [ensn Aq A 09=< pabe synpe ul aauewJoad aAniubod Jood Jo SHO

Author Manuscript

€31avl

Author Manuscript

Author Manuscript

Author Manuscript

Am J Clin Nutr. Author manuscript; available in PMC 2024 March 25.



Page 24

Samson et al.

“24nJeJaM| BUY1 Ul SaN[eA pasn >_coEEoom

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Am J Clin Nutr. Author manuscript; available in PMC 2024 March 25.



Page 25

Samson et al.

L (€6'0'67°0) 290

L(E0T'ETT) 25T

(00°T ‘87°0) 69°0

(28T'120) 90T
,(06'0°97°0) 590

(09T '69°0) SO'T
(00T ‘2v°0) 59°0

L (¥6°0'59'0) 820

L(€92'v9T) 80T

,(06'0'95°0) T2'0

(ev'T'2L0) 20T
L (€6'0°€9°0) 220

¥T'220)20T
(160 ‘'15°0) 89°0

KSLL2 918]0J WNIBS
G VINIA PUE 87210} WINI3S ¥ T [3POIA

,56.2 YN

» 5642 stelo} Y
G VININ pue 812]0) 084 F T [9POIN

TLLC 2T-9g UlWelA wniss

x WL 91]0J WNIAS
CT-8 UILLIBYA PUE 91e[0} WNJas F T [3POIN

T6.2 21-9 UlwelA wniss

T6.¢ 8Jejo} D9y
T8 UIWENA WNI2s pue ajejo} 08 ¥ T 12PN

L@0z6TT) 8T (192 '99T) 60T , S6LC AJUo VAN
(9eT'v9°0)€6'0  (62T'L9°0)€6'0  T6.2 Ajuo zZT-g ulwenA wnies
L(680'87°0)590 |, (260'v90) LL'0 5082 AJUO 312104 WNJBS
L(96°0'6v°0)99°0 _(16'0°95°0) TL'0 /982 AJUo a1e104 DTN
»T 12PON
(Ovz'e90) €27 (99C'€CTI8T 19 £VININ H pue 4H
L8L0'0r0)950 |, (¥80'250)990  T6T VAN N PUe 4H
(1e2'260) 8T LUTEOPT) 0T oTT ZVIWIALH pue 4N
‘Jod Joy €se VNN N pue 3N
(czz'oc0)680  (T2T'090)TOT L€ Z1-9 1 pue 4H
L(€80°'57'0) 190 (88'0'55°0) 690 |, 8T¢C Z7-9 N pue 4H
(067'590)TTT  (€9T'0L'0) 20T  SeT Z1-g 1 pue JN
‘Jod Joy Zve ZT-a N pue 4N
Jopow paisnipy paisnipeun u SNJels ZT-9g UIWEeMA pue a)e|o4

r7T02-TT0Z SANVHN ‘(sa]qetieA snonunuod

+ 014063182) SUOITRIIUBIUOD AN WINJS puR ‘ZT-g UIWERLIA WNJIas ‘a)e|o) wnas pue Dgy Aq A 09< pabe synpe ul asuew.opiad aaniubos Jood Jo sHO

Author Manuscript

¥ 31avL

Author Manuscript

Author Manuscript

Author Manuscript

Am J Clin Nutr. Author manuscript; available in PMC 2024 March 25.



Page 26

Samson et al.

"HOV PUB *4499 ‘HId ‘Bujous ‘uoieanps ‘sniels epsew ‘Auauyss ‘1apusb ‘abe 1oy paisnipe sjapouu m:o:c_Eoom,

"HOV PUB ‘4499 “HId ‘Bupjows ‘uo1eanps ‘sniels [epsew Auaiuyis ‘1epusb ‘abe 1oy paisnipe T _%o_\,_NV

"(¥6'T '88'0 110 %G6) TE'T :HO Y493 Ajuo 1o} umam:.—_o,qm,
(S9°C '€T'T 110 %G6) €L'T :HO 499 Ajuo 10} umym:.—ud\m

‘o1jel awodul:Ausnod *YId ‘WINIA [eWIoU ‘WINIA N ‘818|0) [ewlou ‘4N ‘ZT-g UIWRMA [ewlou ‘ZT-g N ‘P1oe JluojewAylaW VAN ‘ZT-g UIWeNA JuaIdiynsul ‘z1-9 | ‘VININ paleas|s

"WININ H ‘a1ejoy yBiy ‘JH ‘erel uoneniy Jejniswio]f parewiss ‘H493 ‘olel sulunealo:uIwngle “4oV (/10w 09z5 VININ SB WININ N 1/1oWu 092< VININ Se YININ H T/1owd 8Gz< ZT-g UILUENA Se ZT-g
N ”l_\_OEQ 8GZ> ¢T-g ulwella se 21-9g | wl_\_oc‘_c 609T> 91e|0J DdY 10 7J/|[OWu gG> 31e|0}) WNI3S Se pauljap 4N nl_\_o_\cc 609T< 91e]|0J Dd¥ 10 7]/|OWU gG< 31e|0) WNI3s Se pauljap 4H .ucmo_h_ca_m aJe sanjeA
.

"paYedIpUI BSIMIBUIO SSBIUN (S1D %SG6) SHO a8 m%_ﬁ>N

L86T 0T erT _(192'65T)v0T  GLLT VNN

Jopow paisnlpy paisnipeun u snyels Z7-g UIWelIA pue 8)ejo-

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Am J Clin Nutr. Author manuscript; available in PMC 2024 March 25.



	Abstract
	Introduction
	Methods
	Demographics
	Cognitive assessment
	SUP use and usual folic acid intake
	Vitamin B-12, MMA, and folate status
	Study variables
	Statistical analysis

	Results
	Prevalence of PCP
	Cognitive performance by folic acid intake and health status
	Nutritional risk factors for PCP
	Cognitive performance (as measured by DSST) by serum folate concentrations
	Cognitive performance (as measured by DSST) by RBC folate concentrations
	Cognitive performance as measured by other (CERAD and AF) tests
	Interaction of folate, vitamin B-12, and MMA

	Discussion
	Vitamin B-12 and MMA
	Underlying medical conditions
	Cognitive tests
	Strengths and limitations
	Implications and impact
	Conclusion

	References
	FIGURE 1
	TABLE 1
	TABLE 2
	TABLE 3
	TABLE 4

