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Abstract

Background—Whether higher B vitamin (B6, B12, and folate) intake is protective against
cognitive decline in later life remains uncertain. Several prospective, observational studies find
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higher B vitamin intake to be associated with lower risk of dementia; other studies, including most
trials of B vitamin supplementation, observe no effect on cognition. We examine this question in a
large population of older women carefully monitored for development of mild cognitive
impairment (MCI) and probable dementia.

Objective—To determine whether baseline folate, vitamin B6 and/or B12 intake, alone or in
combination, are associated with incident MCl/probable dementia among older women.

Design—~Prospective, longitudinal cohort study. B vitamin intake was self-reported using a food
frequency questionnaire administered at baseline between May 1996 and December 1999.

Participants/Setting—Postmenopausal women (n=7,030) free of MClI/probable dementia at
baseline in the Women’s Health Initiative Memaory Study.

Main outcome measures—Over a mean follow-up of 5.0 years, 238 cases of incident MCI
and 69 cases of probable dementia were identified through rigorous screening and expert
adjudication.

Statistical analyses—Cox proportional hazard models adjusting for sociodemographic and
lifestyle factors examined the association of B vitamin intake above and below the recommended
daily allowance and incident MCl/probable dementia.

Results—Folate intake below the RDA at study baseline was associated with increased risk of
incident MCl/probable dementia (HR=2.0, 95% CI: 1.3, 2.9), after controlling for multiple
confounders. There were no significant associations between vitamins B6 or B12 and MCI/
probable dementia, nor any evidence of an interaction between these vitamins and folate intake.

Conclusions—~Folate intake below the RDA may increase risk for MCl/probable dementia in
later life. Future research should include long-term trials of folic acid supplementation to examine
whether folate may impart a protective effect on cognition in later life.

Keywords
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INTRODUCTION

Dementia and cognitive impairment are common in older populations, with an estimated
prevalence of dementia ranging from 14% in those older than age 70, to 37% among those
90 years of age and older.! It has also been estimated that the number of persons living with
dementia worldwide will double every twenty years, resulting in a projected increase from
42.3 million individuals in 2020, to 81.1 million in 2040.2 Given the high prevalence and the
loss of functioning associated with dementia and cognitive impairment, it is important to
identify potential modifiable risk factors. Diet has been suggested as one area of potential
intervention,3# and low intake of B vitamins may be a potential risk factor for cognitive
impairment.®

Vitamin B12 deficiency has been associated with negative neurological outcomes; in
particular, pernicious anemia, resulting from an inability to absorb B12 due to destruction of
gastric cells, is associated with neurologic and psychiatric symptoms including cognitive
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impairment.%.7 Additionally, vitamin B12, along with folate and vitamin B6, are key actors
in the homocysteine cycle. Disruption of the homocysteine cycle can lead to elevated
homocysteine, which has been found among individuals with dementia and been shown to
predict dementia prospectively.?

Despite potential biological mechanisms through which B vitamins could play a role in the
onset of dementia, results from observational and intervention studies have been
inconsistent. Several cross-sectional and longitudinal studies have suggested an association
between lower levels of folate, B6 and B12 and cognitive impairment,>10-12 while others
have found no effect on cognition,3 or even an increased risk of cognitive decline
associated with higher levels of folate intake.1 Several’®-17 but not all'81? intervention
studies examining supplementation of these B vitamins and cognition have found null
effects. With few exceptions,20 studies that seek to slow the progress of cognitive decline
with supplemental B6, B12 or folic acid have not shown promising results.?1:22 Several
comprehensive reviews and meta-analyses discussing the impact of B vitamins on cognition
have been published and generally point to null or inconclusive results.#22-28

In the current study, the association of folate, vitamin B6 and vitamin B12 intake with
incident MCl/probable dementia is examined among 7,030 post-menopausal women. The
Women’s Health Initiative Memory Study (WHIMS) offers several advantages in examining
the relation of B vitamin intake and cognitive impairment. The sample size in this study is
larger than many of the previous studies examining this association. Additionally, mild
cognitive impairment (MCI) and probable dementia were identified using rigorous, expert
adjudicated diagnoses. The effect of B vitamins from dietary and supplemental sources was
examined separately, and potential interactions between folate and vitamins B6 and B12, as
well as with alcohol intake, were assessed.

METHODS

Study population

Postmenopausal women (n=27,347) ages 50 through 79 years were enrolled in the Women’s
Health Initiative Hormone Trial (WHI-HT), a randomized, placebo-controlled clinical trial
of hormone therapy (conjugated equine estrogen with and without medroxyprogesterone
acetate).2930 A subset of 7,479 women also participated in the Women’s Health Initiative
Memory Study (WHIMS), an ancillary study designed to assess the effect of hormone
therapy on dementia risk. WHIMS participants were ages 65—79 and free from probable
dementia at baseline.3! Recruitment was initiated between May 1996 and December 1999
(henceforth referred to as “baseline”) and participants were followed through July 8, 2002
(for the estrogen plus progestin trial) and through Feb 29 2004 (for the estrogen only
trial).32:33 Of the WHIMS participants, 7,201 provided dietary intake data, and of those
7,030 had complete information on important covariates and constitute the cohort for the
current study. In addition to participating in the hormone therapy trials, some women in
WHIMS were also enrolled in additional WHI trials examining health outcomes related to
dietary modification, and calcium and vitamin D supplementation. All analyses were
adjusted for randomization assignment in these trials. The National Institutes of Health and
the institutional review boards for the WHI Clinical Coordinating Center and each WHI
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clinical center approved the study protocols, and all participants provided written informed
consent.

Folate, vitamin B6 and B12 intake

Folate, vitamin B6 and vitamin B12 intake was assessed at baseline using a 122-item, self-
administered food frequency questionnaire (FFQ). A validation study within a subpopulation
of the cohort found that the Pearson correlation coefficient comparing dietary intake as
assessed by 24-hour recall and 4-day food records with that measured by the FFQ was 0.59
for folate, 0.28 for vitamin B12 and 0.43 for vitamin B6.34 At baseline, 39.6% of women
(N=2,783) were taking a multivitamin, and it was the most important source of total folate
intake. Several common dietary sources of folate that account for the most variability in
dietary folate intake found in other US study populations (NHANES and the Nurses’ Health
Study) include cereal, orange juice, cooked beans, and green salad.3%:36

Most of the women in WHIMS (69.9%) had baseline folate intake assessed prior to
mandatory folic acid fortification of grain products in the US;3” however, for women whose
baseline FFQs were returned post-fortification, folate intake was adjusted to account for the
changes in folic acid content in foods and the different bioavailability of natural folate
versus synthetic folic acid from fortification. Supplemental folic acid, vitamin B6 and
vitamin B12 intake was assessed from pills brought into the WHI study sites by participants
and was computed from combining intake from supplements, supplement mixtures (for
example B-complex mixtures) and multivitamins.3* Total folate intake included intake from
diet and supplemental sources. In statistical analyses, total and dietary folate, vitamin B6
and B12 intake were adjusted for overall caloric intake using the residuals method.38

Diagnosis of probable dementia and mild cognitive impairment

The WHIMS protocol for identifying cases of MCI and probable dementia has been
described in-depth previously.32:33:39 |n Phase 1 participants who scored below the
Modified Mini-Mental State Examination (3MSE)27 cut-point received an in-depth
multiphased evaluation including a battery of neuropsychological tests, history and physical,
neuropsychiatric evaluation, and rigorous adjudication of MCI and dementia.3° Participants
were first administered the 3MSE at baseline and then at yearly intervals. The 3MSE ranges
from 0-100, and initial cut-points for further testing were 72 or lower for participants with
less than 9 years of education, and 76 or lower for participants with 9 or more years; this
cut-point was later raised to increase sensitivity to a score of 80 or lower for participants
with less than 9 years of education, and 88 or lower for the participants with 9 or more
years.32 In Phase 2, participants who scored below the 3MSE cut-point received the
Modified Consortium to Establish a Registry for Alzheimer’s Disease (CERAD)
neuropsychological battery,40 the Primary Care Evaluation of Mental Disorders (PRIME-
MD),*! and the Geriatric Depression Scale.#2 The study participant, as well as a designated
informant, answered questions related to the participant’s acquired cognitive and behavioral
changes and functional abilities.32 In Phase 3, participants were assessed by a WHIMS
clinic-based physician, experienced in diagnosis of dementia, who reviewed all materials
from Phases 1 and 2 and conducted a face-to-face semi-structured neurologic evaluation of
the participants neuropsychiatric status and history of vascular disease. The physician then
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made a determination regarding presence of no dementia, MCI, or probable dementia based
on Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition criteria. The
classification of MCI was based on accepted criteria at WHIMS baseline and defined as:
poor performance (10t or lower percentile based on CERAD norms) on at least one
CERAD test, evidence of functional impairment (but not severe enough to interfere with
activities of daily living), and the absence of a diagnosis of another psychiatric or medical
disorder (including probable dementia) that could explain the cognitive impairment.32:43
Participants considered for a diagnosis of MCI or probable dementia received blood tests
and a noncontrast computed tomography brain scan to exclude reversible causes of cognitive
decline. Final adjudication and diagnosis of dementia and MCI were conducted by expert
raters at the WHIMS Clinical Coordinating Center.2®

Participants classified as having MCI were considered cases of the combined endpoint of
MCl/probable dementia at the first occurrence of MCI, but continued to be tested annually
to determine whether they progressed to probable dementia. The main outcome in this study
was a combined outcome of MCI or probable dementia (MCl/probable dementia), therefore
participants with MCI who went on to develop probable dementia were considered “cases”
(of MCl/probable dementia) at the time of their MCI diagnosis. Potential confounders were
identified based on a priori subject knowledge as well as by examining bivariate
relationships between possible confounding variables and B vitamin intake levels at
baseline. Covariates that were significantly related to B vitamin intake and MCl/probable
dementia risk (e.g., education), and covariates of particular importance for these outcomes in
this population (e.g. hormone therapy32:33) were included in multivariable models. All
models were adjusted for randomization assignment in the WHI study trials (hormone
therapy, calcium and vitamin D supplementation and dietary modification). Age was
included as a confounder by one-year intervals, education as less than high school, some
college, and college graduate or above; income as <$19,000, $20,000-$34,999, $35,000-
$49,999, $50,000-$74,999 and $75,000 and above; and race was dichotomized as white vs
non-white. Smoking status was categorized as never, former, current, or missing; alcohol
intake as less than 1 drink per week, 1-6 drinks per week, and 7 or more drinks per week;
and frequency of recreational physical activity as no activity; some activity of limited
duration, frequency or intensity; moderate or strenuous activity of at least 20 minutes
duration and 2—4 times per week; moderate or strenuous activity of at least 20 minutes
duration, 4 or more times per week). Self-rated general health status at baseline was rated
from “excellent” to “poor” and past use of hormone therapy as ever vs never use. Body mass
index (BMI) was estimated using the participant’s weight (kg) divided by height squared
(m?).

Statistical analysis

Folate intake, vitamin B6 and vitamin B12 intake at baseline were categorized as falling
below vs. meeting or exceeding the recommend dietary allowance (RDA) as defined by the
Institute of Medicine. For folate, the RDA is 400 ug/day, for vitamin B6 it is 1.5 mg/day
(among women older than 50 years), and for vitamin B12 it is 2.4 ug/day.** Nutrients were
also divided into quartiles based on the distribution of intake levels in the study population.
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Cox proportional hazard models were used to estimate hazard ratios (HRs) and associated
95% confidence intervals (ClIs) in relation to MCl/probable dementia, and non-cases were
censored at the time of the last administration of the 3MSE. The endpoint of MCl/probable
dementia is presented as a combined endpoint in primary analyses, but these endpoints were
also examined separately. All models were stratified by randomization assignment in WHI
trials and age, as well as, in multivariable models, race (as race was not found to meet the
proportional hazards assumption). Tests of linear trend for quartiles of intake for B vitamins
were conducted in full multivariable models.

Because alcohol can interfere with the absorption of folate,*> we tested for an interaction
between the higher alcohol intake (>6 drinks per week) and folate intake. Additionally, as
there is evidence that high folate may accelerate problems with cognition in the presence of
B12 deficiency,® we compared risk among those in the lowest B12 quartile and the highest
folate quartile to individuals in the highest quartile for both vitamins. We also examined the
interaction between randomized assignment to hormone therapy and vitamin B intake.
Finally, in sensitivity analyses we examined whether results differed by whether folate
intake was assessed prior to or after mandatory folate fortification by including a covariate
in the multivariable model for the interaction of folate below the RDA and with FFQ
administration before or after folate fortification. All statistical analyses were performed
with SAS software.46

Subjects with missing information on several confounders, including education, alcohol
intake, exercise, BMI, and general health status were excluded from analyses (N=171).
Individuals excluded from analyses due to missing responses on these covariates did not
differ from included individuals on age (70.0 years vs 70.1 years p=0.72) or smoking status
(8.0% vs 6.8% current smokers, p=0.76), but were slightly more likely to be nonwhite
(18.7% vs 12.8%, p=0.02). For individuals with missing information on smoking status
(N=103), a missing smoking status indicator was created. Individuals with missing
information on income (N=433) were assigned the mean income category for their education
level. Analyses were also performed excluding individuals missing responses on income and
smoking and results did not differ.

RESULTS

Nearly half (46.7%) of the participants (N=3,281) had baseline folate intake below the RDA,
while only 2.5% (N=174) fell below the RDA for B12 intake, and 26.9% (N=1,890) fell
below the RDA for B6 intake. The demographic and health characteristics of study
participants, by whether they met the RDA for these B vitamins, are presented in Table 1.
Individuals who fell below the RDA for these B vitamins were significantly less likely to be
taking a multivitamin, more likely to be non-white, have lower educational attainment and
income, and were less likely to be physically active.

Over a median length of follow-up of 5.0 years, there were 307 incident cases of MCI and
probable dementia (classified as 238 of MCI and 69 of probable dementia at first occurrence
of the combined endpoint). By the end of follow-up, 39 (16.4%) of the 238 cases of mild
cognitive impairment progressed to probable dementia. The majority of cases of probable
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dementia in WHIMS were classified as Alzheimer’s disease (50%), vascular dementia
(9.3%) or mixed dementia (15.7%); only 2 study participants experienced a stroke prior to
onset of probable dementia.33

Figure 1 illustrates that the cumulative incidence of MCl/probable dementia among
individuals whose daily intake of folate fell below the RDA was higher over follow-up than
for those whose intake was above the RDA. Table 2 presents results from Cox proportional
hazards models: folate intake below the RDA was significantly associated with risk for
MCl/probable dementia in all models (multivariable, B6 and B12-adjusted HR=1.97, 95%
Cl: 1.32, 2.94). We also examined the association with folate intake in quartiles (Table 2),
and the corresponding test for trend was borderline significant (pvalue for trend=0.09),
although a linear dose-response relationship was not apparent. When examining MCI and
probable dementia outcomes separately, we found that HRs were similar to those found for
the combined endpoint (MCI multivariable-adjusted HR=1.52, 95% ClI: 0.96, 2.4; probable
dementia multivariable-adjusted HR=2.59, 95% CI: 1.31, 5.1).

We also examined whether this association differed by source of folate. We hypothesized
that folic acid from supplementation alone could be particularly protective among
individuals with low levels of folate from diet (whereas supplemental folate for those whose
dietary intake was already adequate would have less of an effect on the outcome). We found
that among individuals with less than the RDA of folate from diet, there was a suggestion
that folic acid supplementation above the RDA was inversely associated with MCl/probable
dementia (multivariable-adjusted HR=0.75, 95% CI: 0.54, 1.05), although this association
did not reach statistical significance (p=0.09). Given the high correlation between
multivitamin use and total folate intake, multivitamin use was not included in the final
multivariable model. However, in a sensitivity analysis we found that the effect of total
folate intake below the RDA remained significantly associated with MCl/probable dementia
after adjusting for multivitamin use (HR=1.69, 95% ClI: 1.09, 2.62, p=0.02).

We also examined the effect of vitamin B6 below the RDA on risk of MCl/probable
dementia (Table 3) and found no significant association (multivariable, folate and B12
adjusted HR=0.84, 95% CI: 0.61, 1.14). Vitamin B12 below the RDA also showed no
significant association with probable dementia/MCI in the multivariable-adjusted model
(multivariable, folate and B6 adjusted HR=1.19, 95% CI: 0.63, 2.24). Both vitamins B6 and
B12 were examined as quartiles, and neither showed a significant linear trend with risk of
MCl/probable dementia.

We examined whether individuals with high levels of folate and low levels of B12 were at
increased risk of MCl/probable dementia. We found no significant difference in risk
between those in the lowest quartile of B12 and highest quartile of folate compared with
those in the highest quartile of both nutrients (p=0.91). We also did not find a significant
interaction between folate and high alcohol intake (p-value for interaction=0.61) or with
folate intake and randomization to hormone therapy (p-value for interaction=0.22).

Finally, we examined whether associations with folate intake and risk of MCIl/dementia
differed by when the baseline dietary assessment was conducted: i.e., prior to or after
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mandatory folate fortification. While fewer people fell below the RDA for folate intake
post-versus pre-fortification (21.2% post-fortification versus 57.7% pre-fortification), the
interaction of folate below the RDA and timing of the FFQ was not significant (p=0.98), and
folate intake at baseline below the RDA remained significantly associated with risk of MCI/
probable dementia (HR=2.57, 95% ClI: 1.4, 4.7, p=0.002).

DISCUSSION

We found that folate intake below the RDA was associated with an increased risk of MCI/
probable dementia over a median follow-up of 5.0 years after controlling for many potential
confounders including vitamin B6 and B12 intake. There was no clear linear trend between
folate intake quartile and MCl/probable dementia risk; while risk was elevated in both the
first and second quartiles of folate intake versus the highest quartile, somewhat
unexpectedly, risk was slightly more elevated in the second versus the first quartile. This
finding remains after controlling for several key potential confounders, but does not have a
clear physiological basis and may be due to chance.

Our results are consistent with several other studies that found that lower levels of folate are
associated with cognitive impairment or decline in older populations.>:10:47-51 However,
other studies of folate find null,3 or even negative effects,14 of higher levels of folate on
cognition. A recent meta-analysis by Wald and colleagues reviewed nine randomized trials
of folic acid supplementation and did not find any significant protective effect of
supplementation on cognitive decline. However, the length of follow-up in these studies was
relatively short (median follow-up time less than 1 year), which may not provide the time
needed for folic acid supplementation to exert a protective effect.22

There are several proposed mechanisms for how B vitamins may play a protective role in
cognition during aging. Vitamins B6, B12 and folate play important roles in the
homocysteine cycle, and without an adequate supply of these vitamins, homocysteine
accumulates intracellularly and in the bloodstream.23:24.27 Higher levels of homocysteine
are related to increased risk of cardiovascular disease,?? which is associated with risk for
vascular dementia and Alzheimer’s disease.>3 A recent MRI study found that elevated
homocysteine may be related to cognitive impairment through increased white matter
hyperintensity and cerebral infarcts.>* Additionally, both vitamin B6 and folate are involved
with the synthesis of several key neurotransmitters, and folate deficiency has been related to
oxidative stress and DNA damage in neurons,23:55 although these pathways have been less
well explored.28

In our study, we did not find associations with intakes of vitamins B6 or B12 with cognition,
either singularly or in combination with folate intake. Results from studies examining the
effect of vitamins B6 and B12 on cognition have been inconsistent. Several intervention
studies!:24.25.56 35 well as an observational study, found no strong evidence that vitamin
B12 was related to cognitive impairment.5” However, some studies have found vitamins B6
and B12 to be protective for cognitive decline.8:58:59 While a recent finding from the
Framingham Heart Study identified cognitive decline to be particularly accelerated in the
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context of low plasma B12 and high plasma folate,® we did not replicate this result when
examining risk among individuals with low intake of B12 and high intake of folate.

There are limitations to the current study. First, we were only able to examine B vitamin
intake, rather than serum or red blood cell levels. Due to several factors, the intake amounts
of these vitamins might not reflect the amount available for cellular processes. For example,
there are several factors that can affect folate bioavailability, such as MTHFR genotype,®°
and drugs including methotrexate and metformin.23.61.62 \/itamin B6 absorption may be
affected by the presence of chronic inflammation.83 Additionally, lowered production of
gastric acid (necessary for the breakdown of vitamin B12 from food), due to gastric
inflammation or drugs such as proton pump inhibitors (PPIs), can reduce levels of
bioavailable vitamin B12.27 To address possible drug interaction with B-vitamins, we
examined rates of use of medications that commonly interact with these vitamins. We found
these commonly interacting drugs were used by relatively small percentages of the
population (metformin 0.8% of women in the WHI clinical trials; PPIs by 2.1% of the WHI
population). Therefore, we believe that drug interactions do not largely explain our null
results for B6 and B12. However, we cannot rule out other sources of disparity between
intake and bioavailability, especially for vitamin B12. If B12 or B6 intake does not very well
reflect the amount of the vitamin available to the physiological processes hypothesized to
affect cognitive functioning, this may explain our null effect. Additionally, only a small
percentage of the population fell below the RDA for B12 intake (2.4% of the study
population), so our statistical power to examine the effect of B12 below the RDA on MCI/
probable dementia is limited.

Another potential limitation is that B vitamin intake is most likely related to levels of other
healthful nutrients, which could themselves be protective for cognitive decline, and we are
unable to disentangle specifically the effect of B vitamins from other potentially beneficial
nutrients (although the association of low folate intake with MCl/probable dementia
remained even after controlling for multivitamin use and B6 and B12 intake). In addition,
we were only able to assess folate intake at one time point (baseline), so we are not able to
track how change in folate intake over time with increasingly large numbers of individuals
exposed to folic acid fortification may relate to risk of MCl/probable dementia. However,
we did not find any evidence of a significantly different association between folate intake
below the RDA and MCl/probable dementia risk by whether folate at baseline was measured
pre or post-fortification. Finally, about 20% of probable dementia cases were identified
without a prior presentation of MCI, suggesting a relatively rapid decline in cognitive status
among some participants. These more rapid onset cases were not explained by incident
stroke, as only two individuals with probable dementia experienced a stroke prior to
probable dementia diagnosis.32:33 It is more likely that the identification of such cases was
associated with the raising of the 3MSE screening cut-point that occurred mid-study to
increase the sensitivity to detect probable dementia cases:32 thus, the presence of such cases
would indicate that our study population was not singular and that our results are
generalizable.

The current study also has several strengths. Study outcomes of MCI and probable dementia
were carefully screened and diagnosed by expert adjudication. This study also includes a
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larger sample size than the majority of studies investigating the effect of B vitamins on MCI/
dementia risk. Additionally, we are able to examine a wide range of confounders (including
education, income, exercise, and alcohol intake) that could be associated with both B
vitamin intake and MCl/dementia risk. Finally, we are able to jointly examine the
association of levels of folate, vitamins B6 and B12 on incidence of MCI and probable
dementia, which has not been as widely examined as the association with these vitamins
individually.5!

In conclusion, we found evidence that folate intake below the RDA was related to increased
risk for MCl/probable dementia among older women. Levels of vitamin B6 and B12 intake
were not found to be associated with increased risk. To date, the majority of intervention
studies examining the effect of folic acid supplementation on cognitive performance in later
life have not supported a protective role for folic acid, while several longitudinal
observational studies have found this association. It is important to better understand this
apparent inconsistency, as modifiable risk factors for dementia would be an important public
health intervention for a rapidly aging population. Future intervention studies with longer
follow-up times will be more directly comparable to longer-term prospective cohort studies
like this one, and will allow for a longer time period over which folic acid supplementation
may reveal a neuroprotective effect. In our current study including a large number of older
women followed prospectively for 5 years, we found evidence that low levels of folate
intake are indeed associated with a higher risk of MCl/probable dementia.
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Figure 1.
Cumulative incidence of mild cognitive impairment (MCI)/probable dementia by folate

intake above or below the recommended daily allowance (RDA) in the Women’s Health
Initiative Memory Study (WHIMS)
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