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Inadequate folate status is associated with an increased risk for chronic 
diseases that may have a negative impact on the health of the aging population. 
Folate, a water-soluble vitamin, includes naturally occurring food folate 
and synthetic folic acid in supplements and fortified foods. Inadequate 
folate status may result in hyperhomocysteinemia, a significant risk factor 
for atherosclerotic vascular disease, changes in DNA that may result in 
pro-carcinogenic effects and increased risk for cognitive dysfunction. 
Folate status may be negatively influenced by inadequate intake, genetic 
polymorphisms and interactions with various drugs. In the US, folic
acid is now added to enriched grain products and continues to be included in 
the majority of ready-to-eat breakfast cereals. Recent data indicate that the 
folate status in the US population has improved significantly, presumably 
due to the effects of fortification. Folic acid (not food folate) intake in excess 
of the Tolerable Upper Intake Level may mask the diagnosis of a vitamin B12 
deficiency, which is more prevalent in the elderly than younger individuals. 
When folic acid supplements are recommended, a multivitamin that includes 
vitamin B12 should also be advised. To safely and effectively increase folate 
intake in the elderly, naturally occurring folate-rich food sources should be 
promoted. Folate-rich foods include orange juice, dark green leafy vegetables, 
asparagus, strawberries and legumes. These foods are also excellent sources of 
other health-promoting nutrients associated with chronic disease risk reduction.

FOLATE: A KEY TO 
OPTIMIZING HEALTH 

AND REDUCING 
DISEASE RISK IN THE 

ELDERLY
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Key teaching points:

• Adequate folate intake and sta-
tus has been associated with reduced 
risk for chronic conditions that may 
particularly affect the elderly, includ-
ing hyperhomocysteinemia, a risk 
factor for vascular disease, cancer 
and cognitive dysfunction.

• Folate status can be impacted 
negatively by low intake, genetic 
polymorphisms or use of antifolate 
medications such as methotrexate, 
which is commonly used to treat 
rheumatoid arthritis.

• Folic acid intakes in excess of the 
Tolerable Upper Intake Level (UL) 
(1 mg/day) may mask the symptoms 
associated with a vitamin B12 defi-
ciency and allow for the progression 
of irreversible neurological damage. 
The UL is applicable to intakes of 
synthetic folic acid, but not folate oc-
curring naturally in foods.

• The elderly are at increased 
risk for vitamin B12 deficiency due to 
food-bound malabsorption associated 
with hypochlorhydria or achlorhy-
dria, conditions which are prevalent 
among the elderly.

• Patients taking antifolate medi-
cations or presenting with megalo-
blastic anemia or hyperhomocyste-
inemia should be screened for both 
folate and vitamin B12 deficiency. 
Chronic therapy with folic acid for 
the elderly should be coupled with 
vitamin B12 supplements.

• Practitioners should encourage 
intake of folate-rich foods such as 
orange juice, dark green leafy veg-
etables, asparagus, strawberries and 
legumes, which can provide a variety 
of other nutrients beneficial to the 
health status of the elderly without 
the danger of exceeding the UL.

Introduction

By the year 2015, it is estimated 
that there will be over 45million in-
dividuals 65 years of age and older 
living in the United States, represent-
ing a 31% increase in this age group 
compared to the 2000 US census [1]. 

Nutritional status of the elderly is 
of great significance as it is associ-
ated with morbidity and mortality in 
this age group [2]. Folate nutriture 
may be especially important since 
it is associated with several health 
issues that particularly affect the 
elderly, such as cardiovascular dis-
ease, cancer and cognitive function. 
This report will review current issues 
related to folate intake and nutriture 
in the elderly, including the impact of 
food fortification with folic acid and 
the role of folate in reducing risk for 
chronic disease. Recommendations 
for practitioners concerning folate 
intake in the elderly are included. 

Background 

Folate Biochemistry, Food 
Sources and Bioavailability, 
Genetic Polymorphisms and 
Requirements

“Folate” is a generic term used 
to denote both naturally occurring 
folate in foods (food folate) and the 
synthetic form of the vitamin (folic 
acid). The primary chemical form of 
folate occurring in nature is a ptero-
ylglutamate compound that contains 
a side chain of conjugated glutamate 
molecules. Folate must be cleaved 
to the monoglutamate form by an 
intestinal conjugase enzyme before 
being absorbed in the intestinal tract 
[3]. Food folates are concentrated in 
select foods such as orange juice, dark 
green leafy vegetables, dried beans 
and peas, asparagus, strawberries 
and peanuts (Table 1). The synthetic 
form of the vitamin, folic acid, exists 
in the monoglutamate form and is 
more readily absorbed than the natu-
ral form because it does not require 
intestinal enzymatic cleavage prior 
to absorption. Synthetic folic acid is 
found in vitamin and other nutritional 
supplements, as well as fortified 
foods. Cereal grain products labeled 
as “enriched” have added folic acid 
and include flour, corn meal, grits, 
breads, rice, pasta and hundreds of 
combination foods containing these 

[4]. Grain fortification was mandated 
by the Food and Drug Administration 
(FDA) to assist women of childbear-
ing age with meeting folic acid intake 
recommendations for neural tube 
defect risk reduction.

Bioavailability estimates for folate 
range from approximately 50% for 
naturally occurring food folate [5] to 
100 percent for synthetic folic acid 
consumed on an empty stomach [3]. It 
is estimated that approximately 85% 
of synthetic folic acid taken with food 
or as a component of a fortified food is 
absorbed [6,7]. The current Dietary 
Reference Intakes (DRIs) express 
folate requirements in terms of Di-
etary Folate Equivalents (DFEs) to 
take into account this difference in 
bioavailability between food folate 
and synthetic folic acid [7,8].

Folate coenzymes participate 
in biochemical processes involv-
ing single carbon group transfers, 
including the metabolism of amino 
acids and synthesis of purines and 
pyrimidines (Fig. 1, reaction #1) that 
are incorporated into DNA and RNA 
[9]. Folate is integrally involved in 
the remethylation of homocysteine to 
form methionine (Fig. 1, reaction #2), 
which is subsequently converted to S-
adenosylmethionine, the latter being 
the primary supplier of methyl groups 
in a considerable number of chemical 
reactions including methylation of 
DNA, RNA, proteins, phospholip-
ids and neurotransmitters (Fig. 1, 
reaction #3) [9]. DNA methylation 
patterns are thought to play an im-
portant role in gene expression [10].

Current research interest in 
folate nutriture includes the effect 
of genetic variations that influence 
folate utilization. Several single 
nucleotide polymorphisms associated 
with the folate metabolic cycle have 
been identified, the most intensely 
studied to date is the methylenetet-
rahydrofolate reductase (MTHFR) 
677C3T variant. The MTHFR en-
zyme catalyzes the conversion of 
5,10-methylenetetrahydrofolate to 
5-methyltetrahydrofolate (Fig. 1, 
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reaction #4), which then serves as 
a carbon donor to homocysteine to 
form methionine. Individuals who are 
homozygous for this polymorphism 
may have MTHFR enzyme activities 
up to 50% lower than those without 
the polymorphism [11, 12]. This 
polymorphism increases the risk for 
hyperhomocysteinemia when coupled 
with low folate status [13, 14], which 
supports the suggestion that indi-
viduals who are homozygous for the 
677C3T polymorphism have a higher 
folate requirement [15]. The popula-
tion frequency of homozygotes for 
the 677C3T MTHFR polymorphism 
is approximately 12% for US Cauca-
sians, 21% for US Hispanics and 1% 
for African Americans [16], suggest-
ing that a substantial portion of the 
US population may be at increased 
risk for altered folate metabolism.

Adequate folate status has been 
defined as a serum or plasma folate 
concentration above 7 nmol/L (3 ng/
mL) and a red blood cell concentra-
tion above 305 nmol/L (140 ng/mL) 
[7]. Plasma homocysteine also has 

been used as a folate status functional 
indicator, with 14 μMol/L most often 
used as a cutoff to define elevated 
concentrations [7]. The Recom-
mended Dietary Allowance (RDA) for 
folate for adults aged 51 and greater 
is 400μg/day of DFEs [7]. The RDA 
for older adults was largely based 
on folate requirements in younger 
individuals because at the time there 
were no metabolic studies providing 
data for adults over age 65 [7]. Sub-
sequently, Kauwell et al. [17] have 
demonstrated that a folate intake of 
400 μg/day from diet and supplements 
was more effective than 200 μg/day in 
normalizing folate and homocysteine 
status following moderate folate 
depletion in healthy postmenopausal 
women (60–85 years), suggesting that 
the previous folate RDA of 180 or 
200 μg/day [18] may have been insuf-
ficient for this age group. As part of 
the DRIs, a Tolerable Upper Intake 
Level (UL) was set at 1,000 μg/day of 
synthetic folic acid. The UL was not 
based on toxicity criteria since folic 
acid intakes at or above 15 mg/day 

have not been found to have adverse 
effects [7], but rather on the ability 
of folic acid at high doses to mask 
the diagnosis of anemia associated 
with a vitamin B12 deficiency [7,19]. 
It is important to note that the UL is 
applicable to intake of synthetic folic 
acid, and not food folate. 

Folate’s role in          
health and disease

Potential Effect of Folic 
Acid Fortification and 
Supplementation to Mask the 
Diagnosis of a Vitamin B12 
Deficiency

The issue of masking the diagnosis 
of the hematological symptoms asso-
ciated with a vitamin B12 deficiency 
is of particular concern to the elderly 
since it is estimated that 10% to 15% 
of people over the age of 60 are af-
fected by vitamin B12 deficiency 
[20]. This deficiency primarily occurs 
because elderly individuals are at 
higher risk for food-bound vitamin 
B12 malabsorption related to reduced 
gastric acid (hypochlorhydria) as-
sociated with atrophic gastritis, a 
condition quite prevalent among the 
elderly. Hypochlorhydria only affects 
absorption of protein-bound vitamin 
B12 in foods and not the crystalline 
form of the vitamin found in fortified 
foods and supplements. Pernicious 
anemia, which affects a smaller per-
centage of elderly individuals, is as-
sociated with a lack of intrinsic factor 
that may be due to an autoimmune 
disorder that destroys gastric pari-
etal cells. Intrinsic factor is needed 
to ensure absorption of vitamin B12; 
therefore; patients with pernicious 
anemia are unable to absorb both the 
protein-bound and crystalline forms 
of vitamin B12. When a patient with 
a vitamin B12 deficiency is treated 
with folic acid, the hematological 
indices associated with macrocytic 
anemia revert to normal while the 
irreversible neurological abnormali-
ties progress. The result is that folic 
acid treats the symptoms, but not the 

TABLE 1 – FOLATE CONTENT OF SELECTED NON-FORTIFIED FOODS

Food item Measure Folate content (µg DFEs)

Beef liver 1 slice (85 g) 185

Lentils, cooked 1⁄2 cup 180

Chickpeas, cooked 1⁄2 cup 140

Beans (black, kidney, navy), cooked 1⁄2 cup 115–130

Spinach, raw 1 cup 110

Spinach, cooked 1⁄2 cup 100

Asparagus, cooked 5 spears 100

Greens (mustard, turnip), cooked 1⁄2 cup 85–90

Orange juice, ready to drink 1 cup 80

Strawberries, fresh 8 medium 80

Broccoli, cooked 1⁄2 cup 50

Tomato juice 1 cup 50

Peanuts, dry roasted 1 oz 40

Lettuce, romaine 1 cup 40

Cantaloupe, fresh 1⁄4 medium 40

Lettuce, iceberg 1 cup 30

Banana 1 medium 20

Grapefruit 1⁄2 medium 15
Abbreviations: DFEs  dietary folate equivalents.
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disease, and is referred to as “mask-
ing” the diagnosis.

There may be many undiagnosed 
cases of atrophic gastritis and concur-
rent vitamin B12 deficiency among 
the elderly and there is concern that 
folic acid fortification and supplemen-
tation may be sufficient to reverse 
the hematological abnormalities 
associated with B12 deficiency, thus 
allowing the deficiency to remain 
undiagnosed [21,22]. Because a sig-
nificant number of individuals over 
age 50 may be affected by atrophic 
gastritis, the Institute of Medicine 
recommends that they meet the vita-
min B12 RDA of 2.4 μg/day primarily 
through intake of synthetic vitamin 
B12 in fortified foods or supplements 
since absorption of this form of the 

vitamin is not adversely affected by 
the condition [7,19].

The FDA estimated that folic 
acid intake in middle-aged and el-
derly adults would increase by 70 to 
120 μg/day after fortification [23]. 
A significant increase in blood fo-
late concentrations and decrease in 
plasma homocysteine concentrations 
in population subgroups including the 
elderly has been observed [24, 25] as 
a result of the folic acid fortification 
program that became mandatory in 
January 1998. In addition to folic acid 
consumed as a component of enriched 
cereal grain products, ready-to-eat 
breakfast cereals can provide a sig-
nificant amount of folic acid in the 
diets of the elderly. A recent analysis 
of the folic acid content in ready-to-

eat breakfast cereals [26] indicated 
that one half of the cereals tested 
contained folic acid amounts exceed-
ing 150% of the label declaration. 

This study also evaluated the 
amount of ready-to-eat cereal adults 
would consume and found that medi-
an serving sizes were 50% higher for 
females and 100% higher for males 
compared to the nutrition label por-
tion. Because cold breakfast cereals 
are a major contributor of folic acid 
and a major component of the diet 
for the elderly [27], they may be con-
suming substantially more folic acid 
than stated on the cereal’s Nutrition 
Facts panel.

Daily use of folic acid-containing 
supplements can contribute signifi-
cantly to folic acid intake. Depending 

FIGURE 1 – PRINCIPAL COMPONENTS OF THE FOLATE BIOCHEMICAL CYCLE
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on the study, use of any supplements 
by individuals aged 60 and older 
ranges from 39 to 55 percent [28–30]. 
Of concern is the fact that individuals 
taking a multivitamin containing 400 
μg folic acid and consuming one serv-
ing of a folic acid containing fortified 
breakfast cereal (400 μg folic acid/
serving) every day may have daily 
synthetic folic acid intakes of at least 
750 μg from these two sources alone. 
Additional folic acid may be obtained 
through other fortified foods con-
sumed throughout the day.

Therefore, individuals consuming 
supplements, fortified cereals and 
other folic acid fortified foods on a dai-
ly basis may exceed the UL of 1,000 
μg/day of synthetic folic acid. Future 
population-based studies evaluating 
folate intake post-fortification will be 
useful in determining folic acid intake 
amounts by the elderly.

Since the health benefits associ-
ated with maintaining an optimal 
folate status are clearly established, 
it is important that clinicians advise 
their elderly patients to ensure 
adequate folate intake through in-
creased consumption of folate-dense 
food sources. Naturally occurring 
food folate is not associated with the 
negative pharmacological effects 
described above [7] and yet provides 
the health benefits of this essential 
nutrient.

Interactions with Drugs, 
Foods, and Nutrients

Several drugs have been known 
to have a significant interaction with 
folate either through their effects 
on absorption or metabolism. A 
common drug used by the elderly is 
methotrexate, which is used to treat 
neoplastic disease and works as a 
folate antagonist by targeting a key 
enzyme in folate metabolism (dihy-
drofolate reductase, Fig. 1, reaction 
#5) and thereby reducing produc-
tion of nucleotides needed for DNA 
synthesis. However, low-dose metho-
trexate also has been found to be 
efficacious in treating non-neoplastic 

conditions including asthma, inflam-
matory bowel disease, psoriasis and 
especially rheumatoid arthritis [9]. 
For rheumatoid arthritis patients, 
the primary reason for discontinu-
ation of methotrexate treatment is 
side effects associated with toxicity. 
Many of the side effects mimic folate 
deficiency and include gastrointes-
tinal problems (nausea, diarrhea), 
stomatitis, headache, vertigo, pneu-
monitis, leucopenia, thrombopenia, 
hair loss and infections [31]. Individu-
als treated for rheumatoid arthritis 
using methotrexate have reduced 
blood folate concentrations [32–34] 
and elevated plasma homocysteine 
concentrations [34–36]. Supplementa-
tion with folic acid in conjunction with 
methotrexate treatment has been 
found to either reduce the incidence 
of side effects or improve folate and 
homocysteine status without signifi-
cantly decreasing treatment efficacy 
[31, 34, 37, 38]. It is recommended 
that individuals treated with metho-
trexate for rheumatoid arthritis be 
concurrently supplemented with folic 
acid [34, 36], while treatment efficacy 
should be closely monitored. 

Chronic use of the anticonvulsants 
diphenylhydantoin (e.g., phenytoin, 
Dilantin®) and phenobarbital has 
been associated with impaired folate 
metabolism [7]. Patients with inflam-
matory bowel disorders who are 
treated with salicylazosulfapyridine 
(e.g., sulfasalazine, Azulfidine®) are 
also at risk of developing a folate 
deficiency since this drug has been 
shown to inhibit folate absorption 
and metabolism in humans [7]. The 
folate status of epileptic patients be-
ing treated with anticonvulsant drugs 
or patients with inflammatory bowel 
disease treated with sulfasalazine 
should be carefully monitored.

Chronic use of alcohol also has 
been associated with folate deficiency. 
Alcohol intake may impair absorp-
tion and hepatobiliary metabolism of 
folate and may exacerbate the effects 
of low folate intake often observed in 
chronic alcohol users [39]. When mod-

erate alcohol consumption is coupled 
with low folate intake, the risk of 
certain types of cancer significantly 
increases (see next section).

Potential interactions between 
grapefruit juice and certain prescrip-
tion drugs such as antihistamines, 
antihypertensives and cholesterol-
lowering statins have been reported 
and recently reviewed [40]. Although 
not considered to be a good dietary 
source of folate, grapefruit juice has 
been shown to positively contribute 
to folate intake in the elderly [41], 
and they may additionally benefit 
from other nutrients (e.g., vitamin C, 
potassium) found in grapefruit juice. 
At this time, only a limited number 
of prescription drugs are known to 
be affected [42]. However, reports of 
potential drug interactions may dis-
suade individuals from continuing to 
include grapefruit juice in their diet. 
Patients should consult with their 
physicians or pharmacists to deter-
mine if a drug they use is one of a 
small number that might be affected.

Chronic Disease

Folate serves as a coenzyme in 
the remethylation of homocysteine 
to form methionine (Fig. 1, reaction 
#2). It is now widely accepted that 
elevated blood homocysteine con-
centrations are an independent risk 
factor for vascular disease involving 
the coronary, cerebral and peripheral 
vessels as well as thromboembolism 
[43–45]. Independent of other factors 
that may influence homocysteine 
concentrations, blood homocysteine 
increases with age and is generally 
found to be higher in men than wom-
en [46,47]. Folic acid supplementation 
(+/- 500 μg/day) has been found to ef-
fectively reduce blood homocysteine 
concentrations to a plateau beyond 
which additional folic acid has no 
further homocysteine lowering effect 
[43,48,49].

Individuals with elevated ho-
mocysteine or who have low blood 
folate concentrations benefit the 
most from folic acid supplementation. 
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Individuals who are homozygous for 
the MTHFR polymorphism have 
higher homocysteine concentrations 
compared to those without the poly-
morphism [50, 51]. However, there 
appears to be little evidence that 
these individuals are at increased 
risk for vascular disease [12, 50]. 
The question remains as to whether 
supplemental folic acid can reduce 
the risk for vascular disease, and a 
number of intervention trials are 
currently in progress [52].

Adequate folate intake or status 
has also been associated with reduced 
risk for certain cancers, most notably 
colorectal and cervical cancer [53], 
and more recently breast cancer.

Potential mechanisms include 
disruption of DNA integrity or re-
pair systems or altered methylation 
[54]. Hypo- or undermethylation of 
DNA has been associated with in-
creased risk for carcinogenesis [54], 
and hypomethylation of lymphocyte 
DNA has been observed in post-
menopausal women fed moderately 
low folate diets [55,56]. The most 
convincing epidemiological evidence 
associating folate intake with cancer 
risk exists for colorectal cancer, with 
the results of several prospective 
cohort studies supporting a statisti-
cally significant inverse association 
with the risk of pre-cancer adenomas 
[57] and colorectal cancer [58,59]. In 
the Physician’s Health Study, the 
MTHFR polymorphism was associ-
ated with a significantly decreased 
risk of colon cancer [60], although 
this protective effect was negated 
with either low folate status or in-
creased alcohol intake. Presence of 
the MTHFR polymorphism also has 
been associated with decreased risk 
of acute lymphocytic leukemia [61]. 
The exact nature of this protective 
effect is not yet understood. The 
association between folate and cer-
vical cancer risk is less supported, 
although there is evidence to suggest 
that low folate status coupled with 
the presence of other risk factors for 
cervical cancer, such as human papil-

lomavirus, may increase risk [62, 63].
There is mounting evidence that 

folate is associated with the risk for 
breast cancer, particularly in combi-
nation with alcohol intake. Alcohol 
has been known to adversely affect 
folate metabolism [39]. Recent data 
from cohort groups including the 
Nurses’ Health Study [64], the Iowa 
Women’s Health Study [65] and the 
Canadian National Breast Screen-
ing Study [66], support an inverse 
association between risk of breast 
cancer and folate intake with in-
creased alcohol intake. The nature of 
the folate/alcohol interaction is such 
that increased folate intake appears 
to impart protection in individuals 
within a defined alcohol intake level 
(greater than 14 g/day) compared to 
those within the same alcohol intake 
level, but with lower folate intakes 
[64,66]. Intervention trials will be 
needed to further elucidate folate’s 
potential role in cancer prevention.

Cognitive Function, 
Dementia, and  
ALZHEIMER'S ’s disease

A growing body of evidence sup-
ports a role for folate or homocysteine 
in cognitive function, dementia and 
Alzheimer’s disease. Several studies, 
as summarized by Selhub et al. [67], 
identify associations between low fo-
late status [68–76] or elevated homo-
cysteine concentrations [71,73,75–78] 
and cognitive dysfunction. In the Nun 
Study, serum folate concentrations 
were strongly negatively correlated 
with brain atrophy in Catholic sisters 
with a significant number of Alzheim-
er’s disease lesions [79]. A strength 
of this study is that participants ate 
from the same kitchen and had a very 
similar lifestyle and environment 
throughout their lives. Recently, an 
evaluation of the Framingham Study 
cohort found 40% to 80% higher ad-
justed relative risks for dementia and 
Alzheimer’s disease, respectively, for 
each one standard deviation increase 
in plasma homocysteine as compared 
to baseline measurements [80]. 

Relative risks were doubled when 
plasma homocysteine concentra-
tions exceeded 14 μMol/L, a value 
commonly used as a cutoff to define 
elevated concentrations. Other recent 
reports, including a UK cohort study 
[81], a Swedish population-based lon-
gitudinal study [82] and an NHANES 
study [83], support an association be-
tween folate or homocysteine status 
and cognitive function or Alzheimer’s 
disease. The mechanism by which 
folate is associated with dementia is 
not clear, but may involve folate’s role 
in the synthesis of S-adenosylmethio-
nine used for adequate methylation of 
neurotransmitters, phospholipids or 
myelin in brain tissue, or the poten-
tial ability of elevated homocysteine 
to cause vascular disease that may 
result in brain ischemia [67]. Ran-
domized trials are needed to establish 
whether there is a causal relationship 
between folate status and dementia or 
if low folate status simply exacerbates 
an existing condition.

Conclusion

Studies have shown an association 
between folate and vascular disease, 
certain cancers, and dementia and 
Alzheimer’s disease, conditions 
that can significantly impact on the 
elderly population. These associa-
tions identify folate as an important 
nutrient that may contribute to re-
duced morbidity and mortality in the 
elderly. However, practitioners must 
also consider important issues for 
the elderly, including the presence of 
undiagnosed vitamin B12 deficiency 
and chronic use of drugs (including 
alcohol) that may interfere with folate 
metabolism and impair folate status.

Recent studies evaluating folate 
status in the general population sug-
gest that folate intakes have increased 
substantially following food fortifica-
tion and that many older individuals 
may now be consuming folic acid in 
excess of the UL. This may be of par-
ticular concern in individuals who take 
a vitamin supplement containing folic 
acid and consume ready-to-eat fortified 
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breakfast cereals every day. Individuals 
presenting with a macrocytic mega-
loblastic anemia should be screened 
for both folate and vitamin B12 defi-
ciency, and folic acid and vitamin B12 
supplementation in the elderly should 
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