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Abstract
Objective—To determine the overall folate status of a population-based multi-ethnic sample of
octogenarians and centenarians and the specific dietary, demographic and physiological factors
associated with observed abnormalities.

Design—Population-based multiethnic sample of adults aged 80 to 89 and 98 and above. Setting:
Northern Georgia, USA

Setting—Northern Georgia, USA

Participants—Men and women aged 80 to 89 (octogenarians, n = 77) and 98 and older
(centenarians, n = 198)

Analyses—Wilcoxon rank sum tests, and Chi square and logistic regression analyses were used
to examine associations of low and high folate status with hematological indicators and other
variables of interest.

Results—The prevalence of low red blood cell (RBC) folate was low overall, but tended to be
higher in centenarians than in octogenarians (6.5% vs. 1.3%, p = 0.058; defined as RBC folate <
317 nmol/L). The risk of having lower RBC folate (< 25th vs. ≥25th percentile for RBC folate for
60yr+ in NHANES 1999–2000) was greater in association with vitamin B12 deficiency (OR =
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5.36; 95%CI: 2.87–10.01), African American race (OR = 4.29; 95%CI: 2.08–8.83), and residence
in a skilled nursing facility (OR = 3.25; 95%CI: 1.56–6.78) but was not influenced by age, gender,
B-vitamin supplement use, high/low food score or presence of atrophic gastritis. Combined high
plasma folate and low vitamin B12 status was present in some individuals (n=11), but was not
associated with increased prevalence of anemia or cognitive impairment in this study.

Conclusions—Low RBC folate status (< 317 nmol/L) was rare in this post folic acid
fortification sample of octogenarians and centenarians. RBC folate status (< 25th percentile) was
strongly associated with 1) vitamin B12 deficiency, which has strong implications for vitamin
treatment, and 2) with being African American, suggesting racial disparities exist even in the
oldest old.

Introduction
Our previous studies showed a high prevalence of both vitamin D insufficiency (1) and
vitamin B12 deficiency (2) in a population-based study of older adults, with the prevalence
of both conditions over two-fold greater in centenarians as compared with octogenarians.
Deficiencies of vitamin B12 and folate are associated with elevated blood homocysteine
levels, a risk factor for many chronic conditions. Altered homocysteine and folate status
have been implicated as independent risk factors for cardiovascular disease, cognitive
impairment, dementia, Alzheimer’s Disease and depression in some studies (3–8), but not in
others (9). Conversely, it has been suggested that old age and diseases such as Alzheimer’s
may increase the need for folate (10).

Folate status has been widely studied in the US since the required fortification of all
enriched cereal-grain products beginning in 1998. Recent studies report an improvement in
folate status from pre-fortification values across all ages, including older adults (11–14).
These and other studies (15–16) have examined folate status in older adults (aged 60+)
collectively, with no further demarcation within this age classification. Our finding of two-
fold higher prevalence of both vitamin D insufficiency (1) and vitamin B12 deficiency (2) in
centenarians as compared with octogenarians, suggests that there is considerable
heterogeneity in nutrient status in the ‘older adult’ age group. To our knowledge, measures
of folate status have not been examined specifically in the ‘oldest old’ population groups in
the US post-folic acid fortification.

The primary objective of this study was to determine measures of folate status and
predictors of high and low folate status in a population based multi-ethnic sample of adults
aged 80 to 89 and 98 and above from northern Georgia in the US. In addition, since several
studies have reported potential detrimental effects of high serum folate in older individuals
with low vitamin B12 (15–21) status, the associations between vitamin B12 and folate status
and selected measures of physical and cognitive health were also examined.

Methods
Study Population

Study participants were part of the Georgia Centenarian Study, a population-based
multidisciplinary study conducted in 44 counties in northern Georgia (USA) from 2002 to
2005. The original study included 244 centenarians (defined as age 98 and older) and 80
octogenarians. The sampling procedures and data collection methods have been described
elsewhere (1,22). Briefly, recruitment of participants from skilled nursing facilities was
based on estimates of the ‘institutionalized’ population of the area according to the 2000
U.S. Census tabulations. The ‘community dwelling’ participants resided in private
residences and personal care homes and were recruited from voter registration lists.
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Participants were recruited to match census figures for gender and race/ethnicity (white or
black; all were non-Hispanic) and were interviewed by trained personnel in their place of
residence. All questionnaires and procedures were approved by the University of Georgia
Institutional Review Board on Human Subjects.

Folate, Homocysteine and Other Biochemical Indices
Non-fasting blood samples were collected as previously described (1,22). Plasma folate and
vitamin B12 and RBC folate were analyzed using Quantaphase II Vitamin B12/Folate
Radioassay (Bio-Rad, Richmond, CA). Serum total homocysteine, methylmalonic acid
(MMA) and 2-methylcitric acid were analyzed by capillary gas chromatography-mass
spectrometry (23–25). Low RBC folate was defined as < 317 nmol/L based on the criteria
used by the National Health and Nutrition Examination Survey (NHANES; 12). The 25th

percentile for RBC folate for combined racial/ethnic groups ≥ 60 yr from NHANES 1999–
2000 (564 nmol/L and 616 nmol/L for men and women, respectively; 11) defined those of
‘lower’ (< 25th percentile) vs. ‘higher’ (≥ 25th percentile) RBC folate status. High to Folate
Status folate status was defined as plasma folate > 45.3 nmol/L (20 ng/mL; 12,17). Vitamin
B12 deficiency was defined as plasma vitamin B12 < 258 pmol/L, serum MMA > 271 nmol/
L, and MMA > 2-methylcitric acid (25,26). Hyperhomocysteinemia was defined as serum
homocysteine >13.9 µmol/L (27). Serum pepsinogen I was analyzed by enzyme
immunoassay (Pepsinogen I ELISA: ALPCO Diagnostics, Windham, NH) and a value of <
60 ng/mL was used as an indicator of moderate to severe atrophic gastritis (28). Hemoglobin
and serum creatinine were assessed by a clinical diagnostic laboratory (LabCorp, Inc.,
Burlington, NC). A value of > 127 umol/L was used as an indicator of poor renal function
(26). Anemia was defined as hemoglobin < 12 g/dL for females or < 13 g/dL for males (29).

Demographic, Nutrition and Health Information
Information regarding age, gender, race/ethnicity, living arrangements, health conditions
(cardiovascular disease, diabetes, hypertension, etc) and behaviors (including tobacco and
nutritional supplement use) were obtained from each participant (or his/her caregiver) by
self-report. Participants were classified as taking a B-vitamin supplement if they reported
using a multivitamin, or vitamin B12, folic acid and/or other B-vitamin-containing
supplement. Participants who had missing data for supplement use were categorized as not
receiving supplements. Questions regarding food intake were adapted from the Mini-
Nutritional Assessment (30,31) and the response categories represented current frequency of
consumption of food groups, including dairy products (milk, yogurt, and cheese); meat, fish,
or poultry; orange/yellow vegetables; green vegetables; and citrus and non-citrus fruit and
juice. The total food score, ranging from 0 to 5, was based on comparisons with the Dietary
Guidelines for Americans (32) 1,600-calorie meal pattern for sedentary older adults, as
previously described (31).

Body weight and height were measured by interviewers, obtained from charts or via self-
report. Body mass index (BMI) was calculated as weight (pounds)/height (inches)2 × 703.
BMI categories were based on the National Institutes of Health (33) guidelines, and focused
on underweight defined as < 18.5 kg/m2 and overweight/obese defined as ≥ 25 kg/m2.

Cognitive performance was assessed using the Mini-Mental State Examination (MMSE; 34).
Exam scores are based on a 30-point scale, with a higher score indicative of a higher degree
of cognitive performance. For the purpose of this study, MMSE scores ≤ 23 were indicative
of cognitive impairment and those 24 or above indicative of no impairment (35).
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Exclusions from Data Analysis
Participants missing data for primary variables of interest or receiving vitamin B12
injections were excluded from the present analyses. From the original sample of
octogenarians (n = 80), two individuals were excluded due to missing blood values (n = 1)
or receiving vitamin B12 injections (n = 1). From the original sample of centenarians, 45
individuals were excluded due to missing data for one or more key blood values (n = 27) or
receiving vitamin B12 injections (n = 17). Compared to the included centenarians (n = 199),
the excluded centenarians did not differ in gender (85.4% vs. 82.2% female), race/ethnicity
(71.1% vs. 80.4% white), place of residence (48.9% vs. 41.7% skilled nursing facility), use
of B-vitamin containing supplements (33.3% vs. 34.2%), prevalence of low RBC folate
(<317 nmol/L; 6.7% vs. 6.5%), or concomitant high folate/low B12 status (2.2% vs. 4.0%).
Those excluded, however, were more likely to meet the criteria for lower RBC folate status
(66.7% vs. 37.7%, p < 0.001).

Statistical Analyses
As is typical of B-vitamin related metabolites, the data were not normally distributed and
non-parametric methods were used. Frequencies, means, standard deviations, medians and
range of values are reported. Bivariate analyses of covariates within the octogenarian and
centenarian samples were conducted separately. Group differences were assessed with the
Wilcoxon rank sum test for continuous variables and Chi square analysis for categorical
variables (Table 1 and Table 2). Probabilities reported are unadjusted for multiple tests.

Multivariate logistic regression analyses were used to examine associations of low or high
folate status with age, gender, race/ethnicity, living arrangements, use of a B-vitamin-
containing supplement, total food score, vitamin B12 deficiency, serum pepsinogen, BMI,
tobacco use ever, current tobacco use and MMSE. Analyses were conducted using SAS 9.2
and Stata 11.1.

Results
Compared to octogenarians, the centenarians in this study were more likely to be women,
live in a skilled nursing facility, have a higher food score, have a lower MMSE score, have a
lower BMI, and were less likely to have ever used tobacco products (Table 1). The older
group also had significantly lower plasma folate and higher serum homocysteine, MMA and
creatinine. The two age groups did not differ in race/ethnicity, use of B-vitamin-containing
supplements, plasma vitamin B12, serum pepsinogen, or current tobacco use (Table 1) or in
the prevalence of cardiovascular disease (55.8% vs 61.5%, for octogenarians and
centenarians, respectively), diabetes (15.8% vs. 9.2%) or hypertension (42.9% vs. 45.1%).
However, 6.5% of centenarians as compared with 1.3% of octogenarians had low RBC
folate (p = 0.058).

To determine potential predictors of those at risk for low RBC folate status, the sample was
dichotomized based on the 25th percentile of RBC folate from NHANES 1999–2000 (11).
As such, more centenarians than octogenarians had ‘lower’ RBC folate status (37.7% vs.
24.4%, respectively; p < 0.05). Among octogenarians ‘lower’ RBC folate status (<25th

percentile) was more prevalent in women vs. men, African Americans vs. whites, skilled
nursing facility residents vs. community dwellers and in those with lower serum pepsinogen
and MMSE scores (Table 2). Octogenarians with ‘lower’ and higher (>25th percentile) RBC
folate status did not differ in age, use of B-vitamin containing supplements, total food score,
serum creatinine, BMI or tobacco use. Among centenarians, lower RBC folate status (< 25th

percentile) was more prevalent in African Americans vs. whites and in those not using B-
vitamin containing supplements (Table 2). Centenarians did not differ by folate status in age,
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gender, place of residence, total food score, serum pepsinogen or creatinine, BMI, tobacco
use or MMSE score. Regardless of age group, those with ‘lower’ RBC folate status had
higher serum homocysteine and MMA, lower plasma vitamin B12, and a greater prevalence
of vitamin B12 deficiency as compared to those of ‘higher’ RBC folate status.

Logistic regression analysis of the total analytical sample indicated that when controlled for
other risk factors the odds of having ‘lower’ RBC folate status were about five times higher
in vitamin B12 deficient vs. vitamin B12 adequate participants, four times higher in African
Americans vs. whites, and three times higher for those living in skilled nursing facilities vs.
in the community (Table 3). Age, gender, B-vitamin supplement use, food score and
presence of atrophic gastritis were not related to the probability of being of ‘lower’ RBC
folate status (Table 3). Similar analysis of the centenarians only indicated vitamin B12
deficiency (OR = 4.53; 95% CI: 2.26, 9.08; p < 0.0001), African American race/ethnicity
(OR = 4.11; 95% CI: 1.78, 9.52; p = 0.001) and skilled nursing facility residence (OR =
2.45; 95% CI: 1.05, 5.68; p =0.037) as the primary predictors of ‘lower’ RBC folate status
for this age group (Full model not shown).

Analyses exploring high plasma folate status (> 45.3 nmol/L) indicated an overall
prevalence of 35% which is comparable to the 32% prevalence in high folate concentrations
reported for older adults in NHANES 2003–2004 (12). However, there was a greater
prevalence of high folate status in our octogenarians as compared with centenarians (46.1%
vs. 30.7%; p = 0.015). Logistic regression analysis of the total sample indicated that when
controlled for demographics, diet patterns, supplement use and vitamin B12 status, the
probability of high folate status was predicted by vitamin B12 adequacy (OR = 6.22; 95%
CI: 2.96, 13.06; p < 0.0001), being white (OR = 2.98; 95% CI: 1.28, 6.93; p = 0.011), using
B-vitamin containing supplements (OR = 2.71; 95% CI: 1.47, 4.99; p = 0.001), and living in
the community (OR = 2.42; 95% CI: 1.16, 5.06; p = 0.019). Similar predictors were
observed for centenarians only (data not shown).

Overall, only 3.8% (3 of 78) of the octogenarians and 4.0% (8 of 199) of the centenarians
met the criteria for having both high plasma folate status and vitamin B12 deficiency. In the
total analytic sample the only predictor of concurrent high plasma folate status and vitamin
B12 deficiency was use of B-vitamin containing supplements (OR = 3.54; 95% CI: 1.01,
12.43; p = 0.048). In this study, concurrent high plasma folate status and vitamin B12
deficiency was not an independent risk factor for anemia (OR = 0.52; 95% CI: 0.1, 2.4; p =
0.40; reference group =low B12, normal folate) or cognitive impairment (MMSE ≤ 23; OR
= 0.48; 95% CI: 0.1, 2.4; p = 0.37). Use of alternate cut-offs for defining low B12 status
(plasma B12 < 148 pmol/L and MMA > 271 [assay reference value; 27] or > 370 nmol/L
[12] and high folate status (59 nmol/L; 15–16) resulted in higher proportions of individuals
with low B12/high status (6–19%) and associations between vitamin B12 status and anemia
for all low vitamin B12 groups, but not specifically for those of low vitamin B12/high folate
status (data not shown).

Discussion
To our knowledge, this is the first study to report folate status specifically in the oldest old
segment of the U.S. population in the post-fortification period. As expected, the prevalence
of low RBC folate (<317 nmol/L) was overall very low, but tended to be higher for
centenarians than octogenarians. Strong associations were observed between both low and
high folate status and race/ethnicity, living arrangements and vitamin B12 status, albeit in
opposite directions. High folate status was also associated with the use of B-vitamin
containing supplements. Similar to other recent studies (15,17), we found a small percentage
of participants with concurrent high folate status and vitamin B12 deficiency, which was
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associated with the use of B-vitamin containing supplements. However, in contrast to
previous research (15,20), these individuals did not appear to be at greater risk for anemia or
cognitive impairment.

The prevalence of low RBC folate (<317 nmol/L) in this population-based study of
centenarians was 6.5% which, not surprisingly, is considerably lower than the prevalence
(19–21%) reported for Italian centenarians not exposed to mandatory folic acid fortification
(36,37). Nonetheless, the prevalence in Georgia centenarians is higher than for
octogenarians and slightly higher than the prevalence of 2.1 to 2.3% for those ≥ 60 yr and
4.0% for those ≥ 70 yr. reported in recent NHANES studies (12,13). Low RBC folate is seen
in megaloblastic anemia due to B12 deficiency and thus is not specific to folate status alone.
Very few subjects in this study had elevated homocysteine, low serum folate and normal
MMA as would be expected in a subject with pure folate deficiency. Most subjects with low
RBC folate also had elevated MMA and nine of the 14 participants (64%) with RBC folate <
317 nmol/L were also vitamin B12 deficient. Thus, choosing folate therapy alone for a
centenarian with low RBC folate could leave vitamin B12-deficient participants untreated
for B12 deficiency.

As previously reported, vitamin B12 deficiency is highly prevalent in this population,
particularly among centenarians (2), and vitamin B12 deficiency emerged as a primary
predictor of ‘lower’ RBC folate in this study. This is consistent with previous findings in
older adults (26) and likely reflects the closely linked intermediary metabolism of folate and
vitamin B12 (38,39) as well as dietary and nutrient supplement consumption patterns.
Elevated MMA and homocysteine, biochemical markers of vitamin B12 deficiency (40),
were also associated with lower RBC folate status. The relationship between folate and
homocysteine status in this population is being further explored in our on-going studies.

Race/ethnicity emerged as a primary predictor of folate status, similar to our previous
findings regarding vitamin D (1) and vitamin B12 status (2) in this cohort. African
Americans were found to have lower folate status, but better vitamin B12 status (2) than
whites. This is consistent with the findings of Stabler et al. (27) which indicated that
cobalamin deficiency with elevated MMA was more prevalent in elderly white as compared
with African American disabled women and that folate deficiency was more prevalent in the
African Americans. That study, conducted prior to folic acid fortification in the US,
suggested that mandatory food fortification would be important for increasing folic acid
intake and improving folate status of African Americans. More recent data indicates that
while both serum and RBC folate levels have increased and the prevalence of at risk for low
folate has decreased in both whites and blacks since folic acid fortification, differences
between blacks and whites persist (13). Our finding of a greater than 4-fold greater odds
ratio for lower folate status in African Americans vs. whites, confirms that racial/ethnic
disparities extend to even the oldest old and support the contention that specific targeting of
high risk populations, rather than food fortification alone, may be needed to eliminate the
remaining disparities in folate status (41).

Folic acid fortification, though successful in its original intent of decreasing neural tube
defects, has led to concern regarding potential masking of vitamin B12 deficiency and other
adverse effects of high folate intake (15–21). Associations between combined low vitamin
B12/high folate status and increased circulating concentrations of homocysteine and MMA
(16) and a higher prevalence of both anemia and cognitive impairment (15) have been
detected among adult participants of recent NHANES studies. In this study, we found a 4%
prevalence of vitamin B12 deficiency combined with high folate in Georgia octogenarians
and centenarians but no associations of such with anemia or cognitive impairment. The
failure to detect specific associations between low vitamin B12/high folate status and these
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conditions as had been observed in previous studies conducted post-fortification is likely
due not only to the small sample size of the present study but also to the high overall
prevalence of both anemia (~45% overall, > 50% for centenarians) and moderate to severe
cognitive impairment (18% for octogenarians, 73.4% for centenarians) in the study
population. Furthermore, at these advanced ages both conditions are likely of complex and/
or non-nutritional etiology as evidenced by a higher prevalence of anemia of chronic disease
in centenarian as compared with octogenarian participants of the Georgia Centenarian Study
(Haslam et al., in preparation).

In summary, this study examined measures of folate status in a unique population-based
sample of older age groups not frequently studied. Strengths of the study are the inclusion of
centenarians with diversity in race and place of residence and the comparison group of
octogenarians. Limitations of the study include the relatively small sample size, lack of
detailed information on folic acid intake from foods and supplements, and possible
underreporting of supplement intake. Measurement of these indices in future studies are
needed to verify associations, or lack thereof, between intake and supplement use and folate
status in this population group.
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Table 1

Demographics, B-vitamin Supplements, Dietary Patterns, Biochemical Indices and Other Factors Related to
Folate Status in Octogenarians and Centenarians: The Georgia Centenarian Study1

Octogenarians
Median, range, Mean ± SD,

or % [n=78]

Centenarians
Median, range, mean ± SD, or %

[n=199]

Age 83.6, 80.5–90.0
84.4 ± 2.8

100.1, 98.1–108.5
100.5 ± 2.0***

Gender

    Women 65.4 [51] 85.4 [170]***

    Men 34.6 [27] 14.6 [29]

Race

    White 82.0 [64] 80.4 [160]

    African American 18.0 [14] 19.6 [39]

Living arrangements

    Skilled nursing facility 14.1 [11] 41.7 [83]***

    Community 85.9 [67] 58.3 [116]

B-vitamin supplements2

    No 68.0 [53] 65.8 [131]

    Yes 32.0 [25] 34.2 [68]

Total food score3 2.0, 0–5
2.4 ± 1.1

3.0, 0–5
3.1 ± 1.6***

    < 3 65.4 [51] 47.5 [94]*

    ≥ 3 34.6 [27] 52.5 [104]

Plasma folate (nmol/L) 43.3, 10.7–160
52.2 ± 31.5

29.2, 4.1–156
38.7 ± 26.1***

    < 6.8 0 1.0 [2]

Red cell folate (nmol/L) 868, 267–2088
915 ± 400

776, 146–2558
848 ± 456

    < 317 nmol/L 1.3 [1] 6.53 [13]

Lowest quartile (based on NHANES-folate)

    ≤ 25%tile 24.4 [19] 37.7 [75] *

    > 25%tile 75.6 [59] 62.3 [124]

Homocysteine (µmol/L) 10.4, 6.2–29.1
10.9 ± 3.7

13.6, 6.4–72.3
14.6 ± 6.9***

    > 13.9 15.4 [12] 46.7 [93]***

Vitamin B12 (pmol/L) 290, 74–847
315 ± 140

314, 74–2285
361 ± 257

Vitamin B12 deficient4

    Yes 23.1 [18] 36.2 [72]*

    No 76.9 [60] 63.8 [127]

Methylmalonic acid (nmol/L) 284, 144–1261 384, 163–8078
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Octogenarians
Median, range, Mean ± SD,

or % [n=78]

Centenarians
Median, range, mean ± SD, or %

[n=199]

351 ± 216 524 ± 644***

   > 271 nmol/L 57.7 [45] 79.9 [159]***

Pepsinogen (ng/ml) 78.3, 1.29–296
99.2 ± 72.4

78.4, 1.2–300
92.2 ± 69.1 [192]

< 10 (severe atrophic gastritis) 7.8 [6] 5.6 [11]

10 to < 60 (moderate atrophic gastritis) 19.5 [15] 29.6 [58]

≥ 60 (atrophic gastritis not present) 72.7 [56] 64.8 [127]

Creatinine (µmol/L) 79.6, 53.0–186 86
.0 ± 24.8

88.4, 35.4–486
95.8 ± 42.9*

   > 127 µmol/L 6.4 [5] 15.8 [31]*

BMI, kg/m2 26.0, 17.4–39.7
26.0 ± 4.3 [75]

22.4, 14.6–35.3
22.7 ± 4.3 [188]***

≥ 25 58.7 [44] 26.3 [51]***

Tobacco use, ever 57.7 [45] 28.6 [56]***

Tobacco use, current 6.4 [5] 2.6 [5]

MMSE score 27, 0–30
24.6 ± 7.8

17, 0–30
16.7 ± 8.6 ***

   < 23 18.0 [14] 73.9 [147]***

   ≥ 23 82.0 [64] 26.1 [52]

1
Participants receiving vitamin B12 injections or missing data for plasma folate, RBC folate, serum vitamin B12, serum homocysteine, serum

methylmalonic acid or supplement intake were excluded. Differences between octogenarians and centenarians that were statistically significant are
noted as follows:

*
p < 0.05,

**
p < 0.01,

***
p < 0.001.

2
B-vitamin supplements included multivitamin/mineral, B-vitamins, or single oral supplements of vitamin B12.

3
Total food score ranged from 0 to 5 and one point was given for each of the following five food groups: two or more servings of meat, poultry, or

fish daily, two or more servings of dairy foods daily, three or more servings of fruit daily, three or more servings of orange or yellow vegetables
weekly, and four or more servings of green vegetables weekly.

4
Vitamin B12 deficiency defined as plasma vitamin B12 < 258 pmol/L, serum methylmalonic acid > 271 nmol/L, and methylmalonic acid > serum

2-methylcitric acid.
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Table 2

Relationships with Demographics, B-vitamin Supplements, Dietary Patterns, Biochemical and Hemotological
Indices, and Cognitive Status in Octogenarians and Centenarians: The Georgia Centenarian Study − 1st vs. all
other quartiles of RBC folate 1,2

Octogenarians
Median, range, mean ± SD, or % [n]

Centenarians
Median, range, mean ± SD, or % [n]

1st quartile folate All Others 1st quartile folate All Others

Age 83.2, 80.8–90.0
84.6 ± 3.1 [19]

83.6, 80.5–90.0
84.3 ± 2.7 [59]

100.3, 98.1–106.0
100.6 ± 2.0 [75]

100.1, 98.1–108.5
100.4 ± 2.0 [124]

Gender

    Women 31.4 [16] * 68.3 [35] 36.4 [62] 63.5 [108]

    Men 11.1[3] 88.9 [24] 44.8 [13] 55.2 [16]

Race

    White 18.8 [12] * 81.2 [52] 33.1 [53] ** 66.9 [107]

    African American 50.0 [7] 50.0 [7] 56.4 [22] 43.6 [17]

Living arrangements

    Skilled nursing facility 63.6 [7] ** 36.4 [4] 43.4 [36] 56.6 [47]

    Community 17.9 [12] 82.1 [55] 33.6 [39] 66.4 [77]

B-vitamin supplements3

    No 73.7 [14] 66.1 [39] 76.0 [57] * 59.7 [74]

    Yes 26.3 [5] 33.9 [20] 24.0 [18] 40.3 [50]

Total food score4 2, 0–5
2.5 ± 1.3

2, 1–5
2.3 ± 1.1

3, 0–5
3.1 ± 1.6

3, 0–5
3.1 ± 1.5

    < 3 63.2 [12] 66.1 [39] 48.0 [36] 47.2 [58]

    ≥ 3 36.9 [7] 33.9 [20] 52.0 [39] 52.8 [65]

Plasma folate (nmol/L)
21.4, 10.7–114.5
27.7 ± 22.1***

52.2, 21.9–160.0
60.6 ± 30.0

19.4, 4.1–65.9
20.4 ± 9.2***

43.5, 10.9–156.1
49.9 ± 26.8

    < 6.8 0 [0]] 0 [0] 2.7 [2] 0 [0]

Red cell folate (nmol/L)
479, 267–612
463 ± 102***

996, 571–2088
1061 ± 348

441, 146–610
435 ± 113***

1046, 597–2558
1097 ± 400

    < 317 nmol/L 5.3 [1] 0 [0] 17.3 [13] *** 0 [0]

Homocysteine (nmol/L)
11.3, 8.4–29.1
13.5 ± 5.3**

9.8, 6.2–17.4
10.0 ± 2.5

15.9, 8.0–72.3
17.6 ± 9.0***

11.8, 6.4–28.8
12.8 ± 4.5

    > 13.9 36.8 [7] ** 8.5 [5] 69.3 [52] *** 33.1 [41]

Vitamin B12 (pmol/L)
231, 74–385
225 ± 97**

327, 136–847
344 ± 141

235, 74–2286
291 ± 283***

364, 74–1288
404 ± 230

Vitamin B12 deficient5

    Yes 52.6 [10] *** 13.6 [8] 53.3 [40] *** 25.8 [32]

    No 47.4 [9] 86.4 [51] 46.7 [35] 74.2 [92]

Methylmalonic acid (nmol/L)
338, 154–1130

469 ± 307*
271, 144–1261

313 ± 164
423, 174–8078
678 ± 981**

359, 163–1975
431 ± 254
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Octogenarians
Median, range, mean ± SD, or % [n]

Centenarians
Median, range, mean ± SD, or % [n]

1st quartile folate All Others 1st quartile folate All Others

   > 271 nmol/L 79.0 [15] * 50.8 [30] 84.0 [63] 77.4 [96]

Pepsinogen (ng/ml)
61.5, 1.3–296
72.1 ± 69.8*

85.4, 9.2–278
107.5 ± 71.7

81.3, 1.2–300
93.2 ± 67.7

74.4, 3.2–264
91.5 ± 70.3

< 10 (severe atrophic gastritis) 16.7 [3] * 5.1 [3] 5.3 [4] 5.8 [7]

10 to < 60 (mod atrophic gastritis) 33.3 [6] 15.2 [9] 26.7 [20] 31.4 [38]

≥ 60 (atroph gastritis not present) 50.0 [9] 79.7[47] 68.0 [51] 62.8 [76]

Creatinine (µmol/L) 79.6, 53.0–185.6
91.2 ± 35.0

88.4, 53.0–167.9
84.4 ± 20.6

88.4, 35.4–185.6
93.8 ± 32.7

88.4, 44.2–486.2
97.0 ± 47.9

   > 127 µmol/L 15.8 [3] 3.4 [2] 18.1 [13] 14.5 [18]

BMI, kg/m2 26.6, 21.9–34.7
26.9 ± 3.2

25.7, 17.4–39.7
25.7 ± 4.6

22.5, 15.1–35.3
22.9 ± 4.7

22.3, 14.6–35.0
22.5 ± 4.1

≥ 25 76.5 [13] 54.4 [31] 31.1 [23] 23.3 [28]

Tobacco use, ever 47.4 [9] 61.0 [36] 31.1 [23] 27.0 [33]

Tobacco use, current 5.3 [1] 6.8 [4] 2.7 [2] 2.5 [3]

MMSE score 27, 0–30
21.6 ± 9.5

28, 0–30
25.5 ± 7.0

17, 0–30
16.1 ± 8.9

18, 0–30
17.0 ± 8.4

   ≤ 23 36.8 [7] * 11.9 [7] 74.7 [56] 73.4 [91]

   > 23 63.2 [12] 88.1 [52] 25.3 [19] 26.6 [33]

1
Participants receiving vitamin B12 injections or missing data for plasma folate, RBC folate, serum vitamin B12, serum homocysteine, serum

methylmalonic acid or supplement intake were excluded.

2
Comparisons were made within each age group between individuals below or above the 25th percentile for RBC folate for participants 60 and

over in NHANES 1999–2000 (564 nmol/L and 616 nmol/L for men and women, respectively; Pfeiffer et al., 2005). Differences between folate
status groups within an age were determined by Wilcoxon rank sum test and Chi square analysis for continuous and categorical data, respectively
and statistical significane is noted as follows:

*
p < 0.05,

**
p < 0.01,

***
p < 0.001.

3
B-vitamin supplements included multivitamin/mineral, B-vitamins, or single oral supplements of vitamin B12.

4
Total food score ranged from 0 to 5 and one point was given for each of the following five food groups: two or more servings of meat, poultry, or

fish daily, two or more servings of dairy foods daily, three or more servings of fruit daily, three or more servings of orange or yellow vegetables
weekly, and four or more servings of green vegetables weekly.

5
Vitamin B12 deficiency is defined as plasma vitamin B12 < 258 pmol/L, serum methylmalonic acid > 271 nmol/L, and methylmalonic acid >

serum 2-methylcitric acid.
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