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Abstract

Background: Folate and vitamin B12 are important biomarkers of nutritional status of
populations.

Objectives: This study aims to estimate folate and vitamin B12 usual intakes among United
States adults and examine folate and vitamin B12 biomarker status by intake source.

Methods: We analyzed data for United States adults aged =19 y from National Health and
Nutrition Examination Survey 2007-2018 (n = 31,128), during which time voluntary corn

masa flour (CMF) fortification was started. Usual intake was estimated using the National
Cancer Institute method. Folate intake included folate from natural foods and folic acid from

4 sources: enriched cereal grain products (ECGPs), CMF, ready-to-eat cereals (RTEs), and folic
acid—containing supplements (SUP). Vitamin B12 intake was mainly from food and supplements.

Results: The median natural food folate intake (222 pg dietary folate equivalents (DFE)/d) was
below the estimated average requirement (EAR) of 320 ug DFE/d. The proportions of those
who consumed folic acid from ECGP/CMF only, ECGP/CMF + RTE, ECGP/CMF + SUP,

and ECGP/CMF + RTE + SUP were 50%, 18%, 22%, and 10%, respectively. Median usual
folic acid intakes (pg/d) were 236 (IQR: 152, 439) overall and 134, 313, 496, and 695 in the
ECGP/CMF only, ECGP/CMF + RTE, ECGP/CMF + SUP, and ECGP/CMF + RTE + SUP folic
acid consumption groups, respectively. Overall, 2.0% (95% CI: 1.7%, 2.3%) of adults, all of
whom used folic acid supplements, consumed greater than the tolerable upper intake level (UL)
of 1000 pg/d folic acid. The median usual vitamin B12 intake (ug/d) was 5.2 for vitamin B12
supplement nonusers and 21.8 for users. Consumption of RTE and/or supplements with folic
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acid was associated with higher serum and red blood cell folate concentrations. Vitamin B12
supplement users had significantly higher serum vitamin B12 concentrations.

Conclusions: Folic acid fortification plays a critical role in helping United States adults
meet the folate EAR. At current fortification levels, United States adults who do not consume
supplements do not have the usual folic acid intake exceeding the UL.
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Introduction

Vitamins B9 (folate) and B12 (cobalamin) are essential water-soluble vitamins that play

a crucial role in DNA synthesis and normal cell growth and function by mediating the
transfer of methyl groups in the one-carbon pathway [1]. Major sources of folate are natural
food folate and folic acid, which is the synthetic form of folate that is added to foods and
contained in supplements. In 1996, the FDA mandated that by 1 January, 1998, all enriched
cereal grain products (ECGPs) be fortified with 140 g folic acid per 100 g product to
reduce the risk of having a pregnancy affected by neural tube defects (NTDs) [2]. In 20186,
the FDA authorized voluntary folic acid fortification of corn masa flour (CMF) to reduce
the risk of NTD-affected pregnancies among Hispanic women of reproductive age [3].
Currently, there are 4 main folic acid sources in the United States: ECGP, CMF, ready-to-eat
cereals (RTEs), and folic acid—containing supplements (SUPs). RTEs in the United States
are typically fortified to contain 100-400 pg folic acid per serving [4]. Common doses of
folic acid in supplements for adults range from 400 to 800 g [5]. Sources of vitamin B12
include foods of animal origin (e.g., fish, meat, eggs, and dairy products), as well as fortified
breakfast cereals, dietary supplements, and prescriptions [6].

Previous studies have estimated the long-term average daily intake, or usual intake, of folic
acid and B12 in the United States, although many are using data that are now almost 2
decades old and without assessment of minority populations, such as Asian Americans, or
the assessment of the impact of CMF fortification. The median usual intake among United
States adults was estimated to be 288 ug/d for folic acid and 8.5 ug/d for vitamin B12,
based on data from NHANES 2003-2006 [7]. Self-reported consumption of fortified RTEs
and/or supplements with folic acid was associated with higher RBC folate concentrations
[7]. Overall, 2.7% of the population, all of whom reported consuming supplements, had folic
acid intakes above the tolerable upper intake level (UL) of 1000 pg/d for adults aged =19

y [5, 7]. Several studies using more recent NHANES data focused on different subsets of
United States populations [8-10] (e.g., women of reproductive age and adults aged >50 y),
though none have focused on the overall United States adult population in recent years.

Using recent NHANES data (2007-2018), our analyses examined the usual intake of folate
and vitamin B12 among all United States adults aged =19 y. During this period, voluntary
fortification of CMF with folic acid was started in 2016, and NHANES oversampled Asian
Americans (2011-2018). We also examined biomarker concentrations: serum and RBC
folate by folic acid sources, and serum vitamin B12 and MMA by vitamin B12 supplement
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use status. Our findings could help inform decision-making on folic acid fortification and
supplementation policies.

Methods
Study population

The NHANES is a series of cross-sectional studies designed to assess the health and
nutritional status of adults and children in the United States [11]. NHANES uses a

complex, stratified, multistage probability survey design representative of the civilian,
noninstitutionalized United States population. Data are collected via household interviews,
phone interviews, and physical examinations. Detailed information regarding NHANES is
available elsewhere [11]. The survey was reviewed and approved by the NCHS Ethics
Review Board, and participants provided written informed consent prior to participation. We
selected nonpregnant adults aged =19 y from NHANES 2007-2018. Unweighted response
rates among adults ranged from 34% (=80 y) to 87% (16-19 y) depending on the survey
cycle and age group [12]. Of the nonpregnant adults aged =19 y who attended the medical
examination center (MEC) (n = 33,917), we excluded participants whose dietary recall status
was not reliable, and participants with missing folic acid source information, leaving 31,128
participants for analyses (Figure 1).

Usual intake

The usual intake of dietary folate included folate from natural foods and folic acid from
fortified foods. Total folate usual intake was defined as the sum of dietary folate and folic
acid from supplements. We reported total folate intake in g dietary folate equivalents
(DFEs), defined as pg of natural food folate intake plus 1.7 times g folic acid intake from
fortified foods and/or supplements containing folic acid. For this analysis, we combined
folic acid from CMF and ECGP into 1 group, as both represent folic acid from fortified
staple foods, and USDA food codes used in the NHANES dietary interview data do

not allow for sufficient granularity to separate CMF from ECGP. The 4 main folic acid
sources (ECGP, CMF, RTE, and SUP) were divided into 4 mutually exclusive consumption
groups: Z) ECGP and CMF consumption only (ECGP/CMF only), 2) ECGP and CMF plus
RTE (ECGP/CMF + RTE), 3) ECGP and CMF plus supplements containing folic acid
(ECGP/CMF + SUP), and 4) folic acid from all available folic acid sources (ECGP/CMF
+ RTE + SUP). We modeled dietary folate usual intake from 2 24-hour dietary recalls in
the NHANES dietary survey using the NCI method [13], accounting for sex, race, age,

and weekday/weekend consumption. Dietary intake data for day 1 were collected in person
in the MEC, and data for day 2 were obtained by telephone 3-10 d later. Dietary recall
weights were computed using NHANES to adjust for differential allocation by day of the
week for the dietary intake data collection and additional nonresponse not accounted for by
MEC weights [11]. Dietary weights for day 1 of the recall were used for the usual intake
calculation. Population distributions (e.g., median and IQR) of dietary usual intake were
calculated by generating 300 pseudo people for each participant in the dataset [13].

We calculated the total intake of each nutrient as the sum of the diet (i.e., natural food folate,
folic acid in fortified food) and dietary supplement using the “shrink then add” approach to
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avoid creating data that violate key assumptions of the shrinkage method [14]. The estimated
supplement use was based on 30-d supplement use data collected via NHANES household
interviews. A participant was classified as a consumer of supplements containing folic acid
if he or she reported consuming any supplement with folic acid during the past 30 d. For
each participant, the amount of folic acid was summed across all supplements consumed and
divided by 30 to yield the average daily amount of supplemental nutrients. Vitamin B12’s
usual intake was similarly calculated.

The estimated average requirement (EAR) is a daily nutrient intake value that is estimated

to meet the requirement of half the healthy individuals in a group [15]. The EAR for folate
is 320 g daily of DFEs for adult men and women (= 19 y) [15]. The EAR for vitamin B12
for men and women aged = 19 y is 2 ug daily [15]. The Institute of Medicine established

the UL of 1000 pg/d folic acid for adults aged =19 y based on evidence that 5000 pg/d

was the lowest observed adverse effect level for folic acid, which could mask the anemia of
vitamin B12 deficiency and allow neurologic damage to progress when left untreated [15].
We estimated the prevalence of usual folic acid intake above the UL overall and by folic acid
consumption groups.

Biomarker status

Serum folate was calculated as the sum of individual folate forms, which were

measured using microbiologic assays between 2007 and 2010 and by isotope-dilution
high-performance liquid chromatography coupled to tandem MS (LC-MS/MS) between
2011 and 2018 [16-22]. Previous studies demonstrated excellent agreement between serum
total folate measured using LC-MS/MS and microbiologic assays [23,24]. Whole-blood
folate was measured using a microbiologic assay, whereas RBC folate was then calculated
after subtracting the contribution of serum folate and normalizing the whole-blood folate
data to the hematocrit [16—22]. One previous study showed that serum and RBC folate
concentrations in the overall population showed minor fluctuations from 1999 to 2016 [25].
To increase statistical power, we combined data on folate biomarkers for the 6 NHANES
cycles included—2007—2018—except that we also compared biomarker concentrations
before and after CMF fortification, which started in 2016. Among the 31,128 NHANES
participants for this analysis, 3282 and 3169 participants had missing serum folate and
RBC folate data, respectively. Serum and RBC folate deficiencies were defined as serum
folate <7 nmol/L (~3 ng/mL) and RBC folate <305 nmol/L (~140 ng/mL), respectively
[15]. High serum folate concentration thresholds were based on the distribution of this study
population; 92 nmol/L (95th percentile), 77 nmol/L (90th percentile), and 60 nmol/L (80th
percentile).

Serum vitamin B12 was measured using an electrochemiluminescence immunoassay,

and MMA was analyzed using LC-MS/MS [19,20]. MMA is one of the metabolites
accumulating in cobalamin (vitamin B12)-deficient cells, and blood concentrations of MMA
are functional markers of vitamin B12 status [6]. Vitamin B12 and MMA data were

only available for the 2 NHANES cycles included in this analysis—2011-2014. Vitamin
B12 deficiency and insufficiency were defined as serum vitamin B12 concentrations <148
pmol/L and <221 pmol/L, respectively [26].
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We separated age into 3 categories: 19-39, 40-59, and =60 y. We divided race/

ethnicity based on self-reports into 5 categories: Hispanic, non-Hispanic (NH) White,

NH Black, NH Asian, and others. “Hispanic” includes respondents who self-identified

as “Mexican American” and self-identified as “Hispanic” ethnicity. NH participants were
then categorized based on their self-reported races. Categorization for “NH Asian” became
available starting in 2011. Between 2007 and 2010, NH Asians were included in the “other”
category, which accounted for 4% of the total study population. Given the change in the
definition of “other” during our study period and the small number of participants in this
category, we did not report results for “other” separately in the Results. We defined smoking
status based on serum cotinine concentrations, measured using an isotope-dilution HPLC.
We classified participants with cotinine levels above 10 ng/mL as smokers [27,28] and the
rest as nonsmokers. BMI was calculated as weight in kilograms divided by height in meters
squared, based on body measurements data collected in the MEC. We used BMI in this
analysis as a categorical variable with 4 levels: underweight (<18.5 kg/m2), normal weight
(18.5 to <25 kg/m?2), overweight (25 to <30 kg/m?2), and obese (=30 kg/m?).

Statistical analysis

Usual intakes were modeled using SAS, version 9.4 (SAS Institute). All other analyses
were conducted in R, version 4.0.2 (R Foundation), and its survey package, version 4.0, to
account for the clustered design, probabilistic selection, and nonparticipation. To analyze
demographic characteristics and estimate usual intake, we combined day 1 dietary recall
weights from the 6 NHANES cycles included (2007-2018), e.g., by dividing the 2-y
dietary weights by 6 for folate. For biomarker concentrations, all participants aged =1y
who attended the MEC examination were eligible for folate biomarker data before 2017.
Starting in 2017, all examined female participants aged 12-49 y were eligible for folate
biomarker data, whereas one-half of the other examined participants aged >1 y were eligible
[22]. Due to this difference in the sampling of folate biomarkers in NHANES 2017-2018,
we adjusted day 1 dietary recall weights to account for the probabilistic selection and
nonparticipation in the folate subsample in analyses of folate biomarker concentrations

by folic acid consumption group. Briefly, all 5092 persons in the folate subsample from
NHANES 2017-2018 were stratified into 53 race/ethnicity-age-gender-specific groups.
Using the day 1 dietary recall weight as the base weight, a new dietary folate subsample
weight was calculated within each adjustment cell to account for selection probability

and nonresponse to the laboratory tests [29]. Once poststratification was completed, the
weights were raked by day of the week with 2 categories: weekdays defined as Monday to
Thursday, and weekends as Friday, Saturday, and Sunday. This new dietary folate subsample
weight was then combined with 2-y dietary weights from the other 5 NHANES cycles

for analyzing serum and RBC folate biomarker data. For vitamin B12 and MMA, because
their concentrations were only available for 2 NHANES cycles (2011-2014), analyses were
conducted using a 4-y combined dietary recall weight for these 2 biomarkers. Combined
weights were used to calculate adjusted geometric means and prevalence in chi-squared and
Wald tests.
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Weighted proportions and 95% Cls of United States adults in each of the 4 folic acid
consumption groups were estimated in the overall study population and by demographic
characteristics (i.e., sex, age category, and race/ethnicity). Differences in proportions

were evaluated with the chi-square test. We used natural log transformations on the
biomarker concentrations (serum and RBC folate, vitamin B12, and MMA\) and estimated
the geometric means via multiple linear regression, adjusting for sex, age category,
race/ethnicity, current smoking status, and weight status category based on BMI. We
assessed statistical differences in the adjusted geometric means across different folic acid
consumption groups using the Wald test. Logistic regressions were used to estimate the
prevalence of high serum folate, serum folate deficiency, RBC folate deficiency, and serum
vitamin B12 deficiency and insufficiency by folic acid consumption group or vitamin B12
supplementation status, accounting for sociodemographic characteristics. Differences in the
prevalence across folic acid consumption groups or demographic subgroups were evaluated
with the chi-square test. All tests were 2-tailed with a significance level of 0.05.

The proportions of adults who consumed folic acid from ECGP/CMF only, ECGP/CMF

+ RTE, ECGP/CMF + SUP, and ECGP/CMF + RTE + SUP were 49.8%, 17.6%, 22.4%,
and 10.2%, respectively during 2007-2018 (Table 1). A higher percentage of men were

in the ECGP/CMF-only group than that of women (52.6% compared with 47.1%; P<
0.001), while the percentage of women who consumed supplements containing folic acid
(i.e., ECGP/CMF + SUP and ECGP/CMF + RTE + SUP) was higher than that of men
(35.3% compared with 29.8%; £< 0.001). The percentage of supplement users increased
with age—25.4% for 19-39 y were supplement users, compared with 33.2% for 40-59y (P
< 0.001) and 42.0% for = 60 y (P< 0.001).

Table 2 shows the modeled usual daily intakes of natural food folate, folic acid, and

total folate by folic acid consumption group and vitamin B12 intake by vitamin B12
supplementation status in the overall population and by demographic characteristics during
2007-2018. Natural food folate intakes were similar across the 4 folic acid consumption
groups and among different demographic subgroups, with a median of 222 ug DFE/d

(IQR, 175-276 pg DFE/d), which is below the EAR of 320 ug DFE daily. Among all the
subgroups, NH Asian adults in the ECGP/CMF-only group had the highest folate intake
from natural foods, with a median of 319 (IQR: 263-382) ug DFE/d. The median usual folic
acid intake in the ECGP/CMF-only group was 134 ug/d, equivalent to 228 ug DFE/d, and
this was comparable to the natural food intake in this group of 222 ug DFE/d. In the other 3
folic acid consumption groups, folic acid usual intakes were 313 (ECGP/CMF + RTE), 496
(ECGP/CMF + SUP), and 695 ug/d (ECGP/CMF RTE SUP) in the overall study population.
Total folate, which is the sum of natural food folate and folic acid from fortified foods and
supplements, increased with increasing folic acid intake sources or supplements containing
folic acid among all demographic groups (i.e., ECGP/CMF only < ECGP/CMF + RTE <
ECGP/CMF SUP < ECGP/CMF RTE SUP group). In the overall study population, 5.9%
(95% CI: 5.7, 6.1) had a total folate intake below the EAR.
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After voluntary CMF fortification, the median folic acid usual intake (pg/d) in the overall
population was slightly lower (229 [IQR: 149, 403] during 2017-2018 compared with 237
[IQR: 152, 446] during 2007-2016), although it was slightly higher among Hispanic adults
(211 [IQR: 148, 321] during 2017-2018 compared with 207 [IQR: 147, 304] during 2007—
2016) (data not shown). After CMF fortification, the percentage of Hispanic adults with total
folate intake below EAR remained steady at 5.5%, although it was slightly higher in the
overall population at 6.1% (95% ClI: 5.8, 6.5).

Folic acid and vitamin B12 supplement use were highly correlated. Among folic acid
supplement nonusers, 95% did not take vitamin B12 supplements (95% CI: 94.6%, 95.7%).
Among folic acid supplement users, 98% (95% ClI: 97.5%, 98.5%) also took vitamin B12
supplements. The median usual vitamin B12 intake was 5.2 (IQR: 4.0, 6.7) pg/d among
vitamin B12 supplement nonusers and 21.8 (IQR: 10.8, 53.8) ug/d among users (Table 2).
The 25th percentiles of vitamin B12 intake for all demographic subgroups (ranging from 3.1
pg/d for NH Asian vitamin B12 supplement nonusers to 13.5 pg/d for age 60+ y vitamin
B12 supplement users) were above the EAR of 2 ug daily.

UL of folic acid

Overall, 2.0% (95% ClI: 1.7%, 2.3%) of adults consumed folic acid above UL during 2007—
2018. Figure 2 shows the cumulative distribution of usual intake for United States adults

by folic acid source. For United States adults who did not consume supplements containing
folic acid (i.e., in ECGP/CMF only and ECGP/CMF + RTE groups), 0% exceeded the UL.
For supplement users, 3.9% exceeded the UL (95% ClI: 3.4%, 4.5%) in ECGP/CMF + SUP
group, and 10.9% exceeded the UL (95% CI: 9.2%, 12.7%) in ECGP/CMF + RTE + SUP
group. Among people with usual intake above UL, ~69% were women, 80% were NH
White; 36% were aged =60 y. After voluntary CMF fortification (from 2017 to 2018), the
percentage of participants who consumed folic acid above the UL remained consistent (2.1%
[95% CI: 1.6%, 2.5%] compared with 2.0% [95% CI: 1.7%, 2.3%] from 2007 to 2016).
Among Hispanic adults, the percentage of participants who consumed folic acid above the
UL remained the same at 1.3% before and after CMF fortification.

Biomarker status

Higher serum and RBC folate concentrations were associated with the consumption of
additional folic acid sources or supplements containing folic acid (£ < 0.05) in the overall
population and all demographic groups. For example, participants consuming RTE and/or
supplements with folic acid had significantly higher RBC folate concentrations (hnmol/L)
(ECGP/CMF only: 976 [95% CI: 963, 989], ECGP/CMF + RTE: 1130 [95% CI: 1110,
1150], ECGP/CMF + SUP: 1307 [95% CI: 1283, 1332], ECGP/CMF + RTE + SUP:
1467 [95% CI: 1439, 1495]; Table 3). Among the different race and ethnicity groups, NH
White adults had the highest serum and RBC folate concentrations, whereas NH Black
adults had the lowest concentrations, followed by Hispanic adults. After voluntary CMF
fortification starting in 2016, RBC folate concentration (nmol/L) in Hispanic adults was
higher (1042 (95% CI: 1004, 1083) during 2017—2018 compared with 995 [95% CI: 978,
1012] during 2007-2016) whereas serum folate concentration (nmol/L) was slightly lower
(32.6 [95% CI: 30.8, 34.4] during 2017—2018 compared with 34.4 [95% CI: 33.7, 35.1]
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during 2007-2016) (data not shown). In comparison, RBC folate concentrations (nmol/L)
in the overall study population remained consistent (1117 [95% CI: 1079, 1157] during
2017-2018 compared with 1115 [95% CI: 1098, 1132] during 2007-2016) and serum folate
concentration (nmol/L) was slightly lower (35.0 [95% CI: 33.0, 37.1] during 2017-2018
compared with 38.0 [95% CI: 37.3, 38.6] during 2007-2016) (data not shown).

Serum vitamin B12 concentrations (pmol/L) were significantly higher among vitamin B12
supplement users (482, 95% ClI: 468, 496) than nonusers (347, 95% CI: 341, 353), which
is consistent across age, sex, and race/ethnicity groups (Table 4). Among vitamin B12
supplement users, serum vitamin B12 concentration increased with age, though among
nonusers, the youngest age group (19-39 y) had the highest vitamin B12 concentration.
Correspondingly, MMA concentrations were lower among vitamin B12 supplement users
than nonusers in the overall study population and all demographic groups (Table 4; not
statistically significant for adults aged 19-39 y, NH Asian adults). In addition, MMA
concentrations increased significantly with age in the overall study population as well as
across vitamin B12 supplement use strata.

Prevalence of high serum folate and deficiencies in folate and vitamin B12

Percentages of adults with high serum folate increased in the order of ECGP/CMF only,
ECGP/CMF + RTE, ECGP/CMF + SUP, and ECGP/CMF + RTE + ECGP consumption
groups, regardless of thresholds used (Table 5). Chi-square tests showed that these
percentage differences across folic acid consumption groups were statistically significant.
Supplement users (in the ECGP/CMF + SUP and ECGP/CMF + RTE + SUP groups) had
higher percentages of high serum folate than nonusers. This increase in percentages of
adults with high serum folate between supplement users and nonusers remained true across
demographic groups (i.e., by sex, age category, and race/ethnicity). In the overall study
population, there was a significantly higher proportion of females than males with high
serum folate, and the proportion with high serum folate increased with age. Folate deficiency
was rare in the study population—mean serum folate deficiency was <0.7% and mean RBC
folate deficiency was < 1.2% in the 4 folic acid groups (Table 5). For the overall population,
there was no difference between males and females in the proportion of serum or RBC folate
deficiency, though proportions differed significantly for different age groups and race and
ethnicity groups. For the overall population, folic acid consumption groups did not have a
significant association with the proportion of RBC folate deficiency but had a significant
association with the proportion of serum folate deficiency.

The mean vitamin B12 deficiency was 3.6% in the overall population and 4.4% and 2.3%
between vitamin B12 supplement nonusers and users, respectively (Table 6). Except for
those aged 40-59 y and NH Black adults, vitamin B12 supplement users had a significantly
lower proportion with vitamin B12 deficiency than nonusers in the overall study population
as well as across demographic groups. Likewise, vitamin B12 supplement users had a
significantly lower percentage of vitamin B12 insufficiency (4.5 to 8.2% among vitamin
B12 supplement users across demographic groups compared with 12.4 to 18.5% among
NoNuSers).
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Discussion

This analysis showed that during 2007-2018, 2.0% (95% CI: 1.7%, 2.3%) of adults
exceeded the UL for folic acid. At the current fortification levels, United States adults

who did not consume supplements containing folic acid (nearly 70%) did not have the
usual folic acid intake exceeding the UL. Folate deficiency was low in the United States
population. However, consuming folate from natural foods alone did not meet the EAR

in the overall study population and all subgroups. When additional folic acid was added
through fortification, median total folate intakes in the ECGP/CMF-only group were above
the EAR for all the demographic groups. Consumption of RTE and/or supplements with
folic acid further increased usual folate intake, with all the demographic groups having their
25th percentiles above the EAR. Intake of vitamin B12 among most United States adults
met the EAR, with vitamin B12 supplement users having as high as 6 times the intake

of nonusers. Serum vitamin B12 deficiency was 3.6% in the overall population, though a
few subgroups had more than 5% of adults with vitamin B12 deficiency. Serum vitamin
B12 insufficiency was on average 16.3% among vitamin B12 supplement nonusers and
5.9% among users. Over 95% of folic acid supplement users also consumed vitamin B12
supplements.

Findings from our study are generally consistent with earlier studies and current knowledge
on folate, vitamin B12, and health. Yang et al. [7] found that 2.7% of adults, all of whom
were supplement users, consumed more than the UL of folic acid between 2003 and 2006.
Likewise, a study on the characteristics of United States adults with a usual daily folic acid
intake above the UL found that consumption of supplements containing folic acid is the
main factor associated with a usual intake exceeding the UL [30]. Our study shows that the
percentage of people with folic acid intake above UL was even lower at 2% between 2007
and 2018, all of whom consumed supplements containing folic acid. Between 2007 and
2018, 33% of adults consumed supplements containing folic acid, which was lower than the
40% observed between 2003 and 2006 [7]. Another study using NHANES data (2007-2014)
with a focus on United States adults aged =51 y found that consistent multivitamin use
increased the prevalence of exceeding the UL for folic acid, with 8%—10% multivitamin
users (consistent and sporadic use) exceeding the UL [10]. Our results showed that for
supplement users among all adults (=19 y), 3.9% exceeded the UL in the ECGP/CMF +
SUP group, and 10.9% exceeded the UL in the ECGP/CMF + RTE + SUP group. Our

usual intake estimates in each of the 4 folic acid consumption groups are comparable with
those reported earlier by Yang et al. [7], though we used the NCI method to estimate usual
intake although Yang et al. [7] used Software for Intake Distribution Estimation (PC-SIDE).
The different methods used for estimating usual intake could have contributed to the small
difference we observed in folate usual intake, in addition to the difference in time periods
(2007-2018 compared with 2003-2006). After the voluntary fortification of CMF (2017—
2018), folic acid usual intake, the percentage of participants with usual intake exceeding the
UL, serum, and RBC folate concentrations for the overall population did not increase from
before the voluntary fortification (2007-2016), suggesting a very limited impact of CMF

on the overall population. Among Hispanic adults, RBC folate concentration was higher
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after CMF fortification, although detailed subgroup analysis on this topic and additional
assessment when more data after CMF fortification become available may be warranted.

To our knowledge, this is the first time NH Asians could be separated from the “other”
group for folate and vitamin B12 usual intake analysis using NHANES. We found some
distinctive dietary patterns. For example, among all the demographic subgroups and folic
acid consumption groups, NH Asian adults in the ECGP/CMF-only group had the highest
natural food folate intake with a median of 319 (IQR: 263-382) ug DFE/d. In most of

the other demographic subgroups, adults in ECGP/CMF had the lowest natural food folate
intake. In addition, only 9.4% of NH Asian adults were in the ECGP/CMF + RTE group
versus 16.9 to 19.3% in the other 3 race/ethnicity groups.

Deficiencies in folate and vitamin B12 are known to cause developmental defects, impair
cognitive function, or block normal blood production [1]. Several biomarkers of folate status
are available in NHANES. Serum folate is an indicator of short-term folate intake, whereas
RBC folate is an indicator of long-term status. We found that adults with ECGP/CMF

as their only source of folic acid had lower usual daily total folic acid intake and lower
RBC folate concentrations than adults consuming additional folic acid from diet and/or
supplements. This is similar to the findings by Crider et al. [8] using NHANES data

from 2007 to 2012 among women of reproductive age (12-49 y). In addition, Wang et al.
[9] found that the RBC folate concentrations for lesser acculturated Hispanic women of
reproductive age, who were born outside the United States and residing in the United States
for <15y, increased significantly from 894 nmol/L (95% CI: 844-946) in 2011-2016 to
1018 nmol/L (95% CI: 982-1162) in 2017-2018, after the FDA authorized voluntary folic
acid fortification of CMF in 2016 [9]. The geometric mean RBC folate concentration in

our study among all Hispanic adults increased from 995 nmol/L [95% CI: 978, 1012] in
2007-2016 to 1042 nmol/L (95% CI: 1004, 1083) in 2017-2018.

Data on serum vitamin B12 in NHANES directly reflect the range of circulating

vitamin B12 concentrations in individuals. We found serum vitamin B12 deficiency and
insufficiency were both significantly lower among vitamin B12 supplement users than
nonusers. Also, as expected, vitamin B12 supplement users had significantly higher

serum vitamin B12 concentrations and lower MMA concentrations than nonusers. Similar
to previous studies using NHANES data [31,32], we found that MMA concentration
increased with age for both vitamin B12 supplement users and nonusers. No homocysteine
concentration data were available in NHANES during our study period.

Although low intake of both folate and vitamin B12 is known to be associated with serious
health outcomes, there has been a long-standing concern about the possible ill effects of
high folic acid intake, especially in the context of low vitamin B12 [33]. This current
manuscript is not designed to directly address this concern. Reassuringly, we found a low
prevalence of high folic acid intake, and it is limited to voluntary consumers of folic

acid supplements. However, we did find a small percentage of vitamin B12 supplement
users with persistent insufficiency and deficiency (2.3% with vitamin B12 deficiency and
5.9% with insufficiency). This finding is consistent with other analyses, and Samson et al.
[34] suggested that insufficient vitamin B12 status among individuals using supplements
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containing vitamin B12 may indicate that they were unable to adequately absorb vitamin
B12. Wang et al. [35] also found that both RBC and serum folate concentrations increased
with declining kidney function without differences in folic acid intake. Together, these
findings suggest caution should be taken in interpreting the association of high blood folate
concentrations with adverse outcomes, as they may reflect artifacts of a disease status (e.g.,
issues of excretion) and not high folic acid intake. Awareness of this potential artifact

is critical for the evaluation of the existing literature, as similar analyses can produce
different results depending on the adjustment of disease status. When, after consideration

of spurious findings due to other causes (e.g., malabsorption of vitamin B12 and kidney
disease), high folate and low vitamin B12 persist to be associated with adverse outcomes, a
careful evaluation of intakes and outcomes should be conducted. Randomization of exposure
through trials, or more easily, Mendelian randomization, will be critical for causal inference.

Our study has several strengths. First, we used available data between 2007 and 2018 from a
large nationally representative sample of United States adults, with oversampling of certain
population subgroups by age and race/ethnicity. As a result, we had a large sample size of
over 30,000 participants, which in most scenarios provided stable estimates in subgroups
that account for only a small percentage of the population. For example, we reported data for
NH Asian adults as its own category, which became available in NHANES starting in 2011.
Second, folate and vitamin B12 biomarkers were used to evaluate dose-response across

folic acid consumption groups or vitamin B12 supplement use status. Third, we applied

the updated NCI method to estimate the usual daily intake of folate and vitamin B12. The
NCI method allows the estimation of usual intake distributions of daily and episodically
consumed components for populations and sub-populations and the prediction of individual
intakes, which allows for the incorporation of individual and time-dependent covariates [13].
Nutrient usual intakes from natural and fortified foods and supplements were combined to
estimate total usual intakes using the preferred “shrink then add” method.

Potential limitations include the inability to examine temporal associations due to the
cross-sectional design of the survey. Dietary data were self-reported and collected at the
time of the medical examination or shortly thereafter. Supplement data were collected
during household interviews, in which participants were asked about their use of dietary
supplements during the past 30 d. Thus, to estimate the total intake, we combined data
obtained from 2 different instruments. We did not analyze the usual folic acid intake from
CMF alone, as USDA food codes used in the NHANES dietary interview data did not allow
for the separation of CMF from ECGP.

Conclusions

Folate deficiency was low in the United States population. Overall, 2% of adults consumed
folic acid >UL. At current fortification levels, United States adults who did not consume
supplements did not have the usual folic acid intake exceeding the UL. Folate from natural
foods alone did not meet the EAR of folate. When folic acid from fortified foods was
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included, the median total folate intake for all demographic groups was above the EAR.
Folic acid fortification plays a critical role in helping the general population meet the
nutritional requirement for folate. Most United States adults in all demographic subgroups
had vitamin B12 intakes above the EAR. However, even among vitamin B12 supplement
users, there were 2% with vitamin B12 deficiency and 6% with insufficiency, suggesting the
need to explore alternative routes of vitamin B12 administration and the need for further
research.
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FIGURE 1.

Study population by supplement use status and folic acid consumption group. CMF, corn
masa flour; ECGP, enriched cereal grain product; MEC, medical examination center; RTE,
ready-to-eat cereal; SUP, folic acid—containing supplement.

Dietary status was nonreliable when the DR1IDRSTZ variable in NHANES was coded as
“not reliable,” “not done,” or “missing” or when the DR2DRSTZ variable was coded as “not
reliable.”
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Cumulative distribution of usual folic acid intake by folic acid consumption group,

NHANES, 2007-2018. Folic acid consumption group: CMF, corn masa flour; ECGP,
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enriched cereal grain product; RTE, ready-to-eat cereal; SUP, supplements containing folic

acid; UL, tolerable upper intake level.

Am J Clin Nutr. Author manuscript; available in PMC 2024 July 01.



Page 17

Zhou et al.

"8T02-TT0Z 10§ S SOYeWIS? UBISY HN

4

‘uBisap Buijdures xajdwod ay} Junode 0jul 4001 pue pajybiam aie S| pue sabejuadiad | "palybramun si u

.

‘Juswaddns Buiureiuod—pioe 2110} ‘dNS :|essd 1es-01-Apeas ‘I 1y ‘oluedsiH-uou ‘HN ‘1onpoid urelh (28180 PaydLIUS 'dHDT LINO) BSBW UI0D 'HIN1D :SUOIRIABIGAY

(#8'19)89  SvT (L'8z'g'€2) 29z 009 (0TT'8)¥6  S€C (519'8€9) 926 TTIET (g9'sy)ss  Tezz WSV HN
(8S'SYTS Thy (TLT'8¥1) 6'ST 06T (L0Z'6'LT) E6T  ¥LVT (€'19'6'29) 965 Tl (9T '92T)S¥T 996 oluedsiH
(€9'T9)Ls  88¢ (061T'G9T) LT S€TT (T'8T'L'ST) 69T G60T (z19'c89) L'6S  LOOV (6zT'66) ¥'IT  S2L9 %819 HN
(FeT'STT) G2T  6¥9T (sse'eee) vve 9z6¢ (88T ‘'ZLT) 08T  6L¥C (9ov'oer) TSy L€8S (6'89'€'€9) T99  T168'ZT aNUM HN
Auouyz/eoey
(89T 'T¥T) §ST  LL2T (082 '0'52) 59z €5vC (88T 'L9T) LLT 618T (oezv'sge)eor  L6LY (clrz'vse)zoe  ove'or Kog=
(801'58)96  69L (0sz‘'T2e) 9€c  0LTe (LLT'g'ST) S9T  €8ST (T2s'98r) €05 87SS (L',€'8'3€) L'9¢  0L0'0T K 65-0v
6LYIATL €9 (76T ‘T'LT) €8T  OTLT (961 '9'LT) 98T  SS0¢C (r'25'9¥S) 0'9S  ¥.29 (58e‘L'ge) T'LE  2TL'0T A ee-6T
aby
(e0T'2'8)S6 0SCT (712 ‘26T) €0  L18¢ (78T '8'9T) 9'LT  G29¢ (0vs'219) 928 0798 (v6v ‘T'8Y) L'87  ZEE'ST N
(8'TT'00T) 60T  69VT (r'se'v'ed) vve 916 (781 '8'9T) 9'LT  Z€8¢ (987 'L'SV) T'LV  6L6L (6'76'9°08) €T 96.'ST 4
X8S
(6'0T'56) 20T 6TLC (zez'912) v'2e  eeg9 (c8T'0LT) 9LT  LS¥S (015 '9'8%) 867  619'9T 00T 82T'TE [eloL
[e1oL
(10 %S6) afelus od u (10 %S6) abejusded u (10 %S6) abejusded u (10 %S6)abelusased u (10 %S6) abejusded Y
dnsS + 3L + JND/dDD3 dnsS + 4WD/d9D3 314 + 4ND/dDD3 Auo 4IND/dDD3 syedpnred ||y
dnoJb uondwnsuod pie dij04  J1sIele eYD

8T02—2002 SANWVHN :sonsueiaeteyd alydeibowsp pue dnoab uondwnsuod pioe 2110} Aq A 6T pabe synpe sale1s palun Jo uonJodold

Author Manuscript

T31avl

Author Manuscript

Author Manuscript

Author Manuscript

Am J Clin Nutr. Author manuscript; available in PMC 2024 July 01.



Page 18

(5297 '9.2T) 60ST
(06. ‘06S) ¥S.
(6T€ ‘0T2) 192

(66¥T ‘€LTT) OVET
(02 ‘985) 099
(6v2 '€9T) €02

(TTET 'SL8) ¥1TT
(665 ‘2G€) 90G
(Lg€ '€02) 992

(602T '86L) TYOT
(615 ‘vvE) 687
(282 °0LT) 112

(€56 '858) 806
(Sov ‘85€) T6E
(vo€ ‘v02) 25T

(569 ‘929) 299
(v8z '992) €L2
(T€2 ‘2ST) 681

(209 ‘0ev) 218
(L6T ‘veT) 85T
(962 ‘v6T) 2ve

(6¥v ‘STE) BLE
(evT '¥8) OTT
(1€2 '6¥T) 88T

(92v'8eT) S¥e
(08'gv) €9
(62T 'v'9) L'L
(¥00T '8€S) ¥TL
(Sev '9LT) 292
(0T€ '86T) TSC

(Lvs'Le)TLT
(es'ee) ey
(cT1'6°€) S°S
(Lv6 '8TY) 595
(zsv 'T€T) 80T
(Tvz 'sST) 96T

K 6e-6T

(p/Bri) (saasn ddns z19) eIl ZTG UILBHA
(p/brl) (ssasnuou ddns zTg) axeiul ZT9 UIWRNA
(p/Brl) (1) >feul ZTg UIWeNA

(p/3da 6rl) axeyur srejoy oL

(p/6r) axesur proe o104

(p/34@ B) axelun a1ejoy pooy [einleN

(p/Br) (ssosn ddns Z1Q) axeul 2T UIENA
(p/brl) (ssasnuou ddns z1g) axeiul ZTg UIWeNA
(p/Bri) (11e) >l ZTg UIWenA

(p/33@ br) axesun sreoy fejoL

(p/Bri) a>fe3ur pioe a1jo4

(p/34@ 6rf) a>ejur ayejoy pooy [einieN

by

4
XoS
— — — — (ses'gom)8TL (p/Brf) (s1sn ddns z1g) >eIul TG UILENA
— — — — (9'0v) 2’5 (p/brl) (ssesnuou ddns zTg) axelul ZTg UILEUA
— — — — (6'TT'97) 99 (p/Brl) (1) >feul ZTg UIWeNA
(29T 'szeT) 00VT (z9zT '€€8) 0L0T (568 ‘z89) L€L (e€S ‘69€) Lvv (296 'SL¥) ¥¥9 (p/34a br) a>esur speoy oL
(221 '589) 569 (065 ‘05€) 961 (L€ '582) €1¢€ (2Lt "z01T) ¥ET (6ev '2ST) 9€2 (p/Br1) &>ejur pioe o1jo
(82 ‘18T1) 622 (¥62 '€8T) S€T (0Lz 'vL1) 612 (992 ‘121) 912 (922 'sLT) Tee (p/34@ 6rl) a>ejur aye|o4 pooy feanieN
|eloL
[eloL

(401) ueipp N

(401 ueipp N

(H01) ueipp N

(H01) ueipp N

(401) ueipa

Am J Clin Nutr. Author manuscript; available in PMC 2024 July 01.

Zhou et al.

dNS+3LH+4ND +dDI3  dNS+JdND+dDI3  FLH+JdND+dDD3 AUOJIND +dDD3  siuedpdirred ||y

dnoJb uondwnsuod pioe J1j04 SoIIS1 IR reyd

8T02—2002 SANVHN :A 6T< palbe s)npe sajels payun
ul sansuaoeeyd aydesbowsap pue dnob uondwnsuod pioe 91104 AQ 2T UIWELIA pue ‘91e|0) [10] ‘PIOR 31|04 ‘B1R|0) POOJ [eANJeU JO Sayeiul Aj1ep [ensn

¢ 31avl

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



Page 19

(965T ‘vETT) 80VT
(58 ‘v09) ¥0.
(282 '181) 822

(€221 '198) 2801
(965 ‘29€) 005
(962 '€8T) 9€2

(268 ‘269) 9.
(82€ ‘'162) TTE
(L92 '2L7) 112

(T2S 'v9€) 6EY
(L9T '66) 0T
(592 'T21) T2

(Tes‘zTI) €€
(0LzY)vs
(9vT'6v)TL
(Lv0T ‘68Y) 829
(z6v '25T) 95¢
(922 'vL1) T2

3oe|g HN
(p/Br) (ssosn ddns Z1Q) axeIul 2T UILENA
(p/brl) (ssasnuou ddns z1g) axeiul ZTg UIWeNA

(p/61) (11e) &@aut Z1g uIwenA
(p/34@ brl) axeiur srejoy [e10L
(p/6r) exeaur proe o104

(p/34a 6r) aeIun aye|04 POOY [RINIEN

aNUM HN
And1uyya/eoey
— — — — (Z'S0T'S€T) 9'62 (p/Br) (s1esn ddns z1g) 8xeul ZTG UIWENA

— — — — (e'9'g'e) 8%  (p/brl) (s1esnuou ddns z1Q) oXeIul TG UIWENA

Zhou et al.

(66T ‘282T) TSET
(LgL 's¥9) 959
(29z ‘2L7) ¥12

(T8ST ‘'06TT) 00VT
(892 ‘65S) 669
(€0€ ‘€6T) ¥iZ

(¥29T ‘09TT) 02Z¥T
(528 '6€S) 669
(282 '8L71) 622

(22T '526) 080T
(065 ‘6¥) S0S
(522 '¥91) STZ

(9521 'v€8) 020T
(85 ‘6v€) v6v
(662 '38T) 6€Z

(1227 '992) TE0T
(265 ‘L0€) 69V
(90€ '86T) 872

(562 '119) 659
(Lze 'SS2) ¥82
(0sZ ‘8ST) T0Z

(168 ‘289) S2L
(52€ ‘812) 882
(v12'18T1) 822

(996 ‘sel) €28
(zzv 'see) see
(122 'v1T) 222

(TL¥ '12€) 96€
(v¥T '€8) TTT
(0sZ ‘€9T) Y02

(0gs ‘29¢) ¢vv
(59T ‘86) 82T
(v12'vLT) 122

(895 ‘v6€) LL¥
(26T '8TT) 28T
(292 'v11) 812

(L82'9v) L'L
(8TTT '€S¥) €99
(€S ‘zvT) €52
(09z '€91) 80T

(zes'goT) 2’12
(99'8€) TS
(0zT'sv) 99
(296 ‘0Lv) O¥9
(zev 'svT) 82T
(82 ‘081) 62¢C

(SLz's6) g€t
(TL'ev)9s
(r'6'8'7) 9

(€28 '96Y) 679

(9€ '297) TvT

(822 '8LT) See

(p/Bri) (11e) 8xerur ZTg uIwenA
(p/34q brl) axeiun arejoy fe10L
(p/6r) axesur proe o104

(p/34@ 6rl) axeiur syejoy pooy [enieN
K09=

(p/Br!) (ssosn ddns Z1Q) axeIul 2T UILENA
(p/brl) (ssasnuou ddns z1g) axeiul ZTg UIWeNA

(p/Bri) (11e) >feul ZTg UIWenA
(p/34@ brl) axeiun srejoy fe10L
(p/6r) exeaur proe o104

(p/34@ 6r) axeIun aye|04 POOY [RINIEN
A 65-0v

(p/Br) (ssesn ddns ZTQ) axeul ZTG UILENA
(p/6rl) (s1asnuou ddns z1g) exeiul ZTg UIWeNA

(p/61) (11e) apeaut z1g UIWenA
(p/34@ brl) axeiur arejoy fe10L
(p/Br) a>fe3ur pioe a1j04

(p/34Q 61) 8xerun aejoy pooy |einyeN

(401) ueipp N

(401 ueipp N

(401) ueipp N

(401) ueipp N

(401) ueipa

available in PMC 2024 July 01.

1

Am J Clin Nutr. Author manuscript

dNS+3LH+4ND +dDI3  dNS+JdND+dDI3  FLH+JdND+dDD3 AUOJIND +dDD3  siuedpiired ||y

dnoJb uondwnsuod pioe J1j04

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



Page 20

Zhou et al.

"8T0Z-TT0Z Bunnp s|jesas AelaIp Y-z Uo paseq aie Sajewllss uelsy IZN.

“JuawWialddns ZTg ulWwelA
‘ddns z1g ‘uawsajddns Bulurejuod—piae 910} ‘dNS :[ea1ad 1ea-01-Apeal ‘J 1y dluedsiH-uou ‘HN ‘1onpoJd urelh [es1ad paydsuua ‘4903 ‘slusjeAinba arejoy AtelsIp ‘4@ 4nojy BSeW U0 ‘H\D :SUONBIABIGY

— — — — (52€'9'6) 99T (p/Brt) (s1asn ddns 2Tg) xeiut gTg UIWeNA

- - - — (rs'Te) ey  (p/6ri) (ssesnuou ddns z1g) exeul 218 UIWENA

— — — — (501 '8°¢€) L'S (p/Brl) (11e) >eyul ZTG UILEUA

(z6€T '906) G8TT (28¢€T 'L26) 2LTT (TS2 'ST9) 8€9 (928 '¥29) GvL (ce6 '28Y) 059 (p/34@ Brl) a>ejur ayejof eo L.

(082 ‘69%) 699 (165 'TvE) 96% (Leg '152) 262 (06T ‘TTT) L¥T (e6€ ‘2v1) 2T (p/6rt) &>eyur proe a1j04

(9.7 '96) 2T (sge '8¢e2) v62 (20€ '202) ¥52 (z8€ '€92) 61¢ (6T€ '26T) ¥SC (p/a4@ 6r) a>eyui ayejo) pooy einyeN

UeISY HN

— — — — (026°26) G'LT (p/Brt) (s19sn ddns 2TQ) axelut 2Tg UIWenA

— — — — (59'6€) TS  (p/Brh) (ssesnuou ddns z1Q) axeul ZTG UIWENA

— — — — (s8'cv)8s (p/Br) (11e) a>eIun 21 uIeNA

(8GST 'LL0T) €GET (6v2T '261) Ze0T (T06 '¥89) S8. (LG '16€) 9L (6L '¥9Y) T09 (p/34@ Brl) a>ejur ayejof eoL

(zzL '66Y) 089 (185 ‘50¢€) 6.1 (89€ ‘282) 91¢ (¥8T ‘0TT) ¥¥T (90¢€ '2vT) 802 (ip/6r1) &eyut pioe a1jo4

(e6z ‘8LT) T€C (62 '68T) 8€C (862 ‘€6T) ¢ve (s8¢ '98T) ¢ (062 ‘28T) S€T (p/33@ 6r) a>ejuI 23810} POOY [RINIEN

oluedsiH

— — — — (e8¢ ‘2'6) €'9T (p/Brt) (ssasn ddns ZTg) xeiut ZTg UIWENA

- - - — (09°2€) 8y  (p/Bri) (s1esnuou ddns z1g) exeul 218 UIWENA

— — — — (z8'Tv) g (p/Br1) (11e) >eyul ZTE UILEUA

(zsvT '060T) 9€€T (2577 '812) 266 (218 '8v9) 559 (s8v ‘0ee) €ov (0zL 'vTv) €€S (p/34@ 6rl) a>ejur ajejoy o).

(czL ‘119) 129 (156 'v0€) SLv (0L€ ‘9L¢) 982 (85T '26) GeT (62 ‘9€T) 26T (p/6rt) &>eyur proe a1j04

(SvZ '6ST) 66T (8vz 29T1) €02 (zzz '8vT) €81 (€2 ‘2ST) 06T (9€2 '€ST) 26T (p/a4q 6r) a>eyur ayejo) pooy eanyeN
(401) uepa N (4O1) uepe N (401) uepa N (HO1) uelp N (401) uepa N

dNS+3I1LH +4ND+dDDT dNS+JNWD+dDDT  FLHd+4WD+dDD03 AUOJND +dDD3  swuedpnred ||

dnoJb uodwnsuod pioe J1j04 SOIIS1BIoe FeyD

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

available in PMC 2024 July 01.

1

Am J Clin Nutr. Author manuscript



Page 21

Zhou et al.

(Se0T '€00T) 6T0T 6186 (ove 'gze) vee 8.6 [e10L
Kee-6T
aby
100°0> — 100°0> — anfend
(0LYT 'v6ET) 2EVT 91T (595 '€'28) 6'€S 02TT  dNS + 31N + 4IND/dDD3
(91€T ‘952T) S82T 0Lv2 (8'9v 'z'vy) G'ay 0L¥2 dNns + 4N2/d903
(zgtT ‘20TT) 92TT 6E€C (rge ‘T9e) T'LE zeee 314 + 4IND/d903
(586 ‘256) 896 €L5L ('62 '1'8¢) L'82 0€SL Ajuo 4N2/d903
(0zTT '980T) €0TT 80G'€T (z'9g '0'se) 9'Ge 2SP'ET [eyoL
W
100°0> — 100°0> — anfend
(0vST ‘T9¥T) 00ST 09€T (929 '8'85) 2'09 ¥9ET  dNS + 314 + 4IND/d9D3
(25€T '262T) LeeT 20ze (8'16 ‘0°6%) 05 18T€ dns + 4IND/d903
(6STT '80TT) EETT €292 (e'1v 'T'6€) 2°0V €192 314 + 4ND/d9D03
(000T '296) £86 LSzL (r'ze '6'0€) 9'1€ TezL Ajuo 4N0/d903
(LyTT'80TT) L2TT A4 a4 (Tov ‘e'8e) 26 G8E'YT [e10L
4
XoS
100°0> — 100°0> — ZoNeANd
(S6vT ‘6EVT) LOVT 98C (585 '1'99) €25 v8¥Z  dNS + 314 + 4IND/d903
(zeet 'egeT) LOET 2195 (T'6v '0'L¥) 0'8Y 1596 dns + 4IND/d903
(0STT '0TTT) OETT 2967 (56 '8'2€) 9'8E Gy6Y 314 + 4ND/d903
(686 ‘€96) 926 0€8'vT (8'0¢ '9'62) Z'0€ TGL'7T Ajuo 4N0/d903
(0ETT '660T) ¥TTT 056'LC (rge L9e) vie 1€8'/¢T [e10L
[eoL
[e1oL
(1D %G6) tesw oW upabemun (1D %G6) tedW OLIPWORD U pajyBemun

(71/10wiu) {U01Te1U80U0D 8T8 (0} DFY Paisn Ipv

(71/10wiu) {UO!7e J1US0U0D 87RO} LN BS pa1sn oy

dnoJ6 uondwnsuod pioe 91104

Author Manuscript

€31avl

Author Manuscript

Author Manuscript

8T0¢-200Z SANVHN

:A 6T=< pabe synpe sarels paliun Buowe sonsisoeseyd dydelbowsp pue dnosb uondwinsuod pide 31104 Ag SUOITRIIUBIUOID 81R|0) DY pue 8180} W8S

Author Manuscript

Am J Clin Nutr. Author manuscript; available in PMC 2024 July 01.



Page 22

Zhou et al.

(218 '062) €08 65E (092 'L'v2) €'6¢ €zve Ajuo 4ND/d903
(626 '668) v16 9085 (9'1€ '€'08) 6°0E 6v.G [eyoL
X0e|9 HN
100°0> — 100°0> — anfend
(985T '6TST) 2GST 0€sT (£'19'8'85) 2'09 €€ST  dNS + 31N + JIND/dDD3
(92vT '85€T) 26ET v¥92 (525 '5'6%) 0'1S 6v92 dNns + 4N2/d903
(¥T2T '85TT) 98TT €622 (717 ‘06e) 20OV 6822 314 + 4IND/d9D3
(zv0T '900T) €20T vTES (L'1€'T°08) B'0E 20€S Ajuo 4ND/d903
(¥02T '€9TT) €8TT 18L'TT (T'ov 'v'8€) £'6€ 69L'TT [eyoL
SHUM HN
Auoruyra/eoey
100°0> — 100°0> — anfend
(0€8T '624T) 6.1 61T (§22'6'21) T'GL IYTT  dNS + 31 + 4ND/dDO3
(L€9T '2¥ST) 68ST 1414 (029 '2'29) 59 14454 dNns + 4NJ/d903
(e62T ‘zeer) L6eT ¥Z9T (e'9v '8'2y) vy GT9T 314 + 4ND/d903
(20T ‘¥20T) 050T GETY (6'€€'9'1E) L'2€ S0TY Ajuo 4ND/d903
(6821 ‘oveT) ¥9CT 2206 (S'ov 'e'vy) v'sy 1868 [eyoL
K092
100°0> — 100°0> — anfend
(€0ST '66€T) 05T €TL (6'7S '2'09) §'2§ 0TZ dNS+ 314 +4NI/d9D3
(5eet '292T) 00€T v.6T (6'9v '6'€V) 'Sy G967 dNns + 4N2/d903
(z2TT'00TT) 9€TT vt (e6€ ‘e9e) 8'L€ TrvT 314 + 4IND/d903
(000T '596) 286 8167 (5'0€ '0'62) L'62 956v Ajuo 4N9/d903
(8€TT '860T) 8TTT 60T6 (L€ 'L'GE) G'9E 2L06 [eyoL
A 65-07
100°0> 100°0> anfend
(L2t 'v6TT) G€TT 29 (0’15 'v'9v) 9’8 [29 dNS + 314 + 4ND/d903
(€GTT '660T) 92TT 85T (zTv '9'88) 8'6€ 8/ST dns + 4ND/d903
(S90T '810T) TYOT ¥681T (L'9g 'L've) L'Ge 6881 314 + 4ND/d903
(526 ‘268) T16 LTLG (T'62 '0'82) 5'8¢ 0695 Ajuo 4ND/d903

(1D %S6) Ueaw dLIPWOSD U payblemun (10 %G6) Uesw 211BWORD u paybemun

(71/10wiu) {U0!Te 18000 8TR (0} DFY pasnipy  (7/10wu) {UO17e 118D 8780} LN s pa1sn IPY  dnoJB uondwINsuod pie a1jo4

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Am J Clin Nutr. Author manuscript; available in PMC 2024 July 01.



Page 23

Zhou et al.

'8T0¢—TT0¢ 10§ dJe S8jewnsa UBlSY HN

&

1S3} PJeM dU} Uo paseq sdnoif uondwinsuod pIoe 91104 JUBIBKIP SSOJ0R SUOIRIUSIUOD Ul S30UBIayIp Bunsal 1oy anjen s

4

‘|ING pue ‘shiels Buryows Jualind ‘Al1o1uyis/adel ‘Alobared abie ‘xas Joy cwum:_n,qw

‘uawa)ddns Buiureluoo—pIoe 2110} ‘dNS ;18880 Jes-01-Apeal ‘J 1Y ‘ouedsiH-uou ‘HN ‘1onpoid ureh (28180 PayILIUL ‘DT INOJS BSBW UI0D ‘HIND :SUONRINBIGYY

700°0> — 100°0> — anfend
(¥S¥T '892T) 8GET GetT (T'¥9 '5'7S) T'65 1T dNS + 31 + 4IND/d9D3
(91€T 'S2eT) 0L2T L1 (0°€s '9'8Y) 2'0S AL dns +4IND/d903
(TL0T '166) 0€0T G02 (6'TY '€'L€) 5'6E 0T 314 + 4IND/dDD3
(Lv6 '668) €26 0TTT (oee‘ote) 0°CE €60T Aluo 4ND/dDD3
(20T '620T) ¥SOT LS6T (08¢ '5'g€) L'9¢ 0€6T [eloL
gUBISY HN
700°0> — 100°0> — anfend
(6G€T 'v¥eT) 00ET 60 (8¢S 'v'8Y) 0°'1G T dNS + 314 + 4IND/dDD3
(0TZT ‘9¥TT) LLTT 61T (€vy '6'0v) 9°2¥ 9811 dNS + 4ND/d903
(080T '¥10T) 9¥0T 09€T ('8¢ '5'G€) 6'9€ T9ET 314 + 4IND/dDD3
(9v6 '116) 826 Geey (6'0¢ ‘v'62) T'0E 4854 Aluo 4N9/d903
(€€0T ‘000T) 9T0T G8zL (8'5€ ‘v've) T'GE 0Lzl [exoL
oluedsiH
700°0> — 100°0> — anfend
(STET '¥8TT) 8YCT 8ee (L6v'0ev) v GEE  dNS + 3L +4IND/dDD3
(zz0T '200T) 60T 690T (L'8e'6'ae) €L€ 8501 dNns +4IND/d903
(20T ‘sv6) 286 ov6 (eve'oze) Tee €6 314 + 4IND/dDD3
(1D %G6) Uesw ol1PWOSD U paybemun (1D %G6) UBBW D11PWOSD U pajyBemun

(7/10wu) puoire UeoU0d 37|10} DFY PeIsnIpY

(77/10wu) {UOITe JJUSOUOD 87R [0} Win es pexsn Ipv

dno 6 uondwnsuod pioe 21104

Author Manuscript

Author Manuscript

Author Manuscript Author Manuscript

Am J Clin Nutr. Author manuscript; available in PMC 2024 July 01.



Page 24

Zhou et al.

(SvT 'veT) BET 800T (267 ‘05¥) €L¥ 600T Jasn ddns z1g
(95T '8¥T) 28T 8cTe (s6€ '9.€) G8€ 621¢ [eloL
K 65-0v
6T0 — T00°0> — anjend
(GeT '8eT) TET TL¥2 (¥9€ '6v€) LG€ 0Lve Jasnuou ddns z1g
(zet 'ver) 8et 0€8 (ssv ‘oe) evy ze8 Jasn ddns z1g
(et ‘6eT) 2eT T0€€ (e8¢ '89¢) SL€ zoee [e10L
Kee-6T
aby
100°0> — 100°0> — anend
(T9T '¥ST) 85T G9ze (zge 'see) vre v9ze Jasnuou ddns z1g
(b¥T 'veT) 6ET vZeT (88v '€SY) 0Ly 9zeT Jasn ddns z1g
(95T ‘8¥T) 25T 6857 (e6€ ‘vL€) €8¢ 0657 [e1oL
W
700°0> — 100°0> — anfend
(19T '6¥T) ST GL0€ (25€ ‘zve) o€ €L0€ Jasnuou ddns z1g
(LT "LET) THT vE9T (TTG 'sLy) €6 vE9T Jasn ddns z19
(€St 'SvT) 6YT 60L1 (eov '16€) L6€ L0y [eyoL
4
Xas
100'0> — 100°0> — Zonend
(09T ‘€ST) 95T ore9 (g€ 'TvE) LvE L€€9 Jasnuou ddns z1g
(b¥T '9€T) OVt 8562 (967 '89Y) 28 0962 Jasn ddns z1g
(€ST ‘L¥T) 0ST 8626 (96€ 'v8€) 06€ L1626 [e10L
[eoL
[e1oL
(1D %S6) Ueaw 211PWoeSD U payBemun (1D %S6) Ueaw o1 1BWORD u peyybemun

(7/10WU) {UOTIe 13USOU0O VNN POBNIpY

(71/10wd) {UOITeJUSOUOD ZT g UIWeIA Wn jes pasnlpy Wowe|ddns ZTg uiweNA

Author Manuscript

¥ 31avL

Author Manuscript

8T02-2002 SANVHN A 61<
pabe syjnpe sa1e1s paliun Buowe sonsualoeseyd J1ydeiBowapoldos pue snyels asn Juawa|ddns gTg ulwelA Ag SUOIRIUSIU0D WININ PUR ZT-g UIWRIA

Author Manuscript

Author Manuscript

Am J Clin Nutr. Author manuscript; available in PMC 2024 July 01.



Page 25

"a1uedsiH-uou ‘HN ‘uswsjddns z1g uiwenA ‘ddns Z1g :suoneinsiqqy

Zhou et al.

2800 — 100°0> — anfend

(0gT ‘€€T) VT €0.L (L€ ‘eve) 85€ 20L Jasnuou ddns z1g

(TyT ‘zer) TeT zse (Ses ‘o9v) 96v zse Jasn ddns z1g

(Zv1 '€eT) OVT GS0T (80v ‘TL€) 68€E ¥S0T [eloL
gUBISY HN

700 — 100°0> — anfend

(vET '92T) 0ET vEST (98¢ ‘e5¢) 69€ T€ST Jasnuou ddns z1g

(621 '91T) 22T 414 (095 ‘¥S¥) 705 414 Jasn ddns z1g

(8€T '0€T) YET 8861 (LTv *28¢) 20V G86T [eloL
oluedsiH

100°0> — 100°0> — anfend

(et '92T) 0ET [A54) (s6€ ‘zL€) €8¢ €151 Jasnuou ddns 219

(2T 'STT) 6TT 955 (226 '€18) 2vs 955 Jasn ddns z1g

(e€T ‘9eT) 0ET 8902 (8ev ‘v1v) 9zv 6902 [e1oL
X819 HN

700°0> — 100°0> — anfend

(72T '¥9T) 69T 96€¢C (eve ‘6ee) See 96€¢C Jasnuou ddns z1g

(ST '9vT) 0ST 01ST (¥8v ‘0SY) L9V [A%°)) Jasn ddns z1g

(291 'sST) 65T 906€ (68¢ ‘5L€) 28€ 806€ [ejoL
SHUM HN

Adrua/eoey

100°0> — 100°0> — anjend
(¥0z ‘28T) G6T 6.1 (zse ‘62¢€) TVE JA7ZA) Jasnuou ddns z1g
(27 '097T) 99T 02TT (095 'TTS) GES 6TTT Jasn ddns 19
(#8T ‘€LT) 81T 698¢ (eev 'sov) 6TV 998¢ [eloL
K092
100°0> — 700°0> — anjend
(59T ‘GST) 09T 0¢1e (Lve ‘0gg) 8€E 0¢1e Jasnuou ddns z1g
(10 %G6) Uesw olIBWOSD U paiybemun (1D %G6) Uesw 211PW0eD u payBemun

(7/10WU) {UoITE IUSdUOD VNN PeIsNTPY  (T/jowd) Uo1Te NUSOUOD ZTg UINIA WNJBS POISNTDY  ogn juewe|ddns 219 uiweln

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Am J Clin Nutr. Author manuscript; available in PMC 2024 July 01.



Page 26

Zhou et al.

‘8T0Z-TTOZ 0} 8Je S81RWISS URISY Izm

158] PEAA 8Y) UO paseq sIasnuou pue siasn juswia|ddns ZTg UILIBNA USBMIS] SUOIIRIIUSOUOD Ul S8dUBlap Bunsal 1oy m:_m>&N

‘1NG pue ‘sniess Buiyows jualind ‘A1otluyia/aoel ‘A1oba1ed abe ‘xas 10y uﬂm:.—u,qw

Author Manuscript Author Manuscript

Author Manuscript

Author Manuscript

Am J Clin Nutr. Author manuscript; available in PMC 2024 July 01.



Page 27

Zhou et al.

T00°0>
100°0>
T00°0>

T00°0>
T00°0>

100°0>

100°0>
100°0>
T00°0>
100°0>

100°0>
T00°0>
T00°0>

T00°0>
100°0>

100°0>

(18 'Ten) T'iy
(86T '2'2T) 09T
(§'ST'9'6) 52T

(L'8T'9€T) T9T
(e2¢ 'v'92) €62

8z 'zT2) 0°€T

(CPANWINAA!
(L6'snTL
(001 '82) ¥'9
(09t 0en) 0vT
(218 '9%2) 282
(8'8'9°€) 29

(18°2°€)6'S

(58°29) 69
(28T 'T'¥T) ¥'9T

(€'€T'€0T) 8'TT

(L'6€ 'T'¥€) 69
(zvtoon) TZT
(s8'6v) L9

(621'96) €TT
(8€Z '6'6T) 8'TC

(T°8T '€'ST) L'9T

(8T1'89) €6
(ev'zaee
(Lv'9dLe

(L11'6'8) €0T
(Lez'0o6T) ¥'1C
(59'2€) TS

(se‘znee

(T9TY) TS
(0€T'6'6) S'TT

(r6'vL)vs

(79T ‘9°0T) G€T
(CREIEX
(sv'eT)ze

(85T V'Y
(Lot'02) 68

(62'59) 29

(ov'eoee
(CRARINA
(80'T0) ¥'0
(9v's2) o€
(€8°'L7) 59
(c€'90) 6T

(9OT'5s0)TT

(L2 TT6T
(8v's2)9¢

(se'12) 8¢

6L'67) 19
(ze'g1)SC
rT°2007T

(ez'eT)8T
67 ve) Ty

(se'sg)oe

(8TZ '0°6T) ¥'02
(1819712
(rv'ce)se

(r'2'29) 89
(reT'sTI) v'et

(0T '1'6) 86

ZAnug/eoey
K09=
A 65-0v
Kee-6T
Nwm<
N
4
Z2Xes

lelol

(anua21ad Yi06) T/10WU /< 8Ye|04 WNISS YbIH

(rz'g0) 9T
(90'€0) S0
r'1'90)0°T
(cz'eneT
(ov'62) L€
(z1'50) 80

o‘To)vo

(€eT'90) 07T
ey 6T

LT TDVYT

(gs'ee) vy
(Lz'eT)ee
(oe'sTve
(7929 85
(LzT'90m) 21T
(se'za)ge

(0z'zT) 9T

(8e'so)ee
(z2'89) 59

(§5's%) 0'g

SUBISY HN
o1uedsiH
Aoe1d HN
UUM HN
Zfnoyz/eoey
K092
A 65-0v
A 6e-61
Z90v
N
|
%8S

[ex0l

(d1musoiad Y3Ge) T1/10Wu Z6< 8¥e|04 WnJds YbIH

[enend

(10 %g6) abeiusood

(10 %g6) abeiusood

(10 %G6) afeiso od

(10 %g6) afeiusood

(10 %g6) afeisod

dnsS + 3149 + 4IND/d903

dnsS + 4ND/d923

318 + 4ND/dDD3

AJuo 4ND/dDD3

siuedpliired ||

dnoJb uodwnsuod pie d1j04  SalsIeloe reyd

Author Manuscript

8T02-2002 SINVHN :A 6T< pabe synpe sarels panun Buowe sansiisoeseyd J1ydelbowspoldons
pue dnoub uondwnsuod pioe 2110} Ag Adualolyap a1ejoy DGy pue ‘Aousidlyap a1e|o) WwnJas ‘a1ejo) wnias ybiy Jo (1D %G6) aauajenald paisnlpy

S 319vL

Author Manuscript

Author Manuscript

Author Manuscript

Am J Clin Nutr. Author manuscript; available in PMC 2024 July 01.



Page 28

Zhou et al.

¢100

100°0>
100°0>
100°0>
100°0>

100°0>
100°0>
100°0>

100°0>
100°0>

100°0>

100°0>
100°0>
100°0>
100°0>

(Lo‘zo)vo

(019 'v'1Y) 2’16
(Tzv 'T'62) 9'G¢
(6'9¢ '8'22) 6'6C
(€S '8'9Y) T'0G

(592 '5'89) 2L
(9ev '9ze) T'8E
(6'7€ '7'92) L'0€

(zov '6°2€) 9°9¢
(025 'S°6Y) 2'€S

(6°2v '€2) T'SY

(582 '8'21) 9'02
(zL1'ee) et
(06T 'e8) 9€T

(T'62 '9'v2) 8'92

(L0'c0) S0

(9'T¥ ‘T'2€) 8'9¢
(€92 'v'0e) £'€C
(572 '5'9T) 06T
(rov ‘T'se) 8°L€

(#°29 '6°59) T'6
(8'1€°9'52) 282
(ZTZ'LST) ¥'8T

(L'62'9%2) 1’12
(eTv 'v'9g) 8'8¢

(Tse‘e1e) T°ee

(ST12'0YT) 8'LT
(L'6'29) 08
(76 'v9) 6L

(0zz ‘T8T) T'02

(TT'€0) 20

(7’12 '2°01) 8'ST
(9T 'T'TT) 8°€T

(7o1'09) 2’8
(9zz 'T'81) €02

(rog '8€2) T'L2
(66T '€'€T) 99T
(zyr'Tot)zet

(eot'T2n) Tt
0¥z '8'8T) ¥'T2

(56T '0°9T) 8°LT

(e9'v1)8e
(85T ¥V
(se'znve
(66'9'9)€'8

(80'7°0) 90

(0zt'6'2)6'%6
W9 vy v's
(rv'ge) 9
(T6'6'9)0'8

(71 '2°0T) 52T
(eL29¢€9

(sv'oe)se

(9s'0v) 8¥
(roT'18) €6

(82'€9) 1L

(807090
(60 ‘7°0) 90
(zo'e0)s0

(8'0'5°0) 90
(90'%0) 50

(L0'%0)90

ZAuoiup3/eoey
K09=
A 65-0v
K 6e—6T
Nmm<
N
4
X89S

[el0L

NvAn_\_oEc 1>) Adus1olyap a1ejo) wniss

(972 'TLT) ¥'6T
(rst'een) ¢yt

(zzt'9'6) 60T
(Lez'ete)see
(zoe 'T2e) T've
(68T ‘T9T) §'LT

(121'6'6) 0'TT

(89T '6'7T) 6'GT
(8¥z ‘'122) S°€T

(8°0z ‘8'8T) 86T

uelsy HN
oluedsiH
Yoeld HN
3NUM HN
ZAuoiuyp3/eoey
K09=
K650y
K 6e—6T
Nmm<
N
4
2Xes

[elol

(ainuaaiad yipg) T1/10Wu 09< 83|04 wnJas ybiH

(8v'c2) o€
(0z'T1ST
(Tz'T1) 9T
(Sv'ea)Le

(cot'0L) L8
(6's'9v) €
(9s'0v) 8

(€21 '9°0T) ¥'TT

ueIsy HN

a1uedsiH
59e1d HN
SUUM HN

eneAd

(10 %g6) afeiusood

(10 %G6) afeiso od

(10 %g6) afeiusood

(10 %G6) afeis od

(10 %G6) abeiso od

dnS + 314 + 4IND/d923

dns + 4ND/d923

314 + 4IND/d903

AJuo 4IND/dDD3

siuedpliyred ||

dnoJb uondwnsuod pe dljo4  SalsIvIe reyD

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Am J Clin Nutr. Author manuscript; available in PMC 2024 July 01.



Page 29

Zhou et al.

‘8> WOPaaly JO 98.1Bap “"a°1 ‘SYewNSe a|geljaiun pue azis ajduwes [jews o} anp passaiddns alam sonsialoeseyd alydesBowsp pue dnosb uondwnsuod pioe o110y Aq sarewisy

4

'8T0¢—TT0¢ 10§ dJe S81ewnsa UBlSY HN __<m,

"alew yum pasedwod ajewsy “Be ‘1se1 atenbs-1yo e Buisn sdnolbgns o1ydelBowsp JuslayIp $S040e adusjeAald Ul 8auaIallp Bunsa) 10} GO'0> 819M SanjeA 4

4

153} aJenbs-1yo e Buisn sdnolB uondwinsuod pioe 9110} JUBISKIP SSOIIE 3uBfeAsld Ul S9oUBIaMIP Burisal 0y sanjen 4

r

“Juswaddns Buiureluoa—pioe 21104 ‘dNS :|eaiad 1ea-0)-Apeas ‘I 1y ‘o1uedsiH-uou ‘HN 19npoid urelB [es190 pPaydLIUs ‘9D N0 BSBW UI0D ‘HIA1D :SUONRIASIGAY

YAZA] (§T's0)0T

rroer (ST'70) 60

— (01'20)90
— (ST'90)TT
— (Z1'r0)et
— r1'20)0T
— (ez'om) LT
— (€1'90)60

— (6'0%7°0) 20

— (€T'S0)6°0
— (gT'80)2T

(120071 (120071

uelsy HN
oluedsiH
%oelg HN
3NYM HN
ZAuouyz/eoey
K09=
A 6s5-0v
A6e—6T
Nwm<
W
4
XaS

|el0L

»(1/10Wu Gog>) Aoustolap alejoy OgY

— (zT'z0) L0
— (60'c0)90
— (€1'50)60
— (L0'v0) S50

ueIsY HN

a1uedsiH
3981 HN
UM HN

(10 %G6) afeiso od

(10 %g6) afewmoiad (10 %se) ebeioied (10 %se)abeiusoied (1D %S6)abeiusoled

°NeAd  JAS+ 319 + JWD/dD03

dns + 4IND/d923 3149 + 4ND/d903

AJuo 4INO/dDD3 siredpinred ||V

dnoJb uondwnsuod pioe 91jo4

sols1eIR YD

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Am J Clin Nutr. Author manuscript; available in PMC 2024 July 01.



Page 30

Zhou et al.

Author Manuscript

T00°0>
100°0>
T00°0>

100°0>
T00°0>

100°0>

8€0°0
<000
1090
100°0>

T00°0>

¢eeo

€00

100°0>
¢v0'0

100°0>

(09'62) 57
(sL'0v) 8
(7ot '6%) L'L

(L9'ce) 0
(r'8'09) L9

(eL'vv)6'S

»(1'5'50)8°C
»LTv0) 9T
#(00T'L0) ¥'S
(e€'60)T'C
(ce'vo) 8T
(re'g0)Te

(zs'e0)TE

(82'L0LT
(Zy'st)6e

(ee'enee

m.b_o_ccm_\mumw_

(T'12 '8'ST) 58T (TvT'got) €2t K09z
(68T ‘vzT) L'ST (6€T'L6)8TT A 6507
(z'L1'6'€T) 9'GT (esT'LTT) §€ET Kee-6T
by
(08T ‘0°€T) G'ST (0¥T'86) 6TT W
(581 '9'ST) 0'LT (evT'oeT) TET 4
XoS
(82T '6'7T) €'9T (geTeTn) 52T [e10L

(/10wd TZZ>) AduslalNsul 2T UIWEBIA WNIBS

(92'8€) LS (Ls'sty  UWISYHN

(67 '82) 6°€ wv'eadve oluedsiH

(192 vy (0L's2 Ly >9elg HN

(es've)ev (ev'9e)ve SHUM HN
Ay eoey

(Trve)es (es'zaLe K09

(Tv'e1)0€ (se'61)LC A 65-0v

(zo'zv)es (ss'ee) vy Kee-6T
aby

(85T v (Lv'va)oe N

(0s'se) ey (ev'Te)Le 4
XaS

(Ts'9e) vy (rv'62)9€ [e10L

(I/10wd 8yT>) Adusioyap ZTg UIWEBIA WNIeS

[enead

(10 %56) eberso led

(10 %g6) ebeiusoled (1D 9%G6) abeuso lBd

Jesn ¢1g ulwela

JBSNUOU ¢Tg Ulle)in siuedpiled ||V

snjejsasn juewe|ddns g1g UlWelIA  Ssoliseloeeyd

8T0¢-2002 SANVHN :A 612 pabie s)npe serels paliun buoue sonstieloeseyd
a1ydesBowspoldos pue snyels asn Juswiajddns z1g ulwelA Ag Aauaiolgnsul pue Aouaioiep z1g ulwelA wnias Jo (1D %G6) aauajenald paisnlpy

9 319vl

Author Manuscript

Author Manuscript

Author Manuscript

Am J Clin Nutr. Author manuscript; available in PMC 2024 July 01.



Page 31

Zhou et al.

‘8> WOpPaaly Jo m.&mmn_v

1593 aJenbs-1y2 e Buisn sdnoibigns a1ydesBowap Jualayip sso1de adudfenald ul SaouaIaylp Buisal 10y GO'0 > d1am Sanjend

£
'8T0¢—T10¢ 10§ dJe S8leWNIS3 UBISY HN __<N

159} asenbs-1y9 e Buisn sdnoib asn uawia|ddns ZTg UIWEBIA JUBIBHIP SS0I0. adusjeAdld Ul Saduaiayip Bunisa) 1oy mmz_m>Qw

*01UBdSIH-UOU ‘HN :UOHBIABIGQY

100°0> (soT'tv)€eL (L'6T'€'€T) 59T (89T IT) THT uelsy HN
100°0> (9'8'6'€) 2’9 (81 'STT) C'€T (62T '00T) S'TT oluedsiH

0£0°0 (czr'ev)es (6'v1'6'6) V2T (reT 'e'8) 80T %819 HN
100°0> (92'8€) LS (L6T'LST) LLT (ovt TN BCT aNUM HN

(10 %ge) beiueoled (1D %G6) abelusoRd (1D %G6) dbeiusded

ToNeAd BSNZig UIEIA  JesnuouU gTg UIWeYIA syredoned [V

snjeisasn juews|ddns gTg ulwelA  solisieloe ey

Author Manuscript Author Manuscript Author Manuscript

Author Manuscript

Am J Clin Nutr. Author manuscript; available in PMC 2024 July 01.



	Abstract
	Introduction
	Methods
	Study population
	Usual intake
	Biomarker status
	Covariates
	Statistical analysis

	Results
	Usual intake
	UL of folic acid
	Biomarker status
	Prevalence of high serum folate and deficiencies in folate and vitamin B12

	Discussion
	Strengths
	Limitations

	Conclusions
	References
	FIGURE 1.
	FIGURE 2.
	TABLE 1
	TABLE 2
	TABLE 3
	TABLE 4
	TABLE 5
	TABLE 6

