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Abstract

Background: Phylloguinone is the most abundant form of vitamin K in US diets. Green vegetables are considered the
predominant dietary source of phylloguinone. As our food supply diversifies and expands, the food groups that contribute
to phylloquinone intake are also changing, which may change absolute intakes. Thus, it is important to identify the
contributors to dietary vitamin K estimates to guide recommendations on intakes and food sources.

Objective: The purpose of this study was to estimate 7) the amount of phylloquinone consumed in the diet of US adults, 2) to
estimate the contribution of different food groups to phylloquinone intake in individuals with a high or low vegetable intake
(=2 or <2 cups vegetables/d), and 3) to characterize the contribution of different mixed dishes to phylloquinone intake.
Methods: Usual phylloguinone intake was determined from NHANES 2011-2012 (=20 old; 2092 men and 2214 women)
and the National Cancer Institute Method by utilizing a complex, stratified, multistage probability-cluster sampling design.
Results: On average, 43.0% of men and 62.5% of women met the adequate intake (120 and 90 pg/d, respectively) for
phylloguinone, with the lowest self-reported intakes noted among men, especially in the older age groups (561-70and =71 y).
Vegetables were the highest contributor to phylloquinone intake, contributing 60.0% in the high-vegetable-intake group
and 36.1% in the low-vegetable-intake group. Mixed dishes were the second-highest contributor to phylloguinone intake,
contributing 16.0% in the high-vegetable-intake group and 28.0% in the low-vegetable-intake group.

Conclusion: Self-reported phylloguinone intakes from updated food composition data applied to NHANES 2011-2012 reveal that
fewer men than women are meeting the current adequate intake. Application of current food composition data confirms that
vegetables continue to be the primary dietary source of phylloguinone in the US diet. However, mixed dishes and convenience foods
have emerged as previously unrecognized but important contributors to phylloquinone intake in the United States, which challenges the
assumption that phylloguinone intake is a marker of a healthy diet. These findings emphasize the need for the expansion of food

composition databases that consider how mixed dishes are compiled and defined.  J Nutr 2017;147:1308-13.
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Introduction

Vitamin K is a fat-soluble vitamin that is required for the post-
translational carboxylation of vitamin K-dependent proteins
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involved in multiple physiological processes, including clotting,
bone formation, and regulation of vascular calcification (1). The
primary dietary form of vitamin K is phylloquinone. In the US
diet, phylloquinone is predominantly found in dark-green leafy
vegetables and vegetable oils (2). Menaquinones are secondary
forms that differ in structure and dietary sources when com-
pared with phylloquinone (3).

The current US DRIs recommend an adequate intake (Al) for
vitamin K based on our current knowledge of phylloquinone
intakes (4). The current Al for adult men and women is 120 and
90 pg/d, respectively (4). An RDA was not established because
there is insufficient knowledge regarding vitamin K’s bioavail-
ability, transport, and excretion. Further, there is no single bio-
marker that reflects vitamin K status or adequate physiological
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function. Analysis of NHANES III (1988-1994) indicated that
median intakes of dietary vitamin K ranged from 89 to 117 ug/d
for men (=19 y), and 79 to 88 pg/d for women (=19 y), thus
providing a reference for setting the current Al recommenda-
tions (Supplemental Table 1) (4). More recently, it was reported
that phylloquinone intakes have declined among Irish adults,
particularly among younger adults (5). Estimated intakes of
phylloquinone among US adults have not been examined since
the analysis of NHANES III so it is not known if these shifts are
unique to Ireland or a more global phenomenon.

Food composition databases are a robust source of dietary
pattern information and nutritional content, and they play an
integral role in diet assessment and recommendation. Over time,
the databases have expanded or updated the nutrient profiles of
combination meals, restaurant foods, and culturally diverse foods.
This provides a better resource to accurately capture an individ-
ual’s dietary pattern and change over time. Advances in metho-
dology have allowed for broader characterization of vitamin K in
the food supply, including many of these mixed dishes. With the
diversification of the food supply and changes in food preparation
techniques, plant-based oils have become a more noticeable food
source of vitamin K (6). Characterizing the contribution of these
additional food sources of vitamin K is critical for developing
dietary recommendations for the US population as a whole but
also for clinical populations, such as individuals receiving vitamin
K antagonist anticoagulant therapy (coumarin-based oral antico-
agulants). The direct drug-nutrient interaction influences drug
efficacy and dosing (7), and changes in dietary vitamin K intake
can result in adverse events, including over-anticoagulation or
severe clotting (8). Individuals initiating or continuing therapy
receive counseling to maintain a diet with consistent vitamin K
intake to ensure anticoagulant stability, demonstrating the impor-
tance of accurately identifying dietary sources of vitamin K.

The purpose of this study was to 1) characterize the usual
intake of phylloquinone consumed in the diet of US adults, 2)
characterize dietary patterns by phylloquinone intake in indi-
viduals with a high vegetable intake (=2 cups or cup equivalents
of vegetables/d) or a low vegetable intake (<2 cups or cup
equivalents of vegetables/d), and 3) identify the contribution of
mixed dishes to phylloquinone intake in the most recently
available data on the current diets of American adults.

Methods

NHANES is a nationally representative, cross-sectional survey that
samples civilian, noninstitutionalized US residents by using a complex,
multistage, probability-cluster design. The survey is conducted by the US
CDC National Center for Health Statistics, who obtain written, informed
consent for all participants and proxies. The survey protocol was approved
by the National Center of Health Statistics research ethics review board.
In this study, demographic, health examination, and dietary survey data
from 2011 to 2012 NHANES were assessed for adults (aged =20 vy;
n = 5560). Individuals without 2 reliable dietary recalls (7 = 1209) and
extreme outliers [records with <400 kcal/d (n = 44) or >6000 pg/d of
phylloquinone (7 = 1)] were excluded. Thus this analysis includes data
for 4306 participants. Pregnant and lactating women were not excluded
from the analysis because the recommendations for phylloquinone
intake are the same for women and individuals in these life stage groups.
NHANES participants were asked to complete an in-person house-
hold interview, during which demographic data (including age, race, sex,
income, and education) were obtained by using the Computer-Assisted
Personal Interviewing system. After the in-home interview, participants
underwent a health examination in the Mobile Examination Center
(MEC) by a trained health technician. Physical examination data
recorded by the trained health technician and utilized in our analyses

include BMI (in kg/m?) only. The first 24-h dietary recall was collected in
the MEC and was conducted in-person via the validated Automated
Multiple-Pass Method, which has been described elsewhere (9, 10). The
second dietary recall occurred 3-10 d after the MEC examination and
was conducted via telephone by using the same methodology.

The phylloquinone content of foods was obtained from the USDA
2011-2012 Food and Nutrition Database for Dietary Studies (FNDDS).
The vitamin K values in the FNDDS are from the USDA National
Nutrient Database for Standard Reference. These values are determined
through routine analysis by the Vitamin K Laboratory at Tufts University
as part of the USDA National Food and Nutrient Analysis Project (11).
Classification of vegetable intake was determined by using the USDA
Food Patterns Equivalents Database 2011-2012, which classifies
reported foods into 37 corresponding food-pattern components and
totals daily intake in cups, ounces, teaspoons, grams, or counts of
specified food patterns. In this study, cups or cup equivalents of total
vegetable intake were used to determine if a participant had a high or low
vegetable intake on any given day. A study participant was classified as
having a high vegetable intake if he or she consumed an average of =2
cups or cup equivalents of vegetables/d and a low vegetable intake if he
or she consumed an average of <2 cups or cup equivalents of vegetables/d.
Two cups of vegetables per day is the lowest amount of recommended daily
vegetable intake in this study’s population (12). Food group classifications
were determined according to the USDA What We Eat in America 15 food
groupings. Alcoholic beverages, water, sugars, and “other” food groups were
combined into one “other” food group category, and baby food and infant
formula were not analyzed because no participants in this study population
consumed these foods. Eleven food groups are reported (Supplemental
Tables 2 and 3). The “mixed dishes” food group was further expanded for
subgroup analysis. Because of the interaction between vitamin K and
coumarin-based anticoagulant therapy stability, inclusion of substantial
amounts of vitamin K in dietary supplements carry a high risk of severe
clinical implications, including over-anticoagulation or severe clotting for
individuals prescribed these medications (13). Thus, availability of vitamin K
supplements is very limited, and because they do not contribute substantially
to vitamin K intakes, supplements were not included in these estimates (14).

NHANES dietary recalls report 2 d of a person’s intake, and therefore
these data represent the participant’s intake on any given day and not the
long-term habitual or usual intake (15). To overcome this limitation, the
National Cancer Institute developed a mixed-effects model and quantile
estimation procedure (16) to predict usual intake from repeated dietary
recalls. The method also produces valid SE estimates for complex survey
data, allows for the incorporation of subgroup effects as covariates, and
uses a Box-Cox parameter for data, which are difficult to transform to
approximate normality (16).

The means and percentages presented in Table 1 reflect an adjust-
ment for within-person variability with the use of the amount-only part
of the National Cancer Institute Method to estimate usual-intake
distributions. Covariates included are weekend compared with weekday,
order of dietary recall, and total calories for nutrient estimation. SEs
were approximated by Fay’s Modified Balanced Repeated Replication
technique by using 16 sets of replicate weights with an initial pertur-
bation factor of 0.7 to calculate the appropriate weights for both the full
and subgroup analyses. All weights remained as integers throughout
the analysis. Replication weights were poststratified to control totals
computed from the initial sample weights.

All statistical analyses were performed by using SAS v 9.4. Sample
weights were used to account for the unequal probabilities of selection,
nonparticipation by selected sample persons, dietary recall nonresponse,
and differential allocation by day of the week for the dietary recall (16).
Means and SEs were estimated for phylloquinone and are presented as
micrograms per day for multiple demographic categories within men and
women separately. Multiple pairwise ¢ tests were used for all compar-
isons between population groups with df dictated by the NHANES
sample design. The percentages and SEs of phylloquinone supplied by
each food group, vegetables, and mixed dishes was compared between
individuals with high or low vegetable intake on any given day by
multiple pairwise ¢ tests with df dictated by the NHANES sample design.
Significance was determined by P < 0.01.
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TABLE 1

Dietary phylloquinone and energy intakes adjusted for day-to-day variability in the diets of US adults (aged =20 y) by age,

BMI, race/ethnicity, income, education level, and vegetable intake, NHANES 2011-2012"

Men

Women

Phylloquinone,

>120 pg Phylloquinone, >90 g

n Energy, kcal/d ra/d phylloquinone/d, % n Energy, kcal/d wrg/d phylloquinone/d, %

All adults 2092 2456 = 339 117 % 10.2 430 2214 1798 = 286 117 + 8.49 62.5
Age, y

20-30 13 2495 = 637* 107 = 8.86° 454 419 1874 = 30.9° 101 = 8.36° 66.1

31-50 703 2695 * 158° 124 * 559° 487 748 1865 * 24.3° 109 + 11.9° 63.4

51-70 681 2304 = 74.2° 117 * 26.67° 386 755 1757 = 725° 136 + 9.30° 618

=71 295 1992 = 46.3° 11 = 11.9% 318 292 1587 % 42.8° 111 = 1210 56.2
BMI, kg/m?

Underweight (<18.5) 54 2348 + 215 876 = 16.9° 472 77 1814 =120 932 = 16.9° 60.3

Normal (18.5-24.9) 593 2501 = 45.7 117 = 24.3*P 428 632 1834 = 402 122 = 12730 63.7

Overweight (25-29.9) 771 2416 * 347 124 1212 422 597 1765 * 3838 123 = 12.2° 61.4

Obese (=30) 674 2472 = 97.2 108 + 3.77° 439 908 1790 *+ 293 110 + 6.04° 625
Race/ethnicity

Non-Hispanic white 831 2494 = 835° 980 =+ 14.9° 436 848 1791 = 54.4%° 853 + 893° 62.4

Non-Hispanic black 514 2479 * 40.2° 115 + 13.7° 422 626 1796 = 345 121 = 10.0*° 64.0

Non-Hispanic Asian 271 2372 = 482" 131 = 13.3° 36.1 267 1849 = 24.7° 122 = 16.6*° 59.3

Mexican American/other Hispanic ~ 407 2219 + 59.8° 158 + 22.17 44.2 417 1678 = 39.0° 140 = 17.8° 615

Other race (multiracial) 69 2398 + 97.8%° 109 + 146° 367 56 1841 = 100° 97.1 £ 13.9° 66.4
Annual household income

Below <$25,000 577 2380 = 575*° 940 =+ 908 Mny 692 1780 % 50.4 101 = 523° 61.8

Above =$25,000 1420 2485 + 57.4° 123 + 10.6° 434 1441 1801 + 284 122 + 12.0° 62.6

Not available 95 2137 = 259° 979 = 43.4° 406 81 1872 =127 124 = 19.4° 64.3
Education level?

Did not complete high school 495 2379 * 845 959 = 12.1° 439 460 1658 + 54.3° 83.4 = 3.60° 58.8

High school graduate 457 2488 = 116 104 = 9.04¢ 44.1 430 1770 = 46.9*° 994 = 8.07°° 61.2

Some college 590 2462 * 39.9 108 = 4.41° 423 729 1803 % 23.1° 114 = 11320 63.0

College graduate 548 2472 + 433 146 = 29.3° 424 594 1869 * 56.4° 145 = 10.8° 64.3
Vegetable intake®

High (=2 cups/d) 625 2805 * 61.3° 195 * 31.8° 50.9 546 2043 * 335° 223 = 1672 69.0

Low (<2 cups/d) 1467 2295 + 361° 808 + 336" 393 1668 1706 + 333° 780 * 347° 60.1

" Values are means * SEs unless otherwise indicated. Means in a column within a group without a common superscript letter are significantly differentasa > b > ¢, P = 0.01.
Multiple pairwise t tests were used for comparisons between population groups with df dictated by the NHANES sample design.

2 Three participants (2 men, 1 woman) did not report education level.

% High vegetable intake defined as =2 cups or cup equivalents/d; low vegetable intake defined as <2 cups or cup equivalents/d. Examples include 1 cup or cup equivalent = 2 cups
raw leafy vegetables or 1 cup chopped, cooked, or raw broccoli, peppers, or carrots. The Food and Nutrition Database for Dietary Studies defines cups and cup equivalents for
various foods, and they are based on food pattern definitions used in the Dietary Guidelines for Americans (17). Because of the variability in foods, the weight in grams varies by
cooking method and food item. For vegetables, 1 cup in grams varies from 70 to 245 g. Thus, we categorized by cup or cup equivalents.

Results

Men and women consumed 2456 and 1798 kcal/d, respectively, and
117 pg phylloquinone/d for both sexes. Overall, usual phylloquinone
intake was consistent among men and women by demographic
category (Table 1). On average, 43% of men and 62.5% of women
were meeting or exceeding the Al of 120 and 90 pg/d, respectively. In
men, the prevalence of phylloquinone intakes >120 wg/d decreased
with age; 45.4% of men aged 20-30 y meet or exceed the Al
compared with 31.8% of men aged =71 y. There was no difference in
Al prevalence by all other demographic categories. Phylloquinone
intake in men ranged from 80.0 to 195 wg/d, representing men who
eat <2 cups or cup equivalents of vegetables/d and men who eat =2
cups or cup equivalents of vegetables/d. A similar relation was
observed in women, in whom phylloquinone intake ranged from 78
to 223 ng/d, with the lowest intake observed in individuals who
consumed <2 cups or cup equivalents of vegetables/d, and highest
among individuals who ate >2 cups or cup equivalents of vegetables/d.

Comparisons of energy and phylloquinone intakes between
vegetable intake groups were significantly different in men and
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women. In men, the mean phylloquinone intake in the high- and
low-vegetable-intake groups was 195 and 80.8 pg/d (P < 0.01),
respectively. In women, the mean phylloquinone intake in the
high- and low-vegetable-intake groups was 223 and 78 pg/d
(P < 0.01), respectively.

To characterize dietary sources of vitamin K, we examined the
distribution of various food groups contributing to phylloquinone
intake by high- and low-vegetable-intake groups (Table 2). For both
vegetable-intake groups, vegetables, followed by mixed dishes,
contributed the most phylloquinone in the diet. In the high-vegetable
group, vegetables and mixed dishes contributed 60.0% and 16.1%
of total phylloquinone, respectively. For the low-vegetable group,
the contributions were 36.1% and 27.7% for vegetables and mixed
dishes, respectively. Fats and oils and snacks and sweets were the
next highest contributors with 5~10% of phylloquinone contribu-
tion in both groups. In the low-vegetable-intake group, protein
foods also contributed 5.4% to total phylloquinone. All other food
groups contributed <5% to total phylloquinone.

Vegetables are considered the predominant source of vitamin
K in the diet and continue to be the greatest contributor to



TABLE 2 Reported food group contributions to dietary phylloquinone in the diets of US adults (aged
=20 y) by high and low vegetable intake, NHANES 2011-2012"

Contribution to total phylloguinone, %

High vegetable intake, =2 cups/d (n = 1117)

Low vegetable intake, <2 cups/d (n = 3133)

Vegetables® 60.0 + 3.0
Mixed dishes 161 =18
Fats and oils 64 + 06
Snacks and sweets? 50+ 06
Beverages (nonalcaholic)? 3414
Protein foods? 27 +02
Grains? 2103
Fruits? 18+02
Condiments and sauces’ 16 =03
Other? 05+02
Milk and dairy? 05 =01

36.1 = 2.0*
217 = 1.5*
80 x06
8.7 = 04
1904
54 + 03%
46 = 0.3*
27 +03
3310
06 =01
09 £ 0.1*

" Values are means = SEs. High vegetable intake defined as =2 cups or cup equivalents/d; low vegetable intake defined as <2 cups or cup
equivalents/d. Examples include 1 cup or cup equivalent = 2 cups raw leafy vegetables or 1 cup chopped, cooked, or raw broccoli, peppers,
or carrots. The Food and Nutrition Database for Dietary Studies defines cups and cup equivalents for various foods, and they are based on
food pattern definitions used in the Dietary Guidelines for Americans (17). Because of the variability in foods, the weight in grams varies by
cooking method and food item. For vegetables, 1 cup in grams varies from 70 to 245 g. Thus, we categorized by cup or cup equivalents.
Unlike the National Cancer Institute—adjusted statistics that represent long-term, usual dietary intake estimates presented in Table 1, the
food intake statistics here are estimates on any given day. The above sample sizes reflect a categorization of the NHANES respondents
based on their daily vegetable intake and describe the sample, not the population. Multiple pairwise t tests were used to compare the
phylloquinone contribution between high- or low-vegetable-intake eaters within each food group. *Different from high vegetable intake,

P < 0.01.
2 See Supplemental Table 2 for food groups.
3 See Supplemental Table 3 for mixed-dish subgroups.

phylloquinone intake in both high- and low-vegetable-intake
groups. We examined the distribution of vegetable groups
contributing to phylloquinone intake (Figure 1). In both the
high- and low-vegetable intake groups, dark-green vegetables
and lettuce were the top foods to contribute to phylloquinone
intake. Unique to the low-vegetable-intake group, the contribu-
tion of white potatoes and string beans to phylloquinone intake
from vegetables was 2 times greater in the low-vegetable-intake
group than in the high-vegetable-intake group (Figure 1A).

Mixed dishes were found to be the second largest food group
contributing to dietary phylloquinone intake; thus, we examined
mixed-dish food subgroups in greater detail that revealed a
unique distribution within the categories by vegetable intake
(Figure 1B). In individuals with a high vegetable intake, soups
accounted for 23.0% of mixed dishes’ phylloquinone contribu-
tion, followed by Asian dishes (such as fried rice with soy-based
sauce mixtures, lo mein or chow mein, egg rolls, dumplings, and
sushi; 21.5%) and meat and poultry (17.9%). In individuals
with a low vegetable intake, grain-based dishes (pasta and rice
dishes, turnovers, and macaroni and cheese) contributed the
highest phylloquinone contribution from mixed dishes (25.3%),
which also had the largest percentage of difference between the
vegetable-intake groups. Sandwiches (burgers, chicken and
turkey sandwiches, egg and breakfast sandwiches, and frank-
furter sandwiches, 9.7%) and pizza (10%) were the next-largest
contributing food groups to phylloquinone from mixed dishes in
individuals with a low vegetable intake.

Discussion

This analysis revealed that the usual intake of phylloquinone
across all demographic categories of Americans is consistent
with the current recommendations, although fewer men achieve
the current Al, particularly in the older age groups, compared
with the original estimates conducted in 1998-1994 (4, 18).

Compared with a recent report from national surveys of Irish
adults (5), we did not observe declines in overall phylloquinone
intakes among younger US adults or in women over the last 15 y.
However, a decline in phylloquinone intake was also reported in
the United Kingdom among British adults in 1986-1987 and
2000-2001. The percentage of adults meeting the recommended
intake and average phylloquinone intake decreased from
1986-1987 to 2000-2001, which was attributed to a decline in
total vegetable intake (19). Vegetables remain the predominant
dietary source of phylloquinone in our analysis, although we did
determine the novel observation that mixed dishes are important
food sources of phylloquinone among US adults. Given that
most of these food sources were not captured in earlier surveys
because of gaps in the nutrient databases at the time, it was
unexpected that the inclusion of more comprehensive phyllo-
quinone data from mixed dishes did not result in an overall net
increase in phylloquinone intakes.

Categorizing individuals by vegetable intake further demon-
strated vegetables are a major dietary source of phylloquinone;
more specifically, dark-green vegetables and lettuce were the top
2 vegetable groups contributing most to phylloquinone intake.
However, in the low-vegetable-intake group, white potatoes
were a main source of phylloquinone intake. The white potato
food group includes baked or boiled white potatoes, French fries
and other fried white potatoes, and mashed potatoes. These
foods are often accompanied by additional calories from oil,
which is likely the source of phylloquinone in these dishes (20).

Our observations have identified mixed dishes as a significant
contributor to dietary phylloquinone. Among those with a low
vegetable intake, grain-based dishes, pizza, and sandwiches were
major sources. Unique to these mixed-dish groups are the
moderate to high contributions to phylloquinone intake without
any apparent phylloquinone-rich vegetables as a main ingredi-
ent, e.g., macaroni and cheese and burgers, further demon-
strating the substantial role of food preparation methods and
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FIGURE 1 Contribution (%) of vegetable (A) and mixed-dish (B)
subgroups to dietary vitamin K intake in the diets of US adults (aged
=20y; high vegetable intake, n = 1117; low vegetable intake, n = 3133)
in NHANES 2011-2012 by food group categories. Data are presented as
means *+ SEs. *Different from high vegetable intake, P < 0.01.
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o

ingredients in mixed dishes in terms of manipulating phylloqui-
none content in foods. Trends in dietary patterns from the 2015-
2020 Dietary Guidelines are similar to our observations in the
low-vegetable-intake group. The Dietary Guidelines for Americans
report states that ~75% of the population is not meeting the
recommended intake for vegetables, and more than half of the
population is meeting or exceeding the total grain and protein-food
recommendations (12). Further demonstrating that although phyl-
loquinone intake has not changed for the majority of US adults, the
distribution of foods contributing to total intake are shifting with
the current eating patterns observed in the United States.

In development of dietary recommendations, bioavailability
of the nutrient is of consideration. Studies have shown the
absorption of the fat-soluble phylloquinone, as measured by
postprandial serum concentration of phylloquinone, is signifi-
cantly higher after intake of phylloquinone-fortified oil or
vegetables with added fat than vegetables alone (21, 22). Jones
et al. (23) showed that the bioavailability of phylloquinone in
meals containing fast food and refined cereals, with lower-than-
average intakes of fruits, vegetables, and whole grains, have more
than twice the bioavailability than meal patterns with higher-
than-average intakes of fruits, vegetables, whole grains, fish,
and dairy. Collectively these studies suggest that the phyllo-
quinone obtained from a meal with phylloquinone-rich oil may
have greater bioavailability than phylloquinone obtained from
fruits and vegetables.
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Surprisingly, among those with a low vegetable intake, foods
that may be classified as “fast foods” or “convenience meals,”
such as burgers, pizza, frankfurter sandwiches, and macaroni
and cheese, were major sources of phylloquinone, likely because
of the addition of phylloquinone-rich oils, such as soybean and
canola, used during food preparation. This challenges the
assumption that phylloquinone intakes are markers of a healthy
diet (24). Characterizing dietary patterns of phylloquinone in-
take and identifying uncommon food sources of vitamin K is
important when setting recommendations for special popula-
tions, particularly individuals receiving vitamin K antagonist
anticoagulants.

Current recommendations state that patients receiving
vitamin K antagonist anticoagulation treatment should main-
tain a consistent intake of phylloquinone (25). In practice, this
often translates to avoidance of phylloquinone-rich vegetables
(26-28). Studies have shown that this results in a 35-46% lower
mean intake of vitamin K as a result of a lower green-vegetable
intake (26). The contribution of alternative sources of phyllo-
quinone in this population is not well characterized although
dietary stability is critical to maintaining therapeutic control.
The characterization of phylloquinone in mixed dishes, the
continued use of phylloquinone-rich plant oils in food prepara-
tion, and the possible increased bioavailability of phylloquinone
from these sources warrants reevaluation of current dietary
recommendations and for individuals receiving vitamin K antag-
onist anticoagulants.

Strengths of this study include the use of a large, nationally
representative cohort of adults and examination of both nutrient
and food-level contributions of vitamin K to the diet. Moreover,
we estimated usual intakes that account for measurement error,
day-to-day variability, and within-subject variability (as random
error) in dietary assessment to the extent possible. This study has
some limitations. Dietary data are limited by the accuracy and
currency of the databases used to estimate nutrient intakes from
food. As noted, phylloquinone is the most abundant form of
vitamin K in the diet, but complete analysis of vitamin K intake
was limited because menaquinones are not quantified in the
FNDDS database. Some animal products are moderate sources
of vitamin K from menaquinones content alone and will need to
be considered when examining total vitamin K intake in future
analyses (29). In addition, some foods with a high vitamin K
content may be episodically consumed and not captured in the
2 d of dietary recall. This study obtained food intake data via
24-h recall, which has inherit errors in underreporting. How-
ever, the Automated Multiple-Pass Method has been validated
for energy (total calories) and documented elsewhere (10, 30).
As previously stated, dietary supplements were not examined as
part of this analysis.

This study demonstrates that as the US diet continues to
evolve and technological advances in food analysis continue, it is
important to reevaluate dietary sources of nutrients and
corresponding changes in nutrient intakes. Green vegetables
remain the predominant and rich source of dietary vitamin K,
but the contribution of mixed dishes and convenience foods also
has an important role with respect to dietary vitamin K, which
may have led to previous underestimates in dietary vitamin K
intakes in dietary surveys. The data presented here reinforce the
value of continuing to update and improve data in our food
composition databases to better capture vitamin K intake and
provide the necessary information for individuals to achieve a
more consistent dietary vitamin K intake pattern. This also
has important clinical practice implications for dietitians and
other health care providers who counsel patients initiating



or continuing vitamin K antagonist anticoagulant therapy
to consume a diet with a consistent vitamin K intake. Future
expansion of food composition databases must consider how
mixed dishes are compiled and defined to better understand
differences in current standardized mixed dishes compared
with entering individual recipes. Within mixed dishes, oil is an
extremely variable ingredient and can be difficult to capture;
therefore, the effect on vitamin K content may be altered
substantially, demonstrating the need for a more comprehensive
analysis of mixed dishes. Additional research is required to
quantify all vitamin K forms, including menaquinones in the US
food supply, and to determine the bioavailability of multiple
vitamin K forms in conjunction with varied meal composition,
providing insight into dietary requirements and the physiolog-
ical function of vitamin K.
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