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ABSTRACT
Background: Vitamin K has been suggested to have a role in bone
metabolism, and low vitamin K intake has been related to low bone
density and increased risk of osteoporotic fracture.
Objective: The objective of this study was to determine whether
phylloquinone (vitamin K1) intake and biochemical indicators of
vitamin K status are related to bone mineral content (BMC) and
markers of bone formation and bone resorption in girls.
Design: Vitamin K status [plasma phylloquinone concentration and
percentage of undercarboxylated osteocalcin (%ucOC)] was mea-
sured at baseline in a study of 245 healthy girls aged 3–16 y. Cross-
linked N-telopeptide of type 1 collagen (NTx) breakdown, osteocalcin,
and bone-specific alkaline phosphatase were measured to reflect bone
resorption and formation. BMC of the total body, lumbar spine, and hip
and dietary phylloquinone intake were measured annually for 4 y.
Results: Phylloquinone intake (median: 45 �g/d) was not consis-
tently associated with bone turnover markers or BMC. Better vita-
min K status (high plasma phylloquinone and low %ucOC) was
associated with lower bone resorption and formation. Plasma phyl-
loquinone was inversely associated with NTx and osteocalcin con-
centrations (P � 0.05), and %ucOC was positively associated with
NTx and bone-specific alkaline phosphatase concentrations (P �
0.05). Indicators of vitamin K status were not consistently associated
with current BMC or gain in BMC over the 4-y study period.
Conclusions: Better vitamin K status was associated with decreased
bone turnover in healthy girls consuming a typical US diet. Ran-
domized phylloquinone supplementation trials are needed to further
understand the potential benefits of phylloquinone on bone acqui-
sition in growing children. Am J Clin Nutr 2004;80:1075–80.
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INTRODUCTION

Vitamin K has been suggested to have a role in bone metab-
olism, and inadequate vitamin K intake has been hypothesized to
increase the risk of osteoporotic fracture (1). Vitamin K is found
naturally in 2 forms, both of which have vitamin K activity.
Vitamin K1 (phylloquinone) is the primary dietary source of
vitamin K and is found in high concentrations in leafy, green
vegetables and in some plant oils. Vitamin K2 (menaquinone)
comprises a family of naphthoquinones with differing numbers
of isoprenoid residues and is synthesized by bacteria. Compre-
hensive information on food sources of vitamin K2 is not avail-
able, but it is found in animal meats, dairy products, and fer-
mented foods. The current recommended adequate intakes for

vitamin K are 55–75 �g/d for children 4–18 y of age and 90–
120 �g/d for adults (2).

Vitamin K is a cofactor for the vitamin K–dependent carbox-
ylase that facilitates the posttranslational carboxylation of glu-
tamyl residues in select proteins. Three vitamin K–dependent
proteins, osteocalcin, matrix Gla protein, and protein S, are found
in bone; osteocalcin is the most abundant (1). The amount of
osteocalcin that is undercarboxylated is thought to be a sensitive
indicator of vitamin K status. In adults, serum concentrations of
undercarboxylated osteocalcin (ucOC) decrease rapidly in re-
sponse to supplementation with 80 �g to 1 mg phylloquinone/d
and 45 mg menaquinone/d (3–8).

The exact role of vitamin K in bone is unclear. Osteocalcin is
made by osteoblasts, and fully carboxylated osteocalcin binds
the calcium ion of the hydroxyapatite molecule (1). It has been
hypothesized that vitamin K is needed for bone mineralization (1,
9). Vitamin K also has been shown to increase osteoblastogenesis
and decrease osteoclastogenesis, thereby increasing bone forma-
tion and decreasing bone resorption (10).

Results of studies on vitamin K and bone in adults are con-
flicting. Some (11–15) but not all (15) studies showed a relation
between phylloquinone intake or ucOC and bone density or risk
of osteoporotic fracture. A few studies showed an increase in
bone density with phylloquinone and menatetrenone supplemen-
tation (8, 16–20). Most supplementation studies used pharma-
cologic doses (ie, 45 mg/d) of menatetranone, and the signifi-
cance of these findings for intakes that could be achieved through
dietary sources is unclear.

Little is known about vitamin K status and bone metabolism in
children. Gaining an understanding of the role of vitamin K in
bone metabolism in children is important, because finding new
strategies to maximize the accretion of bone during growth may
help reduce the risk of osteoporosis many decades later. We
aimed to address the following research questions. Is greater
dietary phylloquinone intake, or better vitamin K status, associ-
ated with higher bone formation and lower bone resorption in
girls? Is greater phylloquinone intake, or better vitamin K status,
associated with higher bone mass in girls?

1 From the Children’s Hospital Medical Center, Cincinnati (HJK, JCK,
and JB), and DSM Nutritional Products, Inc, Parsippany, NJ (JGE).

2 Supported by the Cincinnati Children’s Hospital Medical Center and
DSM Nutritional Products, Inc.

3 Reprints not available. Address correspondence to HJ Kalkwarf, Division of
General and Community Pediatrics, Children’s Hospital Medical Center, MLC-
7035, Cincinnati, OH 45229-3039. E-mail: heidi.kalkwarf@cchmc.org.

Received December 18, 2003.
Accepted for publication April 13, 2004.

1075Am J Clin Nutr 2004;80:1075–80. Printed in USA. © 2004 American Society for Clinical Nutrition

 by on A
pril 26, 2008 

w
w

w
.ajcn.org

D
ow

nloaded from
 

http://www.ajcn.org


SUBJECTS AND METHODS

We used data from a longitudinal study of normal bone mass
accretion during childhood and adolescence that included 245
girls aged 3.0–16.0 y (x�: 9.8 y). The racial composition of the
group was as follows: 238 whites, 4 blacks, and 3 girls of mixed
race. The girls were recruited from a variety of sources: adver-
tisements placed around the medical center, presentations to
medical center auxiliary groups, and lists of past study partici-
pants. Eligibility criteria included no chronic health conditions or
chronic use of medications. Blood samples were obtained only at
baseline, whereas we had longitudinal data on dietary phylloqui-
none intake and bone mass. The study protocol was approved by
the Institutional Review Board at Cincinnati Children’s Hospital
Medical Center, and written informed consent was obtained from
study subjects and their parents.

Four annual measurements of bone mineral content (BMC)
and bone mineral density were obtained by using dual-energy
X-ray absorptiometry (QDR 2000; Hologic, Waltham, MA) at
study months 0, 12, 24, and 36 mo. Dual-energy X-ray absorp-
tiometry scans were acquired of the total body and left hip in
pencil beam mode. Data for the lumbar spine were determined
from the regional analysis of the total body scan. The total body
scans were analyzed with the enhanced total body software ver-
sion V5.73, and the hip scans were analyzed with software ver-
sion V4.76 according to the manufacturer’s guidelines. Only the
total hip region was used for analyses as recommended by
McKay et al (21), because appropriate definition of hip subre-
gions during growth is confounded by changes in hip geometry.

Height, weight, and physical maturation were measured an-
nually at the time of the bone mass measurements. Height was
measured with a wall-mounted stadiometer, and weight was
measured with an electronic balance. Height and weight were
measured in duplicate, and the average value was used. A single
trained person assessed physical maturation according to Tanner
Stage criteria for breast and pubic hair development.

With help from their parents, the subjects kept 3-d food records
at each annual visit and midway between both the first and second
study visits and the third and fourth study visits (ie, at study
months 0, 6, 12, 18, 24, and 36). Completed food records were
reviewed by trained personnel, and the nutrient content was de-
termined with the use of the NUTRIENT DATA SYSTEM
(NDS, version 2.91, food database 12A, nutrient database 27;
University of Minnesota, Minneapolis). Phylloquinone intake
was determined from the NDS supplemental database version
2.93. The NDS has been shown to provide accurate estimates of
dietary phylloquinone content relative to direct laboratory anal-
yses (22). Information on nutrient intake from supplements was
obtained from the NDS and from nutrition labels. Nutrient in-
takes from the 0- and 36-mo food records were related to bone
measurements made at study months 0 and 36, respectively.
Nutrient intakes from the 6- and 12-mo food records were aver-
aged and related to bone measurements at study month 12, and
nutrient intakes from the 18- and 24-mo food records were av-
eraged and related to bone measurements at study month 24.

Physical activity was assessed annually with the use of the Past
Year Leisure Time Physical Activity Questionnaire, which was
designed and validated for measurement of leisure-time physical
activity in adolescents (23). We modified the questionnaire by
adding activities common among younger children (eg, jumping
rope, swim lessons, snow skiing, and playing on playground

equipment). Using the questionnaire, the subjects and their par-
ents were first asked to identify from a list of 32 activities those
performed �10 times in the past year. Space was provided to
write in other leisure-time activities that were not on the list but
were frequently performed. Information on frequency and dura-
tion in the past year was obtained for all activities performed �10
times. For each of the selected activities, the subjects and their
parents were asked to mark the months in the past year in which
each activity was performed, the average frequency per week,
and the approximate duration per episode. The subjects were
encouraged to make 2 separate entries for those activities that
were performed both on their own and as part of a team, eg,
jogging or running compared with track. Activities were coded as
bone loading (involved standing or walking), impact loading
(involved jumping or running), or strengthening (eg, swimming
androwing).Physicalactivitywasquantifiedas thenumberofhours
per week spent on all activities and as the number of hours per week
spent on each of the 3 categories mentioned above. The number of
hours of activity was calculated as the average number of hours per
week for each activity [(number of months in period � frequen-
cy/wk � 4.33 wk/mo � minutes/episode)/60 min/h]. To obtain the
total number of activity hours, this was then summed across activ-
ities. This was done for each of the 3 categories.

Nonfasting blood samples were obtained at baseline from 222
of the 245 girls; blood samples were not obtained at the annual
follow-up visits. The blood samples were processed within 30
min of collection, and aliquots of serum and plasma were kept
frozen at �70 °C until analyzed. Three biochemical markers of
bone turnover were measured in serum samples: bone-specific
alkaline phosphatase (BSAP), osteocalcin, and cross-linked
N-telopeptide of type 1 collagen (NTx) breakdown. BSAP and
osteocalcin are proteins secreted by osteoblasts and are thought
to reflect bone formation. BSAP was measured by using an
enzyme immunoassay (Quidel/MetraBiosystems, San Diego).
Osteocalcin was determined by using an immunoradiometric
assay (ELSA-OSTEO kit; CIS-US, Bedford, MA). NTx, which
is a marker of bone resorption, was measured by using a
competitive-inhibition enzyme-linked immunosorbent assay
(Osteomark sNTx kit; Ostex International Inc, Seattle).

We measured 2 biochemical indicators of vitamin K status:
plasma concentrations of phylloquinone and serum concentra-
tions of ucOC. Plasma phylloquinone concentrations were mea-
sured by using HPLC with fluorescence detection (24). Serum
ucOC concentrations were determined by using a modification of
the hydroxyapatite binding assay (5). Samples were treated with
hydroxyapatite to bind the fully carboxylated osteocalcin, and
the supernatant fluid was assayed for the remaining undercar-
boxylated osteocalcin as described above. The percentage of
ucOC (%ucOC) was calculated as the ratio of unadsorbed to total
osteocalcin. All laboratory measurements were performed in the
laboratory of John Suttie at the University of Wisconsin-
Madison.

The distributions of dietary phylloquinone intake, %ucOC,
and concentrations of plasma phylloquinone and the bone turn-
over markers (BSAP, osteocalcin, and NTx) were skewed up-
wards, so transformed variables were used for all statistical anal-
yses. Multiple regression was used to assess 4 associations. The
first association was that between dietary phylloquinone intake
and biochemical indicators of vitamin K status (plasma phyllo-
quinone and %ucOC). Energy intake was included as a covariate

1076 KALKWARF ET AL

 by on A
pril 26, 2008 

w
w

w
.ajcn.org

D
ow

nloaded from
 

http://www.ajcn.org


in these regression models to provide a measure of nutrient den-
sity. The second association was that between dietary phylloqui-
none intake and indicators of vitamin K status (plasma phyllo-
quinone and %ucOC) and biochemical indicators of bone
turnover (BSAP, osteocalcin, and NTx). Covariates that were
considered in these models included age, Tanner stage, height,
weight, dietary calcium intake, and physical activity because
these factors could theoretically affect concentrations of bone
turnover markers. Quadratic and cubic terms for age were in-
cluded to better model the complex changes in bone turnover
markers with age. Energy intake also was included in models
with phylloquinone intake. Covariates were kept in the regres-
sion models for a given bone marker if they were significantly
associated (P � 0.05) with that bone marker for either of the
vitamin K status measures (ie, plasma phylloquinone and
%ucOC). The third association was that between biochemical
indicators of vitamin K status and BMC. Because of the known
size-related effects on estimates of bone density by dual-energy
X-ray absorptiometry, particularly in children (25), we chose to
use BMC as the outcome variable and statistically adjust for bone
area, by using the natural logarithm of both, as recommended by
Prentice et al (26). Four BMC outcomes were considered: total
hip, lumbar spine, total body, and total body minus the head. The
latter was included because the proportion of the total body BMC
accounted for by the head differs with age, and better predictive
models can be obtained when the head is excluded (27). Potential
covariates considered in the regression models of BMC included
bone area, age, Tanner stage, weight, lean mass, fat mass, cal-
cium intake, and physical activity. For all BMC analyses, regres-
sion models were first run with all relevant covariates, and then
a reduced model that included only those variables that were
associated with the BMC outcome at P � 0.05 was fitted. Be-
cause of the strong collinearity between weight and lean mass,
only the variable with the strongest association with the outcome
of interest in bivariate analyses was considered in developing
regression models for that outcome. The fourth association was
that between biochemical indicators of vitamin K status at base-
line and change in the BMC of the total hip, lumbar spine, total
body, and total body minus the head over the 4-y study. Potential
covariates considered in the regression models included changes
in bone area, lean mass, fat mass, height and Tanner stage, and the
average (baseline and final) calcium intake and physical activity
level. Baseline Tanner stage and age were also included to ac-
count for the complex changes in BMC that occurred over the 4-y
period in the girls aged between 3 and 16 y at baseline.

Lastly, we performed longitudinal analyses to examine the
relation between dietary phylloquinone intake and BMC. These
analyses were performed by using mixed-effects regression
models in which the subject was included as a random effect and
all other variables were included as fixed effects. Variables con-
sidered as covariates in these analyses were bone area, age, Tan-
ner stage, height, weight, lean mass, dietary calcium intake, and
physical activity. Statistical analyses were performed with the
use of JMP version 3 (SAS Institute Inc, Cary, NC) and SAS
version 8.2 (SAS Institute Inc).

RESULTS

Descriptive characteristics of the study subjects, baseline mea-
surements, and values for biochemical measures of vitamin K
status and for bone turnover markers are given in Table 1. The

median dietary phylloquinone intake in this study sample was 45
�g/d. The %ucOC and all of the bone turnover markers varied
considerably as a function of age and maturation. Therefore, we
adjusted for these effects in the analyses involving bone markers.

We examined the relation between phylloquinone intake es-
timated from the 3-d food records and biochemical indicators of
vitamin K status. Phylloquinone intake was not associated with
plasma phylloquinone concentrations (R2 � 0.01, P � 0.11),
even when adjusted for energy intake (P � 0.70). There was a
weak but significant positive association between dietary phyl-
loquinone intake and %ucOC (R2 � 0.02, P � 0.04), but this
relation disappeared once we adjusted for energy intake and age
(P � 0.15). There was no association between serum %ucOC and
plasma phylloquinone concentrations (R2 � 0.0007, P � 0.69).

Dietary phylloquinone intake estimated from the 3-d food
records was not associated with any of the markers of bone
turnover, regardless of adjustment for age, Tanner stage, weight,
height, physical activity, dietary calcium intake, or energy in-
take. The partial R2 for vitamin K1 was �0.01, and all P values
were �0.20.

Biochemical measures of vitamin K status were significantly
associated with bone turnover markers (Table 2); however, the
total amount of variance in bone markers explained by measures
of vitamin K status was small, ie, �3%. There was a significant
inverse association between plasma phylloquinone and NTx
concentrations when adjusted for age (cubic polynomial), Tan-
ner stage, height, and weight. An increase in plasma phylloqui-
none concentration from the 10th percentile of the sample dis-
tribution (0.25 �g/mL) to the 90th percentile of the sample
distribution (1.42 �g/mL) was associated with a 21.9% decrease

TABLE 1
Subject characteristics at baseline and values for biochemical measures of
vitamin K status and for bone turnover markers1

Median Range

Age (y) 9.8 3.0–16.0
Weight (kg) 32.0 11.5–95.2
Height (cm) 137.6 85.8–173.6
Tanner stage (%)2

1 49 —
2 14 —
3 12 —
4 11 —
5 13 —

Leisure-time physical activity (h/wk)
Bone loading 1.0 0–10.6
Impact loading 1.4 0–20.7

Dietary phylloquinone intake (�g/d) 45 6–275
Energy intake (kcal/d) 1819 608–3635
Calcium intake (mg/d) 896 232–2166
Plasma phylloquinone (�g/mL) 0.67 0.02–2.81
Undercarboxylated osteocalcin (%) 13.6 5.8–27.3
Bone-specific alkaline phosphatase (U/L) 112 21–385
Osteocalcin (ng/mL) 97 11–230
NTx (nmol BCE/L) 80 6–215

1 n � 245 except for the laboratory measurements [ie, plasma phyllo-
quinone, undercarboxylated osteocalcin, bone-specific alkaline phospha-
tase, osteocalcin, and cross-linked N-telopeptide of type 1 collagen (NTx)],
for which n � 222.

2 The higher of breast stage and pubic hair stage.
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in serum NTx concentrations. In accordance, %ucOC was pos-
itively associated with serum NTx concentrations when adjusted
for covariates (P � 0.03). An increase in %ucOC from the 10th
percentile (9.0%) to the 90th percentile (20.6%) was associated
with a 21.7% increase in NTx concentrations.

BSAP was not associated with plasma phylloquinone concen-
trations with or without adjustment for covariates (P � 0.19).
However, BSAP was positively associated with %ucOC, and this
relation remained significant (P � 0.004) when adjusted for age,
maturation, weight, and height. An increase in %ucOC from the
10th to the 90th percentile was associated with a 22.0% increase
in BSAP.

Osteocalcin was inversely associated with plasma phylloqui-
none concentrations when adjusted for covariates (P � 0.04). An
increase in plasma phylloquinone concentration from the 10th to
the 90th percentile was associated with a 9.8% decrease in os-
teocalcin concentrations. Regression models were not run be-
tween osteocalcin and %ucOC because of the numerical inter-
dependence of the 2.

Indicators of vitamin K status were inconsistently associated
with BMC and 4-y changes in BMC. Plasma phylloquinone and
%ucOC were not associated with BMC of the total body, the total
body minus the head, or the hip when adjusted for age, bone area,
lean mass, pubertal maturation, physical activity, or dietary cal-
cium intake (P � 0.05). In contrast with our hypotheses, lumbar
spine BMC was inversely associated with plasma phylloquinone
concentrations (P � 0.03) but was not associated with %ucOC
(P � 0.6). An increase in plasma phylloquinone concentration
from the 10th to the 90th percentile was associated with a 5.0%
reduction in spine BMC when adjusted for bone area and other
covariates.

Plasma phylloquinone concentrations were not associated
with 4-y changes in BMC of the spine and hip but were positively
associated with changes in BMC of the total body (P � 0.056)
and of the total body minus the head (P � 0.03) when adjusted for
covariates. An increase in plasma phylloquinone concentration
from the 10th percentile to the 90th percentile was associated
with a 5.0% greater 4-y gain in total body BMC and in BMC of
the total body minus the head. Serum %ucOC was not associated
with 4-y changes in BMC of the hip, total body, or total body
minus the head. In contrast with our hypotheses, %ucOC was
positively associated with 4-y changes in lumbar spine BMC
(P � 0.001), and an increase in %ucOC from the 10th to the 90th
percentile was associated with a 19.0% greater 4-y gain in lumbar
spine BMC.

Dietary phylloquinone intake estimated from the food records
was not associated with BMC of the total body, the total body
minus the head, or the lumbar spine in the longitudinal analyses
in which mixed-effects regression models were used. However,
dietary phylloquinone intake was inversely associated with
BMC of the hip (P � 0.01). An increase in dietary phylloquinone
intake from the 10th percentile of the sample distribution (21
�g/d) to the 90th percentile of the sample distribution (89 �g/d)
was associated with a 1.0% decrease in total hip BMC.

DISCUSSION

Maximizing accretion of bone mass during growth is increas-
ingly being recognized as an important strategy for minimizing
the consequences of age-related bone loss and decreasing osteo-
porotic fracture risk in the elder years. Dietary approaches to
maximizing accretion of bone mass are attractive because of the
potentially widespread applicability to both healthy and chron-
ically ill children. Although calcium intake has been shown to
affect accretion of bone mass (28–31), little information on the
relation between the intake of other nutrients and bone mass in
children is available. Vitamin K intake has been related to bone
turnover (7, 11, 32–34), bone density (4, 13, 16, 35), and risk of
hip fracture (11–15) in adults. To our knowledge, no published
studies have examined the relation between dietary vitamin K
intake and bone in healthy children. We found that better vitamin
K status, as reflected by biochemical indicators, was associated
with lower concentrations of biochemical markers of bone for-
mation and bone resorption. The phylloquinone intake of our
study subjects was intermediate between the intakes reported in
the Total Diet Study and in the third National Health and Nutri-
tion Examination Survey (NHANES III) for girls of similar age
(2, 36), which makes our findings relevant to children consuming
typical US diets. However, we did not find a consistent associ-
ation between biochemical indicators of vitamin K status or
dietary phylloquinone intake and bone mass in cross-sectional or
longitudinal analyses.

We did not find an association between phylloquinone intake
estimated from the 3-d food records and plasma phylloquinone
concentrations or %ucOC. There are several potential reasons for
this. Plasma phylloquinone concentrations change acutely in re-
sponse to intake, and phylloquinone is cleared within 1–3 d after
ingestion (3, 37, 38). In addition, day-to-day variability in phyl-
loquinone intake is large (39). Some (40, 41) but not all studies
(37) have shown that the bioavailability of phylloquinone from
vegetable sources also varies with the fat composition of the diet.
Dietary intake of dihydrophylloquinone, the hydrogenated form

TABLE 2
Associations between biochemical markers of bone turnover and
indicators of vitamin K status1

Bone turnover marker

Indicator of vitamin K status

Plasma phylloquinone %ucOC2

NTx
� (SE) �1.5492 (0.5771) 0.6841 (0.3073)
P 0.007 0.03
Partial R2 0.022 0.015

BSAP
� (SE) 0.7114 (0.5366) 0.8113 (0.2798)
P 0.19 0.004
Partial R2 0.006 0.026

Osteocalcin
� (SE) �0.7428 (0.3625) —
P 0.04 —
Partial R2 0.012 —

1 The indicator of vitamin K status was the independent variable, and the
bone turnover marker was the dependent variable. The regression coeffi-
cients were generated from transformed data. The square root transformation
was used for all bone markers and indicators of vitamin K status. Direct
interpretation of the coefficients requires back transformation to original
units. All regression models included age (cubic polynomial), Tanner stage,
height, and weight. %ucOC, percentage of undercarboxylated osteocalcin;
NTx, cross-linked N-telopeptide of type 1 collagen; BSAP, bone-specific
alkaline phosphatase.

2 The regression model between %ucOC and osteocalcin was not run
because of the numerical interdependence of the 2.
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of phylloquinone, was not measured, and dihydrophylloquinone
has been reported to constitute 30% of total phylloquinone intake
in children (36). Although dihydrophylloquinone affects carbox-
ylation of hepatic proteins, it has not been shown to affect car-
boxylation of osteocalcin or concentrations of bone turnover
markers (7). Other studies that examined the relation between
phylloquinone intake and plasma phylloquinone found either a
weak association (39, 42, 43) or no association (44) between the
2. We also did not measure menaquinone intake, because com-
prehensive information on dietary sources of menaquinones is
not available. However, milk, cheese, and meat contain mena-
quinones, and our study subjects commonly consumed these
foods. In theory, menaquinone intake might have affected
%ucOC. Food records used to estimate the nutrient intake of
children may also be subject to error because parents do not
observe all of their child’s eating occasions, and children have
differing abilities to recall foods and amounts eaten. Thus, it is
possible that phylloquinone intake estimated from a 3-d food
record may not be adequate to reflect vitamin K nutriture, par-
ticularly in children.

Because of the lack of association between dietary phylloqui-
none intake and indicators of vitamin K status, it was not sur-
prising that we did not find an association between dietary phyl-
loquinone intake and bone turnover markers or any consistent
findings between phylloquinone intake and bone mass. Phyllo-
quinone intake was not associated with total body or lumbar
spine bone mass but was inversely associated with hip bone mass
in longitudinal analyses. The mechanism for this relation is un-
clear because the purported roles of phylloquinone involve fa-
cilitating bone mineralization, increasing osteoblastogenesis,
and decreasing osteoclastogenesis, all of which should result in
a greater bone mass with higher phylloquinone intake (10). Thus,
whether this inverse association was a biological phenomenon or
a spurious finding is unknown. In our analyses, we statistically
adjusted for factors that have consistently been shown to affect
bone mass in children, but it is possible that there were other
important factors that covaried with phylloquinone intake but
that we did not measure.

We found that better vitamin K status was associated with
lower bone turnover as concentrations of both markers of bone
resorption and markers of bone formation decreased. Plasma
phylloquinone was inversely associated with NTx and osteocal-
cin concentrations, and %ucOC was positively associated with
NTx and BSAP concentrations. Although some studies in adults
found that provision of supplemental phylloquinone reduces bio-
chemical markers of bone resorption (7, 32, 33), other studies
found no effect of phylloquinone supplementation on bone re-
sorption markers (5, 6, 16). Inconsistent effects of phylloquinone
supplemention on bone formation markers have also been re-
ported. Osteocalcin concentrations have been reported to de-
crease (5, 7) or increase (6, 32, 33), and alkaline phosphatase
concentrations have been reported to increase (33) or not change
(5–7, 16). Bone formation and bone resorption are coupled pro-
cesses. With the use of biochemical markers alone, it is unknown
whether vitamin K status initially affects bone formation or bone
resorption, which in turn results in comparable changes in the
other, especially in children. In addition, BSAP concentrations,
%ucOC, and total osteocalcin concentrations had complex and
slightly different relations with age and pubertal maturation,

which makes the interpretation of these markers in a cross-
sectional study of children difficult. Despite our extensive sta-
tistical modeling efforts, we may not have fully accounted for
these relations in our analyses. Whether vitamin K status im-
proved in parallel with overall nutritional status, such that the
association between vitamin K status and bone turnover was just
a reflection of better nutritional status overall, is also unknown.

Although we found relations between biochemical indicators
of vitamin K status and markers of bone formation and bone
resorption, we did not find consistent associations between bio-
chemical indicators of vitamin K status and bone mass. One
possibility is that the biochemical measures of vitamin K status
reflect relatively acute effects of the vitamin on bone turnover,
and longer-term effects of vitamin K are needed to result in
measurable positive effects on bone mass. Alternately, larger
intakes of phylloquinone may be needed to significantly affect
bone mass acquisition. The dietary phylloquinone intakes of our
study subjects were similar to those of children in the US. The
current recommended adequate intake of 55–75 �g/d for this age
range was based on intakes of healthy children from NHANES
III because little is known about the relation between phylloqui-
none intake and indicators of vitamin K status in children (2). The
true requirement for phylloquinone may be higher than the cur-
rent recommendation. Support for this comes from the fact that
osteocalcin was not fully carboxylated in our study subjects;
thus, the biochemical need for vitamin K was not met. A supple-
mentation trial in postmenopausal women who were randomly
assigned to receive 1 mg phylloquinone/d for 3 y showed a
positive effect on bone density (16). Randomized trials using
large doses of a menaquinone (ie, 45 mg MK-4/d) that are �500
times the recommended intake for adults (ie, 90–120 �g/d) also
showed positive effects on bone density (8, 17–20). Whether
phylloquinone and pharmacologic amounts of menaquinones
operate through similar mechanisms to affect bone is unknown.
Lastly, we did not have measures of vitamin D status in our study
subjects. Vitamin D has important effects on bone, and studies
have found that vitamin D, in addition to phylloquinone, may be
required for carboxylation of osteocalcin (4, 6).

Our findings of a relation between biochemical indicators of
vitamin K status and bone turnover are the first to be reported in
healthy children. The results of this study are limited, however,
by the observational nature of our data. Because of the limitations
inherent in observational studies, well-designed, randomized
phylloquinone supplementation trials in children are needed to
confirm our findings and help elucidate the role of phylloquinone
in bone formation, bone resorption, and bone mass accretion in
growing children.
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