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Intake and sources of phylloquinone (vitamin K1) were examined according to socio-demo-
graphic and lifestyle factors in free-living British people aged 65 years and over, from the
1994–5 National Diet and Nutrition Survey. Complete 4-d weighed dietary records were
obtained from 1152 participants living in private households. Using newly-available, mainly
UK-specific food content data, the weighted geometric mean intake of phylloquinone was esti-
mated at 65 (95 % CI 62, 67) mg/d for all participants, with higher intakes in men than in
women (70 v. 61mg/d respectively, P,0·01). The mean nutrient densities of phylloquinone
intake were 9·3 and 10·5mg/MJ for men and women respectively (P,0·01), after adjusting
for age group, region and smoking status. Of all the participants, 59 % had phylloquinone
intakes below the current guideline for adequacy of 1mg/kg body weight per d. Participants
aged 85 years and over, formerly in manual occupations, or living in Scotland or in northern
England reported lower phylloquinone intakes than their comparative groups. Overall, vege-
tables contributed 60 % of total phylloquinone intake, with cooked green vegetables providing
around 28 % of the total. Dietary supplements contributed less than 0·5 % of phylloquinone
intake. Participants living in northern England or in Scotland, in particular, derived less phyl-
loquinone from vegetables than those living in southern England.

Vitamin K intake: Food sources: Elderly

Vitamin K was originally described for its role in blood
clotting, but it may also be important for maintaining
bone (Szulc et al. 1993, 1996; Binkley & Suttie, 1995;
Shearer, 1997) and cardiovascular health (Luo et al.
1997; Shearer, 2000; Schurgers et al. 2001). Both are rele-
vant to elderly people, with postmenopausal women and
older men vulnerable to deteriorating health in these
areas. Vitamin K is present mainly as phylloquinone (vita-
min K1) in both the diet and in blood.

Dietary vitamin K requirements for health cannot be set
without detailed assessment of usual population intakes in
relation to measurable health outcomes (Shearer & Bolton-
Smith, 2000). Currently, no recommended intakes exist for
vitamin K in the UK, only a guideline of 1mg/kg body
weight per d (Department of Health, 1991) that is based
on the estimated average daily requirement for its role in
blood clotting. Estimates of phylloquinone intake are
scarce and only relatively recent, in the USA (Booth et al.
1995, 1996; Institute of Medicine, 2001), Scotland (Price
et al. 1996; Bolton-Smith et al. 2000b) and the Netherlands

(Schurgers et al. 1999). Previous attempts have been ham-
pered by a lack of reliable phylloquinone content data for a
comprehensive range of foods.

The present study uses newly-available food content
data (Bolton-Smith et al. 2000a) to estimate the intake
and sources of phylloquinone in free-living British people
aged 65 years and over, to assess variation in intake
according to several socio-demographic and lifestyle fac-
tors, and to characterise those with potentially inadequate
phylloquinone intakes.

Subjects and methods

The current analyses use data from a nationally-representa-
tive sample of older adults, living in mainland Britain, who
participated in the 1994–5 National Diet and Nutrition
Survey of people aged 65 years and over. Full details
and methods are provided in the survey report (Finch
et al. 1998), and so only a brief account is given here,
together with details of procedures used for data analysis.

* Corresponding author: Mr C. W. Thane, fax +44 1223 437515, email Chris.Thane@mrc-hnr.cam.ac.uk

British Journal of Nutrition (2002), 87, 605–613 DOI: 10.1079/BJN2002583
q The Authors 2002

https://doi.org/10.1079/BJN
2002583  Published online by Cam

bridge U
niversity Press

https://doi.org/10.1079/BJN2002583


After obtaining ethical approval for the survey from the
National Health Service Local Research Ethics Commit-
tees for each of the eighty postcode sectors involved, par-
ticipants were selected by a random stratified selection
procedure. The survey included both those living in private
households (‘free-living’, 79 % of the total) and in insti-
tutions (i.e. residential and nursing homes (but not people
in acute hospital beds), 21 % of the total), with participants
from both types of domicile represented in each postcode
sector. Only those participants living in private households
are investigated in the present analysis. The survey field-
work was conducted over a single calendar year (October
1994 to September 1995), in four ‘waves’ corresponding
to the four seasons. For statistical adequacy, predetermined
numbers of men and women were recruited from each of
three age groups (65–74, 75–84 and 85+ years), requiring
deliberate over-sampling of men, and of the older age
groups. Socio-demographic information was obtained by
trained fieldworkers on health and lifestyle, previous
employment, occupational social class of head of house-
hold, household income, use of medications, food con-
sumption, smoking and drinking habits.

Dietary assessment

Participants kept a 4-d weighed record of all food and drink
consumed, both in and out of the home. For those unable or
unwilling to keep a weighed record, a descriptive diary,
with household measures and portion sizes, was kept by
the participant or carer, with food weights later assigned
by the survey nutritionists. Due to possible day-to-day vari-
ation in nutrient intakes, the start day of each diary was
spread evenly between the days of the week. The quality
of dietary recording was assessed afterwards, with ques-
tions concerning difficulties in keeping the dietary record
and any circumstances which may have affected their
eating habits, such as illness.

Of 2060 participants in the interview sample, 4-d
weighed dietary records were obtained for 1310 from the
free-living sample. Dietary records of all participants
who were unwell, with eating habits affected, or who
failed to provide a complete 4-d dietary record were
excluded from analyses. After these exclusions, 1152
free-living participants remained.

Estimating phylloquinone intake

Phylloquinone intake, and the relative contributions of
different food groups and dietary supplements, were esti-
mated using both published (Bolton-Smith et al. 2000a)
and unpublished (MJ Shearer and C Bolton-Smith, unpub-
lished) phylloquinone food content data (UK-specific
whenever possible). Since phylloquinone values were not
available for each of over 4000 foods in the database, indi-
vidual values were assigned only to the main contributors
of phylloquinone, as identified in preliminary data analysis.
These comprised vegetables (fifty-seven food items), fats
and oils (twenty-eight food items), cereals and cereal pro-
ducts (eighty-four food items). Foods in the remaining
eighty-seven food subgroups had lower phylloquinone con-
tent, varying little between items in the group, and so an

average phylloquinone content value was assigned to
each of these subgroups. Phylloquinone contents of nutri-
tional supplements (tablets and capsules, oils and syrups,
and liquid or powdered nutritionally-complete supplement
drinks) were also used, as obtained by direct analysis (for
example, cod-liver oil) or from the manufacturers. Phyllo-
quinone intakes were expressed as mg/d, energy-adjusted
intake (mg/MJ) and body weight-adjusted intake (mg/kg
per d), with body weight measured by trained fieldworkers.
Intakes were also compared with the guideline for vitamin
K adequacy (1mg/kg body weight per d) (Department of
Health, 1991) and examined according to several socio-
demographic and lifestyle factors.

Under-reporting and representativeness of phylloquinone
intake data

The extent and impact of likely under-reporting in the
weighed dietary records were investigated, as a possible
source of error in assessing phylloquinone intake. The
method based on the ratio of total energy intake to calcu-
lated basal metabolic rate (energy intake:BMR) (Schofield
et al. 1985) was used, with values $1·2 considered accep-
table or valid usual energy intakes (Goldberg et al. 1991).
To assess the representativeness of results from partici-
pants included in the dietary analyses (i.e. well with
eating habits unaffected and who provided a complete 4-d
dietary record), socio-demographic characteristics were
compared with those of participants excluded from the ana-
lyses (i.e. unwell with eating habits affected or who provided
an incomplete dietary record).

Data analysis

Data reduction and analyses were carried out using Excel
(Microsoft Corp., Redmond, WA, USA) and SPSS (SPSS
Inc., Chicago, IL, USA) respectively. Data were weighted,
using a population weighting factor, to correct for dispro-
portionate sampling (Finch et al. 1998). The resulting
weighted samples then had similar profiles for sex, age
and region of habitation as those of the population aged
65 years and over from the 1991 census data.

Sex-specific analyses of phylloquinone intake were con-
ducted, adjusted for age group (65–74 years; 75–84 years;
85+ years), region of habitation (Scotland and the North;
Central, South West and Wales; London and South East),
occupational social class of the head of household (non-
manual; manual) and smoking status (no; yes). When phyl-
loquinone intakes were related to body weight, sample size
was reduced by 14 % due to missing weight values.

Where necessary, the normality of data was improved by
natural logarithmic transformation before analysis. Due to
the skewed distributions of estimated phylloquinone
intakes, geometric means (with 95 %, CI) are given
throughout. These were obtained by back-transformation
of the loge-transformed values and represent better ‘aver-
age’ measures for such non-normally distributed data.
Arithmetic means are also quoted occasionally, for com-
parison. ANOVA with Scheffé tests, multiple logistic
regressions and x2-tests were performed, with P,0·01
deemed significant.
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Results

More women than men in the free-living sample (14 v.
8 %; P¼0·002) failed to provide a complete dietary
record and were excluded from the statistical analyses.
Free-living participants aged 85 years and over (18 v.
11 %, P¼0·02) and those living alone (15 v. 9 %,
P,0·001) were also less likely to have been included.

The distribution of phylloquinone intake was positively-
skewed. Geometric mean phylloquinone intake was 65mg/d
for all participants; 70 and 61mg/d for men and women
respectively (Table 1). These values were somewhat
lower than their respective arithmetic means of 88 (SD

68, 95 % CI 82, 94) and 78 (SD 65, 95 % CI 73, 83) mg/
d for men and women (not shown). The range of daily
phylloquinone intake was wide (9–585mg/d) and very
similar for men and women. The inner 95 % range of
values for phylloquinone intake was 17–244mg/d.

Women had higher energy-adjusted phylloquinone
intakes than men (Table 1). Geometric mean phylloqui-
none intakes, adjusted for body weight, were not signifi-
cantly different between men and women (Table 1). Of
the participants, 59 % (644/1091) had estimated daily phyl-
loquinone intakes below 1mg/kg body weight, with no sig-
nificant difference by gender.

Impact of under-reporting

Of the participants, 44 % (420/947) were low energy repor-
ters (energy intake:BMR ,1·2), with significantly more
women than men (54 v. 33 %; P,0·001). After exclusion
of likely under-reporters, daily and body weight-adjusted
phylloquinone intakes were significantly higher in the
remaining participants. The overall geometric mean for
daily phylloquinone intake was 75mg; 78 and 71mg for
men and women respectively. Corresponding arithmetic
means were 92mg; 94 and 90mg for men and women
respectively. Phylloquinone intake, adjusted for body
weight, increased to 1·10mg/kg per d overall, with an arith-
metic mean intake of 1·36mg/kg per d. Conversely, energy-
adjusted phylloquinone intakes were almost unchanged
after excluding likely under-reporters (9·2 and 10·3mg/
MJ for men and women respectively). Of the free-living
sample, 47 % had daily phylloquinone intakes ,1mg/kg
body weight, with no gender difference.

Variation in phylloquinone intake by season, socio-
demographic and lifestyle factors

Average daily phylloquinone intake varied significantly
with region in men and women, with those living in Scot-
land and northern England having significantly lower
intakes than those living elsewhere (Table 2). Male smo-
kers also had lower daily phylloquinone intakes than
non-smokers. Daily phylloquinone intake fell with age in
both sexes, being of borderline significance in men
(P¼0·04) but very highly significant in women
(P,0·001). Manual occupational social class was also
associated with lower daily phylloquinone intakes in
women but not in men. Phylloquinone intake did not
vary significantly according to season, level of household
income, household composition, educational attainment
or drinking habits in either men or women.

Socio-demographic variation in phylloquinone intake
was also adjusted for energy intake (Table 2) and body
weight (Table 3). Age, region, occupational social class
and smoking status continued to be associated with
energy-adjusted phylloquinone intake (Table 2). As for
daily phylloquinone intake, neither season, level of house-
hold income, household composition, educational attain-
ment nor drinking habits was associated with energy-
adjusted phylloquinone intake, in either men or women.

Body weight-adjusted phylloquinone intakes decreased
significantly with age in women only, with a lower mean
value observed in those aged 85 years and over compared
with those aged 65–74 years (Table 3). Intakes in men did
not differ significantly with age group or occupational
social class, although women from manual backgrounds
had lower body-weight adjusted intakes than those of
non-manual status. Previously observed regional differ-
ences in phylloquinone intake in men and women remained
after adjusting for body weight, while intakes ceased to be
associated significantly with smoking status.

Proportions with daily phylloquinone intakes below
1mg/kg body weight (‘low’) differed significantly with
region in women, but not in men. A higher proportion of
women living in Scotland and northern England had
‘low’ phylloquinone intakes compared with those in
London and south-east England (Table 3). Higher pro-
portions of women from manual households also had
‘low’ intakes (P¼0·001), although this was only of border-

Table 1. Phylloquinone intake in free-living British people aged 65 years and over, by sex*

(Geometric mean values and 95 % confidence intervals)

Phylloquinone (vitamin K1) intake

mg/d mg/MJ energy intake mg/kg body weight per d

Domicile and sex n
Geometric

mean† 95 % CI† n
Geometric

mean† 95 % CI† n
Geometric

mean† 95 % CI†

Free-living sample 1091 65 62, 67 1091 10·0 9·6, 10·4 954 0·96 0·92, 1·01
Men 491 70a 66, 74 491 9·3a 8·8, 9·8 443 0·94 0·88, 1·00
Women 600 61b 57, 64 600 10·5b 9·9, 11·1 511 0·99 0·93, 1·05

a,bMean values within a column for sexes with unlike superscript letters were significantly different (P,0·01 from ANOVA).
* Weighted sample sizes (n ) and statistics are presented to correct for non-proportional sampling (see p. 606).
† Back-transformed from loge(phylloquinone intake) and adjusted for age group, region, occupational social class of head of household and smoking status.
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Table 2. Daily and energy-adjusted phylloquinone intake in free-living British people aged 65 years and over, by sex and selected socio-demographic and lifestyle factors*

Men Women

mg/d mg/MJ mg/d mg/MJ

Socio-demographic or lifestyle factor n Geometric mean† 95 % CI† Geometric mean† 95 % CI† n Geometric mean† 95 % CI† Geometric mean† 95 % CI†

Age group
65–74 years 325 72 67, 77 9·0 8·4, 9·6 345 66a 61, 71 11·0a 10·2, 11·8
75–84 years 144 68 60, 77 8·9 7·8, 10·0 197 57b 52, 63 10·0ab 9·0, 10·9
85+ years 22 54 42, 71 7·7 5·9, 10·0 58 45b 38, 55 8·2b 6·8, 9·7

Region
Scotland and North 171 59a 54, 65 7·9a 7·2, 8·6 195 49a 46, 53 8·5a 7·9, 9·2
Central, South-West and Wales 186 73b 66, 81 9·0ab 8·2, 10·0 208 61b 56, 66 10·2b 9·4, 11·2
London and South-East 134 80b 72, 89 10·0b 9·0, 11·2 197 74c 66, 83 12·6c 11·3, 14·0

Season
Autumn (Oct–Dec) 131 65 58, 72 8·1 7·4, 9·0 148 61 55, 68 10·7 9·5, 11·9
Winter (Jan–Mar) 121 75 66, 84 9·3 8·2, 10·4 148 63 57, 71 10·4 9·4, 11·6
Spring (Apr–Jun) 99 68 60, 77 8·4 7·4, 9·6 133 57 50, 64 9·5 8·5, 10·7
Summer (Jul–Sep) 140 72 64, 81 9·6 8·6, 10·8 171 61 55, 68 10·6 9·5, 11·8

Social class of head of household
Non-manual 223 74 68, 81 9·0 8·3, 9·8 283 69a 63, 75 11·4a 10·5, 12·3
Manual 268 66 61, 72 8·8 8·1, 9·5 317 54b 50, 58 9·5b 8·8, 10·2

Smoking status
Non-smoker 397 73a 68, 78 9·2a 8·7, 9·8 514 62 58, 65 10·4 9·8, 11·0
Smoker 94 59b 52, 66 7·5b 6·6, 8·5 86 55 48, 63 9·8 8·5, 11·2

a,b,cMean values for categories within respective socio-demographic or lifestyle factors within a column with unlike superscript letters were significantly different (P,0·05, Scheffé test following overall P,0·01 from
ANOVA, adjusted for age group, region, social class of head of household and smoking status).

* Weighted sample sizes (n ) and statistics are presented to correct for non-proportional sampling (see p. 606).
† Back-transformed from loge(phylloquinone intake) and adjusted for age group, region, occupational social class of head of household and smoking status.
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Table 3. Phylloquinone intake relative to body weight (mg/kg body weight per d) in free-living British people aged 65 years and over, by sex and selected socio-demographic and lifestyle factors*

(Geometric mean values and 95 % confidence intervals)

Men Women

Socio-demographic or lifestyle factor n Geometric mean† 95 % CI† Low intake‡ (%) n Geometric mean† 95 % CI† Low intake‡ (%)

Age group
65–74 years 298 0·93 0·87, 1·00 55 295 1·07a 0·99, 1·16 49
75–84 years 126 0·99 0·86, 1·13 55 170 0·91ab 0·82, 1·01 59
85+ years 19 0·82 0·60, 1·10 68 46 0·79b 0·63, 0·99 67

Region
Scotland and North 145 0·79a 0·71, 0·88 63 155 0·81a 0·75, 0·89 66a

Central, South-West and Wales 170 0·99b 0·89, 1·10 52 181 0·96ab 0·87, 1·06 54ab

London and South-East 128 1·09b 0·97, 1·22 52 175 1·20b 1·07, 1·35 43b

Season
Autumn (Oct–Dec) 120 0·87 0·78, 0·98 62 127 0·97 0·87, 1·08 52
Winter (Jan–Mar) 107 0·99 0·87, 1·13 48 125 1·08 0·96, 1·23 50
Spring (Apr–Jun) 89 0·94 0·82, 1·08 64 121 0·89 0·78, 1·01 59
Summer (Jul–Sep) 127 0·97 0·85, 1·10 50 138 1·01 0·89, 1·15 55

Social class of head of household
Non-manual 209 1·00 0·92, 1·09 49 246 1·11a 1·01, 1·21 46a

Manual 234 0·89 0·81, 0·98 61 265 0·89b 0·82, 0·96 62b

Smoking status
Non-smoker 360 0·97 0·91, 1·04 53 438 0·98 0·92, 1·05 54
Smoker 83 0·83 0·71, 0·96 67 73 1·02 0·88, 1·18 56

a,bMean values for categories within respective socio-demographic or lifestyle factors within a column with unlike superscript letters were significantly different (P,0·05). For phylloquinone intake expressed as mg/kg
body weight per d, differences were determined by Scheffé test following overall P,0·01 from ANOVA; for percentages of participants with low phylloquinone intake, differences were determined by x2 test if
P,0·01 from multiple logistic regression.

* Weighted sample sizes (n ) and statistics are presented to correct for non-proportional sampling (see p. 606).
† Antilogs of loge(phylloquinone intake), adjusted for age group, region, occupational social class of head of household and smoking status.
‡ Phylloquinone intake ,1mg/kg body weight per d.
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Table 4. Percentage contribution of selected food groups to average daily intake of phylloquinone in free-living British people aged 65 years and over*

(Mean values)

Men Women

Socio-demographic or
lifestyle factor n Total veg.†

Cooked
green veg.‡

Lettuce
and salad

veg.§
Total

cerealsk Soups{ n Total veg.†
Cooked

green veg.‡

Lettuce
and salad

veg.§
Total

cerealsk Soups{

Age group
65–74 years 325 59 28 9 12a 3 345 64a 30a 11 11a 3a

75–84 years 143 57 28 6 15ab 3 197 58b 28a 9 13b 4b

85+ years 22 53 20 6 18b 3 58 50b 22b 6 16b 6b

Region
Scotland and North 171 53a 23 6 14 6a 195 53a 21a 9 15a 5a

Central, South-West
and Wales

186 60b 28 8 14 2b 208 62b 28b 10 11b 3b

London and South-East 134 64b 31 11 12 2b 197 66b 37c 11 10b 2b

Season
Autumn (Oct–Dec) 131 56 27 6a 15 4ab 148 62 32a 7a 11 4
Winter (Jan–Mar) 121 60 33 5a 13 4a 148 58 33a 5a 13 5
Spring (Apr–Jun) 99 55 25 7a 14 4a 133 58 28ab 9a 13 4
Summer (Jul–Sep) 140 61 24 14b 12 1b 171 63 22b 18b 10 2

Social class of head of household
Non–manual 223 58 26 10a 14a 3 283 63 31 12a 11 3
Manual 268 58 28 6b 12b 3 317 58 27 8b 13 4

Smoking status
Non–smoker 397 59 29 8 13 3 514 60 29 10 12a 3
Smoker 94 54 22 8 13 4 86 62 27 10 19b 4

a,b,cMean values for percentage contributions within respective socio-demographic or lifestyle factors within a column with unlike superscript letters for respective food types were significantly different (P,0·01
ANOVA, or Scheffé test following P,0·01 in ANOVA where more than two factor levels were present), after adjusting for age group, region, occupational social class of head of household and smoking status in
ANOVA model.

* Weighted data are presented to correct for non-proportional sampling (see p. 606). Data exclude those unwell with eating affected and those who failed to provide a complete food diary during the 4-d period of diet-
ary assessment. The main food groups not detailed (milk and milk products, eggs and egg dishes, fat spreads, meat and meat products, fish and fish dishes, fruit and nuts, sugar, preserves and confectionery, and
beverages) contributed minor proportions to phylloquinone intake and did not vary significantly by socio-demographic or lifestyle factors in either men or women.

† Total veg., all vegetables and vegetable products (including potatoes and savoury snacks).
‡ Cooked green veg., broccoli, Brussels sprouts, cabbage and spinach (subgroup of Total veg.).
§ Lettuce and salad veg., lettuce and other salad vegetables (raw) (subgroup of Total veg.).
kTotal cereals, cereals and cereal products (i.e. breads, breakfast cereals, buns, cakes, pastries, fruit pies and cereal-based puddings).
{Soups, vegetable and other soups.
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line significance in men (P¼0·04). The prevalence of ‘low’
phylloquinone intake increased with age, with a trend in
differences between the three age groups in women
(P¼0·03) but not in men (P¼0·29). Smoking status was
not associated with having ‘low’ phylloquinone intakes in
women (P¼0·92), although more male smokers tended to
have lower intakes compared with their non-smoking
counterparts (P¼0·03).

Exclusion of the low energy reporters had little effect on
the seasonal and socio-demographic differences. Regional
differences remained, regardless of whether phylloquinone
intake was expressed in terms of daily intake, or adjusted
for energy intake or body weight. Male smokers also con-
tinued to have lower daily phylloquinone intakes than non-
smokers, although the significance was reduced ð0·01 ,
P,0·05) after adjustment for energy intake and body
weight respectively.

Sources of phylloquinone intake

Table 4 shows the sources of phylloquinone intake for the
free-living sample. Vegetables and vegetable products con-
tributed most to mean daily phylloquinone intake (60 %
overall), with cooked green vegetables alone providing
around 28 % (cabbage, 15 %; Brussels sprouts, 7 %; broc-
coli, 5 %; spinach, 1 %). The main food groups of cereals,
meat and milk provided 12, 7 and 3 % respectively, while
fat spreads contributed only 4 %. Dietary supplements in
toto provided ,0·5 % (arithmetic mean 0·02 %) to phyllo-
quinone intake.

Sources of phylloquinone intake did not vary signifi-
cantly by gender although percentage contributions from
some foods did vary with season, and other socio-demo-
graphic and lifestyle factors. Cereals and cereal products
provided proportionately more phylloquinone with age in
both sexes, while that from total vegetables and its subsidi-
ary food group of cooked green vegetables declined signifi-
cantly in women.

Regional differences in the sources of phylloquinone
intake were also noted. Vegetables, and cooked green
vegetables in particular, contributed least to phylloquinone
intake in those living in Scotland and northern England.
Percentage contributions from total vegetables in Scotland
and in London and south-east England were 44 and 65 %
respectively, with those in Scotland deriving only half as
much of their phylloquinone intake from cooked green
vegetables as those in London and south-east England
(17 v. 35 %) (not shown). One other notable difference,
in both sexes, was a significantly higher contribution to
phylloquinone intake from soups in Scotland and northern
England. A very high contribution in Scotland (11 v. 2–
4 % elsewhere) accounted for much of this difference.

With regard to season, a higher contribution to phyllo-
quinone intake was made by lettuce and salad vegetables
during summer, while soups contributed less during
summer than winter. Participants of non-manual occu-
pational social class derived more phylloquinone from let-
tuce and salad vegetables than did those of manual
occupational background, while female smokers had
higher contributions from cereals and cereal products
than non-smokers. Sources of phylloquinone intake did

not vary significantly with household income, education,
drinking habits or whether or not participants were likely
to have under-reported their food consumption.

Discussion

Few estimates of phylloquinone intake are available for
representative population groups, with this analysis being
the first report of its type within the UK. Whilst errors
inevitably exist in any assessment of population nutrient
intakes, the results are likely to be broadly representative
of this age group in the UK.

A 4-d, rather than a 7-d, dietary recording period was
chosen for greater compliance, and as this was suggested
to be of adequate duration to provide an accurate estimate
of habitual food consumption (Smith & Lowe, 1998). The
assigned phylloquinone content values of some foods are
provisional (Bolton-Smith et al. 2000a), since phylloqui-
none contents vary according to the part of the food con-
sumed (for example, cabbage contains 3–6 times more
phylloquinone in outer compared with inner leaves), the
type of oils in fat spreads and blended vegetable oils and
the degree of hydrogenation of these oils (Davidson et al.
1996), as well as according to soil and growth conditions,
geographical location and maturity (Ferland & Sadowski,
1992a), and by heating and ultraviolet light exposure (Fer-
land & Sadowski, 1992b).

Ranges of phylloquinone intake were wide, with over a
10-fold difference for the inner 95 % of values. The arith-
metic mean phylloquinone intakes of 84 and 73mg/d for
men and women respectively were only slightly higher
than values of 76 and 69mg/d reported for sixty-five
younger Scottish men and women, using repeated 7-d
weighed dietary records (Price et al. 1996). In the USA,
the 1990 Total Diet Study reported a mean phylloquinone
intake of 80mg/d in 1216 older adults aged 60 years and
over (Booth et al. 1996), while another study with 362
post-menopausal women (41–71 years) reported a geo-
metric mean phylloquinone intake of 89mg/d (Booth et al.
1995). In a recent follow-up of 888 Americans aged 65
years and over from the Framingham cohort study, mean
phylloquinone intake, by food frequency questionnaire,
was around 155mg/d, with median values of about 99
and 113mg/d in men and women respectively (Booth
et al. 2000). However, these authors acknowledged the
likelihood of these values being over-estimates.

An even higher food frequency questionnaire-derived
weighted mean phylloquinone intake of around 245mg/d
has been reported in a subset of 3156 adults aged 65
years and over from a population cohort study based in
Rotterdam (Schurgers et al. 1999). Whilst different
methods of dietary assessment and food composition data
may account for some of these differences in reported
intake, a higher phylloquinone intake in the Netherlands
may be genuine, since a higher value was also reported
in a different study of 113 Dutch post-menopausal
women (mean age 66 years), with an estimated mean
daily intake of around 227 (SD 15) mg (Jie et al. 1995).
Higher phylloquinone intakes in the Netherlands may be
attributable to higher consumption of spinach and broccoli
among the Dutch.
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In common with younger Scottish adults (Price et al.
1996), around one-half of the current sample had daily
phylloquinone intakes below the Government guideline
of 1mg/kg body weight (Department of Health, 1991).
This may be of particular concern in the elderly, as low
phylloquinone intake increases undercarboxylated osteo-
calcin, which may impact negatively on bone health. Simi-
larly, undercarboxylation of matrix g-carboxyglutamic acid
protein may contribute to vascular calcification and CHD
(Schurgers et al. 2001). Recent findings suggest that sub-
stantially higher vitamin K intakes are needed to maximise
carboxylation of bone g-carboxyglutamic acid proteins
than those for carboxylation of coagulation g-carboxyglu-
tamic acid proteins synthesised in the liver (Vermeer
et al. 1995; Sokoll et al. 1997). Few data exist on the
relationship between phylloquinone intake and undercar-
boxylated osteocalcin concentrations, although a recent
study suggested that dietary phylloquinone intakes below
100mg/d are inadequate for optimal carboxylation of
osteocalcin (Booth et al. 1999). In this survey, two-thirds
reported phylloquinone intakes below the equivalent
values of 1·25 and 1·5mg/kg body weight per d for men
and women respectively, however no undercarboxylated
osteocalcin data are available for comparison. The value
of 100mg/d is mid-way between the new US dietary refer-
ence intakes of 125mg/d for men and 90mg/d for women
(Institute of Medicine, 2001).

Lower phylloquinone intakes were found in participants
aged 85 years and over, those living in Scotland and north-
ern England, and those of manual background, compared
with their comparator groups. Smokers generally had
lower intakes than non-smokers, particularly in men,
while seasonal differences were not observed. Similarly,
no sex or seasonal differences were reported by Price
et al. (1996) or in 362 post-menopausal women (41–71
years) in the USA (Booth et al. 1995). The lower phyllo-
quinone intake in those aged 85 years and over accords
with a recent finding in Dutch men and women aged 84
years and over (Schurgers et al. 1999), while lower phyllo-
quinone intakes in smokers than non-smokers have been
reported in two samples of younger Scottish adults
(Fenton et al. 1997; Bolton-Smith et al. 2000b), although
this was not shown in Dutch elderly people (Schurgers
et al. 1999).

With regard to sources of phylloquinone intake, a
number of studies have also shown vegetables to contribute
around one-half of total phylloquinone intake, with leafy
green vegetables alone providing one-quarter to one-third
of intake (Booth et al. 1995, 1996; Fenton et al. 1997).
This accords with the findings from mainland Britain as
a whole, while participants living in northern England
and in Scotland, in particular, derived less phylloquinone
from vegetables, especially cooked green vegetables (cab-
bage, Brussels sprouts and broccoli), than those in the
south of England.

In summary, the present study has provided the first
nationally representative estimates of phylloquinone (vita-
min K1) intake among British people aged 65 years and
over who live in private housing. It has also provided a
better understanding of the variability in phylloquinone
intake and food sources according to socio-demographic

and lifestyle factors. These data will enable associations
to be explored between phylloquinone intake and bio-
chemical measures of vitamin K status, and possibly con-
tribute to a better understanding of the role of
phylloquinone in bone and cardiovascular health in the
future.
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