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VITAMIN D INTAKE AND STATUS IN IRISH ELDERLY WOMEN AND ADOLESCENT GIRLS

Vitamin D intake and status in Irish elderly
women and adolescent girls

ABSTRACT

Aim To assess vitamin D status during summer and winter in Irish girls and elderly
women, and to estimate vitamin D intake in these two age-groups.

MethodsAmbulatoryfree-living,elderly Irishwomen (aged 70-76years; n = 43) and girls
(aged 11-13 years; n = 17) were recruited. Fasting serums were collected during August/
September 2002 and February/March 2003 and analysed for 25 (OH) D by HPLC.

Results Mean daily intakes'of vitamin D were 4.6 pg and 2.1 pg in elderly women and
girls, respectively. Serum 25 (OH) D was significantly lower (P<o.00i) during winter
than summer in both age-groups. Eight (2o%) and one (during late summer) and
sixteen (37.2%) and eight (47%) (during late winter) of the elderly women and girls,
respectively, had inadequate vitamin D status (serum 25 (OH) D <4o nmol/I).

Conclusion Inadequate vitamin D status during wintertime is quite common in elderly
women and adolescent girls in Ireland.

11 ^1^T1i1'iiT'J

Vitamin D is the major regulator of calcium

metabolism and hence is an important determinant

of bone health.'' 2 Prolonged and severe vitamin

D deficiency leads to rickets in children and

osteomalacia in adults, 3 whereas less severe vitamin

D deficiency causes secondary hyperparathyroidism,

increases bone turnover and bone loss (mainly

from cortical sites such as the femoral neck), 4-8 thus

increasing risk of osteoporotic fracture. Vitamin D

deficiency in the elderly may also increase fracture

risk, independently of its effects on bone mass and

metabolism, via an alteration in muscle function,

leading to increased body sway and risk of falling

and falling-related fractures. 9 There is also growing

evidence for the contribution of vitamin D

insufficiency (i.e., serum 25 (OH) D levels below

5o nmol/I) to the development of various chronic

diseases (e.g., some inflammatory and autoimmune

diseases, some forms of cancer, hypertension,

cardiovascular diseases and diabetes mellitus) which

are frequent in Western societies. 9 °

Ireland (latitude 51-55°N), sunlight is too weak during

the winter months to stimulate cutaneous vitamin

D synthesiS.'4.' 5 This creates an increased reliance

on dietary sources during the winter months to

help maintain adequate vitamin D status. However,

the usual dietary vitamin D intake in Europe is not

sufficient to maintain adequate vitamin D status

especially during winter time.i 617

There are very few natural sources of vitamin D that

are commonly consumed in Ireland. A recent analysis

of the North/South Ireland Food Consumption

Survey for vitamin intakesi 8 estimated that the mean

daily intake of vitamin D was 4.2 pg in adult men

and women (aged 18-64years) from all sources,

including nutritional supplements. These data show

that a considerable proportion of Irish adults have

very low dietary intakes of vitamin D and are largely

dependent on sunlight to maintain adequate vitamin

D status. Recent preliminary results show that up to

36% of a group of 5i-69-year-old Irish women had

sub-optimal vitamin D status (defined as serum 25

(OH) D levels below 4o nmol/I) during winter time.' 9

In humans, vitamin D is obtained primarily through

cutaneous biosynthesis in the presence of UVB

sunlight, but also from the diet. 4 Consequently, season

is a major determinant of vitamin D status." Vitamin

D status is highest in Northern European populations

around late summer (August-September) and lowest

around late winter/early spring (February-March). 12 .13

In Northern Europe (latitude 4o-6o°N), including

A very high prevalence (50-100%) of severe vitamin

D deficiency (serum 25 (OH) D levels <25 nmol/I)

has also been reported in older studies of elderly
(generally >65 years) Irish subjects, including sick

elderly patients, 2° institutionalised subjectst' as well

as community-dwelling subjects from Dublin 21,22 and

in two rural communities. 23 Vitamin D intake of this
elderly age group within Ireland has been estimated
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to be only 1.3 to 2.6 pg/d, 21 - 4,25 placing a high demand

on summer sunlight exposure to maintain adequate
vitamin D status. However, Freaney et al.found that
32% of a group of free-living ambulatory elderly Irish

subjects had severe vitamin D deficiency during

summer time. 22

Besides the elderly population, recent evidence
suggests that sub-optimal vitamin D status may be
common in European adolescent children during

winter time.172627 This is of particular concern as

adolescence is a critical period in terms of maximal
skeletal development. Unfortunately, there are no
data available on vitamin D status, or intake, in
Irish adolescents. Therefore, the objectives of the
present study were to assess vitamin D status during
summer and winter time in Irish girls (aged 11 -13

years) and in ambulatory, free-living elderly Irish

women (aged 70 -76 years), and to estimate vitamin

D intake in these two age-groups. In addition, the
impact of using vitamin D-containing supplements
on vitamin D status was also assessed.

SUBJECTS AND METHODS

SUBJECTS
A convenience sample of 43 ambulatory, free-living

elderly women (mean age 72.2 years (range 70-76

years)) and 17 girls (mean age 12.1 years (range 11 -13

years)) were recruited by leaflet or direct contact from

the Cork City area. The mean age, height, weight and

body mass index (BMI) for both groups are provided

in Table i. None of the subjects were suffering from

any condition likely to affect vitamin D status or

parathyroid function. Otherwise, no other exclusion

criteria were applied in this study. The girls and

women were recruited as part of a pan-European

study funded by the European Commission under

Framework Programme V. in which the vitamin D

intake and longitudinal exposure, as well as sunlight

exposure are being assessed and compared in these

population sub-groups across five different European

countries (OPTIFORD Project OLK1-CT 2000-oo6z3;

see http://www.optiford.org).

ETHICAL CONSIDERATIONS

Before participation in this study, all subjects signed

an informed consent document approved by the

Clinical Research Ethics Committee of the Cork

Teaching Hospitals.

DESIGN

This study was a longitudinal observational study

of seasonal differences in vitamin D status in young

girls (11 -13 years) and elderly women (70-76 years).

Each participant was invited to provide a fasting

blood sample at the University on two separate

occasions; February/March, 2002 (late winter/early

spring) and August/September, 2002 (late summer).

After an overnight fast, a blood sample (20 ml)

was taken between 08.30 and 10.30 hours on both

occasions. Blood was collected by venepuncture

into vacutainer tubes containing no additive and

processed to serum, which was immediately stored

at -70°C until required. Food intake was assessed

by a 14-day diet history and calcium and vitamin D

intakes were quantified using a photographic food

atlas of food portion sizes. 28 A general health and

lifestyle questionnaire was also administered to

each participant during each visit, which provided

information on medical history, use of hormone

replacement therapy, visits to hospital, fracture

history and smoking history.The questionnaire

also detailed sun holidays and the use of sun beds,

medicines and nutritional supplements, including

vitamin D-containing supplements. Of the 43 elderly

women and 17 girls who participated at the first

sampling point (late winter/early spring 2002), 40

and 15, respectively, returned for the second sampling

point (late summer 2002).

EXPERIMENTAL TECHNIQUES

Serum parathyroid hormone (PTH)

Samples were analysed in duplicate for intact PTH

with a chemiluminescent immunometric assay

(IMMULITE®, Diagnostic Products Corporation, CA, USA).

Serum 25-hydroxyvitamin D (25 (OH) D)

Serum proteins were precipitated with ethanol, and

deproteinized serum was subsequently applied to

a MFC18 solid phase extraction column (Isolute®,

International Sorbent Technology, Mid Glamorgan, UK)

for elution of the 25 (OH) D fraction with ethylacetate:

n-heptane.The extracted 25 OH D was injected onto

an HPLC-system (Waters, Milford, MA, USA) equipped

with a 600 controller and pump, a refrigerated 717PLUS

Autosampler, a 996 Diode Array Detector (set at

220-320 nm) for detection, and a 2487 Absorba nce

Detector (set at 265 nm) for quantification. The

HPLC column used for separation was a cyano (Luna,

Phenomenex,Torrance, CA, USA) in which 25 (OH)

D2 and 25 (OH) D3 was eluted separately with 2-

propanol:n-heptane. However, none of the samples

contained 25 (OH) D2.The accuracy of the analysis

was monitored by participation in the Vitamin D

External Quality Assessment Scheme (DEGAS, Charing

Cross Hospital, London, UK).There is no international

consensus on cut-off levels for vitamin D deficiency
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FIGURE i -
MEAN SERUM 25 (OH)

D LEVELS DURING
LATE-SUMMER AND

Late winter 20021N 70-

76-year-old WOMEN

STRATIFIED BY VITAMIN

D SUPPLEMENT USE
Open bars (supplement

users) and hatched

bars (supplement non-

users). 'Mean value

significantly lower
than that of vitamin D-
containing supplement
users, within a season;

P<o.o5.and vitamin D insufficiency^ 9 In the present study,

serum 25 (OH) D cut-off values for defining vitamin

D status as adequate, marginally deficient or severely

deficient were: >4o nmol/l, 25-4o nmol/I and <25

nmol/l, respectively. 3°

STATISTICAL ANALYSIS

Data are presented as means and standard

deviations. With the exception of the vitamin D

intake values, data for all variables were normally

distributed and allowed for parametric tests of

significance. Differences in serum 25 (OH) D and

PTH levels between seasons, in each age group

separately, were evaluated using paired Students

t-tests. Differences in serum 25 (OH) D and PTH levels

between vitamin D supplement users and non-

users within a season, in each age group separately,

were evaluated using unpaired Student's t-tests.

Comparisons between vitamin D intakes from food

sources and from all sources including nutritional

supplements, within each age group, were made
using Wilcoxan rank tests for vitamin D.

RESULTS

DIETARY INTAKES OF VITAMIN D
Mean daily intakes of vitamin D from food sources

(excluding supplements) were 4.6 pg and 2.1 Ng

in*7o-76-year-old Irish women and 11-13-year-old

Irish girls, respectively (Table z). The mean daily

intake of vitamin D in the 70-76-year-old women

was significantly higher (P<o.00i) when vitamin D-

containing supplements were accounted for

(Table 2). Only three out of 17 girls (-18%) took

vitamin D-containing supplements and this relatively

low use of supplements did not significantly affect

the group mean intake (Table 2).

SEASONAL VARIATION IN SERUM 2S (OH) D AND
IMPACT ON SERUM PTH
Mean serum 25 (OH) D concentrations during late

winter/early spring 2002 were significantly lower
(P<o.000i) than in late summer 2002 in both the

young girls and elderly women (Table 3). While

serum PTH concentrations were similar during late

late winter/early spring and late summer in elderly

1(	 IRISH JOURNAL OF MEDICAL SCIENCE - VOLUME 175 • NUMBER 2
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women, they tended to be higher (P=o.o58) during
late winter/early spring than late summer in the girls

(Table 3).

SERUM 25 (OH) D LEVELS AND THE IMPACT OF
VITAMIN D SUPPLEMENT USE
Twenty-six (6o.5%) and twenty-two (55%) of the

women took a vitamin D-containing supplement

during late winter/early spring and late summer,

respectively, whereas only three (17.6%) and two

(13.3%) of the girls took a vitamin D-containing

supplement during the same respective periods.

The vitamin D content of the supplements used by

the women ranged from 2.5-20 pg, with a mean

content of 8.5 pg and 6.3 pg vitamin D for the two

respective sampling points (further details of nature

of the various vitamin D-containing supplements

used by participants in the study are available from

the authors upon request). The vitamin D content

of the supplements used by the girls ranged from

2.5-10.0 pg, with a mean content of 7.5 pg for the two

respective sampling points. Stratification of women

and girls into vitamin D-containing supplement

`users' and 'non-users' revealed that mean serum

25 (OH) D levels were significantly higher (P<o.oi)

in supplement users than non-users at both time

points in elderly women (Figure i), but there was

no difference between supplement users and non-

users within the girls at either time point (data not

shown).There was no effect of vitamin-containing

supplements on serum PTH levels in either group at

either sampling point (data not shown).

PREVALENCE OF VITAMIN D DEFICIENCY
During late summer 2002, one out of 4o elderly

women and none of the girls had severe vitamin D

deficiency, while seven (17.5%) of the women and one
of the girls were marginally deficient. During late

winter/early spring 2002, six (13.9%) and ten (23.2%)

of elderly women were severely and marginally

vitamin D deficient, respectively, while twenty-seven

(62.8%) had adequate vitamin D status. At the same

sampling point, three (17.6%) and five (29.4%) of

young girls were severely and marginally vitamin
D-deficient, respectively, while nine (52.9%) had

adequate vitamin D status.

The prevalence of vitamin D deficiency in subjects

stratified by vitamin D-containing supplement use

was also examined in the elderly women, but not the

young girls (as only three girls took supplements) in
the current study. None of the vitamin D-containing

supplement users had severe vitamin D deficiency,

irrespective of sampling point. In non-users of

vitamin D-containing supplements, one of the elderly

women had severe vitamin D deficiency during late

summer, whereas six (40%) of the elderly women

had severe vitamin D deficiency during late winter/

early spring.

In relation to the prevalence of marginal vitamin

D deficiency, none of the vitamin D-containing

supplement users had marginal deficiency during late

summer, but five (17.9%) of the women had marginal

vitamin D deficiency during late winter/early spring.

In supplement non-users, one woman had marginal

vitamin D deficiency during late summer and seven

(46.7%) of the women had marginal vitamin D

deficiency during late winter/early spring.

DISCUSSION

In the present study, mean daily vitamin D intakes of

Irish girls (11-13 years old) and elderly women (70-76

years old) were 2.6 pg and 11.25 pg from all sources (i.e.

food and nutritional supplements) and 2.1 pg and 4.6

pg from food sources only, respectively. The only other

study to estimate vitamin D intake in Irish children

reported intake estimates of i.6 and 1.7 pg/d for 8-

12 and 12-15-year-old girls, respectively. 3' The overall

intake estimates for vitamin D in elderly Irish women

in the present study appear to be much higher than

those previously reported for middle-aged to elderly

adult women. Hill et al. recently reported that mean

daily vitamin D intakes of a nationally representative

sample of Irish adult women (5o-64 years old) was 5.1

pg from food and supplements and 3.4 pg from food

sources only.'$ Hurson et al. reported that mean daily

intake of vitamin D in elderly (mean age, 70 years)

Irish women was 1.85 pg. However,the proportion of

the present group of elderly women who consumed

vitamin D-containing supplements was 55-6o%,

which is a much higher figure than that reported

previously in a nationally representative sample

of 51-64-year old women (25%). 32 Thus, the current

vitamin D intake estimate of 11.25 pg/day may not be

representative of habitual intakes for this age group in

the general population. Hill et al. also recently reported

that 40-46% of 51-69-year-old Irish women (n 67)

took vitamin D-containing supplements.' 9 However,

neither the present study nor that by Hill et al. were

in a random sample.'9 The vitamin D intake from food

sources only (i.e., excluding supplement use) by the

women in the present study (4.6 pg) is close to that

reported for a representative sample of 50-64-year-old

Irish women (3.4 pg/d).' 8
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The problem with establishing appropriate Dietary

Reference Values (DRVs) for vitamin D has been a

long-standing one. Determining the amount of

vitamin D provided by sunlight is difficult. For this

reason, an RDA of 0-15 pg/day was established for

Irish 11-13-year-old girls and io pg/day for adults aged
65 year olds and older. 33 In the US, it is recommended

that 70 year olds and older consume at least i5 pg

vitamin D daily#to help counteract the slower rate

of skin production with age, and thus to maintain

adequate serum levels 25 (OH) D for bone health.

Similarly, the FAO/WHO expert group on human
vitamin and mineral requirements recommends

15 pg/day for adults 65 years and older. 3SThe mean

daily intake of vitamin D in the current sample of 70-

76-year-old Irish women (11.2 pg/d) falls substantially

short of this recommendation, with 80.5% failing

to reach this intake level. Similarly, the mean daily

intake of vitamin D from all sources in 11-13 year old

Irish girls (2.6 pg/d) falls short of the US and FAO/
WHO expert group recommendation of 5 pg/d, with

87% of girls failing to reach this intake level. These

low values are consistent with vitamin D intake data

from other European countries.' 6 ' 36 . 3^

Of particular interest in the current study was the

much lower prevalence of sub-optimal vitamin

D status in supplement users compared with

non-users. For example, during late winter/early

spring (a time at which vitamin D status is at its

lowest) there was an absence of severe vitamin D

deficiency and only about 18% had marginal vitamin

D deficiency among elderly women who were

supplement users, whereas 40% and about 47% of

elderly women had severe and marginal vitamin

D deficiency, respectively, among non-supplement

users. These findings suggest that the use of vitamin

D-containing supplements was protective of vitamin

D status.The vitamin D content of the supplements

used by the women ranged from 2.5-20 pg, with

a mean content of 8.5 pg. Glerup et al. reported

that vitamin D supplementation with io pg/d was

insufficient to prevent winter time hypovitaminosis

D in ethnic Danish Moslem women, 38 while Dawson-

Hughes et al. reported that at least 20 pg/d are

required to prevent osteoporosis. 39 In the present

study, only 15% of the women had an intake of 20 pg/

d, and only one woman was able to achieve a dietary

intake _>20 pg/d without using supplements.

In the elderly women, there was a seasonal variation

in serum 25 (OH) D levels among both supplement

users and non-users, suggesting that supplement

use during summer time still, on average, conferred a

benefit to vitamin D status.The seasonal variation in

serum 25 (OH) D levels observed in young adolescent

girls and elderly women in the present study has been

reported in other studies of elderly Irish subjects 21,22

and in adult Irish women (aged 51-69 years),19 as well

as in various other European populations 9.'7

The secretion of PTH has also been suggested as a

biochemical marker for vitamin D deficiency.829 Serum

PTH concentration also exhibited a seasonal variation

in adolescent girls, but not in elderly women. Hill et

al. also reported a lack of effect of season on serum

PTH in adult Irish women.'9 In addition to being

influenced by serum 25 (OH) D levels, serum PTH is

also affected by dietary calcium intake 4° as well as

age and gender4' and use of oestrogen. 42 The mean

calcium intake in women in the present study was

quite high (mean (SD) 973 (4o4) mg/d). Mean serum

25 OH D levels were much lower in young girls than

elderly women during late winter/early spring in the

present study, which may explain, at least in part, the

difference in response of serum PTH to season in the

two population sub-groups.

While there is no other report of serum 25 (OH) D

levels in Irish children with which to compare the

present findings,the prevalence of severe vitamin

D deficiency (levels of 25 (OH) D below 25 nmol/I)

during late winter/early spring in the entire group
of elderly free-living women in the present study

(14%) was much less than that reported in previous

studies of ambulatory, free-living elderly Irish

subjects during late winter/early spring. For example,

Freaney et al. reported that 86% of elderly men and

women (n 29; mean age,74y) had serum 25 (OH)

D levels below 25 nmol/1. 22 McKenna et al. reported

that 5o% of healthy elderly people (n 30; mean age,

6g years) and 8o% of elderly people attending a

day-centre for elderly (n 49; mean age, 74 years) had

serum 25 (OH) D levels below 25 nmol/I. 21 Meade

et al. reported that 63% of patients in two rural

areas in Ireland had undetectable levels of serum 25

(OH) D (i.e., less than 5 nmol/I). 23 However, vitamin

D supplement use was an exclusion criterion in

all of the above studies, bar that by McKenna et

al., in which about 10% of subjects took a vitamin

D-containing supplement. 21 In the present study, a

large number of elderly women (>55%) took vitamin

D-containing supplements and we suspect that the

current results are a significant underestimation

of the prevalence of vitamin D deficiency in the

general population. However, the prevalence of
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vitamin D deficiency during late winter/early spring

was still only 40% in subjects not taking vitamin

D-containing supplements, and this is still lower

than the estimates of 50-80% reported previously. It

should also be noted that comparison of prevalence

of vitamin D deficiency (based on serum 25 (OH)

D concentrations) in the present study and these

older studies may be questionable due to lack of

standardization between methods (an issue of less

concern currently because of the establishment of

the Vitamin D External Quality Assessment Scheme

(DEQAS)) and other technical problems, such as

the underestimation of total 25 (OH) D by some

radioimmunoassays.'7

Finally, while bone status measurements were not

assessed in the present study, there is considerable

evidence to suggest that vitamin D deficiency and

insufficiency (defined as serum 25 (OH) D levels

below 25 and 4o nmol/l, respectively) may be

detrimental to bone health in adults [see

reviews9.'7. 3a. 35]. Recent results from studies in

adolescents provide evidence of a possible adverse

effect of vitamin D deficiency and insufficiency for

bone health in children.z 6,43-« For example, in a three-

year longitudinal study of Finnish girls aged 9-i5

years, Lehtonen-Veromaa et al. found that baseline

25 (OH) D levels were positively correlated with

unadjusted three-year change in BMD at the lumbar

spine (r = 0.35; P<o.00i) and femoral neck (r = 0.32;

P<o.001). 43 The difference from baseline-adjusted

three-year BMD accumulation between those with

severe hypovitaminosis D (serum 25 (OH) D <20

nmol/l) and those with a normal vitamin D status

(serum 25 (OH) D >35 nmol/I) was 4% at the lumbar

spine in the girls with advanced sexual maturation.

In another study from Finland, Outila et al. showed

that 13.5% and 62% of 14-16-year-old girls had severe

and marginal vitamin D deficiency, respectively. 27

They also showed that subjects with serum 25 (OH)

D levels less than 4o nmol/I had low mean forearm

BMD values at both the radial (P=o.o4) and ulnar

(P=o.o8) sites. 26

CONCLUSION

The findings of the present study show that sub-

optimal vitamin D status (serum 25 (OH) D levels

below 4o nmol/I) is quite common in elderly Irish

women, confirming previous reports. Although sub-

optimal vitamin D status also occurs in adolescent

girls in Ireland, these data are limited in number and

also by sample selection and cannot be generalised

to the wider population. In fact, it is likely that the

prevalence in the population is higher than these

data suggest. Hence, an investigation of vitamin D

status in a representative sample of adolescents and

elderly in the Irish population is required. Furthermore,

the impact of this sub-optimal vitamin D status on

bone health in both population subgroups needs

to be investigated. Vitamin D supplementation was

associated with the absence of severe deficiency and

considerably lowered the prevalence of marginal

deficiency of vitamin D in elderly Irish women in

the present study.Vitamin D supplementation was

also associated with improved vitamin D status in

the elderly women during summer time, suggesting

that summer sunlight exposure was not sufficient to

optimise vitamin D status.
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