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Abstract Populations of East Asian countries have been
known to have low calcium intakes and low serum 25(OH)
D concentrations, suggesting that Ca and vitamin D (VitD)-
deficiencies are commonly observed. These nutritional
imbalances may lead to low peak bone mass (PBM). The
low PBM seen in Ca/VitD-deficient individuals may lead
to osteoporosis, as well as an increased risk of fracture. A
survey was conducted in young Japanese women (n = 296,
21.2 + 2.3 years old) on their Ca/VitD intakes and serum
25(0OH)D levels, which demonstrated a significant positive
correlation between VitD intake and serum 25(OH)D levels
(R*> = 0.020, P = 0.016), and the proportion with serum
25(0OH)D over 20 ng/mL was significantly increased with
VitD intake (P = 0.013). Serum 25(OH)D was negatively
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correlated to serum intact parathyroid hormone (R* = 0.053,
P < 0.001). On receiver operating characteristic curve anal-
ysis, the VitD intake threshold for maintaining 25(OH)D
levels at 20 ng/mL or higher was 11.6 pg/day or greater. It
was suggested that the recommended VitD intake allowance,
defined in the Adequate Intakes as 5.5 pg/day, may not be
sufficient to maintain serum 25(OH)D levels for bone health.

Keywords Vitamin D intake - 25-Hydroxyvitamin D -
Insufficiency - Young Japanese women

Introduction

Calcium (Ca) and vitamin D (VitD) insufficiencies remain
a worldwide issue that is making itself felt particularly in
East Asia [1], and they are known to adversely affect the
acquisition of peak bone mass (PBM) and the maintenance
of bone health [2]. Of note, serum 25(OH)D levels serve as
the best single measure of VitD sufficiency, and focus on the
level of 25(OH)D has led to various criteria/guidelines being
published for VitD sufficiency/insufficiency [3-7].

Normal VitD activity is essential for maintenance of bone
and mineral metabolism, and decreased VitD activity leads
not only to an increased risk for bone fracture, but to various
disorders of bone and mineral metabolism. It has been previ-
ously reported that intake of VitD contributes to the serum
level of 25(OH)D in Japanese adolescents [8]. Moreover,
the relationship between the serum level of 25(OH)D and
quality of life (QOL) was investigated in Japanese elderly
patients with osteoporosis [9, 10]. It was reported that the
mean value of serum 25(OH)D was 23.7 ng/mL, and a low
serum 25(OH)D level was a significant determinant of QOL.
In addition, VitD insufficiency/deficiency has been reported
to have a causal relationship with all-cause mortality [11].
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Of all causes of decreased VitD activity, serum VitD insuf-
ficiency is considered the foremost, because it reflects
decreased VitD supply to the body from its cutaneous syn-
thesis and nutritional intake.

Against this background, the present study was conducted
to determine the optimal VitD intake that allows serum
25(0OH)D levels to be maintained to ensure bone health in
young Japanese women who had just achieved PBM.

Materials and methods

This cross-sectional study drew on existing cohort data
accumulated for a total of 296 healthy women comprised
of nursing school students and nurses aged 19-29 years
of age (mean age 21.2 + 2.3 years). This study was con-
ducted with the approval of the Institutional Review Board
of Tokyo Women’s Medical University (TWMU) between
December 2003 and January 2004. All subjects gave their
written, informed consent to participate in the study prior to
the conduct of the study.

All subjects were surveyed about their age, height, and
body weight, and their body mass index (BMI) values were
calculated. Their vertebral/femoral bone mineral density
(BMD) was measured using dual-energy X-ray absorpti-
ometry (DXA) (Hologic, Waltham, MA, USA) at TWMU
Hospital. Fasting blood samples were collected using veni-
puncture in the morning, centrifuged at 1940xg for 15 min
at 4 °C, and the supernatant was stored at —35 °C until
assayed. Serum 25(OH)D and intact parathyroid hormone
(PTH) levels were determined by the Nichols Advantage
Chemiluminescence protein-binding assay method [12]. In
addition, concentrations of serum Ca, inorganic phosphorus
(iP), albumin (Alb), and bone metabolic markers, includ-
ing bone-specific alkaline phosphatase (BAP) MicroVue
BAP EIA Kit (Quidel Corporation, San Diego, CA, USA)
and cross-linked N-telopeptide of type I collagen (NTX),
OSTEOMARK NTx Serum (Mochida Pharmaceutical Co.,
Ltd, Tokyo, Japan), were also measured.

All subjects were surveyed about their energy, protein,
lipid, carbohydrate, VitD, P, Ca, and magnesium (Mg)
intakes using a self-administered diet history questionnaire
(DHQ) [13].

As background to the present study, it is to be noted that
the estimated average requirement (EAR) for Ca and the
adequate intake (AI) for VitD for women aged 19-29 years,
who were the subjects, were defined as 550 and 5.5 pg/day,
respectively, in the diet reference intakes (DRIs) 2015 in
Japan [14]. Although the 25(OH)D level reflects the avail-
ability of VitD in the body, the 25(OH)D threshold as a
measure of VitD sufficiency still needs to be determined.
In this study, the 25(OH)D threshold was tentatively set at
20 ng/mL, as proposed by the Institute of Medicine (IOM)

in 2011 [4] and the Japanese Society for Bone and Mineral
Research and the Japan Endocrine Society [15].

Statistical analysis

All continuous variables are expressed as mean =+ standard
deviation (SD). All statistical analyses were performed using
the statistical software JMP 7.0J (SAS Institute Inc., Cary,
NC, USA). The correlation of VitD intake or intact PTH
and serum 25(OH)D levels was examined using Spearman’s
rank correlation and the Cochran—Armitage trend test, and
the VitD intake for maintaining the 25(OH)D threshold was
calculated using receiver operating characteristic (ROC)
curve analyses.

Results

The anthropometric and dietary characteristics of the sub-
jects are summarized in Table 1. They had a mean calcium
intake of 524.1 + 248.5 mg/day, and 61.8% of the subjects
had a calcium intake lower than the EAR (550 mg/day).
They had a mean VitD intake of 12.4 + 8.1 pg/day, and
82.4% of the subjects had a higher intake of VitD than the
Al recommended in the DRIs (5.5 pg/day). Serum concen-
trations of 25(OH)D, PTH, calcium, phosphate, BAP, and
NTX, as well as BMD values, of the subjects are summa-
rized in Table 2. The subjects had a mean serum 25(OH)D
concentration of 18.4 + 4.9 ng/mL, with approximately 64%
of the subjects found to have suboptimal 25(OH)D concen-
trations (< 20 ng/mL), and only 0.7% subjects (n = 2) were
found to have serum 25(OH)D concentrations greater than
30 ng/mL. Thus, 99.3% of the subjects were found to have
VitD insufficiency, with overt VitD deficiency (defined as
serum 25(OH)D concentrations < 10 ng/mL) found in 3%
of the subjects (n =9).

The subjects with suboptimal serum VitD levels
accounted for 61.9% of those with adequate VitD intake
(= 5.5 pg/day), and those with adequate VitD intake
accounted for a smaller proportion of those with subop-
timal serum VitD levels than those with inadequate VitD
intake (< 5.5 pg/day), but there was no significant difference
(P =0.078).

A significant correlation was found between VitD intake
and serum 25(OH)D levels (Fig. 1). The proportion with
a serum 25HOD over 20 ng/mL divided by the quartile of
VitD intake is indicated in Fig. 2. The thresholds of VitD
intake were 25th percentile = 6.8 pg/day, median = 10.5 pg/
day, and 75th percentile = 16.3 pg/day. The Cochran—Armit-
age trend test was significant (P = 0.013). Again, on ROC
curve analysis to determine the VitD intake threshold for
maintaining serum 25(OH)D at a sufficient level (20 ng/mL
or higher), 11.6 pg/day (AUC = 0.59) was found to be the
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Table 1 Baseline

- . Parameter Mean + SD Min—-max Reference value for
anthropor.ne.trlc and dleta}ry anthropometry® or DRIs for
characteristics of the subjects nutrients®
(n =296)

Anthropometry
Age (years) 212+23 19.0-29.0
Height (cm) 158.8 +4.9 144.6-173.7 157.7
Weight (kg) 53.8+74 37.6-81.5 50.0
BMI (kg/m?) 213 +£2.7 15.2-31.2 18.5t025.0

Dietary intake
Energy (kcal/day) 1868.3 + 571.4 685.9-4176.1 1950
Protein (g/day) 62.4 +22.8 19.1-180.8 50
Lipid (g/day) 61.0 +26.1 9.7 +174.7 20 to < 30
Carbohydrate (g/day) 252.7+73.4 110.5-689.1 50to <70
Vitamin D (pg/day) 12.4 + 8.1 0.5-57.3 5.5 (AI); 100 (UL)
Phosphorus (mg/day) 964.6 + 365.9 275.7-2862.9 800 (AI); 3500 (UL)
Calcium (mg/day) 524.1 +248.5 95.1-1865.3 650 (RDA); 2500 (UL)
Magnesium (mg/day) 2422 +£95.0 70.0-759.8 270 (RDA)

Al adequate intake, BMI body mass index, DRIs dietary reference intakes, Min minimum value, Max maxi-
mum value, RDA recommended dietary allowance, SD standard deviation, UL permissible upper intake

level

“National Health and Nutrition Survey, Japan (2014)

PDietary Reference Intakes, Japan (2015)

Table 2 Serum concentrations
of 25(OH)D, PTH, minerals,

and bone metabolic markers,
as well as bone mineral density
values

Parameter Mean + SD Min-max Reference value
Serum concentration
25(0OH)D (ng/mL) 18.4 +4.9 0.3-39.1
PTH (pg/mL) 42.0+13.8 15.0-90.9 10-65
Calcium (mg/dL) 9.5+0.3 8.6 +10.7 8.7-10.1
Phosphate (mg/dL) 3.7+04 2.5-4.9 2.5-4.5
Albumin (g/dL) 49+03 4.1-5.7 3.9-49
BAP (U/L) 22.7+6.6 10.7-67.6 7.9-29.0
NTX (nmol BCE/L) 134 +5.1 6.0-60.7 7.5-16.5
Bone mineral density
L2-4 BMD (g/cmz) 0.997 £ 0.110 0.739-1.302 0.993 + 0.117 (20-24 years)
Hip BMD (g/cm?) 0.897 +0.102 0.631-1.243 0.889 + 0.099 (20-24 years)

L2—4 BMD lumbar 2—4 bone mineral density, Hip BMD hip bone mineral density, BAP bone-specific alka-
line phosphatase, NTX type I collagen cross-linked N-telopeptide

threshold value (Fig. 3). A negative correlation was also
observed between the levels of 25(OH)D and intact PTH
(Fig. 4). Significant correlations were not observed between
serum 25(OH)D and bone metabolic markers or BMD.

Discussion
As a phenomenon occurring highly frequently worldwide
across all age brackets, VitD deficiency/insufficiency is

becoming a major global health problem [16, 17]. Indeed,
if defined as a VitD concentration less than 20 ng/mL, VitD
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deficiency was shown to affect about half of the Amsterdam
elderly cohort [18]. Again, while the mean serum 25(OH)
D concentration is reported to be 23.1 ng/mL even among
US middle-aged women with access to VitD-fortified milk,
46% of these women were reported to be VitD-deficient
(VitD < 20 ng/mL) [15, 19]. In Japan as well, the ROAD
Study [20], a large-scale cohort study involving 595 men
and 1088 women, reported that those with serum 25(OH)D
concentrations 30 ng/mL or lower accounted for as many as
81.3% of the cohort. Similarly, Tamaki reported that only
10% of participants had blood 250HD levels > 30 ng/mL
in community-dwelling women aged > 50 years [21]. We
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Fig. 2 Percent of subjects with serum 25(OH)D > 20 ng/mL by vita-
min D intake quartile

also previously reported that VitD deficiency/insufficiency
affected as many as 86.0% of elderly women with osteopo-
rosis (mean age 76.5 years) [9].

In contrast, very few reports are available on serum
25(0OH)D concentrations among younger age groups, with
one small study of 38 subjects reporting that they had a
mean serum 25(OH)D concentration of 13.6 ng/mL, and
that VitD deficiency affected the majority [22]. The present
study involved more than 300 young Japanese women and
demonstrated that they had a mean serum 25(OH)D con-
centration of 18.4 + 4.9 ng/mL, consistent with the earlier
report in Japan that those with serum 25(OH)D concentra-
tions less than 20 ng/mL accounted for as many as 64.2%
of the entire study population. Again, the study also showed
that the subjects had a mean VitD intake of 12.4 + 8.1 pg/
day, and 82.4% of the subjects had a VitD intake in excess
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Fig. 3 ROC curve for assessing serum 25(OH)D > 20 ng/mL by

vitamin D intake
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Fig. 4 Relationship between serum intact PTH and serum 25(OH)D
concentration

of the Al in the DRIs 2015 (5.5 pg/day) [14], which was
therefore assumed to be sufficient VitD intake.

Higher VitD intakes may be required, however, to ensure
sufficient serum 25(OH)D concentrations, given that serum
25(0OH)D concentrations remained insufficient in 64.2%
of those whose VitD intake was consistent with the Al in
the DRIs (5.5 pg/day or higher). In the present study, an
attempt was made to determine the VitD intake required to
maintain serum 25(OH)D concentrations at 20 ng/mL or
higher as a measure of 25(OH)D sufficiency, which led to
the VitD intake for 25(OH)D sufficiency being found to be
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11.6 pg/day. Tsugawa reported that VitD intakes of > 12 and
> 14 pg/day would be required to reach 25(OH)D concen-
trations of 50 nmol/L (20 ng/mL) in boys and girls, respec-
tively [8]. This result is similar to the present results in 19
to 29-year-old women. Of note, the RDA for VitD intake in
the AL 5.5 pg/day, is consistent with the median VitD intake
among healthy individuals and is not intended as the VitD
intake threshold for maintaining bone health, suggesting that
a new, separate criterion needs to be established for this
VitD intake threshold.

To date, professional societies have similarly defined the
RDA for VitD intake as 15-20 pg/day in the 2015 Guide-
lines for Prevention and Treatment of Osteoporosis [23],
15 pg/day for individuals less than 75 years old, and 20 pg/
day for those 75 years old or older (the US and Canadian
guidelines for treatment and prevention of VitD deficiency)
[3], or 20 pg/day for older adults (IOF position statement)
[5]. It is to be noted, however, that these RDAs are each
intended as the VitD intake threshold assumed less likely to
be associated with an increased risk of bone fracture.

The present study findings suggest that the ideal VitD
intake threshold for acquisition of PBM is 11.6 pg/day. Of
note, given that the study was conducted in winter, it is less
likely that the study results were significantly influenced by
the status of cutaneous VitD synthesis among the study sub-
jects. However, it is clear in Fig. 2 that around 40% of sub-
jects who took VitD from foods over 11.6 pg/day had a suf-
ficient serum level of 25(OH)D, suggesting that around 60%
of subjects still had an insufficient VitD level. Therefore, the
skin production of VitD has significant importance in main-
taining proper serum VitD levels, even if VitD intake is suf-
ficient. A negative correlation was observed between serum
25(0OH)D and intact PTH in this analysis. Lower intake of
VitD is related to an insufficient 25(OH)D level and causes
secondary hyperparathyroidism. Previously, it was reported
that 25(OH)D and serum PTH independently affected areal
BMD [24]. Sufficient intake of VitD may help prevent sec-
ondary hyperparathyroidism in the younger population.

The present study had limitations. The first one was its
relatively small sample size. The second one was the limited
lifestyle of the participants, who were all nursing students.
The third is that the seasonal effect, since 25(OH)D is also
produced by UV radiation, was not evaluated. The latter
limitation together with the limited season during which the
serum samples were obtained, however, may contribute to
the small variations in the chemical parameters.

In conclusion, the present study findings suggest that the
VitD intake recommended in the DRIs in Japan, 5.5 pg/day,
may not be sufficient to maintain serum 25(OH)D concentra-
tions for bone health. Again, the present study suggests that
a VitD intake of 11.6 pg/day is required to maintain 25(OH)
D concentrations at 20 ng/mL or higher. Furthermore, VitD
supplementation is considered mandatory in those with VitD

@ Springer

deficiency despite cutaneous synthesis and nutritional intake
of VitD.
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