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Abstract

Summary Optimal levels of 25-hydroxyvitamin D [25(OH)
D] were investigated in premenopausal Chinese women.
Parathyroid hormone (PTH) change at 3 months was
associated with change in 25(OH)D but not with baseline
levels, and PTH fell even when starting levels of 25(OH)D
were >40 nmol/L, consistent with optimal values for 25
(OH)D of >40 nmol/1.

Introduction The upper level of 25-hydroxyvitamin D [25
(OH)D] which constitutes a long-term bone health risk by
causing elevated PTH levels is uncertain. Although many
studies have addressed this question using cross-sectional
data, the present study is one of few employing a
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prospective approach to determine 25(OH)D levels required
to minimize PTH.

Methods Relationships among baseline values and 3-month
changes (A) in PTH and 25(OH)D were assessed in 221
Chinese women, aged 28.0+4.4 years (mean+SD), taking
part in a placebo-controlled dairy product intervention
delivering 200 IU vitamin Ds/day.

Results Baseline 25(OH)D was 34+11 nmol/L and was
inversely related to baseline PTH (r=—0.18, P=0.007), with
a plateau in PTH levels when 25(OH)D was >40 nmol/L.
After 3 months intervention, PTH fell 11% and neither A25
(OH)D nor APTH differed between treatment and control
groups. APTH was inversely related to A25(OH)D (P<
0.001) but not to baseline 25(OH)D. Similarly, APTH
differed between quartiles of A25(OH)D (P<0.001), but
not between quartiles of baseline 25(OH)D and no
interaction was observed between quartiles of baseline 25
(OH)D and A25(OH)D. Even in the highest quartile of
baseline 25(OH)D (>40 nmol/L), PTH fell 0.4=0.1 pmol/L
(mean+SEM; P=0.008).

Conclusions We conclude that vitamin D deficiency is
common in young women in Hong Kong. The cross-
sectional analysis indicates that optimal 25(OH)D is
>40 nmol/L, and the longitudinal data is consistent with a
higher optimal value which is not defined in this study’s
results.

Keywords Cholecalciferol - Fortification - Milk -
Osteoporosis
Introduction

Vitamin D insufficiency, indicated by low levels of 25-
hydroxyvitamin D [25(OH)D] results in elevated parathy-
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roid hormone (PTH) levels [1]. Elevated levels of PTH are
likely to result in lowered bone mineral density and
increased fracture risk [1]. Vitamin D supplementation of
elderly people with low vitamin D status lowers PTH,
reduces bone loss and may prevent hip fractures [2, 3].
Despite this, the optimal level of 25(OH)D is unclear [4]
and a systematic review of the literature investigating
thresholds in the relationship between PTH and 25(OH)D
has reported estimates which have ranged from 25 to
122 nmol/L [5].

A frequently employed method for determining optimal
vitamin D status uses the relationship between 25(OH)D
and PTH in cross-sectional databases to identify a threshold
level of 25(OH)D above which a plateau in PTH occurs [4,
6, 7]. An alternative approach for determining optimal 25
(OH)D levels is to use a prospective study design to look
for a level of baseline 25(OH)D that is not associated with
reduction in PTH following vitamin D supplementation.
Utilizing longitudinal data in this way may be superior to a
cross-sectional approach since it eliminates bias from
confounding effects such as age, health status or calcium
intake that may be associated with 25(OH)D levels. To
date, only four studies have investigated a 25(OH)D
threshold longitudinally [5, 8-10], and have reported 25
(OH)D thresholds at the lower end of the range determined
from cross-sectional studies (between 40 and 50 nmol/L).
Longitudinal data from a further study providing supple-
mental vitamin D found an association between PTH
reductions and initial levels of 25(OH)D [11], but did not
report a threshold.

Older adults have higher PTH levels at the same level of 25
(OH)D compared to their younger counterparts [12, 13]. This
is likely to result from age-related reductions in intestinal
calcium absorption [14] and renal function [15]. The vast
majority of published cross-sectional studies are of adults
older than 50 years, although there are some studies in
children [16-20], and younger adults [21-26]. Additionally,
most studies of younger people have either not reported a
threshold-based optimal 25(OH)D level, or have not ob-
served an association between 25(OH)D and PTH at all [16—
23, 25, 26]. Furthermore, since longitudinal investigations
have only been undertaken in older groups (mean ages
between 47 and 67 years) the effect of age in modulating
PTH response to changes in 25(OH)D is unknown.

In addition to age, calcium intake is likely to affect the
relationship between PTH and 25(OH)D. Low calcium
intake is independently associated with elevated PTH in the
elderly [11, 12] and in younger adults [27]. A 25(OH)D
threshold has not previously been investigated either cross-
sectionally or longitudinally in Chinese or other East Asian
populations. Their lower calcium intake [28, 29] may
change any relationships between vitamin D status and
PTH levels.
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The purpose of this study is to investigate whether an
optimal level of 25(OH)D could be determined in a
population of young, healthy Chinese women through the
identification of a threshold level of 25(OH)D above which
there is no change in PTH levels following vitamin D
supplementation.

Methods
Participant recruitment

A randomized controlled trial of the effect of a calciferol-
containing dairy product on bone health, carried out in Hong
Kong, presented an opportunity to investigate the relationship
between 25(OH)D and PTH changes in younger women.
Healthy Chinese volunteers aged between 20 and 35 years
were recruited between February and June 2002 through
poster advertisements in public places and mass emailing as
previously described [30]. An initial interview excluded
women who had a medical history of metabolic bone, liver,
endocrine, connective tissue, and respiratory diseases, cancer
or previous operations or who were taking calcium or
vitamin D supplements or medications (other than oral
contraceptives) likely to affect bone metabolism. Women
who were amenorrheic, lactating, or intending to become
pregnant during the next 2 years were also excluded from the
study. A total of 327 women were screened, of whom 65
were ineligible, and a further 41 did not attend the first visit.
The remaining 221 were randomized to receive either two
daily sachets of fortified milk powder containing a total of
1,000 mg calcium and 200 IU (5 pg) cholecalciferol (Milk
group), or no dairy product (Control group). Randomization
was balanced between two age groups, 20-27 years and 28—
35 years: a total of 111 and 110 women, from each age
group, respectively, took part in the study. Compliance was
checked by counting returned empty sachets. Approval to
conduct the study was provided by The Chinese University
of Hong Kong Ethics Committee.

Baseline assessment

All participants completed a questionnaire containing
demographic and health information. They also completed
baseline assessments of physical activity and dietary intake.
Physical activity was measured using a modified version of
the Physical Activity Scale for the Elderly [31], with
examples of types of activity in the different categories of
exercise intensity altered to be more appropriate for the
population group. Dietary intake was assessed using a 5-
day diet record completed prior to their visit. Records were
checked during the visit by a nutritionist, who clarified
uncertain food item portions using actual size food models
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Table 1 Baseline characteristics of study participants

Age (years) 28.0+4.4
Body mass index (kg/m?) 20.3+£2.6
Body fat (percent) 28+4
Physical activity index (PASE score) 131+75
Calcium intake (mg/day) 450+160
Vitamin D intake (IU/day) 140120
Total protein intake (g/day) 77+18
Total fat intake (g/day) 70+15
Total energy intake (kcal/day) 1710310
Serum calcium (mmol/L) 2.33+0.08
Serum albumin (g/L) 44+2
Serum phosphate (mmol/L) 1.24+0.14
Serum 25-hydroxyvitamin D (nmol/L) 3411
Plasma parathyroid hormone (pmol/L) 3.5+1.4

Data are mean+SD. n=221

and food pictures. Nutritional analysis was undertaken
using Food Processor, version 8.0 software (ESHA Re-
search, OR, USA) with nutrient composition of local
Chinese foods added to the database using data from
manufacturers and from the Institute of Nutrition and Food
Safety of China, China Food Composition [32]. Height and
body mass were measured in light indoor clothing without
shoes. Percent body fat was determined from total body
DXA measurements made using a Hologic Delphi A
scanner (Hologic Inc, Bedford, MA, USA).

Blood collection and analysis

Fasting blood samples were collected at baseline and
3 months for measurement of serum calcium, albumin,
phosphate, 25(OH)D, and PTH. Calcium, albumin, and
phosphate were measured using Roche Modular DP
Colorimetry. DiaSorin radioimmunoassay (DiaSorin Inc.,
Stillwater, MN, USA) was used to quantify 25(OH)D
(sensitivity 3.7 nmol/L; coefficient of variation (CV) 9.1%
at 82 nmol/L) and Immulite 1000 chemiluminescence
immunoassay (Diagnostic Products Corporation, Los
Angeles, CA, USA) was used to quantify PTH (sensitivity
0.1 pmol/L; CV 8.6% at 6.2 pmol/L). All assays were
carried out at the Chinese University of Hong Kong
Pathology Laboratory which is accredited by the Australian
National Association of Testing Authorities and the Royal
College of Pathologists of Australasia.

Statistical analyses

Statistical analyses were performed using SPSS version
14.0 (SPSS Inc., Chicago, IL, USA) and SAS version 9.1
(SAS Institute Inc., Cary, NC, USA). Both cross-sectional
and longitudinal relationships between 25(OH)D, and PTH

were examined. Linear relationships were reported as
Pearson’s correlation coefficients. One-phase exponential
decay curves were fitted to identify possible thresholds in
the data. Stepwise, multiple linear regression models (Pj,=
0.05, P,,=0.10) were used to identify determinants of
baseline 25(OH)D and PTH. We included demographic,
nutritional intake, physical activity, adiposity, and clinical
biochemical variables in the models. We applied a two-way
general linear analysis of variance (ANOVA) to determine
whether change (A) in PTH differed between quartiles of
baseline 25(OH)D or with quartile of 3-month change in 25
(OH)D [A25(OH)D]. Data are presented as mean=+standard
error of the mean (SEM) unless otherwise stated.

Results
Participants

Prior to the intervention, 25(OH)D levels were in the range
11-70 nmol/L. They were <25 nmol/L in 18%, <30 nmol/L
in 36%, and <50 nmol/L in 93% of the women. PTH was
elevated above the upper reference level (7.3 pmol/L) in
only five of the 221 individuals. Baseline characteristics are
shown in Table 1.

Baseline analyses

Baseline PTH and 25(OH)D were negatively correlated,
with PTH showing a gradual curvilinear decline with
increasing 25(OH)D (Fig. 1). There was no further
reduction in PTH above a 25(OH)D of 40 nmol/L.
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Fig. 1 The relationship between baseline parathyroid hormone (PTH)
and 25-hydroxyvitamin D [25(OH)D] (r=-0.18, P=0.007 for linear
relationship). 25(OH)D levels were grouped in intervals of 5 nmol/L.
The curve represents the best fit to the data of one-phase exponential
decay to a PTH plateau of 2.9 pmol/L (+*=0.04) Numbers in brackets
indicate the sample size for each data point

@ Springer



1938

Osteoporos Int (2010) 21:1935-1941

Physical activity index was positively associated with
baseline 25(OH)D while baseline PTH was negatively
associated with serum albumin and calcium and with
dietary intakes of protein, fat, and energy (Table 2).
Multiple regression models retained physical activity index
(positive) and baseline PTH (negative) as significant
predictors of 25(OH)D, explaining 7.4% of its variance
(P<0.001). Determinants of PTH on multiple regression
analysis were serum calcium, fat intake and 25(OH)D (all
negative), which collectively explained 13% of its variance
(P<0.001).

Changes in 25(OH)D and PTH

Mean levels of 25(OH)D rose by 9+1 nmol/L at 3 months
and those of PTH fell by 0.3+0.1 pmol/L (P<0.001 for
both). There was no significant difference in either A25
(OH)D or APTH between the milk and control groups,
although there was a trend for A25(OH)D to be greater in
the milk group (1141 nmol/L compared to 8+1 nmol/L in
the control group, P=0.06). Data from both groups were
combined for longitudinal analyses. A25(OH)D was 14+
1 nmol/L in those with baseline values below the median of
33 nmol/L compared with 5+£1 nmol/L in those above the
median (P<0.001).

A25(0OH)D was negatively correlated with APTH
(Fig. 2) and explained 5% of its variance in a multiple
regression model which included both baseline and A25
(OH)D (P<0.001). Baseline 25(OH)D was not related to
APTH (Fig. 3). Neither baseline 25(OH)D nor treatment
group, when it was included, entered the APTH regression

Table 2 Correlates of baseline 25-hydroxyvitamin D and parathyroid
hormone

25(0OH)D PTH
Age 0.06 0.16*
Physical activity index 0.19%* 0.01
Vitamin D intake 0.1 2% —0.06
Calcium intake 0.08 0.08
Total protein intake 0.03 —0.15*
Total fat intake 0.02 —0.20%*
Total energy intake 0.03 —0.18**
Body mass index -0.01 0.02
% Body fat —-0.07 0.06
Serum calcium 0.06 —0.28***
Serum albumin 0.01 —0.18**
Serum phosphate —0.11 —0.13%%**

Data are Pearson correlation coefficients
25(OH)D 25-hydroxyvitamin D; PTH parathyroid hormone

*P<0.05; **P<0.01; ***P<0.001; ****P<0.08
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Fig. 2 The relationship between changes in 25-hydroxyvitamin D
[A25(0OH)D] and parathyroid hormone (APTH): r=—0.22, P<0.001

model. Of the 13 women who had baseline 25(OH)D levels
>50 nmol/L, only three experienced increases >10 nmol/L
in this metabolite.

To further clarify the relationships between baseline 25
(OH)D, and the changes in 25(OH)D and PTH, the 25(OH)
D variables were expressed as quartiles (Fig. 4). A two-way
fixed factorial ANOVA with APTH as the dependent
variable demonstrated an effect of quartiles of A25(OH)D
(P=0.006), confirming the data shown in Fig. 2. Bonferroni
post-hoc testing showed that the lowest quartile of A25
(OH)D was significantly different from the two highest
quartiles, with respect to APTH values (P<0.05). APTH
was not different between quartiles of baseline 25(OH)D,
confirming the data shown in Fig. 3, and there was no
significant interaction between baseline and A25(OH)D.
Thus, all quartile groups with an increase in 25(OH)D of
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Fig. 3 The relationship between baseline 25-hydroxyvitamin D [25
(OH)D] and change in parathyroid hormone (APTH): r=0.03, not
significant
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Change in PTH (pmol/I)

Sample Sizes
Quartiles of Change in 25(0OH)D
<2 nmol/L 2-9nmol/L_ | 9-17 nmol/L | >17 nmol/L
Quartiles of | >40 nmol/L 25 17 5 7
Baseline 33-40 nmol/L | 17 13 14 9
25(0OH)D 27-33 nmol/L | 8 12 19 16
<27 nmol/L 4 13 17 22

Fig. 4 Change in PTH as a function of both change and baseline 25
(OH)D. Across the entire lowest quartile of A25(OH)D, APTH was
0.3+0.2 pmol/L, which was significantly different from APTH in the
highest two quartiles (—0.7+0.2 pmol/L and —0.7+0.2 pmol/L for
quartiles 3 and 4, respectively). Note that for the entire highest quartile
of baseline 25(OH)D (>40 nmol/L), APTH was —0.4+0.1 pmol/L, so
a reduction in PTH was still evident

10 nmol/L or more showed a mean fall in PTH, and there
was no threshold for this effect, with respect to baseline 25
(OH)D. Across the highest quartile of baseline 25(OH)D
(>40 nmol/L), PTH fell 0.4+0.1 pmol/L (P=0.008, for a
one-sample ¢ test of APTH difference from 0).

Discussion

These data demonstrate low vitamin D status in healthy
premenopausal Chinese women living in Hong Kong
(latitude 22°N). The mean serum 25(OH)D level of
34 nmol/L found here during spring is considerably lower
than winter levels in young women in the USA (63 nmol/L)
[33], Australia (64 nmol/L) [34] or year-round levels of
young women in the UK or New Zealand (49 nmol/L) [35,
36]. Surprisingly, our results indicate lower 25(OH)D levels
in the present cohort than in young women of a similar age
living in urban Shenyang (North East China: 42°N) [23],
where 19% had levels <30 nmol/L compared with 36% in
the present study. Levels in Hong Kong young women also
appear to be somewhat lower than results from middle-aged
and older Chinese women living in Hong Kong [37] and
Malaysia [38], who have mean levels of around 70 nmol/L.

Although the reasons for such low levels of 25(OH)D
were not fully examined, it is possible that they may be
related to the long working hours, indoor lifestyle, and
commuting patterns of this cohort. Low ultraviolet radiation
levels due to pollution may also be a factor explaining the
reduced 25(OH)D. Sun avoidance for cosmetic reasons is
also likely to play a part. Frequent sunscreen and parasol
use and a dislike of going in the sun have been reported
amongst older Chinese women [39]. Anecdotal reports
suggest that these practices may be even more common in
younger women and perhaps adolescent girls. A random
sample from a large study of adolescent girls living in
Beijing (40°N) found particularly low 25(OH)D levels in
both winter and summer (mean+SD, 13+8 and 27+
11 nmol/L, respectively) [40]. In the present study, baseline
measurements took place in spring months when sunshine
is plentiful in Hong Kong, and prior to the rainy typhoon
season. Although there is a lack of data to describe seasonal
changes in vitamin D status in tropical areas, the 3-month
increases in 25(OH)D we observed are likely to be
contributed to by seasonal changes since they were only
slightly greater in the milk group, compared with control.

Our results showed physical activity to be positively
associated with 25(OH)D in this cohort, probably because
of its association with increased time outdoors [41]. There
was a borderline association with vitamin D intake—
although few foods contain useful quantities of vitamin D,
vitamin D intake has been shown to contribute to 25(OH)D
levels when sun exposure is minimal and diets are high in
fish or fortified foods [42]. Though not observed in this
study, inverse relationships between 25(OH)D and indices
of body fat have also been reported previously [41, 43—45].
It is likely that in this lean population, the range in
adiposity was insufficient to reveal this relationship.

Our cross-sectional data suggest that a 25(OH)D threshold
for decreasing PTH may exist around 40 nmol/L. Many
previous studies have estimated optimal 25(OH)D using a
range of methods based on cross-sectional data [for example,
[7, 18, 24, 27] and produced wide-ranging estimates.
Difficulties associated with the identification of optimal
25(0OH)D levels through the use of statistical estimates of
turning points, plateaus or intersections of two-slope spline
models have been recently addressed [5]. Nonetheless, our
data show distinctly higher PTH levels when baseline 25
(OH)D is below 40 nmol/L and no further reduction above
this level (Fig. 1). Both age [13] and calcium intake [27]
affect the relationship between PTH and 25(OH)D. It is
possible that our estimate of optimal 25(OH)D levels based
on its cross-sectional relationship with PTH may be lower
than that observed in many reports because the present
study is of young women with low dietary calcium intakes.

The longitudinal data from the present study do not
show a 25(OH)D threshold, above which there is no fall
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in PTH, in contrast to our cross-sectional analysis. As
evident from Fig. 4, young women with baseline 25(OH)
D levels in the upper quartile (>40 nmol/L) displayed a
potentially beneficial 3-month fall in PTH of 0.4 pmol/L.
If 25(OH)D was approaching a threshold, then the
reduction in PTH would be expected to be less at higher
baseline levels of 25(OH)D, yet we observed no relation-
ship between baseline 25(OH)D and the change in PTH.
Of the four studies that have investigated a PTH plateau
using a prospective approach, all have reported markedly
reduced changes in PTH at baseline 25(OH)D levels of
40-50 nmol/L [5, 8-10]. Since only three subjects in the
present study who had increases in 25(OH)D>10 nmol/L
also had a baseline 25(OH)D>50 nmol/L, we had
insufficient numbers to detect a threshold of this level.
Therefore, results from our prospective analysis are not
inconsistent with past findings.

In conclusion, the present study demonstrates that serum
25(OH)D concentrations are substantially lower in healthy
young women in Hong Kong than in comparable Western
populations, and also lower than those reported in
postmenopausal women in the same region. Cross-
sectionally, 25(OH)D values of <40 nmol/L. were associ-
ated with elevations in PTH. Supplementation with a milk
product containing 200 IU/day was inadequate to raise
25(0OH)D compared to the control group in this cohort.
During follow-up, increases in 25(OH)D in both treatment
and control groups were related to declines in PTH, but
these did not appear to be related to the baseline 25(OH)D
concentration. We observed potentially beneficial falls in
PTH even for individuals with baseline 25(OH)D levels
in the 40-50 nmol/L range. Thus, if there is a threshold
above which further increases in 25(OH)D are not
accompanied by suppression of PTH, it is above this range
in this cohort. The fall in PTH following improved vitamin
D status in these healthy young Chinese women, even
those in the highest quartile of baseline 25(OH)D, suggests
that this cohort is likely to benefit from vitamin D
supplementation.
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