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Abstract The objective of this study is to examine the
effect of milk powder supplementation with different cal-
cium contents on bone mineral density (BMD) in post-
menopausal Chinese women, and to determine a more
appropriate dose of calcium supplementation. A 2-year,
randomized controlled double-blind trial. Postmenopausal
women (n = 210) aged 50-65 years were recruited and
assigned randomly into three calcium supplementation
groups. All participants received milk powder supplemen-
tation with different calcium contents (300, 600, and 900 mg
per day for groups A, B, and C, respectively) and all groups
received 800 IU of vitamin D per day. During the follow-up
period, BMD of the left hip and lumbar spine (as the main
indicator) was measured using dual-energy X-ray absorp-
tiometry at the baseline, 1 and 2 years. Both three BMD
measures and the changes of BMD over 2 years were used to
analyze. Before adjusting for covariates, BMD in group A of
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the lumbar spine and groups A and B of greater trochanter
decreased significantly from the baseline over time but
increased significantly in the rest groups of the lumbar spine
and greater trochanter and in three groups of Ward’s triangle.
There were significant differences across the three groups for
changes of BMD in the greater trochanter and Ward’s tri-
angle. When adjusting for covariates, there were significant
decreases with time in group A of the spine (P = 0.001),
groups A and B of greater trochanter (P = 0.0002 and
P = 0.04, respectively) and increases in groups B and C of
Ward’s triangle (P = 0.03 and P = 0.004, respectively).
BMD change in the greater trochanter was significantly
different among three groups. For healthy postmenopausal
women, high calcium milk powder supplementation was
better in retarding bone loss than medium and low calcium in
the greater trochanter. Considering the dietary calcium
intake of postmenopausal women in north of China, a dose of
900 mg/day is considered as the most appropriate calcium
supplementation for greater trochanter but not for other sites.

Keywords Osteoporosis - Postmenopausal women - Bone
mineral density - Calcium supplementation

Introduction

Bone mineral density (BMD) decreases at a rate of
0.7-1.0 % after middle age, and in postmenopausal women,
this is three times greater compared with premenopausal
women [1-3]. It has been shown that bone loss can be
reduced by as much as 1.0 % each year through the use of
calcium supplementation in postmenopausal women. Over
many years, many randomized controlled trials have con-
firmed that both calcium supplementation alone and calcium
with vitamin D supplementation can reduce bone loss and the
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incidence of osteoporosis and osteoporotic fracture in post-
menopausal women [1, 4-12]. However, the most appro-
priate and significant dose of calcium supplementation is
contentious in different countries. One study reported that
800 mg/day of calcium supplementation can retard bone loss
in postmenopausal women with a low calcium diet in China
[6]. However, with developments in our society and the
improvement of living standards, the dietary calcium intake
of people is increasing. Considering the side-effects of cal-
cium supplementation, including kidney stones, constipa-
tion, and eventually increased risk of cardiovascular events
[8, 13—-18], identifying a more appropriate dose of calcium
supplementation is necessary. In this study, a randomized
controlled trial was designed to explore the effect of milk
powder supplementation with different calcium contents on
BMD in postmenopausal Chinese women.

Methods
Subjects

Hongqi Community Health Center (Harbin City, China)
was randomly selected as the target community from all
teaching community hospitals of Harbin Medical Univer-
sity. From this community, 276 volunteers were randomly
recruited and those who met the inclusion criteria were
entered into the study. Inclusion criteria comprised post-
menopausal women aged between 50 and 65 years at the
time of the study that had lived in Harbin for at least
5 years. Subjects were excluded if they: (i) had disorders of
calcium metabolism or calcium absorption; (ii) had bone
disorders; (iii) had gastrointestinal disease, coronary heart
disease, stroke, diabetes, cancer, thyroid or parathyroid
disease, chronic liver disease or chronic kidney disease;
(iv) suffered from ovarian surgery, premenopausal hys-
terectomy, gastric resection, and thyroidectomy; (v) used
estrogen at the time of the study or had taken drugs for a
month or more; (vi) were milk powder intolerant; (vii)
were likely to migrate. Based on these criteria, a total of
210 women were enrolled in the study.

Randomization and Treatments

In accordance with baseline BMD of the lumbar spine,
participants were randomly assigned to three treatment
groups (groups A, B and C) by block randomization. All
participants were instructed to take 50 g of high calcium,
low fat milk powder with boiled water every morning and
evening, respectively. Each 50 g of milk powder contained
400 IU of vitamin D plus 150, 300 or 450 mg of calcium
for groups A, B and C, respectively. Milk powder was

produced by Nestle Corporation, Beijing, China. Based on
the common ingredients of milk powder, according to the
calcium content designed prior to the study, corresponding
calcium carbonate was added to the milk powder to reach
the intervention level.

During the experiment, the investigators were fully
blinded to the group allocation until the end of the study.
The study flow is summarized in Fig. 1.

Follow-Up and Compliance

Participants were followed-up for 2 years with data col-
lection at baseline, 1 and 2 years, including food intake
frequency, BMD, blood specimens of morning fast and
24 h urine sample. At baseline, subjects were interviewed
about their demographic and socioeconomic background,
food intake frequency, past medical history, reproductive
and menstrual history, past physical activity level, calcium
tablets and vitamin D supplementation, and mentality and
reply. Data on food intake frequency were collected using
the Food Frequency Questionnaire (FFQ), which was
designed in case report form [7]. The validity and relia-
bility of this questionnaire were tested.

In the first and second year, identical data were col-
lected, except for past medical history and reproductive
and menstrual history. Participants were face-to-face
interviewed by trained investigators using a structured and
validated questionnaire. Each subject recalled their diet
over the past year with the help of estimating portion size
through detailed pictorial information. Dietary nutrient
intake was estimated using 3-day food records, including
details on energy, protein, calcium, vitamin, and other
microelements.

Throughout the study, subjects were instructed to record
their milk powder intake every day. Records and empty
pouches were returned every two and half months, and then
the next batch of milk powder was provided. According to
the records and returned pouches, the compliance of each
subject was determined.

Outcome Measurements

BMD measurements were carried out by dual-energy X-ray
absorptiometry (DXA; Norland Corp, USA) in the Harbin
Orthopedics Hospital at the baseline, 1 and 2 years. Mea-
surements were taken at the following sites: the left hip
(femoral neck, greater trochanter, and Ward’s triangle) and
the lumbar spine (L2-L4). The primary outcomes included
T score, Z score, BMD, and bone mineral content (BMC).

Serum ions, such as calcium, phosphate and magnesium,
biochemical indices, such as trioxypurine, albumin, total
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Randomly recruited volunteers
Assessed for eligibility

A group, N=71

Calcium supplementation
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Collected data information

|
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N=276 Excluded (criteria not met,
I refused, other reasons)
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Collected baseline information:
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900mg/day !

Missing, N=17(24.6%)
Collected data information

Missing, N=15(21.7%)
Collected data information

The end

Unblinding

Fig. 1 The flow diagram of this study

cholesterol, triglyceride, alkaline phosphatase and crea-
tinine, and urinary ions, such as calcium, magnesium,
sodium, potassium, and chlorine, were measured by stan-
dard laboratory methods in the second hospital affiliated to
Harbin Medical University.

Statistical Analysis

A power analysis was undertaken before the study so that a
change of 5 % in BMD over 2 years could be detected with
85 % power, provided that 50 subjects were included in
each study group. Data were reported as mean + standard
deviation (SD) for continuous variables and frequency (%)
for categorical variables. Differences in baseline charac-
teristics between the three groups were compared using
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analysis of variance (ANOVA) for continuous normal and
equal variance variables, the y* test for categorical vari-
ables and the Kruskal-Wallis test for non-normal variables
or ordinal variables. Fisher’s exact test was used when
numbers were too small for the ¢ test. Repeated measures
analysis of variance was employed to compare the differ-
ences between the baseline and the first and second year in
BMD. Differences in BMD changes between the three
groups were compared by analysis of co-variance
(ANCOVA) with the baseline BMD, years since meno-
pause and calcium tablet use as the covariates. Bonferroni
was used where multiple comparisons were made. All tests
were two-tailed. A 5 % level was used as the level of
significance. All analyses were conducted using SAS v9.2
software (SAS Institute, Cary, NC).
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Table 1 Comparison of baseline characteristics between groups
Characteristics A group (300 mg/day) B group (600 mg/day) C group (900 mg/day) Fly? P value
Age (years) 55.78 £ 3.75 57.05 £ 4.05 56.14 £ 3.65 1.60 0.21
Height (cm) 157.57 £ 5.30 157.96 £+ 6.21 157.71 £ 5.03 0.07 0.93
Weight (kg) 61.79 + 9.14 62.37 £ 8.97 60.40 £+ 6.99 0.77 0.46
Years since menopause (year)* 5.49 £3.39 7.93 £ 4.62 6.94 £ 4.05 7.79 0.02
Dietary calcium intake (mg/day)* 533.01 £ 172.89 600.10 £ 226.68 582.94 £ 270.50 1.87 0.39
Serum calcium (mmol/L) 2.47 + 1.56 2.38 £ 1.56 2.13 + 1.68 0.63 0.54
Serum ALP (IU/L) 79.53 £ 28.15 74.26 £ 20.95 74.63 £+ 18.55 0.85 0.43
Total lean mass (kg) 37.18 £5.43 37.32 £5.11 36.41 £ 4.69 0.49 0.61
Total fat mass (kg) 21.53 £ 4.72 22.18 £4.95 21.39 £ 3.44 0.49 0.61
Educational attainment® 2.80 0.25
Below junior middle school 4 (8.16) 7 (12.07) 2 (3.92)
Junior middle school 18 (36.73) 27 (46.55) 25 (49.02)
Senior middle school 16 (32.65) 17 (29.31) 15 (29.41)
University or above 11 (22.45) 7 (12.07) 9 (17.65)
Calcium tablets use 6.35 0.04
Yes 24 (48.98) 15 (25.86) 17 (33.33)
No 25 (51.02) 43 (74.14) 34 (66.67)
Vitamin use 0.57 0.75
Yes 8 (16.33) 7 (12.07) 6 (11.76)
No 41 (83.67) 51 (87.93) 45 (88.24)
Household income per capital® 2.84 0.24
<1000¥ 9 (18.37) 16 (27.59) 12 (23.53)
1001-1500¥ 15 (30.61) 21 (36.21) 18 (35.29)
1501-2000¥ 7 (14.29) 9 (15.52) 7 (13.73)
2001-3000¥ 12 (24.49) 7 (12.07) 5 (9.80)
>3000¥ 6 (12.24) 5(8.62) 9 (17.65)
Past medical history 3.04 0.22
Yes 25 (52.08) 27 (47.37) 18 (35.29)
No 23 (47.92) 30 (52.63) 33 (64.71)
Physical activity level 0.26 0.88
Low 11 (22.45) 8 (13.79) 9 (17.65)
Median 17 (34.69) 28 (48.28) 18 (35.29)
High 13 (26.53) 9 (15.52) 16 (31.37)
Very high 8 (16.33) 13 (22.41) 8 (15.69)

ALP alkaline phosphatase

? Variable was analyzed using the Kruskal-Wallis test

Results
Dropout Rate

During the first year, 36 of 210 participants dropped out of
the study, therefore 174 subjects (59, 63, and 52 for groups
A, B and C, respectively) yielded a total dropout rate of
17.1 %. Of the women dropping out, subjects withdrew
due to disease (5), death (2), relocation (6), and personal
reasons (23). During the second year, 47 subjects dropped

out with a dropout rate of 22.4 %. Dropout was
attributable to illness in (8), death (2), relocation (7), and
personal reasons (30).

Baseline Characteristics
The baseline characteristics of the study subjects are shown
in Table 1. Mean age of the subjects was 56.4 + 3.8 years,

body mass index (BMI) was 24.7 £+ 2.8 kg/mz, dietary
calcium intake was 573.8 £ 227.8 mg/day (from 3-day
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Table 2 Comparison of differences between the baseline and the first and second year in BMD

Sites Baseline (g/cmz) 1 year (g/cmz) 2 year (g/cmz) P P*
Lumbar spine (L2-L4) (mg/day) <0.0001% 0.03%
A group (300) 0.90 + 0.15 0.90 + 0.13 0.88 + 0.13* 0.04" 0.0017
B group (600) 0.89 + 0.16 0.92 + 0.17* 0.90 + 0.16 0.0009" 0.36"
C group (900) 0.90 + 0.15 0.94 + 0.16* 0.92 +0.17 <0.00017 0317
Femoral neck (mg/day) 0.22* 0.56"
A group (300) 0.76 & 0.12 0.76 & 0.12 0.75 + 0.13 0.83" 0.907
B group (600) 0.75 & 0.10 0.75 &+ 0.10 0.75 + 0.10 055" 0.627
C group (900) 0.75 £ 0.09 0.75 £ 0.09 0.76 £ 0.09 0.26" 0.25"
Greater trochanter (mg/day) <0.0001% 0.0004"
A group (300) 0.64 £ 0.11 0.64 + 0.12 0.61 £ 0.11* <0.00017 0.0002"
B group (600) 0.63 + 0.09 0.64 + 0.09 0.61 + 0.09F <0.0001" 0.04"

C group (900) 0.63 + 0.09 0.65 + 0.10% 0.63 £ 0.10 0.02° 0.617
Ward’s triangle (mg/day) <0.0001% 0.0047*
A group (300) 0.56 £ 0.13 0.57 £ 0.13* 0.59 + 0.15* 0.017 0.46"

B group (600) 0.54 + 0.10 0.57 &+ 0.10* 0.57 + 0.11% 0.0003" 0.03"

C group (900) 0.54 + 0.09 0.57 + 0.11% 0.59 + 0.11% <0.0001" 0.004"

* Adjusting for years since menopause and calcium tablet use

# P values were from repeated measures analysis of variance with three groups as together

P values were from repeated measures analysis of variance with three group as separate

t P values were from multiple comparison with the baseline as the reference: P < 0.05

food records), and years since menopause Wwas
6.9 £ 4.2 years. Dietary calcium intake was only from
daily food, not including calcium supplementation from
milk powder and calcium tablet use. Participants in the
three randomization groups were well-matched with
respect to age, anthropometric measurements, physical
activity level, and daily dietary calcium intake. With
respect to the other characteristics, there were no signifi-
cant differences between the three groups, except for cal-
cium tablet use and years since menopause.

BMD of the lumbar spine and hip at baseline, 1 and
2 years are shown in Table 2. Baseline BMD for all sites
was well-balanced across the groups.

Bone Mineral Density Changes

Before adjusting for covariates, for the lumbar spine, BMD
of groups B and C increased significantly at the first year
and decreased thereafter. There was no significant differ-
ence between the baseline and the second year and no bone
loss was observed. BMD in group A kept unchanged in the
first year and then decreased significantly in the second
year. For the femoral neck, BMD of the three groups
remained stable. For the greater trochanter, BMD in groups
A and B kept unchanged in the first year and decreased
significantly in the second year, but group C increased
significantly in the first year, although it was tiny, and then
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decreased to the level of the baseline. For the Ward’s tri-
angle, BMD in the three groups increased significantly with
time both in the first and second years (Table 2). When
adjusting for the baseline BMD, years since menopause
and calcium tablet use, there were significant decreases
with time in group A of the spine (P = 0.001), groups A
and B of greater trochanter (P = 0.0002 and P = 0.04,
respectively) and increases in groups B and C of Ward’s
triangle (P = 0.03 and P = 0.004, respectively).

Table 3 shows the results of analysis of covariance for
the changes of BMD, where baseline BMD, years since
menopause and calcium tablet use were covariates. Before
adjusting for covariates, there were significant differences
between the three groups for changes of BMD in the
greater trochanter and Ward’s triangle. However, when
adjusting for covariates, only the change of BMD in the
greater trochanter was significant.

Discussion

Because of the difference from western countries in dietary
patterns, the traditional Asian diet is very low in calcium
content [6]. This study was designed to examine whether
milk powder supplementation with different calcium con-
tents over 2 years was effective in retarding bone loss in
healthy postmenopausal women in China. This study
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Table 3 Comparison of BMD changes from the baseline across three groups in all sites

Sites A group (300 mg/day) B group (600 mg/day) C group (900 mg/day)

First year Second year First year Second year First year Second year

Lumbar spine 0.014 £ 0.045 —0.005 £ 0.057 0.028 £ 0.058  —0.001 £ 0.049 0.034 £+ 0.051 0.016 £ 0.056
Femoral neck —0.001 £ 0.034  0.0001 + 0.030 —0.005 £ 0.039  —0.003 £ 0.038 0.004 £ 0.037 0.015 £ 0.053
Greater trochanter 0.008 + 0.030  —0.022 & 0.031%** 0.007 + 0.032  —0.018 & 0.025%%  0.013 £ 0.029  —0.004 & 0.034
Ward’s triangle 0.019 £ 0.063 0.038 £ 0.064 0.031 £+ 0.054 0.026 £+ 0.051* 0.034 £+ 0.048 0.058 £ 0.066

* Comparison of A or B group with C group without adjusting for covariates: P < 0.05

# Comparison of A or B group with C group while adjusting for the baseline BMD, years since menopause, and calcium tablet use: P < 0.05

confirmed high calcium milk powder supplementation to
be beneficial for the prevention of bone loss in older
women, which is consistent with a number of previous
reports [5—7, 19]. In this study, significant differences from
the baseline over time were found for BMD at all sites,
except femoral neck. Although there were no significant
differences between the baseline and the first and second
year in femoral neck, no bone loss was observed. BMD in
group A of the lumbar spine retained constant in the first
year and then decreased significantly in the second year as
well as BMD in groups A and B of greater trochanter. The
bone loss observed in the second year might be relative
with the low-dose calcium supplementation.

However, when adjusting for baseline BMD, years since
menopause and calcium tablet use, the significant differ-
ence for change of BMD in the Ward’s triangle was
eliminated. This could be related to the short-term follow-
up time, small differences in calcium supplementation dose
between the three groups, or poor compliance with the
regimen. A previous study [20] showed that adherence to
treatment affected the results of calcium supplementation,
especially when adherence was bad. In this study, years
since menopause and calcium tablet use were significantly
different between the three groups, which could confound
the effect of calcium supplementation. Although they have
been adjusted for, the confounding effect might be not
completely eliminated.

To explore the optimal dose of calcium supplementa-
tion, only three doses of calcium supplementation were
designed. Although significant differences were found in
the greater trochanter and Ward’s triangle between the
three groups, currently, 900 mg/day was temporarily con-
sidered as the more appropriate dose. In the future, more
doses groups should be designed to find the more specific
and appropriate dose of calcium supplementation.

In conclusion, supplementing 300 mg/day of calcium
cannot reduce bone loss in the lumbar spine and greater
trochanter, but 600 and 900 mg/day can do. For the greater
trochanter, supplementing 900 mg/day of calcium was
better than 600 and 300 mg/day in reducing bone loss.

Considering the dietary calcium intake of postmenopausal
women in the north of China, a calcium supplementation
dose 900 mg/day is currently considered as the most
appropriate for greater trochanter but not for other sites. If
women are able to remain compliant with the regimen and
continue to supplement calcium for a long time, a more
specific optimal dose of calcium supplementation could be
identified.
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