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ABSTRACT
Background: Hong Kong faces several public health problems including malnutrition and osteoporosis. Considering the

typical Chinese diet and overall low physical activity levels of Chinese adults, timely interventions to improve nutritional

status and bone health are needed.

Objectives: We examined the effects of a nutrition plus exercise intervention on serum vitamin B-12 and 25-

hydroxyvitamin D [25(OH)D], bone turnover markers, and parathyroid hormone (PTH) concentrations in apparently healthy

Chinese middle-aged and older adults.

Methods: In this 24-wk randomized controlled trial, 180 Chinese adults (85 women, mean ± SD age: 61 ± 6 y) were

randomly assigned to receive a fortified milk supplement (2 × 30 g/d) and an exercise program (2 × 1 h/wk including

resistance, balance, and aerobic training) or no intervention. The primary outcome was physical performance. In this

article we analyzed the secondary outcomes serum vitamin B-12 and 25(OH)D concentrations, assessed at baseline,

12 wk, and 24 wk. Also, bone turnover markers and PTH concentrations were studied. Linear mixed models evaluated

group differences over time.

Results: A significant time × group interaction (P < 0.001) was found for serum vitamin B-12 and 25(OH)D

concentrations and the bone turnover markers, but not for serum PTH concentrations (P = 0.09). The intervention

increased mean ± SD vitamin B-12 concentrations from baseline (345 ± 119 pmol/L) to 24 wk (484 ± 136 pmol/L),

whereas concentrations remained stable within the control. For 25(OH)D concentrations, the intervention group had a

greater increase from baseline (54.7 ± 14.2 nmol/L) to 24 wk (80.1 ± 19.2 nmol/L) than the control (60.6 ± 15.2 compared

with 65.6 ± 14.6 nmol/L). The ratio of the net effect of bone formation and resorption was greater in the intervention

group, suggesting less bone remodeling, irrespective of sex.

Conclusions: A fortified milk supplement and exercise intervention successfully improved vitamin B-12 and 25(OH)D

concentrations as well as the balance of bone turnover markers of Chinese middle-aged and older adults. This trial was

registered at trialregister.nl as NTR6214. J Nutr 2020;150:2112–2119.

Keywords: nutrition, exercise, vitamin B-12, 25-hydroxyvitamin D, 25(OH)D, bone turnover, middle-aged adults,

older adults

Introduction

Approximately 31% of the population of Hong Kong is
expected to be 65 y or older in 2036 (1). Being one of the
fastest-aging populations in the world, Hong Kong faces several
public health problems (2), including osteoporosis and hip

fracture incidence (3, 4). In addition, there is a significant
burden of malnutrition (5). The onset or progress of aging-
related pathologies may be delayed with nutrition and physical
activity.

For optimal bone health, it is recommended to have a
sufficient intake of calcium, vitamin D, and protein (6, 7).
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However, the typical Chinese diet is low in calcium and due
to the cultural habit of avoiding direct exposure to sunlight,
vitamin D deficiency is highly prevalent among Chinese older
adults (≥65 y) (8, 9). Furthermore, older adults have a
greater need for protein than younger healthy adults (10). An
inadequate intake of these key bone nutrients can increase the
risk of falls and fractures and the prevalence of osteoporosis
(7, 10, 11).

Vitamin B-12 deficiency is a common problem worldwide
and its prevalence tends to increase with age (12). However,
data are missing on the vitamin B-12 status in middle-aged
and older adults living in Hong Kong. Deficiency is often
caused by inadequate dietary intake and/or malabsorption of
vitamin B-12 (12, 13). Dietary sources of vitamin B-12 are
mostly animal-related such as milk. However, the ongoing
cohort survey “China Health and Nutrition Survey” reported
that milk intake was low in Chinese people aged 60 y and
older (14). This might lead to a low vitamin B-12 status, which
in turn has been associated with a low bone mineral density
(BMD), increased bone turnover, and increased fracture risk
(15, 16).

Multiple trials have investigated the effect of nutritional
supplementation on nutritional status and bone health, but
these are mainly in Western populations. The Asian dietary
pattern is different from Western diets, which may require
other nutritional strategies. A limited number of studies in
Chinese women have shown that milk supplementation for
24 mo increased calcium intake and led to less bone loss
(17–19). In addition, men should not be overlooked. Because
although BMD decreases at a faster rate in postmenopausal
women than in men, the latter group tend to have a higher
mortality risk after a fracture (20, 21). Besides nutrition,
exercise is beneficial for bone health and a stronger effect may be
expected from a combined nutrition and exercise intervention
(22, 23). A survey conducted in 2014 showed low physical
activity levels among the adult population of Hong Kong (24).
Therefore, addressing physical activity levels is of interest. To
the best of our knowledge, the current study is the first study
targeting both Asian male and female middle-aged and older
adults with a combined nutritional and exercise intervention to
improve nutritional status and bone health.

This study is part of a large trial investigating the
health impact of a nutrition and exercise program in Chi-
nese adults. The aim of the present study was to assess
whether a 24-wk multidomain lifestyle intervention including
a fortified milk supplement and an exercise program had
an effect on serum vitamin B-12 and 25-hydroxyvitamin D
[25(OH)D] concentrations and markers of bone turnover in
apparently healthy community-dwelling Chinese middle-aged
and older adults, compared with a control group without
intervention.
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Methods
Study population
A 24-wk randomized controlled trial (RCT) was conducted in 180
apparently healthy community-dwelling Chinese middle-aged and older
adults aged 50 y or older living in Hong Kong (latitude 22.3◦N).
Exclusion criteria included recent (i.e., past 3 mo) or concurrent
participation in any lifestyle intervention program, BMI ≥ 27.5 kg/m2,
self-reported allergy or intolerance to ingredients of the fortified
milk supplement, poorly controlled or unstable chronic obstructive
pulmonary disease/cardiovascular disease/hypertension, recent illnesses
or fractures, undergoing treatment of cancer, and regular use of calcium
or vitamin D supplements and traditional Chinese medicines. Eligible
participants were randomly assigned, stratified by sex and age (50–
64 compared with ≥65 y), to the intervention or control group.
Further details concerning participant recruitment, study design, and
methods have been described elsewhere (25). The study was approved
by the Clinical Research Ethics Committee of the Chinese University
of Hong Kong (reference no. 2016.532) and registered at the Dutch
Trial Registry (NTR6214). All participants provided written informed
consent.

Treatment
The intervention consisted of a nutrition and an exercise component,
both lasting for 24 wk. Participants in the intervention group had
to drink 2 glasses of a fortified milk supplement (i.e., 2 sachets of
30 g each of unbranded OPTIMEL 60+ Diamond powder produced
by FrieslandCampina, Netherlands; commercially available) daily
providing 13.6 g protein, 1008 mg Ca, 30 μg cholecalciferol (vitamin
D3), 2.9 μg vitamin B-12, and 212 kcal (Supplemental Table 1 provides
a complete overview of the nutritional composition). Cholecalciferol
was provided at 300% and 200% of the Chinese recommended nutrient
intake (RNI) for persons aged 50–64 and ≥65 y, respectively; this was
still below the tolerable upper limit (26). Vitamin B-12 was provided at
121% of the Chinese RNI (26). Participants also received a brief healthy
lifestyle kit which highlighted the importance of a balanced diet and
daily physical activity.

The exercise program consisted of 2 exercise sessions of 1 h each
week, conducted in groups of 8–12 participants, for a total of 48
sessions. The exercise sessions consisted of a warm-up (5–10 min),
resistance and balance training (20–30 min), an aerobic component
(20 min), and a cool-down (5–10 min). Participants were asked to
perform against 60%–80% of their estimated 1-repetition maximum
load and resistance was progressively increased based on their Rating
of Perceived Exertion (RPE) after each week of training. For the aerobic
component, the aim was a minimum RPE of 13–15 at the beginning
and to gradually proceed to an RPE of 15–18 during the later aerobic
sessions. The exercises were designed to include variations and were
conducted under the supervision of an exercise instructor.

Participants in the control group were asked to maintain their usual
physical activities and dietary habits during the study period and were
subjected to the same measurements as the intervention group.

Compliance
Participants were asked to return any unconsumed sachets of the
fortified milk supplement every 2 wk. Subsequently, compliance to
the nutritional intervention was assessed by dividing the number of
sachets of fortified milk supplement consumed by the number of
sachets provided. Compliance to the exercise intervention was assessed
by dividing the completed exercise sessions by the total number of
prescribed sessions.

Assessments
The primary outcome of the trial was physical performance, which
was reported in another article (25). In this study we analyzed the
secondary outcome of nutritional status including serum vitamin B-12
and 25(OH)D concentrations, and the tertiary outcomes of serum bone
turnover markers and parathyroid hormone (PTH) concentrations.
For this, blood samples were collected in the morning (from 09:00
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to 11:30) after fasting for ≥12 h and after 15-min rest at baseline,
12 wk, and 24 wk. Blood was collected in vacutainers with no added
anticoagulant and was kept at room temperature for ∼1 h in order to
clot. Hereafter, serum was separated by centrifugation (at 2450 × g for
10–15 min at ambient temperature) and stored at −80◦C, according
to the instructions of Pathlab Medical Laboratories Ltd and Quest.
The laboratory was accredited by the College of American Pathologists.
Testing standards were based on the requirements of ISO 15189:2012
and included inspection of policies, procedures, records, internal quality
control, and external quality assurance programs.

Serum vitamin B-12 and 25(OH)D concentrations
Serum vitamin B-12 was measured using chemiluminescent immunoas-
say (IMMULITE 2000; Siemens Healthineers Global). Intra-assay and
interassay CVs were 6.7%–7.0% and 6.0%–7.9%, respectively. A
cutoff value of <150 pmol/L was used for vitamin B-12 deficiency
(13, 27).

Serum 25(OH)D was measured using LC–tandem MS (Quest
Diagnostics). This assay measures both 25-hydroxycholecalciferol
[25(OH)D3] and 25-hydroxyergocalciferol [25(OH)D2]; total
25(OH)D concentrations were used for the results in the current
study. Intra-assay and interassay CVs were between 3.7% and 6.9%.
Cutoff values for serum 25(OH)D are <25 nmol/L for deficiency,
≥25 to <50 nmol/L for insufficiency, and ≥50 nmol/L for sufficiency
(28, 29).

Bone turnover markers
Serum N-amino terminal propeptide of type I collagen (PINP)
(marker of bone formation) was measured using immunoassay (Quest
Diagnostics). Intra-assay and interassay CVs were <10%. Serum C-
terminal telopeptide of type I collagen (CTX) (β-isomerized; marker of
bone resorption) was measured using electrochemiluminescence assay
(Quest Diagnostics). Intra-assay and interassay CVs were 1.7%–2.2%
and 3.1%–5.7%, respectively.

PTH
Serum concentration of intact PTH was measured using chemilumines-
cent immunoassay (IMMULITE 2000; Siemens Healthineers Global).
Intra-assay and interassay CVs were 4.2%–5.7% and 6.3%–8.8%,
respectively.

Dietary intake
All participants were asked to fill in a 3-d dietary record including both
weekdays and weekend days at baseline and after 24 wk, which was
checked by trained staff for completeness. Data were processed by the
Food Processor Nutrition Analysis and Fitness software version 8.0
(ESHA Research), with the addition of composition of local foods based
on food composition tables from China and Hong Kong. Protein intake
(g/d), calcium intake (mg/d), and vitamin D intake (μg/d) are reported
in this article, because these are key nutrients for optimal bone health.
Vitamin B-12 intake (μg/d) is reported as well. More elaborate results
on dietary changes will be described separately in another article.

Other measurements
Demographic, lifestyle, and medical history data were collected
using standardized questionnaires. Physical activity was assessed with
a validated Chinese version of the International Physical Activity
Questionnaire (IPAQ-C) (30). Anthropometric measurements were
done using standardized methods. These additional measurements are
described elsewhere (25).

Statistical analysis
The trial was powered based on the outcome of gait speed [primary
outcome, described in another article (25)] and the secondary outcome
of serum 25(OH)D. Based on a previous trial investigating the effect
of milk supplementation on bone turnover markers and vitamin D
status in healthy Chinese adults (28), a minimum sample size of 114
(57/group) was needed to detect a mean difference of 8 nmol/L in serum
25(OH)D between the control and intervention groups with an SD of

15 nmol/L, 80% power, and a 5% significance level. Accounting for a
noncompliance rate of 20% and a dropout rate of 20%, a final sample
size of 180 (90/group) participants was chosen.

Data were analyzed using the intention-to-treat method. Continuous
variables are presented as mean ± SD for normally distributed data
and as median [IQR] for nonnormally distributed data. Categorical
variables are presented as number of subjects (percentage). Independent
t test, chi-square test, or Mann–Whitney U test was used to compare
values at baseline between groups. All data were checked for normality.
In case of a nonnormal distribution, nonparametric tests or log
transformations were applied. Extreme outliers in primary dependent
variables were retained in final analyses when results including and
excluding the outlier were similar.

Differences in serum vitamin concentrations and bone markers
between groups over time were analyzed using linear mixed models
with subject as a random factor and time (baseline, 12 wk, and 24 wk),
group (control and intervention), and time × group as fixed factors.
To determine differences in vitamin B-12 deficiency and vitamin D
insufficiency between the 2 groups at each time point, a chi-square test
was used. Within-group differences compared with baseline were tested
by McNemar’s test.

In addition to the crude concentrations of the bone turnover markers
PINP and CTX, an uncoupling ratio was calculated as the ratio of
percentage change from baseline (31):

Uncoupling ratio

= end P1NP − baseline P1NP
baseline P1NP

/
end CTX − baseline CTX

baseline CTX
(1)

A ratio <1 indicates net resorption, whereas a ratio >1 indicates net
formation (31). A Mann–Whitney U test was used to investigate if the
ratio was different between groups.

Analyses of bone markers were not adjusted for potential con-
founders including age, sex, BMI, body weight, energy intake, physical
activity, smoking, alcohol use, comorbidities, and fracture history (32),
because these variables did not significantly differ at baseline and over
time between the groups. For the analysis of serum 25(OH)D, season
in which the baseline measurement was performed was added as a
confounder to the model. Season was categorized as spring (March to
May) and summer (June and July). The aforementioned analyses for
serum vitamin concentrations and bone markers were also performed
separately for men and women. These sex-specific results should be
interpreted with caution, because the power of the study might be
inadequate to detect a difference.

Changes in dietary intake over time and within groups were assessed
with Wilcoxon’s Signed Rank test.

All statistical analyses were performed using IBM SPSS Statistics
version 25.0 (IBM Corp.). A 2-sided P value of 0.05 was used for
statistical significance.

Results
Participants

In total, 180 people were randomly assigned to either the
control or the intervention group. At the end of the study, the
control group consisted of 83 participants and the intervention
group of 80. Supplemental Figure 1 presents the flowchart of the
numbers of participants at different study stages. The dropout
rate was low in both groups (intervention: 8%; control: 11%).
Furthermore, the intervention group showed a moderate to
high compliance to the proposed intervention (80% achieved
≥80% of supplement compliance and 73% attended ≥80%
of the exercise program). There were no significant differences
in baseline characteristics between participants who were not
willing to receive the group allocation, lost to follow-up, or
discontinued the study and those who remained in the data
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TABLE 1 Baseline characteristics of the middle-aged and older Chinese adults in the control and the nutrition plus exercise
intervention group1

Control group Intervention group

Characteristic All Men Women All Men Women P value2

n 83 38 (45.8) 45 (54.2) 80 40 (50.0) 40 (50.0)
Age, y 60.9 ± 6.0 62.9 ± 6.0 59.1 ± 6.0 61.7 ± 6.3 63.1 ± 7.0 60.3 ± 6.0 0.38
Age group, y

50–64 58 (69.9) 22 (57.9) 36 (80.0) 53 (66.3) 23 (57.5) 30 (75.0) 0.62
≥65 25 (30.1) 16 (42.1) 9 (20.0) 27 (33.8) 17 (42.5) 10 (25.0)

Education level
Secondary or below 65 (78.3) 29 (76.3) 36 (80.0) 49 (61.3) 18 (45.0) 31 (77.5) 0.02
Tertiary or above 18 (21.7) 9 (23.7) 9 (20.0) 31 (38.8) 22 (55.0) 9 (22.5)

Smoking
Never smoke 77 (92.8) 32 (84.2) 45 (100.0) 71 (88.8) 32 (80.0) 39 (97.5) 0.38
Ex-smoker/current smoker 6 (7.2) 6 (15.8) 0 (0.0) 9 (11.3) 8 (20.0) 1 (2.5)

Alcohol use
Never 72 (86.7) 29 (76.3) 43 (95.6) 69 (86.3) 32 (80.0) 37 (92.5) 0.93
Ex-user/current user 11 (13.3) 9 (23.7) 2 (4.4) 11 (13.8) 8 (20.0) 3 (7.5)

Weight, kg 59.1 ± 9.3 65.1 ± 8.1 54.1 ± 7.1 59.5 ± 9.1 64.6 ± 6.9 54.4 ± 8.1 0.78
Height, cm 160.4 ± 8.4 166.7 ± 5.9 155.0 ± 6.1 162.7 ± 7.6 168.7 ± 4.6 156.8 ± 4.8 0.06
BMI, kg/m2 22.9 ± 2.5 23.4 ± 2.4 22.5 ± 2.6 22.4 ± 2.4 22.7 ± 2.1 22.1 ± 2.6 0.18
Self-reported major medical history

Endocrinology diseases 4 (4.8) 2 (5.3) 2 (4.4) 1 (1.3) 0 (0.0) 1 (2.5) 0.37
Cardiovascular diseases 16 (19.3) 10 (26.3) 6 (13.3) 14 (17.5) 10 (25.0) 4 (10.0) 0.77
Bone, joint, or muscular problems 13 (15.7) 6 (15.8) 7 (15.6) 13 (16.3) 4 (10.0) 9 (22.5) 0.92
Gastrointestinal problems 11 (13.3) 4 (10.5) 7 (15.6) 9 (11.3) 6 (15.0) 3 (7.5) 0.70
Cancer 4 (4.8) 2 (5.3) 2 (4.4) 2 (2.5) 1 (2.5) 1 (2.5) 0.68
Fracture history 2 (2.4) 1 (2.6) 1 (2.2) 3 (3.8) 1 (2.5) 2 (5.0) 0.62

Protein intake, g/d 76.0 [64.0–93.8] 88.9 [70.9–122] 70.1 [60.6–81.0] 85.0 [66.2–106] 91.4 [80.8–115] 73.1 [55.6–91.9] 0.14
Calcium intake, mg/d 505 [404–692] 516 [404–656] 479 [373–692] 520 [409–692] 568 [387–808] 511 [421–648] 0.66
Energy intake, kcal/d 1914 ± 531 2141 ± 541 1722 ± 444 1992 ± 475 2218 ± 425 1766 ± 415 0.33
Vitamin D intake, μg/d 1.9 [1.0–3.1] 2.3 [1.1–3.5] 1.6 [1.0–2.9] 1.9 [1.1–3.1] 2.7 [1.4–3.8] 1.7 [1.0–2.6] 0.74
Vitamin B-12 intake, μg/d 3.2 [2.2–4.7] 3.8 [2.4–4.9] 2.9 [2.2–3.8] 3.4 [2.2–6.0] 3.8 [2.6–6.2] 3.0 [2.0–5.5] 0.29
Serum vitamin B-12, pmol/L 343 ± 140 299 ± 116 378 ± 149 345 ± 119 345 ± 117 346 ± 122 0.89
Serum 25(OH)D, nmol/L 60.6 ± 15.2 65.2 ± 15.8 56.7 ± 13.7 54.7 ± 14.2 57.1 ± 14.3 52.2 ± 13.7 0.01
Serum CTX, pg/mL 295 [219–372] 255 [192–315] 310 [272–418] 276 [210–400] 256 [192–288] 348 [230–492] 0.55
Serum PINP, μg/L 41.0 [32.0–51.0] 34.0 [29.0–41.0] 44.0 [39.0–55.0] 41.0 [29.3–51.5] 32.5 [28.0–40.5] 49.0 [41.5–65.5] 0.88
Serum PTH, pmol/L 4.0 ± 1.7 4.2 ± 1.8 3.9 ± 1.6 4.2 ± 1.7 3.9 ± 1.4 4.4 ± 2.0 0.65

1Values are n (%), mean ± SD, or median [IQR]. CTX, C-terminal telopeptide of type I collagen; PINP, N-amino terminal propeptide of type I collagen; PTH, parathyroid hormone;
25(OH)D, 25-hydroxyvitamin D.
2P value by independent t test, chi-square, or Mann–Whitney U test where appropriate to analyze differences between the entire control and entire intervention groups.

analyses (data not shown). The control and intervention groups
significantly differed in education level and serum 25(OH)D
concentrations at baseline (Table 1). Both groups maintained
their weight during the study period.

Serum vitamin B-12 and 25(OH)D concentrations

A significant time × group interaction was found for serum
vitamin B-12 concentrations (P < 0.001), independent of sex.
The vitamin B-12 concentrations remained stable over time
within the control group, whereas in the intervention group,
the vitamin B-12 concentrations increased from baseline to
24 wk (Table 2, Supplemental Figure 2A). The mean vitamin
B-12 concentration was sufficient at baseline in both groups.
The prevalence of vitamin B-12 deficiency (<150 pmol/L) was
low and similar in both groups over time (Table 3).

A significant time × group interaction was found for serum
25(OH)D concentrations as well (P < 0.001; adjusted for
season), independent of sex. The 25(OH)D concentrations
increased in both groups, with a greater increase in the
intervention group (Table 2, Supplemental Figure 2B). The

mean 25(OH)D concentration was sufficient at baseline in
both groups. No vitamin D deficiency (<25 nmol/L) was seen
in the study population over time. Prevalence of vitamin D
insufficiency (≥25 to <50 nmol/L) decreased by 30% from
baseline to 24 wk in the intervention group and in the control
group by 12% (Table 3). The prevalence of insufficiency was
significantly lower in the intervention group than in the control
group at baseline and 12 wk (P = 0.042 and P = 0.034,
respectively), but equal at 24 wk (P = 0.42).

Bone turnover markers

The interaction time × group was significant (P < 0.001) for
both bone turnover markers PINP and CTX. PINP and CTX
values in the control group did not change over time, whereas
a decrease for both markers from baseline to 24 wk was seen
in the intervention group (Table 2). CTX and PINP values were
lower in men than in women, but followed a similar pattern
over time (Supplemental Figure 2C, D).

The uncoupling ratio was greater for the intervention group
(median: 0.70, mean: 1.90) than for the control group (median:
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TABLE 2 Serum biochemistry in middle-aged and older Chinese adults in the control and the nutrition plus exercise intervention
group at baseline, 12 wk, and 24 wk1

Variable Group Baseline 12 wk 24 wk
P value for

time2

P value for
group2

P value for time
× group2

Serum vitamin B-12, pmol/L Control 343 ± 140 358 ± 138 357 ± 134 <0.001 <0.001 <0.001
Intervention 345 ± 119 468 ± 140 484 ± 136

Serum 25(OH)D, nmol/L Control 60.6 ± 15.2 66.7 ± 15.7 65.6 ± 14.6 <0.001 0.001 <0.001
Intervention 54.7 ± 14.2 81.1 ± 17.5 80.1 ± 19.2

Serum PINP, μg/L Control 41.0 [32.0–51.0] 42.0 [34.0–50.3] 40.0 [32.0–52.0] <0.001 0.006 <0.001
Intervention 41.0 [29.3–51.5] 34.0 [27.0–45.0] 29.0 [24.0–41.3]

Serum CTX, pg/mL Control 295 [219–372] 306 [228–394] 315 [232–428] 0.006 0.001 <0.001
Intervention 276 [210–400] 234 [163–346] 239 [149–344]

Serum PTH, pmol/L Control 4.0 ± 1.7 4.1 ± 2.2 4.1 ± 2.3 0.02 0.50 0.09
Intervention 4.2 ± 1.7 3.8 ± 1.5 3.7 ± 1.8

1n = 83, control group; n = 80, intervention group. Values are means ± SDs or medians [IQRs]. CTX, C-terminal telopeptide of type I collagen; PINP, N-amino terminal
propeptide of type I collagen; PTH, parathyroid hormone; 25(OH)D, 25-hydroxyvitamin D.
2P values for time, group, and time × group effect were tested by linear mixed models. Logarithmic transformation was applied to the variables PINP and CTX for running the
linear mixed model.

−0.11, mean: −0.10; U = 1624, P < 0.001) (Figure 1). Results
were similar for men (median change: 0.52, U = 403, P = 0.02)
and women (median change: 0.85, U = 397, P = 0.002)
(Figure 1).

PTH

The interaction time × group was not significant (P = 0.09)
for serum PTH concentrations and there was no group effect
(P = 0.50). Similar effects were found for men and women
separately. Within the intervention group, PTH concentrations
decreased from baseline to 24 wk, whereas they remained stable
over time in the control group (Table 2). Thirty participants
(36%) in the control group and 36 participants (50%) in the
intervention group had elevated PTH concentrations at baseline
(defined as >4.0 pmol/L).

Dietary intake

In the intervention group, median [IQR] calcium intake
increased from 520 [409–692] mg/d at baseline to 1.39 × 103

[1.30 × 103 to 1.54 × 103] mg/d after 24 wk (P < 0.001),
median dietary vitamin D intake increased from 1.9 [1.1–3.1]
μg/d to 31 [30–32] μg/d (P < 0.001), and median dietary
vitamin B-12 intake increased from 3.4 [2.2–6.0] μg/d at

TABLE 3 Prevalence of vitamin B-12 deficiency and vitamin D
insufficiency over time in middle-aged and older Chinese adults
in the control and the nutrition plus exercise intervention group1

Variable Control (n = 83) Intervention (n = 80) P value2

Vitamin B-12 deficiency3

Baseline 2 (2.4) 4 (5.1) 0.38
12 wk 4 (5.1) 1 (1.4) 0.20
24 wk 1 (1.4) 1 (1.4) 0.98

Vitamin D insufficiency4

Baseline 19 (22.9)a 30 (37.5)a 0.042
12 wk 11 (14.1)b 3 (4.1)b 0.034
24 wk 8 (11.0)c 5 (7.1)c 0.42

1Values are n (%) unless indicated otherwise. Labeled percentages in a column
without a common letter differ, P < 0.05.
2P value by chi-square test to analyze differences between the control and
intervention groups.
3Defined as <150 pmol/L or <200 pg/mL.
4Defined as ≥25 to <50 nmol/L. No vitamin D deficiency was present (<25 nmol/L).

baseline to 5.4 [4.2–7.3] μg/d after 24 wk (P = 0.001). In
the control group, there was no significant change in calcium,
vitamin D, and vitamin B-12 intake: from 504 [404–692] mg/d
to 529 [417–678] mg/d, from 1.9 [1.0–3.1] μg/d to 1.8 [1.4–
3.2] μg/d, and from 3.2 [2.2–4.7] μg/d to 2.8 [2.1–4.0] μg/d,
respectively.

For protein intake, no statistically significant differences
were observed between the 2 groups and over time. Protein
intake was ≥0.8 g · kg−1 · d−1 in almost all participants (≥96%),
both at baseline and at 24 wk. In addition, protein intakes were
≥1.0 g · kg−1 · d−1 and ≥1.2 g · kg−1 · d−1 in the majority of
the participants at 24 wk (in ≥84% and ≥70%, respectively).

Discussion

The aim of this RCT was to investigate whether a 24-wk
multidomain lifestyle intervention including a fortified milk
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FIGURE 1 Uncoupling ratio in middle-aged and older Chinese adults
in the control (n = 83) and the nutrition plus exercise group (n = 80),
separated by sex (FC, n = 45; FI, n = 38; MC, n = 40; MI, n = 40).
Values are medians ± IQRs. The horizontal dotted line represents
a balance between bone resorption and formation. ∗Different from
corresponding control, P < 0.05. FC, females control; FI, females
intervention; MC, males control; MI, males intervention; TC, total
control; TI, total intervention.
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supplement and an exercise program influenced serum vitamin
B-12 and 25(OH)D concentrations and markers of bone
turnover in apparently healthy community-dwelling Chinese
middle-aged and older adults, compared with a control group
without intervention. Our findings showed that the intervention
was successful in improving vitamin B-12 and 25(OH)D
concentrations and the balance of bone turnover markers.

Whereas no change was observed in the control group,
the intervention group significantly improved in terms of
serum vitamin B-12 concentrations. Overall, vitamin B-12
concentrations were adequate (i.e., ≥150 pmol/L) at baseline,
with low prevalence of deficiency in both groups, which may be
attributed to the fact that the majority of the participants were
younger than 65 y old. A difference in results may be expected
when studies are conducted in older adults because vitamin B-
12 deficiency is more prevalent in people aged 65 y and older
(12). The dietary vitamin B-12 intake was in line with the
serum vitamin B-12 concentrations (increase in the intervention
group and stable values in the control group). Both groups had
intakes well above the Chinese RNI for vitamin B-12 of 2.4 μg/d
(26). In other parts of China, prevalence of low vitamin B-12
concentrations has ranged from 13.5% in Shanghai (deficiency
defined as <139 pmol/L) (33) to 74.5% in rural North China
(deficiency defined as <185 pmol/L) (34). To our knowledge,
there are currently no data available on the vitamin B-12 status
in the general population aged 50 y or older living in Hong
Kong. Therefore, the need for improving vitamin B-12 status
in middle-aged and older adults in Hong Kong remains to be
investigated.

The fortified milk supplement was effective in achieving
and maintaining serum 25(OH)D concentrations >50 nmol/L,
which is currently recommended for prevention of osteoporosis
in postmenopausal women (7). In addition, a serum 25(OH)D
concentration of 70–80 nmol/L has been suggested as the
optimal level for a lower fracture risk and to support the
skeleton (35, 36). The intervention group met this level as
well; mean serum concentrations increased to 80 nmol/L. A
similar improvement in serum 25(OH)D concentrations after
milk supplementation was also found in other studies in
postmenopausal Chinese women (17, 18).

The number of participants with vitamin D insufficiency
decreased over time in both the intervention and control groups.
As there were multiple participants in the control group with a
baseline serum 25(OH)D concentration close to the cutoff value
for vitamin D insufficiency (<50 nmol/L; 13 participants had a
concentration between 50.0 and 55.0 nmol/L), it is likely that
even a slight increase in serum concentrations might have caused
a shift in vitamin D status classification. In addition, regardless
of the treatment group, the participants were informed if they
had low serum 25(OH)D concentrations at baseline together
with being given very general lifestyle advice to improve their
concentrations. It is, however, important to note that the
dietary vitamin D intake stayed the same over time (baseline
to 24 wk) in the control group. This suggests that although a
lifestyle change may influence serum 25(OH)D concentrations,
a combination of lifestyle and nutrition is more effective, as seen
by the larger impact in the intervention group.

Human bone is continuously remodeled through a process of
bone formation and resorption. Biomarkers of bone turnover
can be measured to assess bone remodeling rates. A decrease
in the serum concentrations of PINP and CTX was seen
with the intervention, whereas the concentrations remained
stable in the control group. Decreased PINP concentrations do
not necessarily mean that there is less bone formation (31).

Likewise, decreased CTX concentrations do not automatically
imply bone resorption. Therefore, an uncoupling ratio was
calculated to arrive at an interpretation of the net effect
(31, 37). Although the median value for the uncoupling ratio
was <1 for both groups, which would suggest net resorption,
the ratio was significantly greater for the intervention group
than for the control group. This suggests that there was less bone
remodeling in the intervention group. Higher remodeling rates
have been associated with an increased fracture risk and bone
fragility (37–42). Although CTX and PINP values were lower in
men than in women, the uncoupling ratio was similar for both
sexes. A reduction in CTX and PINP concentrations after milk
supplementation was also found in other studies investigating
Chinese postmenopausal women (28, 29, 43). Long-term trials
investigating milk supplementation alone confirm the beneficial
effect on bone health. In the study of Lau et al. (17), milk
supplementation for 2 y in apparently healthy postmenopausal
Chinese women aged 55–59 y resulted in less bone loss at
different sites. This was also found in the study of Chee et
al. (18), who performed a 2-y milk supplementation study in
apparently healthy postmenopausal Chinese women aged 50–
65 y in Malaysia. Unfortunately, we had only indirect measures
of bone health and no information about BMD.

PTH helps the body to maintain stable concentrations of
calcium in the blood (44). Suppression of PTH concentrations
(by a high protein/calcium intake) may reduce bone resorption
and thereby improve bone density (45). In the current study,
the interaction time × group for serum PTH concentrations
was not significant but concentrations in the intervention group
decreased significantly from baseline to 24 wk (mean change:
11%). In contrast, Chee et al. (18) found that serum PTH
concentrations of their control group significantly increased
over time (figure-derived mean change from baseline: 50%),
whereas PTH concentrations in their intervention group did not
significantly change over time. This difference in effect could
be explained by the lower calcium intakes of participants in
this study (46) and lower PTH baseline values. In the current
study, 36% of the control group and 50% of the intervention
group had elevated PTH concentrations at baseline (defined as
>4.0 pmol/L).

The baseline values of PINP and PTH (41.0 μg/L and
4.1 pmol/L, respectively) were in line with the estimated
reference concentrations for healthy Chinese adults aged
50–79 y (PINP: 36.9–52.7 μg/L; PTH: 3.7–4.0 pmol/L)
(47). However, mean CTX concentrations in our study were
lower (320 and 311 pg/mL in the control and intervention,
respectively) than the estimated reference concentration (445
pg/mL) (47). This may indicate, keeping in mind interlaboratory
variances, a lower rate of bone resorption in our study
population, suggesting that a greater effect of the intervention
may be expected in age-matched individuals.

To the best of our knowledge, there are no comparable
studies looking at the effect of a combined nutrition and
exercise intervention on bone turnover markers or BMD.
As described above, studies in Chinese women investigating
milk supplementation alone have shown a reduction in bone
turnover markers (28, 29, 43) and less bone loss (17–19).
Multiple meta-analyses have assessed the effect of exercise alone
on BMD in older adults (48–52). All suggest that exercise can
preserve or increase BMD to some extent, depending on the
bone site and the duration, intensity, and type of exercises.
There is a lack of studies looking at the effect of long-term
exercise on PINP and CTX concentrations in comparable
populations. There is no conclusive evidence available on the
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optimal exercise intervention but it seems likely that resistance
training, potentially combined with other forms of exercise,
should be included. Because both nutrition alone and exercise
alone can affect bone turnover markers or BMD, it remains to
be investigated if a combined intervention has synergistic or
additive effects.

The calcium intake at baseline was comparable with
the mean daily calcium intake in men and women aged
60–84 y in Hong Kong (410 and 420 mg/d, respectively) (53).
The intervention increased calcium intake successfully (from
520 to 1.39 × 103 mg/d) but no change was observed for protein
intake. The milk supplement provided only an additional 13.6 g
protein/d. Furthermore, protein intake (g · kg−1 · d−1) was equal
to or above the current RDA of 0.8 g · kg−1 · d−1 in almost
all cases. For healthy adults older than 65 y, a protein intake
above the RDA may be beneficial for bone health (higher BMD,
slower rate of bone loss, reduced bone turnover, and reduced hip
fracture risk) (11, 54). Still, the majority of the participants in
both groups met the criteria of 1.0 and 1.2 g · kg−1 · d−1. Note
that our study population also included middle-aged adults (50–
65 y). The already adequate protein intake, combined with the
nutritional improvements and improved overall level of physical
activity (25), could have contributed to the improved bone
turnover (11, 55).

A limitation of this study is the absence of a nutrition
or exercise group alone. Consequently, it is not possible
to conclude which component or which combination of
components of the intervention contributed the most to our
positive findings regarding bone turnover. However, as stated
before, a stronger effect may be expected when nutrition and
exercise interventions are combined (7, 22, 23, 56). Because
there is little information available about the nutritional status
of the general population aged 50 y or older living in Hong
Kong, we are unable to conclude if our study population was
a representative sample or that they were healthier. At least
in this study population, the supplement was not needed to
improve vitamin B-12 concentrations. Lastly, the sex-specific
results should be interpreted with caution. The power of the
study might be inadequate to detect sex-specific differences in
serum vitamin concentrations and bone markers between the
control and intervention groups.

Strengths of the current study include the low dropout
rate and moderate to high compliance to the proposed
intervention, which also indicates that this program may be
sustainable over the long term. Furthermore, we were able to
see improvements in nutritional status and bone markers in
individuals with relatively good baseline values. This also shows
the potential of the intervention program for more vulnerable
groups, for example, frail older adults. Lastly, previous studies
about nutritional and exercise interventions for improvement
of bone health have largely focused on (postmenopausal)
women. Osteoporosis in men is an underappreciated medical
concern, even though it is known that hip fractures in men
are associated with greater mortality than in women (57).
No remarkable sex differences were seen for the uncoupling
ratio in the current study, showing that also male adults can
benefit.

In conclusion, this study showed that milk supplementation
in combination with exercise is effective in improving vitamin
B-12 and 25(OH)D concentrations and bone turnover of
apparently healthy community-dwelling Chinese middle-aged
and older adults. Therefore, it contributes to the knowledge on
how to prevent and reduce malnutrition and osteoporosis in the
rapidly aging population of Hong Kong.
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