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Abstract 

 

Objective: To evaluate the effects of 12 weeks supplementation with calcium and vitamin D 

fortified milk on vitamin D status and bone turnover markers; osteocalcin and C-telopeptide of 

type 1 collagen, of active, healthy premenopausal women aged 30-45 years old in Palmerston 

North, New Zealand. 

Methods: The study was a repeated measure design. Forty three premenopausal women were 

recruited. Participants received two daily servings (2 x 30 g) of fortified milk (1200 mg/d 

calcium and 10 μg/d vitamin D) over 12 weeks. Anthropometric characteristics were measured 

for screening by body mass index and bone density measurement. Dietary information was 

collected using an estimated 3-day food record and a food frequency questionnaire. Blood 

samples were taken for a screening blood test and to measure plasma 25(OH)D3, interleukin-6, 

and bone turnover markers; C telopeptide of type I collagen (CTx) and osteocalcin. Usual 

physical activity levels were estimated using the SPARC short-form New Zealand Physical 

Activity Questionnaires in face-to-face interviews and were objectively measured using 

accelerometers in a self-selected group of 25 women.  

Results: A significant increase in plasma 25(OH)D3 was found (from 69.75 ± 15.87 nmol/L at 

baseline to 87.83 ± 19.06 at week 12, mean ± standard deviation; p-value <.0001). There were 

significant reductions in the levels of CTx (0.31 ± 0.12 to 0.21 ± 0.09 μg/L, p-value <.0001) and 

osteocalcin (22.63 ± 6.64 to 19.64 ± 6.25 μg/L, p-value 0.0003). Dietary calcium intake was 

1013 ± 367 mg/day and vitamin D intake was 3.9 ± 2.1 μg/day. The duration of physical activity 

in the questionnaire and accelerometer were 115 ± 74 and 415 ± 319 (light physical activity), 

208 ± 225 and 289 ± 143 (moderate physical activity) and 126 ± 130 and 59 ± 61 minutes 

(vigorous physical activity) respectively. 

Conclusion: Calcium and vitamin D fortified milk supplementation improved vitamin D status 

and decreased bone turnover markers in active premenopausal women aged 30-45 years old 

over a period of 12 weeks. 
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Introduction 

 

Age-related bone loss affects all genders, nationalities and ethnicities (Halioua & 

Anderson, 1989; Li et al., 2012). Females are more affected by age-related bone loss 

than males due to bone loss after the onset of menopause (Mazess & Barden, 1991), 

and females also have a smaller skeletal mass than men which contributes to higher 

architectural damage (Seeman, 2002). 

 

Evidence shows that adequate lifetime calcium intake and physical activity habits of 

healthy premenopausal women aged 20 to 50 years can increase their peak bone mass 

(Halioua & Anderson, 1989). A meta-analysis of thirty-three well-designed studies 

reported an overall positive correlation between calcium intake and bone mass in 

premenopausal females and the findings were consistent across different study 

designs (Welten et al., 1995). However, a more recent 12-year prospective study 

involving 77,761 females aged 34-59 years reported no evidence that higher calcium 

and milk intakes reduced fracture incidence (Feskanich et al., 1997). In children and 

adolescents, studies of calcium supplementation indicated a positive correlation 

between high calcium intake and higher bone mass (Cadogan et al., 1997; Johnston et 

al., 1992). In adolescent females, a randomized controlled trial evaluating the effect of 

18 months milk supplementation showed a significant increase in bone mineral 

content and bone mineral density. However, no significant effect of milk 

supplementation was found on markers of bone turnover (Cadogan et al., 1997). 
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Few studies have been carried out to evaluate the effect of milk supplementation on 

bone turnover markers, particularly of premenopausal women. In a study it was found 

that milk supplementation significantly increased vitamin D status over 24 months (Du 

et al., 2004). A similar result was also reported in a short-term study of 

postmenopausal women (Kruger et al., 2010). In a short-term study of 82 

premenopausal women, it was found that fortified milk supplementation resulted in a 

significant reduction of bone turnover markers (Kruger et al., 2006). 

 

Studies of physical activity (PA) reported that physical activity benefits bone health, 

bone mass and bone status in children, adolescents and premenopausal women 

(Slemenda et al., 1991; Janz et al., 2010; Baxter-Jones et al., 2008; Kanders et al., 1988; 

Heinonen et al., 2012). The beneficial impacts of physical activity during adolescence 

remain sustained into young adulthood (Baxter-Jones et al., 2008). However, in 

premenopausal females, the benefits were not sustained once the exercise 

discontinued (Heinonen et al., 2012). 

 

Factors such as lifestyle (physical activity), intakes of calcium and vitamin D, and sex 

hormone status influence development of peak bone mass as well as on going bone 

health (Cooper & Eastell, 1993; Heaney & Weaver, 2003; Hind & Burrows, 2007; 

Sakuma et al, 2007). As nutrition is essential for bone health, several other vitamins 

and minerals have also been identified to have significant impact on bone health and 

metabolism (Bonjour et al., 2010; Cashman, 2002). However, to date, limited milk 

supplementation studies have been performed to evaluate vitamin D status and bone 

turnover markers in physically active premenopausal women. 


