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Abstract
The objectives of the study were to examine linear growth, body composition and bone mineral status of pre-pubertal children 

participating in the “Milk for Schools programme” over one year. The control group was recruited from schools that were not partici-
pating. This prospective study followed 118 pre-pubertal children (5-10 years old) over one year. Body composition as well as whole 
body (WB) headless bone mineral content-(WB-BMC), bone mineral density (WB-BMD), lumbar spine BMC and BMD were measured 
with dual energy x-ray absorptiometry (Discovery A, Hologic, WI, USA). Anthropometric data including height, weight and waist 
circumference (WC) were collected. The total sample consisted of 58 children in the control group (C’s) and 60 in the milk group. 
At baseline, the milk group was significantly older, taller and had higher WB-BMD. There were no significant differences between 
the groups over one year for change in height, weight, BMI z-score, WC, WB-fat and lean body mass (LBM). There was a significant 
treatment*time interaction for WB area (p = 0.046) and a marginally significant on WB-BMC (p = 0.051) and BMC z-score (p = 0.093). 
The changes in WB-BMC, WB-BMD and z-score over one year were significantly associated with change in LBM (p < 0.001). WB fat 
mass was significantly associated with WB-BMC (p < 0.001). LBM and WB fat mass significantly predicted children’s bone health. The 
changes in WB- BMC and WB area were greater in the milk group over the year, with the BMC z-score increasing in the milk group 
but remaining stable in the controls.
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Abbreviations
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Introduction
Attaining height potential is the result of the interaction between genetic background and macro-/ micronutrient availability during 

the growth period [1]. It is well known that deficiencies in vitamin D and calcium can affect bone development and growth [2]. Peak bone 
mass is the highest bone mass achievable within a person’s genetic potential, and is usually accrued during adolescence [1]. Up to 90% of 
peak bone mass is accrued by the age of 18 years, although bone mass can still increase up to the third decade of life.

In white children, research has shown that the average skeletal calcium retention at the peak rate of accretion is 325 mg/day for girls 
and 409 mg/day for boys [1-3]. Due to the significant growth at this time, any modulation of accretion could affect lifelong bone health. 
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Early studies conducted in Caucasian [4-6] and Gambian children [7] showed that supplementing the diet with calcium or milk to increase 
nutrient intake may enhance bone accretion. In one study, girls who had their diet supplemented with milk had higher circulating IGF-1 
concentrations, which may affect bone growth [6]. When extra phosphorus was provided, bone area as well as vertebral height increased 
and total BMC also increased. In another study, the diet of eleven year old white girls was supplemented with dairy products to the level 
of 1200 mg calcium per day for 12 months. The increased intake of dairy provided not only calcium but protein and other minerals plus 
additional vitamin D. After one year the intervention group had significantly greater increases in lumbar spine bone density and total 
body mineralisation [8].

More recent data also support an association between dairy consumption, growth, and bone health. Bone changes over two years in 
young children with a history of milk avoidance were evaluated, and results demonstrated persistent height reduction, obesity and low 
bone density at the ultradistal radius and lumbar spine [9]. In contrast, other authors have suggested that dairy or calcium intake may 
only be beneficial to specific subpopulations of children, or may actually fail to provide any benefit to children at all. In a meta-analysis on 
the relationship between dairy and calcium intake and BMC, a review of 21 studies concluded that increased dairy/calcium intake with 
or without vitamin D improved spine and whole body mineral content, but only in children with low baseline intakes of dairy or calcium 
[10]. Lanou., et al. [11] reviewed the evidence for the effects of calcium and dairy products on bone health of children and adolescents, and 
found no consistent benefits of increasing dairy consumption for child or young adult bone health.

The main purpose of this prospective observational study was to assess the relationship between bone health with dairy intake and 
body composition over one year, in pre-pubertal school children living within the Manawatu district, New Zealand.

Primary outcomes were

•	 Anthropometry: Weight (kg), height (cm), waist circumference (cm), BMI, whole body fat mass (WB-Fat) (kg), lean body mass- WB-
lean (kg), and % body fat.

•	 Bone density: Whole body bone mineral density (WB-BMD) and whole body bone mineral content (WB-BMC) were measured. 

Materials and Methods

Subjects

Recruitment process

Pre-pubertal children aged 5 - 10 years living within the Manawatu region, New Zealand, were recruited to take part in the current 
study. The study was approved by Southern A Human Ethics committee: 14/02 and 15/03. A total of 118 children participated in this 
study. Once the parent/guardian’s permission was attained via a signed consent form, a health screening questionnaire was filled out 
and a visit to the Human Nutrition Research Unit at Massey University was arranged. On arrival to the human nutrition research unit, the 
children also signed their informed assent forms.

Participants involved

118 children ranging from 5 to 10 years of age were included in this study. The children were recruited from primary schools that 
participated in the “Milk for Schools” programme where they received received 200 mL of reduced fat (1.5% fat) milk (UHT) (Anchor™, 
Fonterra Cooperative Ltd, Auckland, New Zealand) per school day during school terms of regular milk (UHT) (Anchor™, Fonterra Coop-
erative Ltd, Auckland, New Zealand) per day during school terms. The controls were children that did not drink the milk at school or chil-
dren from schools that did not participate in the programme. All children were brought to the Human Nutrition Research Unit at Massey 
University, Palmerston North where the bone density (DXA) scans and anthropometric measurements were taken. The food frequency 
questionnaire was also completed by each child under supervision. All measurements were undertaken by the same person except for 
DXA scans which were performed by a qualified technician. Standard procedures were carried out and all measurements were taken in 
the metric form (cm and kg). The children wore very light clothing with no shoes.
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Inclusion criteria

The inclusion criteria were that the children were healthy and pre-pubertal. They were fluent in speaking and understanding English 
and the caregiver of the child would also understand English and must be over 18 years of age to provide informed consent.

Exclusion criteria

A health screening questionnaire was completed by the guardian of each child and children suffering from any medical condition that 
would alter bone metabolism were excluded from this study. These conditions could be diagnosed bone, gastrointestinal or renal disor-
ders as well as diabetes. Furthermore, children consuming any medication that interferes with bone homeostasis were also excluded.

Anthropometry

Height: The height of each child was measured using a calibrated wall mounted stadiometer. Two measurements were taken per child and 
the average was used as the final value. In case of a difference > 1cm between the two readings a third measurement was taken and used.

Weight: A mechanical spring weighing scale was used to measure the weight of every child. Similar to height, two measurements were 
taken for weight and the average was used, however, if the difference between the recorded values was > 0.1 kg, the third measurement 
was used.

Waist circumference: The waist circumference was measured by placing a measuring tape slightly above the hip bone at the abdomen. 
At the time of measurement the abdomen was bare and children were asked to breathe normally. Two measurements were taken and an 
average was used, but in case of a difference of >1cm, a third value was recorded.

Frequency of consumption of milk and milk products

Milk and milk product consumption data was collected via a questionnaire. All research assistants were trained in delivery of the ques-
tionnaire and props were used to help the children understand portion sizes.

Dual energy x ray absorptiometry (DXA)

DXA scans were done on a Discovery A bone densitometer (Hologic, WI, USA). Whole body bone mineral density (WB-BMD) and bone 
mineral content (WB-BMC) were measured. Body composition including the lean body mass, total fat mass, and percent body fat (% BF) 
were also determined from the total body DXA scan.

The scans (excluding the head) were analysed by a qualified technician who followed the quality control protocol. Based on the manu-
facturer’s instructions, quality control scans were performed everyday using a certified calibration block (calibration values accepted 
when co-efficient of variation was below 0.05%). A z score of 0 was equivalent to the mean and children with z scores equal to or less than 
-2 standard deviation were categorised as having low bone mineral density or low bone mass.

Follow-up

All children were followed up within one year of the baseline scan. All measurements were repeated as per the methodology outlined 
above.

Statistical Analyses

One-way ANOVA for the effect of treatment at baseline. Baseline results are presented as means and standard deviation, as well as a 
p-value for the effect of treatment. Repeated measures analysis of variance was performed using a mixed models approach (Proc mixed, 
SAS 9.3). The model includes treatment, visit, and their interaction as fixed effects and either age at baseline, school, and gender as block-
ing factors, or height as a covariate. Results are presented as least-squares means and 95% confidence interval, as well as p-values for the 
effects in the model.
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Results

Basic demographic and anthropometric data

Children (n = 118) included in this study were residents of the Manawatu region, North Island, New Zealand. All participants were 
pre-pubertal with ages ranging from five to 10 years. The total sample consisted of 42.4% males and 57.6% females. Children from five 
schools were enrolled. All schools had control children, but only two of five schools had children in the milk group. For the Milk schools, 
the majority of the children received the milk and only about one quarter of children were in the control group. Subjects were between 5 
and 10 years old at the start of the trial with the majority being 8 yrs old (approx. 45%). On average the age in the control group was 7.6 
years compared to a slightly higher 8.1 years in the milk group (P = 0.003).

Table 1 summarizes the characteristics of the study population. There were 26 females and 32 males included in the control group, 
and 24 females and 36 males in the milk group. There were significant differences between the control and milk group for age, height, 
whole body bone mineral density (WB-BMD), and whole body lean mass. Subjects in the milk group were older (P = 0.003) and, as a con-
sequence, were taller (P = 0.007), slightly heavier (P = 0.061), and had greater lean mass (P = 0.037) than subjects in the control group. 
Subjects in the milk group had significantly higher whole body BMD than control subjects (P = 0.006). Table 2 shows the breakdown of the 
two groups by gender. The girls were shorter than the boys in both groups, but this was not significant.

Control (n = 58) Milk Drink (n = 60)
Parameter Mean Std Dev Mean Std Dev P-Value
Age (y) 7.6 0.99 8.1 0.77 0.0028
Height (cm) 129.9 8.75 133.9 7.11 0.0069
Weight (kg) 29.6 7.58 32.2 7.38 0.0605
Waist (cm) 60.5 8.00 61.4 8.12 0.5358
WB_area 1069.7 107.82 1084.2 80.06 0.4063
WB_BMC (g) 680.3 128.16 717.3 117.52 0.1044
WB_BMD (g/cm2) 0.630 0.0600 0.660 0.0600 0.0064
LS_BMC (g) 20.4 3.25 20.6 3.40 0.6949
LS_BMD (g/cm2) 0.670 0.0500 0.680 0.0600 0.1563
WB_fat (g) 9284.1 4099.41 10234.2 4640.58 0.2415
WB_lean (g) 19393.3 4142.80 20928.4 3732.10 0.0365
WB_fatP (%) 30.5 6.08 30.7 6.62 0.8898
z-score -0.04 0.750 -0.2 0.890 0.3055
BMI 17.3 2.46 17.8 2.65 0.3597
BMI z-score -0.09 -0.96 0.08 1.04 0.3597

(BMI: Body Mass Index; WB-BMD: Total Bone Mineral Density Minus Head; WB-BMC: Total Bone Mineral Content 
Minus Head; LS-BMD: Lumbar Spine Bone Mineral Density; LS-BMC: Lumbar Spine Bone Mineral Content)

Table 1: Characteristics of the whole study population.
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Control Milk Drink
Female Male Female Male P-Values

Parameter Mean Std Dev Mean Std Dev Mean Std Dev Mean Std Dev Gender Trt Gender* 
Trt

Age (y) 7.3 1.04 7.8 0.88 8.0 0.88 8.1 0.68 0.0203 0.0033 0.1805
Height (cm) 127.2 7.37 132.1 9.27 133.8 6.41 134.0 7.63 0.0642 0.0079 0.1166
Weight (kg) 28.0 4.46 30.9 9.25 32.1 6.45 32.3 8.03 0.2326 0.0682 0.3274
Waist (cm) 59.6 5.71 61.2 9.49 61.6 7.79 61.3 8.45 0.6393 0.5530 0.5162
WB Area 1052.8 74.75 1083.4 128.19 1075.8 60.47 1078.7 102.94 0.3534 0.6977 0.4511
WB BMC (g) 650.6 94.93 704.4 146.95 707.0 82.66 724.1 136.64 0.1059 0.1200 0.4233
WB BMD (g/cm2) 0.6 0.05 0.7 0.06 0.7 0.05 0.7 0.06 0.0531 0.0076 0.3666
LS BMC (g) 20.1 3.19 20.6 3.33 20.4 3.57 20.8 3.33 0.3995 0.7270 0.9532
LS BMD (g/cm2) 0.7 0.05 0.7 0.05 0.7 0.06 0.7 0.06 0.2176 0.1396 0.9867
WB Fat (g) 9358.7 2509.03 9223.5 5080.8 11355.1 3913.6 9486.9 4980.0 0.2438 0.2178 0.2901
WB Lean 17822.1 2664.81 20669.9 4698.7 19862.6 3104.6 21638.9 3980.8 0.0010 0.0440 0.4502
WB Fat% 32.9 5.24 28.6 6.08 34.5 5.18 28.2 6.32 <.0001 0.6959 0.3872
z-score 0.0 0.69 -0.1 0.81 -0.2 0.75 -0.2 0.99 0.5656 0.3220 0.9935
BMI 17.2 1.95 17.4 2.84 17.8 2.62 17.7 2.70 0.9134 0.3659 0.7958
BMI-ZS -0.1 0.76 -0.1 1.11 0.1 1.03 0.1 1.06 0.9134 0.3659 0.7958

Table 2: Characteristics of the groups presented by gender.

There were no significant differences between the boys and girls from both groups with regards to waist circumference, whole body 
area, whole body BMC, lumbar spine BMC or BMD, but the whole body BMD was marginally different between the boys and girls, with 
differences between the groups as well (P = 0.007). The boys had significantly increased lean mass compared to the girls in both groups 
(P < 0.001), with a significant difference between the groups (greater lean mass in the milk group) as well (P = 0.04). However, the girls in 
both groups had a high percentage fat compared to the boys (P < 0.001). There were no significant differences between the boys and girls 
with regards to BMD z-score, BMI or BMI z-score.

Changes in body composition and bone mineral content over one year

DXA was used to determine the whole body headless bone mineral density (WB-BMD) and bone mineral content (WB-BMC). The sites 
selected for BMD and BMC analysis were total body and lumbar spine (L1-L4). Body composition including the whole body lean mass 
(WB-Lean), whole body fat mass (WB-fat), and whole body percent body fat (WB-fatP) were also determined from the whole body DXA 
scan.

Treatment effect over time (boys and girls together in each group)

There are no significant differences between the groups for change in height, weight, waist, WB-fat and lean mass as well as fat per-
centage. This is an indication that both groups were growing at the same pace and that there was no significant increase in weight or body 
fat in the milk group relative to the controls. There were no significant changes in BMI z score in the groups overall as well as no significant 
difference between the groups.

There was a significant effect of treatment over time (trt*time interaction) for WB area (P = 0.046), and a marginally significant effect 
on WB- BMC (P = 0.051) and BMC z-score (P = 0.093). For whole body area and BMC, the increases between visit 1 and visit 2 were greater 
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in the milk group than the controls, after correcting for age at baseline, school, and gender. The BMC z-score tended to decrease in the 
control group (P = 0.170), but tended to increase in the milk group (P = 0.323).

When height was included as co-variate, the WB-BMC and LS-BMC increased in the milk group while remaining stable in the control 
group.

Figure 1: Change over time for BMC z score (A) and WB-BMC (B) in the control as well as the milk group.
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Figure 2: Change over time for WB-BMC and LS-BMC in the control as well as the milk group with height included as covariate in the 
model. 

Treatment effect over time by gender

When the data were analysed by gender, all significant effects and trends were in girls. Figure 3 illustrates some of the results. The 
results show there was a significant effect of treatment over time (trt*time interaction) for WB area (P = 0.004), WB BMC (0.010), and 
a marginally significant effect on LS BMC (P = 0.087). Lean mass was also affected by a significant interaction (P = 0.044). In all cases, 
the increases between visit 1 and visit 2 were greater in the milk group than the controls, after correcting for age at baseline and school.
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Figure 3: Changes over time of WB area, WB BMC, LS BMC and WB lean mass (girls only). 

Associations

Differences between Control and Milk groups seem that for the milk group, changes in whole body area and mineral content were in 
excess of those expected due to changes in body size (height, weight, BMI, and waist circumference). Increase in whole body mineral con-
tent was generally higher in the milk group regardless of changes in height (P = 0.026).

The change in lean mass over time in all children was significantly associated with change in WB-BMC, WB-BMD and change in the 
z-score for BMC was significantly correlated with change in BMC and BMD as well as the change in lean body mass. Whole body fat mass 
was significantly associated with whole body BMC (P < 0.001).

Food Frequency Questionnaire

The data from the questionnaire indicated that on weekdays 85% of children in the control group were consuming at least two serves 
of either milk or milk products compared to 94% of the milk group. At the one year follow up 98% of the milk group were consuming two 
or more serves of dairy on weekdays versus 85% of the controls.

Figure 4 shows the variety of milk types consumed by the children. Most of the children preferred reduced fat (light blue) or full fat 
(dark blue) milk with less indicating green (skim) or yellow (calcium fortified skim milk) as their milk of choice.

Figure 5 indicates that more soft drinks and fruit juices were consumed over weekends while during the school week water was the 
main beverage.
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Milk type Drinkers (%)
Green 3.8
Yellow 6.6

Light blue 38
Dark Blue 44

Others 5.7
Don’t know 2

Figure 4: Types of milk consumed by the whole group of children. Green: Skim Milk; Yellow: Calcium Fortified Skim; 
Light Blue: Reduced Fat; dark blue: Full Fat.

Figure 5: Beverages consumed by the whole group of children at school, after school and over the weekend. (FL water: Flavoured Water).

When the children were asked about their taste preference for various dairy foods, milk and flavoured milk seem to be the most popu-
lar and for children who did not like milk, yogurt seemed to be the most preferred.

Discussion

In tables 1 and 2 the baseline characteristics of the children are summarised. The average height and weight were higher than previ-
ously recorded by the New Zealand Ministry of Health in 2006/7 (MoH) [12-14]. The MoH reported an average height of 125 cm for both 
males and females in the age group 5 - 9 years and an average weight of 28 kg. However, our recorded BMI values are similar to those 
reported by MoH at an average of 17 for both females and males. The BMI z-scores in table 2 also indicate that our study group of children 
in general were not obese.

Comparing the milk group versus the control group, results indicate that age, height, whole body BMD, and whole body lean mass was 
significantly higher in the milk group at baseline. When assessing treatment effects over one year (all children), there were no signifi-
cant differences between the control group and milk group after one year for change in height, weight, waist circumference, whole body 
fat, BMI z-score, lean mass as well as fat percentage. This indicated that both groups grew as expected with no significant differential in 
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weight gain. Using treatment by time analysis, whole body area (size of skeleton) and whole body BMC were significantly higher in the 
milk group with the BMC z-score increasing in the milk group while decreasing in the controls. Interestingly most significant changes 
were in the girls. Whole body area, BMC, lumbar spine BMD, lean mass had a significant treatment*time interaction and a marginal sig-
nificant effect on lumbar spine BMC with all changes greater in the milk drinkers.

Consumption of dairy products in childhood and adolescence is known to have a positive effect on bone mineralization in adulthood 
and can reduce the risk for developing osteoporosis [1,5]. In studies of BMC, osteoporotic women reported less milk and dairy intake 
when they were children or adolescents compared with non-osteoporotic controls [15-17]. However, it has also been suggested that 
calcium/dairy intake can have a significant effect on bone mass in young adults. Matkovic., et al. [18] stated that bone mass at any age 
is the result of age and sex, and other genetically determined factors, but that nutrition has a significant effect, and two decades later, a 
study reported that higher milk intake during adolescence was associated with greater total body spine and radial bone mineral during 
development of peak bone mass [18,19]. Thus, increasing dairy product intake appears to be a beneficial strategy for improving health 
and bone health in growing children.

Wiley [20], more recently presented an interesting perspective on cow’s milk consumption and human biology; posing the question 
of whether drinking cow’s milk accelerates linear growth and maturation or affects size in adulthood. The results presented were drawn 
from new analyses of NHANES data collected between 1999 - 2004, and other published studies in the US [20]. Overall, children aged 
24 - 59 months with the highest quartile of milk intake (> 2 cups per day), attained a greater height percentile compared with those in 
the lower quartiles of intake. However, in the age group 5 - 11 years, the height percentiles were not significantly different. The review 
by Wiley [20] refers to a high quality study done in the 1920’s by Leighton and Clark (1929), where children were provided with various 
amounts of milk or biscuits for 7 months on school days, and significantly more growth was observed in the milk-supplemented groups. In 
this study, however, the children’s energy intake was controlled. In contrast, a study in New Zealand, reported that children who avoided 
milk were shorter than milk-drinking controls [21]. Data on prepubertal children (5 - 11 years) are therefore more variable compared to 
data on infants or children aged 24 - 59 months. Some studies support associations between milk and height while others do not show 
any relationship. In addition, the studies indicating a positive relationship did not control for energy intake. While the re-analyses of the 
1999 - 2004 NHANES data indicated that children in the highest quartile of milk intake were the tallest, milk consumption as such had no 
relationship to height in that age group [20].

Brett., et al. [22], examined the milk intakes of healthy children in Montreal, Canada using a food frequency questionnaire. Seventy five 
children, average age 5 years old, participated. Whole body BMC, BMD and fat % were also measured. The authors concluded that in their 
study sample almost all of the children reached the recommended two serves of dairy per day and there were no associations between 
tertiles of milk product intake and BMD or BMC. The authors concluded that in the children who meet the recommended two servings of 
dairy products per day, milk product intake may not be associated with bone development or body composition. Our data do indicate that 
the milk drinkers were taller than the controls, but as our trial did not control for energy or dietary intake, our data should be interpreted 
with caution. However, it should be noted that in addition to increasing calcium availability, milk also provides energy and contributes to 
macronutrient intake, which may also impact on height and growth. 

Numerous studies have shown that a gender- based difference in body composition exists in pre-pubertal and pubertal children [23-
25]. In these studies fat mass (FM) and % body fat (BF) were found to be higher among girls than boys and WB lean mass (WB lean) or 
fat free mass was significantly higher in boys. This current study also showed similar results with girls having a higher % BF and boys 
having greater WB lean mass (Table 2).

Several factors are believed to play a role in this disparity of fat distribution between genders; hormonal or endocrinal factors near or 
during puberty can affect the body composition in children. Some studies have found that both WB lean mass and whole body fat mass 
are positive predictors of bone mineral status [26-8], while others show a positive relation between bone mineral and WB lean mass but 
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an inverse association with FM [28,29]. Bone studies have also shown a gender based effect on bone; in girls FM is considered a better 
determinant of bone mineral status and in boys the LBM is more strongly related to bone status [30,31]. These effects, however, change 
after puberty [29]. Gender difference and its effect on the relationship between body composition and bone mass could not be observed 
in this study due to a relatively small sample size and also no significant difference was found between any of the bone variables based 
on gender. However, in the total group lean mass was more strongly associated with bone mineral status of the children than fat mass.

The food questionnaire indicated that on weekdays, 85% of the controls consumed at least two serves of milk or milk products per day, 
compared to between 94 and 98% of the milk drinkers. So the majority of the children met the New Zealand Ministry of Health [12-14] 
recommendations of 2 - 3 serves per day. The majority of the children consumed whole milk followed by low fat milk (Figure 4).

The frequency of consumption of other beverages was also recorded. Water was the most frequently consumed during the week as 
well as weekends, with the consumption of soft drinks and fruit juice increasing significantly over weekends. The MoH (2008/2009) 
reported in their survey of dietary habits of children (n = 647), that water was most commonly consumed with up to 85.1% of children 
drinking plain water seven or more times per week [13]. The report also states that up to 62.5% of the children drank milk at least once 
a week. The MoH survey did not include other dairy products so the data from our questionnaire could be directly compared to the out-
comes of the survey. Our data however indicate that during the week including weekends, more than 70% of the children consumed more 
than two serves of dairy per day, which would include milk. The MoH survey reports that about 4% of the children in the survey, drink 
fizzy drinks or soft drink seven or more times per week. Our results indicate that while very few children drank soft drinks in school, 
several reported drinking soft drinks or fruit juice before or after school and significantly more over weekends (Figure 5). This may be 
an issue due to the high sugar content of both fizzy drinks as well as fruit juice which may contribute to the development of obesity in 
children. However when the children in our trial were asked which drinks were healthy, the majority of the children indicated that firstly 
water or then milk was considered healthy while soft drinks and flavoured milk were not seen as healthy.

This study had a number of limitations: The number of participants was relatively small; the children’s socioeconomic status was not 
taken into account and the study was uncontrolled and therefore not controlling for energy intake, vitamin D status or physical activity 
which all could affect bone outcomes.

Conclusion

In conclusion, LBM and WB fat mass significantly predicted children’s bone health. Both the control and milk groups increased in 
height and weight at a similar rate. The changes in LS-BMC, WB- BMC and WB area were greater in the milk group over the year, with the 
BMC z-score increasing in the milk group but remaining stable in the controls, indicating slower mineralization of growing bones. Milk 
and dairy intake increased over the year in the milk group which may indicate that the “Milk for Schools” programme as a whole was an 
effective means of changing children’s diets. This observation also provides evidence that a school-based intervention could be used as 
a means of modifying children’s diets.

These are interesting findings, and further work including a larger sample size, being monitored over a longer period of time, and 
including food questionnaires over time may confirm these findings.

Acknowledgements

Fonterra. Cooperative Group Ltd for funding; Anne Broomfield, Gabrielle Plimmer and Shampa De for providing technical support; the 
4 primary schools that participated in the research project.

Conflict of Interest

The authors declare no conflict of interest.



Citation: Marlena Kruger., et al. “Increased Milk Consumption May Improve Body Composition and Bone Health Among Pre-Pubertal 
Children”. EC Nutrition 11.1 (2017): 17-29.

Increased Milk Consumption May Improve Body Composition and Bone Health Among Pre-Pubertal Children

28

Bibliography

1.	 Weaver CM., et al. “The role of nutrition on optimizing peak bone mass”. Asia Pacific Journal of Clinical Nutrition 17.1 (2008): 135-
137.

2.	 Loveridge N and Noble BS. “Control of longitudinal growth: the role of nutrition”. European Journal of Clinical Nutrition 48.2 (1994): 
75-84.

3.	 Estivarez CF and Ziegler TR. “Nutrition and the insulin-like growth factor system”. Endocrine 7.1 (1997): 65-71.

4.	 Bonjour JP., et al. “Calcium-enriched foods and bone mass growth in prepubertal girls: A randomized, double-blind, placebo-con-
trolled trial”. Journal of Clinical Investigation 99.6 (1997): 1287- 1294.

5.	 Johnston CC Jr., et al. “Calcium supplementation and increases in bone mineral density in children”. New England Journal of Medicine 
327.2 (1992): 82-87.

6.	 Cadogan J., et al. “Milk intake and bone mineral acquisition in adolescent girls: randomised, controlled intervention trial”. British 
Medical Journal 315.7118 (1997): 1255-1260.

7.	 Dibba B., et al. “Effect of calcium supplementation on bone mineral accretion in Gambian children accustomed to a low calcium diet”. 
American Journal of Clinical Nutrition 71.2 (2000): 544-549.

8.	 Chan GM., et al. “Effects of dairy products on bone and body composition in pubertal girls”. Journal of Pediatrics 126.4 (1995): 551-
556.

9.	 Rockell JE., et al. “Two-year changes in bone and body composition in young children with a history of prolonged milk avoidance”. 
Osteoporosis International 16.9 (2005): 1016-1023.

10.	 Huncharek M., et al. “Impact of dairy products and dietary calcium on bone-mineral content in children: results of a meta-analysis”. 
Bone 43.2 (2008): 312-321.

11.	 Lanou AJ., et al. “Calcium dairy products and bone health in children and young adults: A re-evaluation of the evidence”. Pediatrics 
115.3 (2005): 736-743.

12.	 Ministry of Health (NZ). “New Zealand Health Survey: Annual update of key findings 2012/13”. Ministry of Health, Editor: Wellington 
(2012).

13.	 Ministry of Health. “A national survey of children and young people’s physical activity and dietary behaviours in New Zealand: 
2008/2009”. Ministry of Health, Editor. Wellington (2010). 

14.	 Ministry of Health. Food and Nutrition Guidelines for Healthy Children and Young People (aged 2-18 years). A background Paper. 
Ministry of Health, Editor. Wellington (2012).

15.	 Renner E. “Dairy calcium, bone metabolism and prevention of osteoporosis”. Journal of Dairy Science 77.12 (1994): 3498-3505. 

16.	 Stracke H., et al. “Osteoporosis and bone metabolic parameters in dependence upon calcium intake through milk and milk products”. 
European Journal of Clinical Nutrition 47.9 (1993): 617-622.

17.	 Kalkwarf HJ., et al. “Milk intake during childhood and adolescence, adult bone density, and osteoporotic fractures in US women”. 
American Journal of Clinical Nutrition 77.1 (2003): 257-265.

https://www.ncbi.nlm.nih.gov/pubmed/18296321
https://www.ncbi.nlm.nih.gov/pubmed/18296321
https://www.ncbi.nlm.nih.gov/pubmed/8194496
https://www.ncbi.nlm.nih.gov/pubmed/8194496
https://www.ncbi.nlm.nih.gov/pubmed/9449035
https://www.ncbi.nlm.nih.gov/pubmed/9077538
https://www.ncbi.nlm.nih.gov/pubmed/9077538
https://www.ncbi.nlm.nih.gov/pubmed/1603140
https://www.ncbi.nlm.nih.gov/pubmed/1603140
https://www.ncbi.nlm.nih.gov/pubmed/9390050
https://www.ncbi.nlm.nih.gov/pubmed/9390050
https://www.ncbi.nlm.nih.gov/pubmed/10648270
https://www.ncbi.nlm.nih.gov/pubmed/10648270
https://www.ncbi.nlm.nih.gov/pubmed/7699532
https://www.ncbi.nlm.nih.gov/pubmed/7699532
https://www.ncbi.nlm.nih.gov/pubmed/15565350
https://www.ncbi.nlm.nih.gov/pubmed/15565350
https://www.ncbi.nlm.nih.gov/pubmed/18539555
https://www.ncbi.nlm.nih.gov/pubmed/18539555
https://www.ncbi.nlm.nih.gov/pubmed/15741380
https://www.ncbi.nlm.nih.gov/pubmed/15741380
https://www.health.govt.nz/system/files/documents/publications/new-zealand-health-survey-annual-update-2012-13-dec13-v3.pdf
https://www.health.govt.nz/system/files/documents/publications/new-zealand-health-survey-annual-update-2012-13-dec13-v3.pdf
https://www.health.govt.nz/system/files/documents/publications/cyp-physical-activity-dietary-behaviours-08-09-keyfindgs.pdf
https://www.health.govt.nz/system/files/documents/publications/cyp-physical-activity-dietary-behaviours-08-09-keyfindgs.pdf
https://www.health.govt.nz/system/files/documents/publications/food-nutrition-guidelines-healthy-children-young-people-background-paper-feb15-v2.pdf
https://www.health.govt.nz/system/files/documents/publications/food-nutrition-guidelines-healthy-children-young-people-background-paper-feb15-v2.pdf
https://www.ncbi.nlm.nih.gov/pubmed/7699131
https://www.ncbi.nlm.nih.gov/pubmed/8243426
https://www.ncbi.nlm.nih.gov/pubmed/8243426
https://www.ncbi.nlm.nih.gov/pubmed/12499350
https://www.ncbi.nlm.nih.gov/pubmed/12499350


Citation: Marlena Kruger., et al. “Increased Milk Consumption May Improve Body Composition and Bone Health Among Pre-Pubertal 
Children”. EC Nutrition 11.1 (2017): 17-29.

Increased Milk Consumption May Improve Body Composition and Bone Health Among Pre-Pubertal Children

29

18.	 Matkovic V., et al. “Bone status and fracture rates in two regions of Yugoslavia”. American Journal of Clinical Nutrition 32.3 (1979): 
540-549.

19.	 Teegarden D., et al. “Previous milk consumption is associated with greater bone density in young women”. American Journal of Clini-
cal Nutrition 69.5 (1999): 1014-1017.

20.	 Wiley A. “Cow milk consumption, insulin-like growth factor-I, and human biology: A life history approach”. American Journal of Hu-
man Biology 24.2 (2012): 130-138.

21.	 Black RE., et al. “Children who avoid drinking cow milk have low dietary calcium intakes and poor bone health”. American Journal of 
Clinical Nutrition 76.3 (2002): 675-680.

22.	 Brett N., et al. “Milk product intake may not associate with body fat percentage or bone density in young children”. FASEB Journal 
29.1 (2015): 734.9.

23.	 Park H., et al. “Gender differences in relationship between fat-free mass index and fat mass index among Korean children using body 
composition chart”. Yonsei Medical Journal 52.6 (2011): 948-952.

24.	 Rajeswari K., et al. “Body Composition as Related to Age and Gender in Pre-adolescents (9–12 years)”. Indian Journal of Public Health 
Research and Development 3.1 (2012): 147-152.

25.	 Zhang HL., et al. “Gender differences and age-related changes in body fat mass in Tibetan children and teenagers: an analysis by the 
bioelectrical impedance method”. Journal of Pediatric Endocrinology and Metabolism 28.1-2 (2015): 87-92.

26.	 Pietrobelli A., et al. “Association of lean tissue and fat mass with bone mineral content in children and adolescents”. Obesity Research 
10.1 (2002): 56-60.

27.	 Ackerman A., et al. “Sex difference in the effect of puberty on the relationship between fat mass and bone mass in 926 healthy sub-
jects, 6 to 18 years old”. Obesity 14.5 (2006): 819-825.

28.	 Clark E M., et al. “Adipose tissue stimulates bone growth in prepubertal children”. The Journal of Clinical Endocrinology and Metabo-
lism 91.7 (2006): 2534-2541.

29.	 Kâ K., et al. “Association between lean and fat mass and indicators of bone health in prepubertal caucasian children”. Hormone Re-
search in Paediatrics 80.3 (2012): 154-162.

30.	 El Hage RP., et al. “Relative importance of lean and fat mass on bone mineral density in a group of adolescent girls and boys”. Euro-
pean Journal of Applied Physiology 105.5 (2009): 759-764.

31.	 Hrafnkelsson H., et al. “Factors associated with bone mineral density and content in 7-year-old children”. Bone 46.4 (2010): 1058-
1062.

Volume 11 Issue 1 September 2017
©All rights reserved by Marlena C Kruger., et al.

https://www.ncbi.nlm.nih.gov/pubmed/420146
https://www.ncbi.nlm.nih.gov/pubmed/420146
https://www.ncbi.nlm.nih.gov/pubmed/10232644
https://www.ncbi.nlm.nih.gov/pubmed/10232644
https://www.ncbi.nlm.nih.gov/pubmed/22121110
https://www.ncbi.nlm.nih.gov/pubmed/22121110
https://www.ncbi.nlm.nih.gov/pubmed/12198017
https://www.ncbi.nlm.nih.gov/pubmed/12198017
http://www.fasebj.org/content/29/1_Supplement/734.9
http://www.fasebj.org/content/29/1_Supplement/734.9
https://www.ncbi.nlm.nih.gov/pubmed/22028158
https://www.ncbi.nlm.nih.gov/pubmed/22028158
http://www.indianjournals.com/ijor.aspx?target=ijor:ijphrd&volume=3&issue=1&article=041
http://www.indianjournals.com/ijor.aspx?target=ijor:ijphrd&volume=3&issue=1&article=041
https://www.ncbi.nlm.nih.gov/pubmed/25153215
https://www.ncbi.nlm.nih.gov/pubmed/25153215
https://www.ncbi.nlm.nih.gov/pubmed/11786602
https://www.ncbi.nlm.nih.gov/pubmed/11786602
https://www.ncbi.nlm.nih.gov/pubmed/16855191
https://www.ncbi.nlm.nih.gov/pubmed/16855191
https://www.ncbi.nlm.nih.gov/pubmed/16621904
https://www.ncbi.nlm.nih.gov/pubmed/16621904
https://www.ncbi.nlm.nih.gov/pubmed/23988728
https://www.ncbi.nlm.nih.gov/pubmed/23988728
https://www.ncbi.nlm.nih.gov/pubmed/19096868
https://www.ncbi.nlm.nih.gov/pubmed/19096868
https://www.ncbi.nlm.nih.gov/pubmed/19969116
https://www.ncbi.nlm.nih.gov/pubmed/19969116

	_GoBack
	_GoBack
	_GoBack

