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Abstract: Overweight and obesity are major public health concerns with approximately 32% and 17% of U.S. children 
aged 2 – 19 being classified as overweight or obese, respectively. While the cause of overweight and obesity is multi-
factorial, changes in eating habits and physical activity patterns have been proposed as contributing factors to the obesity 
epidemic. For example, the displacement of nutrient rich foods and beverages with non-nutrient dense items may be influ-
encing childhood obesity. Many children do not consume the recommended servings of the Food Groups to Encourage, 
i.e. low-fat and fat-free dairy foods, fruits, vegetables, and whole grains identified by the 2005 Dietary Guidelines for 
Americans which results in low intakes of calcium, potassium, fiber, magnesium, and vitamin E. While attention has fo-
cused primarily on reducing energy intake and/or increasing energy expenditure for weight maintenance, a promising 
beneficial role for dairy products in weight management has emerged. Most research has focused on adults, but there is 
evidence in children and adolescents indicating either a beneficial or neutral effect of dairy food consumption on body 
weight or body composition. The current review provides and assessment of the scientific evidence on the effects of dairy 
food consumption on body weight and body composition in children and adolescents.  
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I. INTRODUCTION  

Overweight and obesity are global public health concerns 
[1, 2]. Data from National Health and Nutrition Examination 
Surveys (NHANES) 2007-2008 indicates that 31.7% of US 
children aged 2 – 19 years are overweight, with approxi-
mately 17% classified as obese [3]. Similarly, the Early 
Childhood Longitudinal Study shows obesity prevalence at 
18.4% among 4-year-old US children with the highest rates 
in American Indian/Native Alaskan, Hispanic, and non-
Hispanic black children [4]. If the current trends continue, 
the prevalence of obesity in children and adolescents would 
almost double by 2030 [5]. 

Obesity in children and adolescents is of great concern 
because excess body fat increases the risk of premature 
death, coronary heart disease, type 2 diabetes, hypertension, 
stroke, some types of cancer and other debilitating conditions 
[6]. Data from the NHANES III demonstrates that 4.2% 
normal weight adolescents and 28.7% overweight adoles-
cents have metabolic syndrome suggesting that more than 
900,000 adolescents nationwide have metabolic syndrome 
[7]. A more recent report indicates metabolic syndrome 
prevalence among overweight children aged 8-11 years at 
6.5% to 9.5% and among overweight adolescents aged 12-14 
years at 27% to 44% [8]. Furthermore, maintaining a healthy 
body weight throughout childhood may help reduce the risk 
of becoming an overweight or obese adult [9-12]. For exam-  
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ple, Whitaker and colleagues estimated that nearly 80% of 
children who were overweight at age 10-15 years were obese 
at age 25 years [11]. Similarly, Freedman and colleagues 
showed that 25% of obese adults were overweight as chil-
dren [12]. Therefore, identifying dietary patterns and/or 
components of the diet that help children and adolescents 
maintain a healthy body weight is of utmost importance.  

Because the cause of overweight and obesity is multi-
factorial, successful prevention or treatment depends on mul-
tiple integrated actions. For overweight children and adoles-
cents, the goal is to reduce the rate of weight gain while 
achieving normal growth and development [9]. Although 
attention has focused primarily on reducing energy intake 
and/or increasing energy expenditure, a promising beneficial 
role for dairy products in weight management has emerged. 
In recent years, a body of scientific evidence of human clini-
cal, observational and animal model studies has evolved that 
supports a relationship between the consumption of dairy 
foods and weight management in adults [13-15]. While there 
is less research in children and adolescents investigating the 
relationship between dairy and weight/body composition, in 
general, studies indicate either a beneficial or neutral effect 
of dairy foods or calcium consumption on body weight or 
body composition. The current review provides an assess-
ment of the scientific evidence on the relationship between 
dairy food consumption and body weight and body composi-
tion in children and adolescents. First to be discussed are 
cross sectional analyses, followed by prospective observa-
tional studies, and finally randomized clinical trials.  
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II.OBSERVATIONAL STUDIES  

1. Cross Sectional Analyses 

Analyses of cohorts of children from various countries 
and of different racial and ethnic groups in the U.S. have 
demonstrated an inverse relationship between milk or dairy 
intake and indices of body weight and/or body fat. Table 1
presents the cross-sectional studies that have examined the 
association between milk and/or dairy intake and BMI, body 
weight and/or body fat in children and adolescents [16-38]. 
A cross-sectional study in 884 children from Southern Italy 
utilized data from a lifestyle and diet survey to evaluate the 
association between body fat and body weight and frequency 
of milk consumption [22]. After controlling for confounders, 
linear regression analysis of the frequency of consumption of 
milk in relation to age- and sex-specific BMI z-scores 
showed an significant inverse association. Milk consumption 
remained significantly and inversely associated with BMI z-
score in the whole-milk consumers when controlling for age 
and the frequency of consumption of various foods; how-
ever, this association was no longer significant when chil-
dren consuming skimmed milk were included in the analysis. 
The authors note that this is the first report showing a sig-
nificant inverse association between frequency of milk con-
sumption and BMI in children [22]. In a cross-sectional 
analysis, researchers evaluated dietary calcium intakes, an-
thropometric measures, and bone health in 50 pre-pubertal 
children from New Zealand who had a history of avoiding 
milk consumption [18]. This cohort of 50 children was com-
pared to a cohort of 200 children who drank milk. The milk 
avoiders were shorter, had smaller skeletons, lower total-
body bone mineral content, and lower z-scores for areal bone 
mineral density than did the control children of same age and 
sex from the same community. Furthermore, the milk avoi-
ders had higher BMIs than the milk consumers and the 
prevalence of obesity in the milk avoiders was 18%. These 
data suggest that in growing children, long-term avoidance 
of cow milk is associated with small stature, poor bone 
health, and may be related to obesity [18]. A cross-sectional 
analysis of baseline data from the Female Adolescent Matu-
ration study including 323 Asian and Caucasian young ado-
lescents aged 9 to 14 years from Hawaii demonstrated that 
calcium intake, age, and physical activity were significantly 
inverse association with iliac skinfold thickness [20]. Cal-
cium from dairy sources had a stronger association than total 
calcium intake, while non-dairy calcium was not associated 
with weight or iliac skinfold thickness. One milk serving was 
associated with a decrease of 0.78 mm in iliac skinfold 
thickness, while soda intake had a significantly positive as-
sociation with weight. Additionally, the inverse association 
between dairy and iliac skinfold thickness was stronger in 
Asian versus Caucasian adolescents. Thus, the researchers 
concluded that decreasing soda and increasing dairy con-
sumption among Asians may help maintain body fat and 
weight during adolescence [20]. In an observational case-
control study of 53 Puerto Rican children, frequency of fruit 
juice consumption, hours of daily TV viewing, maternal 
BMI, and lower dairy product intake were associated with 
obesity. A significant negative correlation existed between 
dairy product consumption and BMI with a 59% reduction in 
obesity risk associated with high dairy product consumption 
[16]. In a sample of 1701 children from 3rd to 7th grade in 

schools from three geographical Chilean regions, there was a 
significantly inverse association between obesity and dairy 
product consumption [21]. In a study of 365 Argentinean 
children with average age of 10 years, increased milk con-
sumption was associated with lower waist circumference, 
systolic blood pressure, and insulin resistance [34].  

Several studies utilizing U.S. national data sets have 
evaluated the association between milk or dairy intake and 
indices of body weight and/or body fat. LaRowe et al. [27] 
utilized a food-based approach to identify predominant bev-
erage intake patterns among preschool children aged 2 to 5 
years and school-aged children aged 6 to 11 years from 
NHANES 2001-02. Children from both age groups classified 
as high-fat milk consumers had a significantly greater mi-
cronutrient intakes as compared to all other beverage clus-
ters. Total energy intake from beverages in children classi-
fied as high-fat milk consumers was higher as compared to 
all other beverage clusters. However, BMI was significantly 
lower in the high-fat milk cluster as compared to the water, 
sweetened drink, and soda clusters for children aged 6 to 11 
years and a trend existed in children aged 2 to 5 years. In 
general, the children in the high-fat milk cluster had the low-
est BMI, but among the best overall diet quality as reflected 
by the HEI and micronutrient intakes, which the authors 
concluded was support that children with better diet quality 
would have lower BMIs [27]. Another analysis of NHANES 
data demonstrated that children with higher milk intakes 
have better nutrient intakes and there is no negative impact 
on BMI [31]. In this analysis, intakes of vitamin A, calcium, 
phosphorus, magnesium, potassium, and saturated fat were 
higher in milk drinkers (including flavored and plain milk), 
than milk nondrinkers. Additionally, the BMI measures of 
milk drinkers were comparable to or lower than measures of 
nondrinkers [31]. Moore and colleagues explored the asso-
ciation between dairy consumption and body fat among more 
than 10,000 U.S. children and adolescents participating in 
two of the NHANES from 1988-1994 and 1999-2002 [30]. 
Results showed that, in both survey periods, a low dairy in-
take (< 1serving/day for girls and < 2 servings/day for boys) 
among 12-16 year olds was associated with a higher BMI 
and greater body fat. Additionally, similar results were seen 
when examining total calcium intake in relation to body fat 
among the same age range. However, among younger chil-
dren, aged 5 to 11 years, there was no consistent association 
between dairy or calcium intake and body fat levels [30]. In 
the Growing Up Today Study, overweight participants con-
sumed fewer dairy products than non-overweight youths. 
Furthermore, the reported consumption of dairy servings was 
less in overweight participants than mean servings for the 
entire cohort [17]. Recently, Bradlee and colleagues ana-
lyzed data from NHANES III to assess the association be-
tween food group intake and central body fat in children and 
adolescents [38]. While there was no association between 
dairy intake and central obesity in children, mean dairy in-
take was inversely associated with central obesity in adoles-
cent boys and girls [38].  

While the above mentioned studies have reported inverse 
relationships between milk and/or dairy intake and indices of 
body weight and/or body fat, there are studies in which no 
association has been found. In a descriptive and multivariate 
regression  analysis  of children and adolescents aged 6 to 19  
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Table 1. Cross-Sectional Studies Evaluating the Relationship Between Dairy and/or Calcium Intake and Body Weight and/or Body 
Composition in Children and Adolescents 

Citation Subject Characteristics Results* 

Tranasecu et al., 2000 53 Puerto Rican children � Dairy foods, � obesity 

Rockett et al., 2001 
Growing Up Today Study  

(n = 16,6882) 
� Dairy foods, � overweight 

Black et al., 2002 50 milk avoiders and 200 control children Milk avoiders � BMI 

Forshee and Storey, 2003 
CSFII 1994-96, 1998  

(n = 3,311) 

Milk intake � BMI in boys 

Milk intake � BMI in girls 

Novotny et al., 2004 
Female Adolescent Maturation Study  

(n=323) 
� Calcium intake, � body weight and iliac skinfold thickness 

Olivares et al., 2004
Chilean children  

(n=1,701) 
� Dairy intake, � obesity (measured by BMI) 

Barba et al., 2005 
BRAVO Project and the Ganniano Study  

(n = 884) 
� Milk consumption, � BMI z-scores 

Dixon et al., 2005 
Children’s Health Project  

(n = 342) 

� Calcium or dairy intake, � BMI and skinfold measures in non-
HC children 7-10 y/o 

� Calcium or dairy intake, � BMI and skinfold in all HC children 
and non-HC children 4- y/o  

Moreira et al., 2005 
Portuguese children  

(n=3,044) 

� Calcium intake, � BMI in girls 

� Calcium intake, � BMI in boys 

Fiorito et al., 2006 Girls (n=172) 
�3 Serving dairy, � BMI and % body fat in total sample 

�3 Serving dairy, � BMI and % body fat in plausible, under- and 
overreporters 

O’Connor et al., 2006 NHANES 1999-2002 (n=1,160) 
Milk intake � BMI 

Type of milk consumed � BMI 

LaRowe et al., 2007 NHANES (n=541, 2-5 y/o; n=793 for 6-11 y/o) 
High-fat milk cluster � BMI in 2-5 y/o 

High-fat milk cluster � BMI in 6-11 y/o 

Palacios et al., 2007 
Adolescents  

(n=100) 

� Calcium intake, � BMI in boys 13-15 y/o 

� Calcium intake, � BMI in boys 16-18 or girls 

Dos Santos et al., 2008 
Post-pubertal adolescents 

(n=96)  

� Calcium intake, � body trunk fat in obese subjects 

� Calcium intake, �body trunk fat in normal weight subjects 

Moore et al., 2008

NHANES III  

(n=3,864, 5-11 y/o; n=2,231, 12-16 y/o)  

NHANES 1999-2002 (n=1,884, 5-11 y/o; 2,636 
12-16 y/o) 

� Dairy intake � with indices of body fat in 5-11 y/o 

� Dairy intake, � indices of body fat in 12-16 y/o boys and girls 

Murphy et al., 2008 NHANES 1999-2002 (n=7,557) 

Milk drinkers, � BMI in 2-11 y/o 

Milk drinkers, � BMI in 12-18 y/o boys 

Milk drinkers, � BMI in 12-18 y/o girls  

Goldberg et al., 2009
Adolescents  

(n=107)  

� Calcium intake, � adiposity in males 

� Calcium intake, � adiposity in females 

Keller et al., 2009 
Twin children  

(n=126) 
Calcium or milk intake, � BMI and waist circumference 

Hirschler et al., 2009 
Argentinean children  

(n=365) 
� Milk intake, � waist circumference 
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Table 1. contd… 

Citation Subject Characteristics Results* 

Wiley, 2010  
NHANES 1999-2004 (n=1,493, 2-4 y/o; 

n=2,526, 5-10 y/o) 

Highest quartile of milk intake, � BMI than lower quartiles in 2-4 
y/o 

Highest quartile of milk intake, � BMI than quartile 2 in 5-10 y/o 

Almon et al., 2010
European Youth Heart Study (n=298 children; 

n=386 adolescents) 
� Milk and dairy intake, � body fat mass 

Tylvasky et al., 2010 
African American adolescents  

(n=186) 

� Calcium intake, � fat mass and lean body mass in all subjects 
and males 

�Calcium intake, � fat mass and percent body fat in females 

Bradlee et al., 2010
NHANES III 

(n=3761, 5-11 y/o; n=1803, 12-16 y/o) 

Mean dairy intake, � central obesity in 5-11 y/o 

Mean dairy intake, � central obesity in 12-16 y/o 

* For the associations listed, � represents a positive association, � represents a negative association and � represents no association between the variables listed.  

years participating in the U.S. Department of Agriculture’s 
Continuing Survey of Food Intakes, 1994-96, 1998, BMI 
was not associated with consumption of milk, regular soft 
drinks, regular or diet fruit drinks, or non-citrus juices. For 
girls, BMI was negatively correlated with milk consumption 
and positively correlated with diet carbonated beverages, but 
these relationships were weak [19]. Fiorito et al. [25] as-
sessed the relationship among girls’ weight status, dairy in-
take, and total energy intake. Using 24-hr recalls and energy 
calculations, 172 girls (11.3 ± 0.3 years old) were classified 
as under-reporters, plausible reporters, or over-reporters. 
When all subjects were analyzed, consumption of the rec-
ommended amount of dairy (3 servings/d) was significantly 
associated with lower weight status and percent body fat. 
However, when under-reporters, plausible reporters, or over-
reporters were analyzed separately, there was no association 
between dairy intake and body weight or percent body fat 
[25]. In another study, there was no association between the 
amounts of total beverage, milk, 100% fruit juice, fruit drink 
or soda consumed and weight status. Furthermore, there was 
no significant association between the types of milk (based 
on percent fat) consumed and weight status [26]. Keller et al.
examined whether increased sugar-sweetened beverage in-
take was associated with decreased milk/calcium intake and 
body weight from previously collected, laboratory-based 
meal data from twins [33]. The results showed that the intake 
of sugar-sweetened beverages (e.g. cola, juice and juice 
drinks) were negatively associated with the intake of milk, 
calcium and vitamin D; however, neither calcium nor milk 
intake was associated with BMI or waist circumference [33]. 
More recently, Wiley analyzed NHANES data from 1999 – 
2004 to examine the relationship between milk and dairy 
product consumption and BMI among children 2 – 4 and 5 – 
10 yr of age [35]. Young children in the highest quartile of 
milk intake had higher BMIs than all lower quartiles. Among 
children 5 – 10 year of age, dairy intake was not related to 
BMI; however, those in the highest quartile of milk intake 
had higher BMI than those in the second quartile. The author 
concludes that milk consumption is positively associated 
with BMI, especially in children 2 – 4 yr of age [35]. 

In addition to the studies that have examined dairy and/or 
milk consumption, some studies have assessed relationship 
between calcium intake and adiposity. For instance, a cross-
sectional analysis of 96 male and female post-pubertal ado-

lescents compared the calcium intake of normal weight and 
obese adolescents [28]. The mean calcium intake was lower 
in the obese subjects as compared to the normal weight sub-
jects (585.2 ± 249.9 vs. 692.1 ± 199.5 mg/day, respectively) 
and calcium intake was inversely related to trunk adiposity, 
circulating insulin levels, and insulin resistance. When cal-
cium intake was analyzed via quartile analysis, girls in the 
highest quartile displayed the greatest decrease in adiposity 
and insulin resistance. The authors conclude that calcium 
intake is negatively associated with body fat and insulin lev-
els, especially in obese girls [28]. In addition, Palacios et al.
[28] examined the relationship between calcium-rich food 
consumption and body weight/BMI in adolescents aged 13 to 
18 years and reported that calcium intake was negatively 
associated with BMI in boys aged 13 – 15 years. However, 
this correlation was not found among older boys or in girls 
of any age [28]. Recently, Tylvasky and colleagues exam-
ined the association between calcium intake and fat mass, 
lean body mass, bone mineral content and body mass index 
(BMI) in African-American children and adolescents [37]. 
Analysis of the food records indicated that less than half the 
participants met the Dietary Reference Intake for calcium, 
magnesium, phosphorus, potassium, iron, zinc, folate, ribo-
flavin, vitamin B12, vitamin C, vitamin D, vitamin A or vi-
tamin K. Participants in the lowest calcium intake group had 
the lowest energy-adjusted intakes of fiber, riboflavin, folate, 
vitamin A, vitamin D, magnesium, phosphorus, potassium, 
iron and zinc. After adjusting for confounding variables, 
there was no association between calcium intake and fat 
mass, lean body mass, bone mineral content or BMI in the 
whole sample. However, gender-specific analyses showed 
that those females in the lowest calcium-intake group had a 
higher fat mass, a higher percent fat mass, and a lower lean 
body mass than those in the middle and highest calcium-
intake groups. The results of this study showed that African 
American girls with the lowest intakes of calcium had in-
creased body fat and lower vitamin and mineral intakes as 
compared to those girls with the highest intakes of calcium 
[37].  

2. Prospective Studies 
Table 2 presents the prospective studies that have inves-

tigated the relationship between dairy intake and BMI, body 
weight, and body fat [39-51]. Skinner and Carruth published 
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two reports evaluating the effects of preschool food con-
sumption on body composition, specifically dietary cal-
cium’s relationship to body fat, in a cohort of 50 children 
who were followed from two months to 8 years of age 
[39,40]. In regression analyses, longitudinal intakes of cal-
cium, dairy foods, and monounsaturated fat were signifi-
cantly negatively related to body fat at 70 months. In a re-
gression analysis of dietary calcium and polyunsaturated fat 
intake and percent body fat at 8 years of age, dietary intakes 
of these nutrients were negatively related to percent body fat. 
Also, calcium intake was positively related to dietary variety, 
while negatively related to carbonated beverages and other 
sweetened beverages. The authors recommend that children 
should be strongly encouraged to regularly include calcium-
rich foods and beverages in their diets, specifically skim, 1% 
or 2% fat milk and other low-fat dairy products [39,40]. 

Rockell et al. [44], in a follow up to the earlier report by 
Black et al. [18], demonstrated that milk avoiders had lower 

calcium intakes and were shorter in stature, with elevated 
BMI, poor skeletons and lower z-scores for both areal bone 
mineral density and volumetric bone mineral density, com-
pared with a reference population of milk drinkers. Using 
data from the Framingham Children’s Study, Moore et al.
[46] estimated the effect of dairy intake in early childhood 
on the acquisition of body fat throughout childhood. The 
results showed that the consumption of <1.25 servings of 
dairy/day in girls and <1.70 servings of dairy/day in boys 
during early childhood was associated with increased risk for 
gaining excessive amounts of body fat by early adolescence. 
In addition, girls that consumed calcium levels that were in 
the lowest tertile gained an extra 25 mm of subcutaneous fat 
by early adolescence. Interestingly, the observed protective 
effect of dairy was not explained by calcium and magnesium 
levels. The results of this study support the hypothesis that 
low-intakes of dairy products in early childhood may pro-
mote the acquisition of body fat over time [46].  

Table 2. Prospective Studies Evaluating the Relationship Between Dairy and/or Calcium Intake and Body Weight and/or Body 
Composition in Children and Adolescents 

Citation Subject Characteristics Results* 

Carruth and Skinner, 2001 
Children 

(n=53) 
� Calcium and dairy, � body fat 

Skinner et al., 2003 
Children 

(n=53) 
� Calcium, � percent body fat 

Phillips et al., 2003
Non-obese girls  

(n=196) 
� Calcium and dairy, � BMI and percent body fat 

Newby et al., 2004
North Dakota Special Supplemental Nutrition Program 

for WIC  

(n=1,345) 
� Milk intake, � weight change and BMI 

Fisher et al., 2004
Non-Hispanic white girls  

(n=192) 
�AI for calcium, � BMI as <AI for calcium 

Rockell et al., 2004 
Milk avoiders 

(n=46) 
Milk avoidance, � BMI 

Berkey et al., 2005 Growing Up Today Study (n=12,829) 
� Calcium and milk, � BMI gain 

(� when adjusted for energy)  

Moore et al., 2006 Framingham Children’s Study (n=92) � Dairy, � risk for gaining body fat  

DeJongh et al., 2006
Children  

(n=178) 
� Calcium intake, � change in fat mass or percent body 

fat 

Barr, 2007 
Peripubertal girls  

(n=45) 
� Calcium intake, � body weight or body composition 

Gunther et al., 2007 
Dortmund Nutritional and Longitudinally Designed 

Study (n=203) 
� Dairy protein, � BMI 

Fiorito et al., 2009
Girls  

(n=166) 
� Milk intake, � adiposity 

Huh et al., 2010
Project Viva  

(n=852) 
� Milk or dairy, � BMI and incident overweight 

* For the associations listed, � represents a positive association, � represents a negative association and � represents no association between the variables listed.  
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While the above prospective studies have indicated in-
verse associations between dairy and/or calcium intake and 
body weight and/or body fat, there are other prospective 
studies in which no associations have been noted. Analysis 
of data from the Growth and Development Study showed 
that there was no relationship between BMI z-score or per-
cent body fat and dairy or calcium consumption over time 
[41]. The authors conclude that the results refute the idea that 
dairy foods should be avoided during adolescence to avoid 
excess body weight and/or body fat accumulation [41]. To 
examine the effects of calcium and dairy intake on body 
weight, Berkey et al. [45] analyzed food frequency question-
naires from adolescents that participated in the longitudinal 
Growing Up Today Study. The results showed that baseline 
calcium intake was 1291 mg/day and 1145 mg/day for boys 
and girls, respectively, and that milk intake declined with age 
in both groups. In addition, the results indicated that adoles-
cents that drank � 3 servings of milk/day had significantly 
larger BMI gains from year-to-year than those who drank 
between 1 – 2 servings of milk/day. However, after adjusting 
for energy intake, the association between milk consumption 
and BMI was not statistically significant. Finally, dairy fat 
was not a strong predictor of weight gain in adolescent boys 
or girls as compared to other types of fat [45].  

Barr [48] conducted a post-hoc analysis to determine 
whether habitual calcium intake was an independent predic-
tor of percent body fat. The analysis was performed on data 
obtained from 45 peripubertal girls who took part in a two-
year prospective study that examined the effects of calcium 
on bone mineral density. Girls below the median intake for 
calcium from all foods (i.e. below 773 mg/d) had higher 
baseline body weight, total fat mass, percent body fat, and 
percent trunk fat as compared to girls above the median in-
take. However, when the Eating Attitudes Test was included 
in the analysis as a covariant there were no apparent statisti-
cal differences at baseline. Moreover, calcium intake was not 
associated with changes in body weight or composition over 
the 2 years. The author concluded that the results suggest 
that the inverse association between calcium and/or dairy 
intake and body weight changes may result from unmeasured 
variables and reverse causation (i.e., heavy girls are more 
likely to exclude dairy from their diets) [48]. In a cohort of 
192 non-Hispanic white girls, calcium intake was evaluated 
from ages 5 to 9 years as a function of mother-daughter bev-
erage choices and as a predictor of bone mineral status [43]. 
Girls who met calcium recommendations had significantly 
greater BMD than those who did not meet recommendations. 
Moreover, girls who met calcium recommendations were not 
heavier but had higher energy intakes than did the girls who 
consumed less than the recommended amounts [43]. 

Fiorito et al. assessed whether beverage intake at age 5 
years predicted energy intake, adiposity and weight status 
across childhood and adolescence [50]. At age 5 years, girls 
were categorized as consuming <1, �1 and <2, or �2 serv-
ings of sweetened beverages per day. The authors reported 
that sweetened beverage intake at age 5 years, but not milk 
or fruit juice intake, was positively associated with adiposity 
from age 5 – 15 years [50]. Recently, Huh and colleagues 
examined the relationship between the quantity and type of 
milk consumed at age 2 years with adiposity at age 3 years in 
preschool-aged children [51]. After controlling for con-

founders, higher intakes of whole milk at age 2, but not re-
duced fat or 1%/nonfat milk, was negatively associated with 
BMI at age 3. However, when the analysis was restricted to 
children with a normal BMI at age 2 yr, the association was 
attenuated. Intake of milk at age 2 yr, whether full- or re-
duced-fat, was not associated with the risk of incident over-
weight at age 3 yr. Further, neither total milk nor total dairy 
intake at age 2 yr was associated with BMI or incident over-
weight at age 3 yr. The results of this study suggest that nei-
ther the type nor the amount of dairy consumed adversely 
affects body weight in preschool-aged children [51]. 

In summary, while most of the data is generated from 
cross-sectional studies, the results from nearly all of the ob-
servational studies demonstrate either a beneficial or neutral 
relationship between the consumption of dairy and/or cal-
cium and body weight and body composition in children and 
adolescents.  

III. RANDOMIZED CLINICAL TRIALS 

To date, few clinical trials have been conducted to spe-
cifically investigate the effect of dairy consumption on body 
weight and body composition changes in children and ado-
lescents. Most randomized clinical trials were originally de-
signed to assess the effect of calcium supplements or a form 
of calcium derived from milk on bone health. A recent sys-
tematic review and meta-analysis of 17 placebo-controlled 
randomized clinical trials determined whether calcium sup-
plementation in healthy children affects body weight or body 
composition [52]. The results of the meta-analyses showed 
that there were no statistically significant effects of calcium 
supplementation on weight, body fat, or lean body mass in 
healthy children [52].  

Table 3 presents the clinical trials that introduced milk or 
dairy into the diets of children and/or adolescents to examine 
effects on body composition and weight changes [53-63]. In 
a randomized clinical trial of 80 healthy Caucasian girls, 
subjects were randomized into milk or control groups strati-
fied by pubertal stage to investigate the effect of milk on 
total body mineral acquisition, height, weight, and lean body 
mass [54]. The milk group consumed one pint (598 mL) of 
whole or reduced fat milk each morning for 18 months while 
the control group followed their habitual diet which included 
150 mL of milk per day. The milk-supplemented group ex-
perienced a calcium intake increase from 739 mg/day to 
1125 mg/day and significant increases in dietary protein, 
phosphorus, magnesium and zinc over the 18 month study 
and a trend towards increased energy intake. Bone mineral 
content and bone mineral density significantly increased 
more over 18 months for the milk group as compared to the 
control group. There were no significant differences in 
changes in height, weight, lean body mass and fat body mass 
in either group. However, a trend in the milk group was 
demonstrated as a greater gain in lean body mass with con-
comitant reduction in percent body fat and an overall gain in 
weight [54]. 

Chan et al. [53] investigated the effect of calcium sup-
plementation with dairy products on the bone and body com-
position of pubertal girls in a randomized control study. 
Forty-eight Caucasian girls were randomized to a diet sup-
plemented with dairy products including 2% milk, fat-free 
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milk, 2% chocolate milk, American cheese, and regular fruit 
yogurt with total calcium at 1200 mg calcium daily or to the 
control diet which was the subjects’ usual diet. While the 
dairy group had higher intakes of calcium, phosphate, vita-
min D, and protein than control subjects, the fat, saturated 
fat, and energy intake were not different between the two 
groups. The dairy group had significantly greater increases 
over 12 months in bone mineral density at the lumbar spine 
and total body bone mineral than control subjects. There 
were no differences between the groups in lean body mass or 
percent body fat at baseline or 12 months. Chan and col-
leagues concluded that young girls whose dietary calcium 
intake was provided primarily by dairy products had an in-
creased rate of bone mineralization and that the increased 
intake of dairy foods was not associated with excessive 
weight gain or increased body fat [53]. 

Lappe and colleagues analyzed data from a project that 
investigated the effects of a calcium-rich diet on bone health 
in 9 year old girls to evaluate the influence of the diet on 
weight gain during 2 years of the study [57]. Participants 
were randomly assigned to a calcium-rich diet supplying at 
least 1,500 mg of calcium per day (primarily from dairy 
foods) or their usual diet. Although girls in the treatment 

group consumed approximately 150 more calories per day, 
they did not have greater increases in body weight, BMI, or 
fat or lean mass compared to the control group. Girls on cal-
cium-rich diet also significantly increased their intake of 
essential nutrients, including calcium, protein, vitamins A 
and D, phosphorus and magnesium. The researchers con-
cluded that calcium-rich diets do not cause excessive weight 
gain in pubertal girls while contributing positively to overall 
nutrition [57]. 

In another randomized clinical trial, 28 boys were ran-
domly assigned to consume, in addition to their habitual diet, 
3 servings/day of 1% fluid milk or juice not fortified with 
calcium while engaged in a 12-week resistance-training pro-
gram [56]. The milk group had significantly higher intakes 
of protein, fat, vitamins A and D, riboflavin, calcium, phos-
phorus, and magnesium, and lower intakes of carbohydrate 
and vitamin C. While all subjects experienced significant 
changes in height, sum of seven skinfolds, body mass, lean 
body mass, fat mass, whole body bone mineral content, and 
maximal strength in the squat and bench press, there were no 
statistical differences between the groups. The milk group 
had a significantly greater increase in bone mineral density 
compared to the juice group. Additionally, a non-significant 

Table 3. Randomized Clinical Trials Examining the Effect of Milk or Milk Products on Body Weight and/or Body Composition in 
Children and Adolescents 

Citation Subjects Treatments Results* 

Chan et al., 1995 
Girls  

(n=48) 
Dairy (1200 mg calcium/d) vs. habitual intake 

� Dairy, � percent body fat and lean 
body mass 

Cadogan et al., 1997
Girls  

(n=80) 
1 pint of whole or reduced fat milk vs. habitual 

intake 
� Milk, � body weight and body com-

position 

Merrilees et al., 2000 
Girls  

(n=91) 
Dairy supplementation (1000 mg calcium/d) vs. 

control 
� Dairy, � body weight and body com-

position 

Volek et al., 2003
Boys  

(n=28) 
Resistance training with either 3 serving milk/d or 

juice 
� Milk, � body composition and body 

fat 

Lappe et al., 2004 
Girls  

(n=59) 
Calcium rich diet (1500 mg/d) vs. habitual diet 

� Calcium, � body weight, BMI and 
body composition 

Du et al., 2004 
Chinese girls  

(n=757) 
Milk vs. milk + vitamin D vs. control � Milk, � body weight 

Lau et al., 2004 
Chinese children 

(n=344) 
Milk powder (40 g or 80 g) vs. control 

� Milk powder, � body weight and 
body fat 

Albala et al., 2008 
Chilean children 

(n=98) 
Milk supplementation (3 servings/d) vs. usual 

intake  
� Milk, � percent body fat 

� Milk, � lean body mass 

Ghayour-Mobarhan et 
al., 2009 

Children  

(n=120) 
-500 kcal diet with 2, 3, or 4 servings of dairy/d 

Dairy food, � BMI, body weight and 
body fat 

St.Onge et al., 2009
Children 

(n=45) 
High (4 servings/d) vs. low (1 serving/d) milk 

intakes 
� Milk, � body weight and body com-

position 

Kelishadi et al., 2009
Children  

(n=95) 
Isocaloric dairy diet (>800 mg calcium/d) vs. en-

ergy restricted diet vs. control 
� Dairy, � rise in BMI and waist cir-

cumference 

* For the associations listed, � represents a positive association, � represents a negative association and � represents no association between the variables listed.  
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trend of reduced body fat was observed in the boys who con-
sumed milk compared to those who consumed juice. The 
authors suggest that increasing the intake of milk in physi-
cally active adolescent boys may enhance bone health and 
may have the potential to influence body fat [56]. 

In a 3 year study (2 years of supplementation and 1 year 
follow-up), teenage girls were able to significantly increase 
their bone mineral density at the trochanter, femoral neck 
and lumbar spine when supplemented with dairy foods to a 
mean calcium intake of 1160 mg/day [55]. Bone mineral 
content, particularly at the trochanter and to a lesser extent at 
the lumbar spine, also increased. While the supplementation 
with dairy foods did have a beneficial effect on bone health, 
no adverse effect was evident on body weight, fat and lean 
mass or blood lipid profiles [55]. In a 16-week randomized 
controlled trial, 98 overweight and obese Chilean children 
who habitually consumed sugar-sweetened beverages were 
randomly assigned to a control group who continued regular 
beverage consumption versus an intervention group who 
received three servings of flavored milk per day [60]. The 
intervention (milk) group significantly increased their con-
sumption of milk while significantly decreasing their con-
sumption of sugar-sweetened beverages. The control group’s 
milk consumption did not change but consumption of sugar-
sweetened beverages significantly increased. There were no 
differences between the groups in percent body fat; however, 
a significant increase in lean body mass occurred in the milk 
group [60].  

In another 16-week randomized clinical trial, 45 over-
weight children were randomly assigned to milk supplemen-
tation at four servings per day versus three servings of sugar 
sweetened beverage per day within a healthy diet plan to 
assess effects on body weight, body composition, and meta-
bolic variables [62]. The children receiving 3 servings of 
sugar sweetened beverages per day also received 4 servings 
skim milk per week and 5 servings of 1% chocolate milk per 
week; thus, an average of 1.3 servings of milk per day. All 
children were instructed to follow the Stoplight meal plan 
but were not given any specific energy restriction guidelines. 
There were no differences in body weight, body composi-
tion, or metabolic variables between the groups. However, in 
the high milk consumption group, children experienced a 
decrease in insulin response after an oral glucose tolerance 
test indicating that milk may protect against insulin resis-
tance [62]. Similarly, Kelishadi et al. conducted a random-
ized controlled trial to determine the long-term effects of a 
dairy-rich diet on abdominal obesity and components of the 
metabolic syndrome in obese prepubescent children [63]. In 
addition to attending 6 consecutive monthly family-centered 
education sessions about a healthy lifestyle, 120 obese chil-
dren were randomly assigned to a control diet (i.e. no further 
recommendations), an isocaloric dairy-rich diet (>800 mg 
calcium/d) or a calorie-restricted diet (-500 kcal/d) for 3 
year. In all groups, BMI-standard deviation scores and waist 
circumference significantly decreased after the 6-month trial. 
While there was a sustained rise during the follow-up period 
until the end of the study, the rise in BMI and waist circum-
ference was significantly lower in the dairy group as com-
pared to the other groups. In all groups, serum triglycerides, 
insulin levels, serum HDL and insulin resistance improved 
after the 6-month intervention. In the dairy group, the serum 

triglycerides, insulin levels and insulin resistance remained 
significantly better than baseline values until the 12 month 
follow-up. The researchers conclude that in addition to life-
style changes, an isocaloric diet rich in dairy products may 
be a well-accepted regimen and can be a safe and practical 
strategy for weight control in young, overweight children 
[63]. 

In contrast to the above findings, Du and colleagues con-
ducted a 2-year intervention trial in 757 Chinese girls from 9 
primary schools to determine the effects of milk supplemen-
tation on bone mineralization and body composition [58]. 
The girls in each school were randomized into three groups: 
a milk supplemented group (330 mL of calcium-fortified 
milk), a milk + vitamin D group (330 mL of calcium-
fortified milk + cholecalciferol), or a control group. The 
supplemented milk, when averaged over the 2 year, provided 
an additional 245 mg of calcium/d on top of the background 
calcium intake which average between 418 – 455 mg/d. Over 
the 2-year period, milk consumption significantly increased 
height, sitting height, total body bone mineral content, bone 
mineral density and body weight (as expressed by mean per-
centage changes from baseline). In addition, the subjects 
receiving additional vitamin D had significantly greater in-
creases in the change in total body bone mineral content and 
bone mineral density [58].  

Currently, there is little direct evidence that dairy con-
sumption adversely affects body weight in children and ado-
lescents. Overall, the majority of the research indicates that 
the effect of milk intake on body weight and body composi-
tion in children and adolescents is neutral. However, addi-
tional clinical research is needed to better understand this 
relationship in children and adolescents. 

IV. SUMMARY 

Physiological, behavioral and environmental contribu-
tions all influence the development of obesity. From a nutri-
tional standpoint, obesity develops because of long-term 
energy imbalance. In children and adolescents, some re-
searchers have suggested that the consumption of larger por-
tion sizes and away-from-home eating foods are major con-
tributors to the obesity epidemic [64]. Additionally, it has 
been suggested that the displacement of nutrient-rich foods 
and beverages with nutrient-poor, energy-dense items may 
be adversely affecting childhood obesity [66-68]. For exam-
ple, a longitudinal trial linked the increased consumption of 
some types of non-nutrient dense beverages, such as those 
containing only sugar, with weight gain and obesity in chil-
dren [69]. This study reported that the odds of becoming 
obese increased by 1.6 for each additional serving of non-
nutrient dense beverage consumed per day [69]. In contrast, 
milk is a good or excellent source of nine essential nutrients: 
calcium, potassium, phosphorus, protein, vitamins A, D, and 
B12, riboflavin, and niacin (niacin equivalents) to the diets 
of children and adolescents, which are critical for growth and 
development [70]. Thus, the consumption of adequate 
amounts of dairy foods helps children and adolescents meet 
their nutrient requirements and also improve overall diet 
quality [66,67,71].  

Taken together, the available scientific evidence indicates 
that the consumption of milk and milk products do not ad-
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versely affect body weight or body composition in children 
and adolescents. Moreover, the majority of cross-sectional 
and prospective studies indicate a beneficial relationship 
between the consumption of milk and/or calcium and body 
weight and body composition in children and adolescents. 
Additionally, milk is the number one source of calcium, vi-
tamin D, phosphorus, and potassium in the diets of children 
aged 2 to 18, which are important for good health [72]. For 
these reasons, the 2005 Dietary Guidelines for Americans 
recommends two servings of low-fat and fat-free milk or 
equivalent milk products (e.g., cheese, yogurt) daily for chil-
dren aged 2 to 8 years and three servings for those 9 years 
and older [9]. Similarly, the American Academy of Pediat-
rics recommends that children consume three servings of 
dairy foods a day and that adolescents consume four servings 
of dairy foods a day [73]. More recently, the 2010 Dietary 
Guidelines Advisory Committee Report stated that the “con-
sumption of the recommended daily amounts of low-fat or 
fat-free milk and milk products (2 cups for children ages 2 to 
8 years, 3 cups for those 9 years and older) should be  
promoted” [74]. In addition, the report noted that lower in-
takes of milk and milk products may be associated with in-
creased risk of cardiovascular disease, type 2 diabetes, poor 
bone health and related diseases [74]. Thus, while additional 
research is needed to better understand the relationship be-
tween dairy food consumption and weight management in 
children and adolescents, the current research continues to 
show that milk and milk products provide important nutri-
ents to the diets of children and adolescents without ad-
versely affecting body weight and body composition. 

ACKNOWLEDGEMENTS 

This review was administered by the Dairy Research In-
stitute on behalf of the National Dairy Council.

REFERENCES 
[1] World Health Organization. Obesity: preventing and managing the 

global epidemic. WHO Technical Report Series No. 894, Worth 
Health Organization, Geneva 2000. 

[2] Wang, Y, Lobstein, T. Worldwide trends in childhood overweight 
and obesity. Int J Pediatr Obes 2006; 1: 11. 

[3] Ogden CL, Carroll MD, Curtin LR, Lamb MM, Flegal KM. Preva-
lence of high body mass index in US children and adolescents, 
2007-2008. JAMA 2010; 303(3): 242-9. 

[4] Anderson SE, Whitaker RC. Prevalence of obesity among US 
preschool children in different racial and ethnic goups. Arch Pedi-
atr Adolescent Med 2009; 163(4): 344-8. 

[5] Wang Y, Beydoun MA, Liang L, Caballero B, Kumanyika SK. 
Will all Americans become overweight or obese? Estimating the 
progression and cost of the US obesity epidemic. Obesity 2008; 16: 
2323-30. 

[6] Freedman DS, Mei Z, Srinivasan SR, Berenson GS, Dietz WH. 
Cardiovascular risk factors and excess adiposity among overweight 
children and adolescents: The Bogalusa Heart Study. J Pediatr 
2007; 150(1): 12–7. 

[7] Cook S, Weitzman M, Auinger P, et al. Prevalence of a metabolic 
syndrome phenotype in adolescents: findings from the third Na-
tional Health and Nutrition Examination Survey, 1988-1994. Arch 
Pediatr Adolescent Med 2003; 157(8): 821-7. 

[8] Messiah SE, Arheart KL, Luke B, Lipshultz SE, Miller TL. Rela-
tionship between body mass index and metabolic syndrome risk 
factors among US 8- to 14-year olds, 1999-2002. J Pediatr 2008; 
153: 215-21.  

[9] U.S. Department of Health and Human Services and U.S. Depart-
ment of Agriculture. Dietary Guidelines for Americans, 2005. 6th

ed. Washington, D.C.: U.S. Government Printing Office, January 
2005. Available at: www.healthierus.gove/dietaryguidelines 

[10] Freedman DS, Khan LK, Serdula MK, Diets WH, Srinivasan SR, 
Berenson GS. The relation of childhood BMI to adult adiposity: the 
Bogalusa Heart Study. Pediatrics 2005; 115: 22-7.  

[11] Whitaker RC, Wright JA, Pepe MS, Seidel KD, Dietz WH. Predict-
ing obesity in young adulthood from childhood and parental obe-
sity. N Engl J Med 1997; 37(13): 869-73. 

[12] Freedman DS, Khan LK, Dietz WH, Srinivasan SR, Berenson GS. 
Relationship of childhood overweight to coronary heart disease risk 
factors in adulthood: The Bogalusa Heart Study. Pediatrics 2001; 
108: 712-8. 

[13] Major GC, Chaput JP, Ledoux M, St-Pierre S, Andersen GH, Ze-
mel MB, Tremblay A. Recent developments in calcium-related 
obesity research. Obes Rev 2008; 9(5): 428-45. 

[14] Van Loan MD. The role of dairy foods and dietary calcium in 
weight management. J Am Coll Nutr 2009; 28 (Suppl 1): 120S-9S. 

[15] Astrup A, Chaput JP, Gilbert JA, Lorenzen JK. Dairy beverages 
and energy balance. Physiol Behav 2010; 100(1): 67-75. 

[16] Tanasescu M, Ferris AM, Himmelgreen DA, Rodriguez N, Perez-
Escamilla R. Biobehavioral factors are associated with obesity in 
Puerto Rican children. J Nutr 2000; 130: 1734-42. 

[17] Rockett HR, Berkey CS, Field AE, Colditz GA. Cross-sectional 
measurement of nutrient intake among adolescents in 1996. Prev 
Med 2001; 33: 27-37. 

[18] Black RE, Williams SM, Jones IE, Goulding A. Children who 
avoid drinking cow milk have low dietary calcium intakes and poor 
bone health. Am J Clin Nutr 2002; 76: 75-80. 

[19] Forshee RA, Storey ML. Total beverage consumption and beverage 
choices among children and adolescents. Int J Food Sci Nutr 2003; 
54(4): 297-307. 

[20] Novotny R, Daida YG, Acharya S, Grove JS, Vogt TM. Dairy 
intake is associated with lower body fat and soda intake with 
greater weight in adolescent girls. J Nutr 2004; 134: 1905-9. 

[21] Olivares S, Kain J, Lera L, Pizarro F, Vio F, Moro´n C. Nutritional 
status, food consumption and physical activity among Chilean 
school children: A descriptive study. Eur J Clin Nutr 2004; 58: 
1278-85. 

[22] Barba G, Troiano E, Russo P, Venezia A, Siani A. Inverse associa-
tion between body mass and frequency of milk consumption in 
children. Br J Nutr 2005; 93(1):15-9. 

[23] Dixon LB, Pellizzon MA, Jawad AF, Tershakovec AM. Calcium 
and dairy intake and measures of obesity in hyper and normocho-
lesterolemic children. Obes Res 2005; 13(10): 1727-38. 

[24] Moreira P, Padez C, Mourão I, Rosado V. Dietary calcium and 
body mass index in Portuguese children. Eur J Clin Nutr 2005; 
59(7): 861-7. 

[25] Fiorito LM, Ventura AK, Mitchell DC, Smiciklas-Wright H, Birch 
LL. Girls’ dairy intake, energy intake, and weight status. J Am Diet 
Assoc 2006; 106:1851-5. 

[26] O'Connor TM, Yang SJ, Nicklas TA. Beverage intake among pre-
school children and its effect on weight status. Pediatrics 2006; 
118(4): 1010-8. 

[27] LaRowe TL, Moeller SM, Adams AK. Beverage patterns, diet 
quality, and body mass index of US preschool and school-aged 
children. J Am Diet Assoc 2007; 107: 1124-33. 

[28] Palacios C, Benedetti P, Fonseca S. Impact of calcium intake on 
BMI in Venezuelan adolescents. P R Health Sci J 2007; 26(3): 199-
204. 

[29] Dos Santos LC, de Padua Cintra I, Fisberg M, Martini LA. Calcium 
intake and its relationship with adiposity and insulin resistance in 
post-pubertal adolescents. J Hum Nutr Diet 2008; 21: 109-16. 

[30] Moore LL, Singer MR, Qureshi MM, Bradlee ML. Dairy intake 
and anthropometric measures of body fat among children and ado-
lescents in NHANES. J Am Coll Nutr 2008; 27(6): 702-10. 

[31] Murphy MM, Douglass JS, Johnson RK, Spence LA. Drinking 
flavored or plain milk is positively associated with nutrient intake 
and is not associated with adverse effects on weight status in US 
children and adolescents. J Am Diet Assoc 2008; 108(4): 631-9. 

[32] Goldberg TB, da Silva CC, Peres LN, et al. Calcium intake and its 
relationship with risk of overweight and obesity in adolescents.
Arch Latinoam Nutr 2009; 59(1): 14-21. 

[33] Keller KL, Kirzner J, Pietrobelli A, St-Onge MP, Faith MS. In-
creased sweetened beverage intake is associated with reduced milk 
and calcium intake in 3- to 7-year-old children at multi-item labora-
tory lunches. J Am Diet Assoc 2009; 109(3): 497-501. 



The Role of Dairy Products in Healthy Weight and Body Current Nutrition & Food Science, 2011, Vol. 7, No. 1    49

[34] Hirschler V, Oestreicher K, Beccaria M, Hidalgo M, Maccallini G. 
Inverse association between insulin resistance and frequency of 
milk consumption in low-income Argentinean school children. J 
Pediatr 2009; 154(1): 101-5. 

[35] Wiley AS. Dairy and milk consumption and child growth: Is BMI 
involved? An analysis of NHANES 1999-2004. Am J Hum Biol 
2010; 22(4): 517-25. 

[36] Almon R, Patterson E, Nilsson TK, Engfeldt P, Sjöström M. Body 
fat and dairy product intake in lactase persistent and non-persistent 
children and adolescents. Food Nutr Res 2010; 54. doi: 
10.3402/fnr.v54i0.5141. 

[37] Tylavsky FA, Cowan PA, Terrell S, Hutson M, Velasquez-Mieyer 
P. Calcium intake and body composition in African-American chil-
dren and adolescents at risk for overweight and overweight. Nutri-
ents 2010; 2: 950-64. 

[38] Bradlee ML, Singer MR, Qureshi MM, Moore LL. Food group 
intake and central obesity among children and adolescents in the 
Third National Health and Nutrition Examination Survey 
(NHANES III). Public Health Nutr 2010; 13(6): 797-805. 

[39] Carruth BR, Skinner JD. The role of dietary calcium and other 
nutrients in moderating body fat in preschool children. Int J Obes 
2001; 25: 559-66.  

[40] Skinner JD, Bonds W, Carruth BR, Ziegler P. Longitudinal calcium 
intake is negatively related to children’s body fat indexes. J Am 
Diet Assoc 2003; 103: 1626-31. 

[41] Phillips SM, Bandini LG, Cyr H, Cloclough-Douglas S, Naumova 
E, Must A. Dairy food consumption and body weight and fatness 
studied longitudinally over the adolescent period. Int J Obes 2003; 
27: 1106-13. 

[42] Newby PK, Peterson KE, Berkey CS, Leppert J, Willett WC, 
Colditz GA. Beverage consumption is not associated with changes 
in weight and body mass index among low-income preschool chil-
dren in North Dakota. J Am Diet Assoc 2004; 104: 1086-94. 

[43] Fisher JO, Mitchell DC, Smiciklas-Wright H, Mannino ML, Birch 
LL. Meeting calcium recommendations during middle childhood 
reflects mother-daughter beverage choices and predicts bone min-
eral status. Am J Clin Nutr 2004; 79: 698-706. 

[44] Rockell JEB, Williams SM, Taylor RW, Grant AM, Jones IE, 
Goulding A. Two-year changes in bone and body composition in 
young children with a history of prolonged milk avoidance. Osteo-
poros Int 2005; 16(9): 1016-23.  

[45] Berkey CS, Rockett HRH, Willett WC, Colditz GA. Milk, dairy fat, 
dietary calcium, and weight gain. Arch Pediatr Adolesc Med 2005; 
159: 543-50. 

[46] Moore LL, Bradlee ML, Gao D, Singer MR. Low dairy intake in 
early childhood predicts excess body fat gain. Obesity 2006; 14: 
1010-8. 

[47] DeJongh ED, Binkley TL, Specker BL. Fat mass gain is lower in 
calcium-supplemented than in unsupplemented preschool children 
with low dietary calcium intakes. Am J Clin Nutr 2006; 84: 1123-7. 

[48] Barr SI. Calcium and body fat in peripubertal girls: cross-sectional 
and longitudinal studies. Obesity 2007; 15(5): 1302-10. 

[49] Günther AL, Remer T, Kroke A, Buyken AE. Early protein intake 
and later obesity risk: which protein sources at which time points 
throughout infancy and childhood are important for body mass in-
dex and body fat percentage at 7 y of age? Am J Clin Nutr 2007; 
86(6): 1765-72. 

[50] Fiorito LM, Marini M, Francis LA, Smiciklas-Wright H, Birch LL. 
Beverage intake of girls at age 5 y predicts adiposity and weight 
status in childhood and adolescence. Am J Clin Nutr 2009; 90(4): 
935-42.  

[51] Huh SY, Rifas-Shiman SL, Rich-Edwards JW, Taveras EM, Gill-
man MW. Prospective association between milk intake and adipos-
ity in preschool-aged children. J Am Diet Assoc 2010; 110(4): 563-
70. 

[52] Winzenberg T, Shaw K, Fryer J, Jones G. Calcium supplements in 
healthy children do not affect weight gain, height, or body compo-
sition. Obesity (Silver Spring) 2007; 15(7): 1789-98. 

[53] Chan G, Hoffman K, McMurry M. Effects of dairy products on 
bone and body composition in pubertal girls. J Pediatr 1995; 
126(4): 551-6. 

[54] Cadogan, J, Eastell R, Jones, N, Barker ME. Milk intake and bone 
mineral acquisition in adolescent girls: Randomised, controlled in-
tervention trial. Br Med J 1997; 315: 1255-60. 

[55] Merrilees MJ, Smart EJ, Gilchrist NL, et al. Effects of dairy food 
supplements on bone mineral density in teenage girls. Eur J Nutr 
2000; 39(6): 256-62. 

[56] Volek JS, Gomez AL, Scheett TP, et al. Increasing fluid milk fa-
vorably affects bone mineral density responses to resistance train-
ing in adolescent boys. J Am Diet Assoc 2003; 103: 1353-6. 

[57] Lappe JM, Rafferty KA, Davies KM, Lypaczewski G. Girls on a 
high-calcium diet gain weight at the same rate as girls on a normal 
diet: A pilot study. J Am Diet Assoc 2004; 104: 1361-7. 

[58] Du X, Zhu K, Trube A, et al. School-milk intervention trial en-
hances growth and bone mineral accretion in Chinese girls aged 10-
12 years in Beijing. Br J Nutr 2004; 92(1): 159-68. 

[59] Lau EM, Lynn H, Chan YH, Lau W, Woo J. Benefits of milk pow-
der supplementation on bone accretion in Chinese children. Osteo-
poros Int 2004; 15(8): 654-8.  

[60] Albala C, Ebbeling CB, Cifuentes M, Lera L, Bustos N, Ludwig 
DS. Effects of replacing the habitual consumption of sugar-
sweetened beverages with milk in Chilean children. Am J Clin Nutr 
2008; 88: 605-11.  

[61] Ghayour-Mobarhan M, Sahebkar A, Vakili R, et al. Investigation 
of the effect of high dairy diet on body mass index and body fat in 
overweight and obese children. Indian J Pediatr 2009; 76(11): 
1145-50. 

[62] St-Onge MP, Goree LL, Gower B. High-milk supplementation with 
healthy diet counseling does not affect weight loss but ameliorates 
insulin action compared with low-milk supplementation in over-
weight children. J Nutr 2009; 139(5): 933-8.  

[63] Kelishadi R, Zemel MB, Hashemipour M, Hosseini M, Mo-
hammadifard N, Poursafa P. Can a dairy-rich diet be effective in 
long-term weight control of young children? J Am Coll Nutr 2009; 
28(5): 601-10. 

[64] Kant AK. Consumption of energy-dense, nutrient-poor foods by 
adult Americans: nutritional and health implications. The third Na-
tional Health and Nutrition Examination Survey, 1988–1994. Am J 
Clin Nutr 2000; 72: 929-36.  

[65] Frary CD, Johnson RK, Wang MQ. Children and adolescents' 
choices of foods and beverages high in added sugars are associated 
with intakes of key nutrients and food groups. J Adolescent Health 
2004; 34(1): 56-63. 

[66] Ballew C, Kuester S, Gillespie C. Beverage choices affect ade-
quacy of children's nutrient intakes. Arch Pediatr Adolescent Med 
2000; 154(11):1148-52.  

[67] Bowman SA, Vinyard BT. Fast food consumption of U.S. adults: 
impact on energy and nutrient intakes and overweight status. J Am 
College Nutr 2004; 23(2): 163-8. 

[68] Sinha R, Fisch G, Teague B, et al. Prevalence of impaired glucose 
tolerance among children and adolescents with marked obesity. 
New Engl J Med 2002; 346: 802-10. 

[69] Ludwig, DS, Peterson KE, Gortmaker SL. Relation between con-
sumption of sugar-sweetened drinks and childhood obesity: A pro-
spective, observational analysis. Lancet 2001; 357(9255): 505-8. 

[70] U.S. Department of Agriculture, Agricultural Research Service. 
2008. USDA National Nutrient Database for Standard Reference, 
Release 21. Nutrient Data Laboratory Home Page. Available at: 
www.ars.usda.gov/ba/bhnrc/ndl 

[71] Marshall, TA, Eichenberger Gilmore JM, Broffitt B, Stumbo PJ, 
Levy SM. Diet quality in young children is influenced by beverage 
consumption. J Am Clin Nutr 2005; 24: 65-75. 

[72] Rafferty K, Heaney RP. Nutrient effects on the calcium economy: 
emphasizing the potassium controversy. J Nutr 2008; 138: 166S-
71S.  

[73] Greer FR, Krebs NR. Optimizing bone health and calcium intakes 
in infants, children, and adolescents. Pediatrics 2006; 117: 578-85. 

[74] U.S. Department of Health and Human Services and U.S. Depart-
ment of Agriculture. The Report of the Dietary Guidelines Advi-
sory Committee on the Dietary Guidelines for Americans, 2010. 
Available at: http://www.cnpp.usda.gov/DGAs2010-
DGACReport.htm. [Assessed January 9, 2011]. 

Received: June 17, 2010 Revised: January 14, 2011      Accepted: January 19, 2011 


