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Low Dairy Intake in Early Childhood Predicts

Excess Body Fat Gain
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Abstract

MOORE, LYNN L., M. LORING BRADLEE, DI GAO,
AND MARTHA R. SINGER. Low dairy intake in early
childhood predicts excess body fat gain. Obesity. 2006;14:
1010-1018.

Objective: To estimate the effect of dairy intake in early
childhood on the acquisition of body fat throughout child-
hood.

Research Methods and Procedures: Ninety-nine of the
original 106 families enrolled in the Framingham Children’s
Study with a child age to 6 years at baseline were followed
into adolescence through yearly clinic visits and periodic
data collection throughout each year. Dairy intake for these
analyses was derived from a mean of 15 days of diet records
per subject collected before age 6. A trained examiner took
two measurements each year of height, weight, and triceps,
subscapular, suprailiac, and abdominal skinfolds using a
standardized protocol. Yearly change in body fat was esti-
mated as the slope of these anthropometry measures from
ages 5 to 13 years. Early adolescent body fat was estimated
as the mean of all available measurements from 10 to 13
years of age.

Results: Children in the lowest sex-specific tertile of dairy
intake during preschool (i.e., <1.25 servings per day for
girls and <1.70 servings per day for boys) had significantly
greater gains in body fat during childhood. These children
with low dairy intakes gained more than 3 additional mm of
subcutaneous fat per year in the sum of four skinfold mea-
sures. By the time of early adolescence, those in the lowest
tertile of dairy intake had a BMI that was approximately two
units higher and an extra 25 mm of subcutaneous fat.
Discussion: Suboptimal dairy intakes during preschool in
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this cohort were associated with greater gains in body fat
throughout childhood.

Key words: dairy products, weight, adiposity, children,
longitudinal study

Introduction

The rates of obesity among children and adults in the
United States have been rising for more than 30 years (1-3).
Recent evidence suggests that 65% of U.S. adults are either
overweight or obese (4). Data from the 1999 to 2000 Na-
tional Health and Nutrition Examination Survey indicate
that 16% of children and adolescents, ages 6 through 19
years, are overweight (5). The acquisition of excess body fat
during childhood is of particular concern because over-
weight children and adolescents are much more likely to
become overweight adults (6) and are at higher risk for
subsequent high blood pressure and lipid and insulin abnor-
malities (7,8).

The hypothesis that dairy consumption may be associated
with weight regulation goes back to 1984 when McCarron
et al. (9) noted an inverse association between calcium
intake and body weight among subjects in the first National
Health and Nutrition Examination Survey cohort. Animal
studies have lent additional support to the idea that increas-
ing dietary calcium among those on a low-calcium diet can
suppress the lipogenic mechanisms associated with in-
creases in circulating calcitrophic hormones (10-12). A
number of studies of calcium intake among adults have
concluded that there is an inverse association between cal-
cium intake and adiposity (13-15), although at least one
review of randomized trials that were designed originally to
study calcium effects on bone density concluded that there
is little evidence to support a beneficial effect of calcium or
dairy intake on body fat (16). There have been several
randomized clinical trials designed to look specifically at
calcium and dairy intake and body weight or fat (17-20).
Those studies suggest that calcium supplementation in the
form of dairy foods leads to significantly greater weight and
fat loss among obese subjects on a weight loss diet whose
levels of calcium were low at baseline. Another randomized
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trial of dairy calcium among healthy, normal-weight women
had neither an adverse, nor a beneficial, effect on body fat
(21).

Although adult studies have focused on the role of dairy
in weight loss, the focus of most studies of children is
whether dairy has an etiologic role in the development of
obesity. Because milk is an energy-dense food, it is possible
that higher intake levels might be associated with increased
weight or body fat gain during childhood. Several studies,
however, have found no adverse effect of higher milk con-
sumption levels on the amount of stored body fat in children
(22-26). Data from an Italian lifestyle survey found that
milk consumption among 5- to 11-year-old children was
associated with lower BMI z scores (27). A longitudinal
study of preschool-aged children found that those consum-
ing more servings per day of dairy, irrespective of total
calorie intake, had significantly lower levels of body fat
through 8 years of age (28,29). In a Kaiser-Permanente
study, the amount of calcium in one serving of milk was
associated with a 0.78-mm reduction in iliac skinfold (SF)"
thickness, whereas calcium from non-dairy sources had no
effect (30). However, a recent review concluded that the
majority of studies in children, including clinical trials, to
date, do not support a protective effect of calcium and/or
dairy on the risk of obesity (31). We used data from the
prospective Framingham Children’s Study to estimate the
effect of dairy intake in early childhood on the changes in
body fat from 5 to 13 years of age.

Research Methods and Procedures

The Framingham Children’s Study is a longitudinal study
of factors related to the development of dietary habits and
physical activity patterns during childhood. In 1987, 106
two-parent families with a 3- to 6-year-old child were
enrolled. Boys represented ~60% of the sample. The par-
ents and children were examined annually from 1987 to
1999. During the yearly clinic visits, parents completed
detailed questionnaires and interviews about their own
health, activity, dietary habits, attitudes, beliefs, other risk
behaviors, and also provided data on the child’s diet and
activity. Children were interviewed separately about their
diet, activity, attitudes, and beliefs.

At each yearly clinic exam, weight (to the nearest 0.25
pound) was measured using a standard counterbalance
scale, and height was measured (to the nearest 0.25 inch)
using a measuring bar on the same scale. BMI was calcu-
lated as weight in kilograms divided by height in meters
squared. The examiner used Lange calipers and a standard
protocol to take two measures each of triceps, subscapular,

! Nonstandard abbreviations: SF, skinfold; CLA, conjugated linoleic acid.

suprailiac, and abdominal SFs for each child. When the two
measures differed by 2 mm or more, two additional mea-
sures were taken.

Data on the following potential confounding factors were
collected and examined: mother’s age, education level, and
BMI (in a subanalysis), and the child’s age, sex, physical
activity (Caltrac counts per hour), television viewing (hours
per day), total energy intake (kilocalories per day), percent
of energy from fat and/or saturated fat, and other dietary
factors. Physical activity was assessed using an electronic
motion sensor (Caltrac accelerometer; Muscle Dynamics,
Torrance, CA); the children were asked to wear it for 3 to 5
consecutive days on one to four separate occasions each
year. The device, which has been shown to provide valid
estimates of physical activity in children (32,33), was pro-
grammed to provide unitless activity counts as a means of
estimating the average number of activity counts per hour at
each age. Television viewing time was assessed yearly by
questionnaire.

Detailed dietary intake for each child was assessed re-
peatedly using 3-day diet records. To obtain stable estimates
of baseline dietary intake, four sets of 3-day diet records
were collected during the Ist year of the study. In each
subsequent year, one or two sets of 3-day records were
collected. During the early years of the study, parents com-
pleted all diaries for the children as well as their own
diaries. The study nutritionist instructed each family in the
completion of the diaries, including how to use common
household measures to estimate portion sizes. In later years,
the child assisted in the collection of the dietary data.

We used the Nutrition Data System of the University of
Minnesota (34) to calculate mean intakes of macro- and
micronutrients. We then estimated each child’s daily intake
of dairy and other foods using the U.S. Department of
Agriculture’s Food Guide Pyramid serving definitions (35).
The milk or dairy group consists of milk, yogurt, and
cheese; one serving is defined as a cup of milk or yogurt, 1.5
ounces of natural cheese, or 2.0 ounces of processed cheese.
For other cheeses (e.g., cottage cheese, cream cheese), a
serving is defined as the amount of the food that provides
about the same amount of calcium as a cup of milk.

We combined data from the child’s food records with the
Food Pyramid serving database available through the tech-
nical files of the U.S. Department of Agriculture’s Continu-
ing Survey of Food Intake by Individuals (36). To do this,
we matched the Continuing Survey of Food Intake by
Individuals foods with foods in the Nutrition Data System
by linking their food codes. In cases in which information
on composite foods was insufficient to make an exact
match, we compared the nutrient content data along with
recipes and ingredients to determine the appropriate food
servings for each food component.
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Table 1. Baseline characteristics according to dairy intake during preschool

Sex-specific tertile of child’s dairy intake

at 3 to 6 years of age*

Tertile 1
(n = 30): 18 boys,

Tertile 2
(n = 31):19 boys,

Tertile 3
(n = 31): 19 boys,

Characteristics 12 girls (mean *= SD) 12 girls (mean *= SD) 12 girls (mean *= SD)

Children

BMI (kg/m?) 16.3 = 1.0 16.1 = 1.3 16.3 = 1.1

Sum of four SFs (mm) 25.8 £5.7 262 +73 28.9 + 8.0

Activity (Caltrac) 10.6 £ 1.5 11.0 = 2.0 11.3+2.0

Television (hours) 2.1 =09 1.9 =09 22+ 1.1
Mothers

Age 33.5 4.1 327 =48 31.7 = 4.6

BMI (kg/m?) 248 = 4.7 243 =43 243 + 44

Activity (Caltrac) 57*18 59=*20 6327

Education (=college)t 36.7% 41.9% 29.0%
Fathers

Age 355*5.0 344 + 5.1 33.6 £ 6.3

BMI (kg/m?) 26.6 = 3.1 274 +35 279 +39

Activity (Caltrac) 64*14 6224 6.5+ 1.8

Education (=college)t 40.0% 54.8% 32.3%

SD, standard deviation; SF, skinfold.

* The term 3 to 6 years of age includes children from 3 years of age up to but not including 6 years of age.
T Proportion (column percentage) in each tertile having at least a college education.

Statistical Analysis

We calculated each child’s mean daily servings of dairy
products in early childhood by taking the average of all
servings per day from all days of diet records collected
before 6 years of age. Because the children ranged from 3.0
through 5.9 years of age at entry into the study, more diet
records were available for some children than for others.
The median number of days of diet records completed for
the children before age 6 was 15 (range, 2 to 24 days of
records).

We chose to use early childhood intake as our exposure
variable for several reasons: dietary intake in children has
been shown to track over time (37,38); within this study,
there was strong tracking of dairy intake over time (e.g.,
84% of children at 6 to 9 years of age had dairy intakes that
were within 1 quintile of their reported intakes at 3 to 6
years of age; 81% were within 1 quintile through age 12);
the large number of diet records collected before age 6 gives
us very precise estimates of intake; parental report of intake
for very young children is less likely to be biased by the
child’s existing level of body fat; and the reported intake
precedes the determination of the anthropometry outcomes.
As is generally the case, compliance with the completion of
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diet records diminished over time. Because there were more
missing values at later ages, we avoided estimating average
intake (from 3 to 12 years). Therefore, restricting the expo-
sure period to early childhood provides both an unbiased
estimate of intake and enables us to classify the children
more accurately, thus maximizing our ability to detect be-
tween-group differences.

Change in body fat was estimated by calculating a slope
for each anthropometry outcome (BMI and four SFs) for
each child. We initially calculated two separate slopes for
each measure for each child: slope from ages 3 to 13 years
of age and from 5 to 13 years of age. Although the effect
estimates were very similar for both slopes, we present the
results here using the latter slopes for two reasons. First,
body fat generally declines during the preschool years (dur-
ing the period of adiposity rebound) before increasing in a
more linear fashion into adolescence. Thus, the slopes esti-
mated using age 5 as the anchor point more closely follow the
assumptions of linearity. In addition, because children entered
the study at different ages, the use of age 5 as a start point
ensures that the slope for each child begins at the same age.
Mean body fat in early adolescence was estimated as the mean
of all available measures taken between 10 and 13 years of age.
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Table 2. Child’s nutrient intake according to sex-specific tertile of dairy intake

Energy-adjusted
nutrient intakes
(age 3 to 6 years)

Sex-specific tertile of dairy intake
at 3 to 6 years of age

Tertile 1 (n = 30)

(mean *= SD)

Tertile 2 (n = 31)

(mean *= SD)

Tertile 3 (n = 31)

(mean *= SD)

Total energy
Calories from fat (%)
Calories from saturated fat (%)
Calories from carbohydrates (%)
Calories from protein (%)
Fiber (grams)/1000 kcal
Calcium (mg)/1000 kcal
Magnesium (mg)/1000 kcal
Vitamin A (ng RE)/1000 kcal
Vitamin D (ug)/1000 kcal
Fruit and vegetables/1000 kcal (servings)
Whole grains/1000 kcal (servings)
Sugar-sweetened beverages/1000 kcal (cups)

1464 = 164 1519 = 222 1723 + 330
322*+5.0 344 +40 341 +38
12.0 £2.6 13.2 £ 1.8 13.7 =19
56.7£59 53.8 4.7 53342
127+ 1.8 134+14 142+14
6.7x1.2 6.5*1.8 62 *1.1
399.1 £73.6 499.1 = 66.3 585.8 £ 83.5
117.7 £ 19.0 1244 = 19.6 133.0 = 18.1
408.0 = 145.3 465.3 = 1443 463.6 += 136.8
25*08 34038 43 =08
25*1.0 21*038 2.1 £0.6
03x02 04 =02 04 =02
0.5*=0.3 04 £0.3 03=*+03

SD, standard deviation; RE, retinol equivalents.

We divided the distribution of early childhood dairy
intake into tertiles, separately for girls and boys. We then
used ANOVA and analysis of covariance to estimate the
crude and adjusted mean changes in body fat throughout
childhood, as well as the mean levels of early adolescent
body fat. Tests of statistical significance comparing anthro-
pometry means in the highest and lowest tertiles of dairy
intake used a standard Student’s 7 test approach. Potential
confounding was assessed by comparing the crude and
adjusted mean anthropometry outcomes after controlling for
the potential confounders described above. We retained the
following variables that were found to confound the results
to some degree in the final models: age, physical activity,
baseline anthropometry, maternal education, energy intake
per day, and percentage of calories from saturated fat.
Models including hours of television viewing and intakes of
fiber, whole grains, fruits and vegetables, and sugar-sweet-
ened beverages yielded adjusted mean estimates that were
generally within one decimal of the simpler models and no
attenuation of the effects. Finally, we explored the inclusion
of maternal BMI in a subanalysis.

Results
We began by examining the sex-specific dairy intakes per
day at 3 to 6 years of age and found that girls had a median
intake of 1.09, 1.59, and 2.01 servings of dairy per day in
the lowest to highest intake tertile, respectively, whereas

boys consumed 1.38, 2.03, and 2.84 servings per day. The
cut-off points for defining the lower and upper tertiles of
dairy intake in this study for girls were 1.25 and 1.85
servings per day; for boys, the cut-off points were 1.70 and
2.35 servings per day.

The characteristics of the children and their parents at
baseline within each sex-specific tertile of dairy intake are
shown in Table 1. At baseline, the child’s sum of four SFs
increased with increasing tertile of dairy intake. Physical
activity levels were slightly higher for those with higher
dairy intakes. Parental education levels were lowest in the
highest dairy intake group. Fathers had slightly higher crude
BMIs in the upper 2 tertiles of dairy intake than in the
lowest tertile. Otherwise, there were few differences at
baseline. None of these baseline differences were statisti-
cally significant at the level of p = 0.05.

There are noticeable differences in nutrient intakes at
baseline associated with increasing dairy consumption per
day (Table 2). Total energy increased in a linear fashion as
dairy intake increased. The children with the lowest dairy
intakes consumed proportionately fewer of their total calo-
ries as fat, saturated fat, and protein and more as carbohy-
drates. Differences in micronutrient intakes were as ex-
pected. With the exception of fiber, whole grains, and
sugar-sweetened beverages, the intakes of all dietary vari-
ables in the highest tertile of dairy (and generally in the
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Table 3. Effects of preschool dairy intake on slope of anthropometry from preschool to early adolescence

Mean anthropometry slopes, age 5 to 13 years

Dairy servings per day
(3 to 6 years of age) N BMI

Triceps

Subscapular Suprailiac Abdominal Sum of four SFs

Unadjusted models (mean * SD)
Dairy (sex-specific tertile)

Tertile 1 30 0.77 £0.53 123 +0.88 1.26 £1.18 245 =*=1.71 2.19 £ 1.47 7.13 = 4.74
Tertile 2 31 052£052 097090 093 £1.19 1.85=*1.84 1.69 £ 1.89 5.47 = 5.68
Tertile 3 31 0.65*042 125*+1.04 1.09*1.19 231 =*=1.79 195=*1.57 6.58 = 5.28
Adjusted for age, activity, mother’s education, and baseline anthropometry (mean *= SE)
Dairy (sex-specific tertile)
Tertile 1 30 0.77 £0.09 1.26 £0.17 1.32*0.22 2.59*0.33 247 £0.30 7.71 = 0.94
Tertile 2 31 0.54£0.09 1.01 =0.17 096 =022 1.81 *0.32 1.62*0.29 5.54 = 0.92
Tertile 3 31 0.64 £0.09 1.19*+0.17 099 £0.22 2.20=*0.32 1.75 £0.29 5.95+0.92
p* 0.312 0.768 0.308 0.401 0.088 0.193

Adjusted for age, activity, mother’s education, baseline anthropometry, energy intake and percentage of energy from

saturated fat (mean * SE)
Dairy (sex-specific tertile)

Tertile 1 30 0.83 £0.09 1.40*0.18 1.53£0.23 297 =0.33 2.85£0.29 8.82 = 0.93
Tertile 2 31 052£0.09 097 *0.16 094 021 1.78 =031 1.60 % 0.27 5.46 £ 0.87
Tertile 3 31 059 *0.09 1.09+0.18 0.81 £0.23 1.86 =0.33 1.40 £0.29 4.94 = 0.94
p* 0.083 0.242 0.043 0.030 0.002 0.008

SF, skinfold; SD, standard deviation; SE, standard error.
* Comparison of group 1 vs. group 3.

middle tertile as well) were significantly different from
those in the lowest tertile. Low dairy intakes were also
associated with slightly higher intakes of fruits and vegeta-
bles and higher intakes of sugar-sweetened beverages.

Table 3 shows the effect of dairy consumption on the
anthropometry slopes from ages 5 to 13 years. The crude
mean anthropometry values were lowest in the middle ter-
tile and highest in the lowest tertile of dairy intake. After
adjusting for age, physical activity, the mother’s education
level, and baseline sum of four SFs, the results were similar,
although the adverse effect of low dairy intake was slightly
stronger after further adjustment for energy intake and per-
centage of calories from saturated fat. The slope of the
child’s sum of four SFs was still highest in the lowest tertile
of dairy intake (slopes, 8.82, 5.46, and 4.94 mm change per
year in the low to high tertiles of intake, respectively).
When maternal BMI was added to the multivariable model
(data not shown), the sums of four SFs were 8.5, 5.5, and
5.2 mm, respectively, in the lowest to highest dairy intake
tertiles. Thus, addition of maternal adiposity to the model
slightly attenuated the effect of dairy intake.

In the fully adjusted model in Table 4, we show that at 10
to 13 years of age, those children in the lowest tertile of
dairy intake at baseline had a sum of four SFs of 82.4 mm,
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whereas those in each of the upper 2 tertiles had a sum of
SFs that was ~25 mm lower. The results for BMI and the
four individual SFs in Table 4 also suggest that dairy may
have a threshold effect on adiposity. Based on these results,
girls consuming <<1.25 servings of dairy per day and boys
consuming <1.70 servings per day in early childhood were
at much higher risk for gaining excessive amounts of body
fat by the time of early adolescence.

This possible threshold effect is further demonstrated in
Table 5, showing the adjusted mean differences in the sum
of four SFs according to dairy intake. Children in either of
the upper two sex-specific tertiles of dairy intake had a
slope of the sum of four SFs that was more than 3 mm lower
than that of children in the lowest tertile. We also added
both calcium and magnesium separately to the multivariable
models. This was designed to explore whether controlling
for these minerals might explain the protective effect of
higher dairy intakes. However, there is no evidence that
either calcium or magnesium explains the beneficial effects
of dairy.

Discussion
This study supports the hypothesis that low intakes of
dairy products in early childhood may promote the acqui-
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Table 4. Effects of preschool dairy intake on anthropometry level in early adolescence

Dairy servings per day

Mean anthropometry measures, ages 10 to 13 years

(3 to 6 years of age) N BMI Triceps Subscapular Suprailiac  Abdominal Sum of four SFs
Unadjusted models (mean * SD)
Dairy (sex-specific tertile)
Tertile 1 30 209 x=3.8 194 £ 6.4 13478 204 *=11.0 20.0=*103 73.2 £324
Tertile 2 30 18.6 34 16.0 £ 6.2 104 £7.0 151 £103 158*11.2 57.6 £ 339
Tertile 3 30 19.7x3.0 179 £ 6.5 122 74 18.6 = 10.6 18.0 =104 66.7 £ 32.7
Adjusted for age, activity, mother’s education and baseline anthropometry (mean * SE)
Dairy (sex-specific tertile)
Tertile 1 30 20.73 £0.57 19.25*+1.03 13.73 £1.36 2135*192 2195+ 1.81 76.76 £5.64
Tertile 2 30 18.84 £ 0.56 16.70 = 1.02 10.81 £1.34 15.02 = 1.89 1542 *+1.76  58.74 = 5.53
Tertile 3 30 19.62+0.56 17.33 =21.03 1146 =138 17.78 £ 191 1647 *1.79 6198 £5.64
p* 0.174 0.194 0.258 0.198 0.039 0.073

Adjusted for age, activity, mother’s education, baseline anthropometry, energy intake, and percentage of energy from

saturated fat (mean + SE)
Dairy (sex-specific tertile)

Tertile 1 30 21.1x06 202=*1.1
Tertile 2 30 18.8x0.6 164+ 1.0
Tertile 3 30 193 x0.6 16.7 = 1.1
p* 0.046 0.032

SF, skinfold; SD, standard deviation; SE, standard error.
* Comparison of group 1 vs. group 3.

146+14 232x20 239*138 824 +58

10.6 = 1.3 148 +1.9 152+ 1.7 579 +54

10.8 £ 1.5 16.1 £2.0 148 = 1.8 572 £58
0.084 0.021 0.002 0.005

sition of excess body fat over time. Girls in the lowest tertile
of intake consumed <1.25 servings of dairy per day and
boys <1.70 servings per day, intake levels that are below
the recommended two servings per day for 3- to 6-year-old
children. Children in the lowest tertile of dairy intake at that
age gained an extra 25 mm of subcutaneous fat (in four SFs)
by the time of early adolescence.

Children in the highest tertile of dairy intake had higher
intakes of calories, fat, and saturated fat (and higher intakes
of a number of beneficial nutrients). After adjusting for both
energy and saturated fat, children in the highest dairy intake
group generally had the lowest anthropometry measure-
ments. When these two factors are dropped from the mul-
tivariable model, children in the higher dairy intake tertile
had body fat levels that were higher than those in the middle
tertile but consistently lower than those of children with the
lowest dairy intakes. These results suggest that low levels of
dairy intake should be avoided and that higher intake levels
may be more beneficial when they are not accompanied by
excessively high intakes of calories and fat. It is important
to note that the levels of intake in this study are derived
from all sources of dairy, including those from composite
foods. The distribution of intake in this relatively small

study does not allow us to evaluate fully possible adverse
effects of very high levels of intake.

Dairy products may be consumed in high- and low-fat
forms. We carried out a subanalysis to explore effects of
consuming predominantly high-fat vs. reduced-fat forms of
dairy. In that analysis, we classified children into four
roughly equal groups of intake as follows: consumed =1.75
servings per day of predominantly low-fat dairy (i.e., >50%
of dairy was of a reduced-fat form), consumed =1.75 serv-
ings per day of predominantly high-fat dairy, consumed
<1.75 servings per day of predominantly low-fat dairy, and
consumed <1.75 servings per day of predominantly high-
fat dairy. After adjusting for child’s age, sex, physical
activity, energy intake, and baseline anthropometry and
mother’s education and baseline BMI, the adjusted mean
sums of four SFs in early adolescence were 57.2, 64.6, 71.4,
and 71.2 mm, respectively. For all anthropometry outcomes,
adolescent body fat was lowest for those consuming =1.75
servings per day of reduced-fat dairy.

There are a number of clinical and laboratory investiga-
tions exploring possible mechanisms by which dairy con-
sumption may lead to reduced levels of body fat. The
calcium content of dairy has been a leading hypothesis.
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Table 5. Adjusted mean differences in sum of four SFs according to dairy intake

Mean differences in sum of four SFs

Dairy servings per day
(3 to 6 years of age)

Slope: age 5 to 13 years
[mean (95% CI)]

Mean SFs: age 10 to 13 years
[mean (95% CI)]

Dairy (sex-specific tertile): unadjusted model
Tertile 1*
Tertile 2
Tertile 3
Dairy (sex-specific tertile): adjusted modelf
Tertile 1*
Tertile 2
Tertile 3
Dairy (sex-specific tertile): adding dietary
calcium (mg) to the adjusted model
Tertile 1*
Tertile 2
Tertile 3
Dairy (sex-specific tertile): adding dietary
magnesium (mg) to the adjusted model
Tertile 1*
Tertile 2
Tertile 3

SF, skinfold; CI, confidence interval.
* Reference category.

—1.66 (—4.27, —0.95)
—0.55 (—3.14, —2.04)

—3.36 (—5.73, —0.98)
—3.88 (—6.53, —1.23)

—4.20 (—6.83, —1.57)
—5.89 (—9.76, —2.03)

—3.29 (—5.67, —0.90)
—3.63 (—6.47, —0.79)

—15.62 (—32.04, 0.80)
—6.55 (—22.97, 9.87)

—24.54 (—39.23, —9.86)
—25.16 (—41.54, —8.79)

—29.14 (—45.32, —12.96)
—36.55 (—60.43, —12.67)

—23.14 (—37.82, —8.45)
—21.18 (—38.42, —3.93)

+ Adjusted for age, activity, energy intake, percentage of calories from saturated fat, mother’s education, and baseline anthropometry.

From the earliest epidemiologic observations (9) to the
more recent animal studies (39,40), there is support for the
importance of this mineral in regulating body fat storage.
Our results, however, provide no support for the hypothesis
that calcium is responsible for the protective effect of dairy
intake. When we added calcium to the multivariable mod-
els, there was no attenuation of the dairy effects. In fact, the
effects were strengthened. Because calcium intake in these
models reflects total dietary calcium, not just calcium from
dairy sources, it may be that both total calcium and total
dairy exert independent beneficial effects on body fat
change. It could also be that some of the apparent protective
effect of calcium found in earlier studies is largely or
partially attributable to something else in dairy foods.
There are a number of other bioactive compounds in
dairy that may be involved in weight regulation and/or
glucose metabolism. Dairy products have high concentra-
tions of branched-chain amino acids, and one essential
protein amino acid (leucine) may play an important role in
the partitioning of dietary energy. In a recent review of the
evidence on leucine, Layman (41) suggests that isocaloric
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substitution of protein (containing leucine) for carbohydrate
promotes fat loss while preserving lean body mass.

Other compounds such as conjugated linoleic acid (CLA)
should be examined further, although recent evidence sug-
gests that it is unlikely that CLA explains the dairy/body fat
association because the CLA isomer found in dairy products
differs from the isomer in supplements that has been shown
to affect body weight and composition (42). Because mag-
nesium may play a role in obesity-related insulin resistance,
it is possible that the magnesium content of dairy products
may affect weight regulation as well (43). However, con-
trolling for magnesium in our analyses led to very little
attenuation of the dairy effects.

There are some limitations of the current study, but the
most apparent is its sample size. The Framingham Chil-
dren’s Study is a small study, and although the families
were followed intensively, our ability to stratify the data by
factors such as gender or other lifestyle or dietary factors is
very limited. This limitation is balanced, in part, by the
wealth of the data for individual children. For children
under 6 years of age, we had an average of 15 days of diet
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records per child that we used to estimate mean dairy intake.
The large number of diet records provides substantial pre-
cision around the estimated effects of dairy intake on body
fat. This is an important strength of the study.

For this manuscript, we carried out a prospective analysis
rather than examining repeated sets of concurrently col-
lected diet record and anthropometry data because the latter
analyses would be more subject to reporting bias and con-
founding by indication. For example, if a parent restricted
an overweight child’s dairy intake, then low dairy intake
might be falsely linked with overweight. Because dietary
intake tracks over time, children consuming low levels of
dairy before age 6 will be more likely to consume low levels
of dairy at 6 to 9 years of age. It is not plausible that the
adverse effect of low preschool dairy intake could be ex-
plained by reversal of intake patterns during subsequent age
periods.

Another important strength of the study relates to the
repeated measures of anthropometry both within and across
visits throughout childhood. This enabled us to examine the
effects of dietary intake on the change in the child’s level of
body fat. The strict measurement protocols and replicate
measures of anthropometry also serve to enhance the pre-
cision of the estimated effects of dairy intake.

Dairy is an important source of many nutrients for grow-
ing children. This study provides evidence to support the
hypothesis that young children who fail to meet the recom-
mended guidelines for dairy intake may have an added risk
of gaining excess body fat.
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