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Longitudinal calcium intake is negatively related to
children’s body fat indexes
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ABSTRACT

Objective To determine if dietary calcium was negatively
related to children’s body fat (BF), if BF indexes and calcium
intakes changed over time, and to identify variables related to
BF and calcium intake.
Design Percent BF and kg BF were assessed by dual energy
x-ray absorptiometry (DEXA) in 8-year-old children. In a pro-
spective design, height, weight, dietary intakes, and related
variables were monitored longitudinally from ages 2 months
to 8 years during in-home interviews.
Subjects Fifty-two white children, (n!25 boys, 27 girls) par-
ticipated in a longitudinal study with their mothers. At 8
years of age, mean BMI was 17.3"2.1 (standard deviation)
for boys and 17.1"2.5 for girls.
Analyses Regression analysis of all variables, followed by
further regression analysis on selected models.
Results At 8 years, percent BF was 22.7"6.7 for boys and
26.2"7.9 for girls, as assessed by DEXA. Dietary calcium
(mg) and polyunsaturated fat intake (g) were negatively re-
lated to percent BF (P!.02 to .04) in 3 statistical models,
which predicted 28% to34% of the variability in BF among
children. Variables positively associated with percent BF
were total dietary fat (g) or saturated fat (g), female gender,
sedentary activity (hours/day), father’s BMI, and mothers’
percent BF. Calcium intakes were significantly correlated
over time. Dietary variety was positively related to calcium
intake, and intakes of carbonated beverages and other sweet-
ened beverages were negatively related.

Applications/conclusions Children should be strongly en-
couraged to regularly include calcium-rich foods and bever-
ages in their diets. J Am Diet Assoc. 2003;103:1626-1631.

E xcess body fat among American children is of increasing
concern to health professionals (1-7). Although over-
weight prevalence is greatest among African American
and Hispanic children, the percentage of overweight non-

Hispanic white children increased by 50% between 1986 and
1998 (2). The best predictors of childhood adiposity were over-
weight at an earlier age (3), limited physical activity (4,7), and
parental obesity (3,5). In contrast, Whitaker et al showed the
relationship between children’s body fat percentage and paren-
tal body mass index (BMI) was significant only for mothers and
daughters (6). Dietary factors, specifically total energy intake
and percentages of energy from fat, protein, and carbohydrate,
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were not related to children’s body fat in several studies (3-5),
but in another study, fat intake was positively related and car-
bohydrate was negatively related (7). Other dietary constitu-
ents that have been investigated in studies of children include
sugars, which were not related to body fat (8), and calcium/
dairy products, which were negatively related (9,10).

Several recent human and animal studies have suggested a
specific role for calcium in modulating body fat (11-17). Zemel
and coworkers demonstrated that increased dietary calcium
inhibited adipocyte intracellular Ca 2# resulting in simulta-
neous stimulation of lipolysis and inhibition of lipogenesis in
energy-restricted aP2-agouti transgenic mice (11-14). They
also observed an inverse relationship between calcium and BMI
in the Third National Health and Nutrition Examination Survey
data for both women and men (11). In a 2-year exercise inter-
vention study, Lin et al reported that calcium intake predicted
changes in body weight and body fat in young women with low
energy intakes (15). Davies et al reanalyzed data from 5 clinical
studies and reported consistent associations between higher
calcium intake and lower body weight (16). They estimated
that calcium intake accounted for about 3% of the weight vari-
ability among women in these studies (16). Most recently, re-
sults from the 10-year Coronary Artery Risk Development in
Young Adults (CARDIA) study showed that dairy intake was
inversely related to the incidence of insulin resistance syn-
drome (IRS), which includes obesity, among individuals who
were initially overweight (BMI!25) (17). Thus, the majority of
reported human studies included adults (11,13-17), and sev-
eral involved weight loss and energy restriction (15,16).

Because energy restriction is rarely advocated for growing
children, the studies that included healthy, normally growing
children suggest that calcium may play a role in preventing
childhood obesity (9,10). Thus, this study was planned as a
follow-up to the earlier study from this laboratory (9) to answer
the following questions:

1. How did children’s body fat indexes change between ages
6 and 8 years?

2. How did children’s dietary calcium intakes change over
time (ages 2 to 8 years)?

3. What variables were related to children’s dietary calcium
intake?

4. Did the previously reported inverse dietary calcium/body
fat relationship shown at 6 years still exist at 8 years of age?
What other variables predicted body fat?

METHODS

Sample
Initially, infants were recruited through birth announcements
in local newspapers and referrals from enrolled participants.
The 8-year-old children in this study were a subset of the larger
study (n!70), (9,18-25) and included only those children
whose mothers chose to have dual-energy x-ray absorptiom-
etry (DEXA) scans for themselves and their children. The
child/mother pairs (n!53) were continuous participants in a
longitudinal study of factors related to children’s growth, di-
etary patterns, and food preferences (18-25). Children were
followed from ages 2 months to 8 years with in-home interviews
at 20 data collection points. All children were healthy at birth,
white, and most were from middle and upper socioeconomic
status (SES) families. A single racial group was selected to
eliminate growth differences among children due to race, and
the SES criterion was included to assure that children had

access to adequate food and health care for normal growth and
development. To reduce participants’ burden of frequent inter-
views during the early months of the longitudinal study, a ran-
domized incomplete block design was used to schedule 7 or 8
interviews from the 13 data points between ages 2 months and
3 years (2, 3, 4, 6, 8, 10, 12, 16, 20, 24, 28, 32, 36 months); each
child/mother pair participated in all 7 interviews from ages 3.5
to 8.0 years (3.5, 4.0, 4.5, 5.0, 6.0, 7.0, 8.0 years). Of the 98
children who participated in the first two years, 75 were con-
tinued in year 3; 23 of the 98 were dropped from the study due
to the travel time required for interviews, and a lower income
cohort (n!50) was added. Beginning at age 3.5 years, the
lower-income cohort was dropped, and only children with data
since infancy were included (n!75); this sample included a
few lower-income children who had participated in another
study from this laboratory (26). From 3.5 to 8 years, 4 children
were lost to the study because the family moved from the area
or chose to discontinue participation; one child was dropped
from the study because data provided by the mother was con-
sistently incomplete.

Growth and Body Composition Measures
At each interview, the interviewer measured the child’s height
and weight. Standard and age-appropriate protocols were used
for all measurements (eg, recumbent height for infants, stand-
ing height at ages 2 years and older) (9,20,24,25). Birth weights
were obtained from medical records. Children’s body composi-
tions were assessed with DEXA in the fan beam mode (Hologic
QDR 2000, Waltham, MA) at ages 6 (9) and 8 years. Each
mother’s height and weight was measured, and her body com-
position was assessed by DEXA when her child was age 8 years.
Both parents’ heights and weights were reported by mothers
when children were 3, 5, and 8 years of age. All interviews
except the DEXA assessments were conducted in the child’s
home by one of two registered dietitians (RDs). Trained per-
sonnel in a clinical laboratory assessed the DEXA scans (9).
The DEXA assessments at 6 years were done at the university
medical center; the university’s nutrition department subse-
quently acquired the DEXA instrument from the medical cen-
ter. Thus, all of the 8-year DEXA assessments were done by one
researcher (WB) in the nutrition department.

Dietary Methodology
At each interview before age 2 years, each child’s mother pro-
vided 24-hour dietary recall of the child’s food and beverage
intake (19-21). At each subsequent interview, mothers pro-
vided a 24-hour recall and 2 days of food records for the child
(22,24,25). Recording days were assigned, and each set of
3-day data included 1 weekend day. The RD initially taught
mothers how to keep accurate and complete food records, us-
ing food models and typical sizes of glasses, bowls, etc. At each
interview the RD reviewed the food records with the mother
and clarified any ambiguities. Mothers also provided dietary
data (a 24-hour recall and 2 food records) for themselves at the
interviews when children were 7 and 8 years. Mothers were
assigned days for keeping food records that did not overlap
with the days assigned for children’s food records; days for the
24-hour recalls were the same days for each mother/child pair.

Sedentary Activity Measure
Mothers estimated the daily time that their child spent in sed-
entary activities, including viewing television or videos, playing
computer games, listening to audiotapes, and participating in
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other nonactive games/activities. These time estimates were
collected separately for weekdays and weekend days when
children were age 7 years.

Approvals
The University of Tennessee’s institutional review committee
for protection of human subjects approved data collected dur-
ing the in-home interviews. The institutional review board at
the university’s medical center approved the DEXA assess-
ments. Mothers signed informed consent forms for each set of
interviews (eg, the first year, ages 3.5 to 5.0 years, age 8) and
for each DEXA assessment. Beginning at age 5 years, the chil-
dren also gave their assent to participate in each interview and
the DEXA assessments.

Analyses
SAS System for UNIX (version 8.1, 2000, Cary, NC) was used
for all analyses. Body mass indexes (BMIs), defined as weight
(kg)/height (m2), were calculated from measured data for chil-
dren at each interview and for their parents from the measured
and reported data. Body fat, as assessed by DEXA, was ob-
tained as percent of body weight (%BF) and body fat mass (kg
BF) for mothers and children. Correlation statistics (Pearson
r) were calculated among the variables BMI, %BF, and kg BF at
8 years, between the DEXA measures at 6 and 8 years, and
between mother/daughter pairs and mother/son pairs for %BF
and kg BF.

Dietary data were coded for energy/nutrient analyses using
Nutritionist IV (version 3.5, 1994, Nutritionist, Salem, OR), for
the early interviews (ages 2 months to 36 months), and Nutri-
tionist IV (version 4.1, 1995, First Data Bank, San Bruno, CA)
for the remaining interviews. Additional foods (eg, baby foods,
new food products) were added to the database using manu-
facturers’ information. For foods with missing nutrient data,
individual generic components were used (eg, hamburger bun,
ground beef, lettuce, tomato, ketchup, pickle). Each 3-day set
of records/recalls was averaged to provide a representative
daily intake for each child at each interview. These 9 represen-
tative daily intakes, ages 2 through 8 years, were summed and
averaged to provide a longitudinal daily intake for each child.
Thus, the longitudinal daily intake was derived from 27 days of
dietary data per child. Mother’s dietary data were averaged to
provide representative daily intakes from each of the two data
collection points (child’s ages 7 and 8 years). Group means "
standard deviations (SD) were calculated for energy and se-
lected nutrients for children by gender and for their mothers.
Because of the previously reported relationship between di-
etary calcium and body fat (9-17), tracking individuals’ calcium
intakes over time was of particular interest. The methodology
of Boulton et al (27), who defined tracking as the correlation
coefficient between age points, was selected. The age points
selected to determine tracking for this study were 2, 3.5, 5.0,
7.0, and 8.0 years.

Factors related to children’s dietary calcium intake at 8 years
were explored using the following independent variables from
the longitudinal data set: breast feeding duration; age of intro-
duction of cereal; child’s mean dietary variety score from ages
3.5 to 7 years; sedentary activity time of the child; number of
foods the child liked from a list of 196 commonly eaten foods, as
reported by mothers (18); the number of foods liked by moth-
ers, assessed from the same food list (18); whether the mother
perceived the child as a “picky eater” (23); child’s carbonated
beverage intake at 8 years; child’s intake of “other” beverages

(beverages other than milk, 100% juices, carbonated drinks,
and water) at 8 years; mothers’ calcium intake; and child’s
previous milk intake (ie, at 2 to 7 years). The statistical proce-
dures to predict children’s calcium intake included PROC
RSQUARE and stepwise regression.

A weighted mean (5 weekdays plus 2 weekend days) was
calculated from the weekend and weekday sedentary activity
hours to provide a single value for each child. Group
means"SD were calculated.

Dietary variety was calculated at each interview by compar-
ing the number of servings eaten from each food group with the
number recommended in the Food Guide Pyramid with portion
sizes adjusted, as appropriate, for the child’s age. This proce-
dure created a value ranging from 0 to 1.0 for each food group.
These food group scores were then averaged to provide an
overall variety score. Several additional procedures were fol-
lowed to ensure that the score represented dietary variety. To
ensure variety within food groups, no single food (except milk)
could provide more than one third of the recommended serv-
ings in each 3-day period. To ensure variety among food
groups, the number of servings consumed was truncated at the
minimum number recommended for that food group. Thus, the
maximum score of 1.00 indicated that the child had dietary
variety both within and among food groups and met at least the
minimum number of recommended servings from each food
group (22).

A multistep process was used to identify variables that were
significantly associated with children’s body fat. Potential vari-
ables were identified from our earlier study (9) and literature
sources. First, PROC RSQUARE in SAS was conducted using
the following potential independent variables: mother’s %BF or
g BF; mother’s BMI; father’s BMI; the child’s gender; the child’s
weighted sedentary activity hours/day; and the child’s daily
longitudinal dietary intakes for calcium, energy, protein, car-
bohydrate, fat, saturated fat, polyunsaturated fat, and mono-
unsaturated fat. Separate PROC RSQUARE analyses were con-
ducted with each dependent variable, %BF, and g BF.
Consistent with a major objective of the study, all possible mod-
els that included calcium were examined to identify models for
further analyses. Regression (PROC REG) was used to test
selected models for significance, and the forward selection pro-
cess was used to obtain the relative contribution of each vari-
able in the model. Final models were evaluated to maximize R2

and include only statistically significant (P $.10) independent
variables.

Table 1
Physical characteristics of 8-year-old children and their mothers

Characteristics Boys
(n!25)

Girls
(n!27)

Mothers
(n!52)

4™™™™™™™ mean " standard deviation ™™™™™™™3

Height (cm)* 132.4"4.3 127.6"5.3 164.8"5.4
Weight (kg)* 30.5"4.5 27.9"4.7 69.0"12.5
BMI (kg/m2) 17.3"2.1 17.1"2.5 25.5"4.8
Body fat (%)a 22.7"6.7 26.2"7.9 37.0"8.1
Body fat mass (kg)a 7.1"3.1 7.6"3.5 25.9"9.9

aAssessed by dual energy absorptiometry (DEXA).
*Significantly different between boys and girls, P".05.
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RESULTS

Sample Characteristics
Fifty-three child/mother pairs agreed to participate in the
DEXA assessment when children were 8 years old. However,
one mother was pregnant; therefore her DEXA was not admin-
istered. Thus, the final sample was 52 child/mother pairs; 46 of
these children participated in the earlier DEXA assessment
when children were 5.9"1.1 years (9). Mean age of the chil-
dren was 8.1"0.1 years; mean age of their mothers was
38.0"3.6 years.

Body Composition
Anthropometric characteristics of mothers and 8-year-old chil-
dren by gender are shown in Table 1. Between the two DEXA
assessments the children had gained approximately 12 to 14
cm in height and 7 kg in weight. Thus, boys were approximately
4 cm taller and 5 kg heavier than the median for US children,
and girls were approximately 2 kg heavier than the median
(28). To answer the research question related to changes in
body fat over time, we found that the %BF had increased by
4.8% in boys and 5.4% in girls. The correlations between the
two DEXA assessments were 0.74 (P$.0001) for %BF and 0.75
(P$.0001) for kg BF. For the 8-year-old children, correlations
with BMI were 0.84 for %BF and 0.91 for g BF. Girls’ %BF was
3.5% higher than that of boys (P!.10). The range of %BF was
wide for girls, 14.5% to 44.1%, and boys, 15.3% to 41.3 %.
Mothers’ range of %BF was 17.4% to 51.7%. Body fat indexes
were significantly correlated between mothers and daughters:
r!0.58, P!.002 (%BF); r!0.59, P!.001, (g BF). Specific sites
(arms, legs, trunk) also were significantly correlated between
mother/daughter pairs. However, there were no significant cor-
relations between body fat (%, g) at any site or for the total
body fat between mother/son pairs.

Dietary Intakes
Children’s longitudinal dietary intakes for energy and selected
nutrients are shown in Table 2. Percentages of energy were
about 14%, 32%, and 56% from protein, fat, and carbohydrate,
respectively, and did not differ significantly by gender. How-
ever, the boys’ diets averaged approximately 175 kcal more per
day and approximately 100 mg more calcium compared with
the girls’ intakes.

Table 3
Tracking children’s calcium intakes, ages 2 to 8 years, over time

Calcium intake

Age (y) Boys
(n!25)

Girls
(n!27)

4™™™™™™™™™ mean " SDa (in mg) ™™™™™™™™™3

2.3b 820"362 770"322
2.8c 827"264 767"330
3.5 820"279 777"320
4.0 854"368 729"261
4.5 930"254 867"300
5.0* 1,007"355 787"359
6.0 982"380 828"290
7.0 1,028"292 844"370
8.0 942"366 876"283

aSD!standard deviation. From 9 sets of 3 days of dietary data (two food
records and one 24-hour recall provided by mothers), averaged at each age.
bThe mean age of randomly assigned interviews at 24, 28, or 32 months of
age.
cThe mean age of randomly assigned interviews at 28, 32, or 36 months of
age.
*Significant difference between genders.

Table 4
Tracking boys’ and girls’a calcium intakes,b ages 2 to 8 years,
correlations over time

Age (y) 2 3.5 5 7 8
4™™™™™™™™™™™™™™™™ Correlations (P values)a ™™™™™™™™™™™™™™™™3

2 0.78 ($.0001) .57 (.002) 0.59 (.001) 0.57 (.002)
3.5 0.63 (.001) .63 (.001) 0.64 (.001) 0.39 (.042)
5 0.28 (.178) .25 (.22) 0.54 (.004) 0.34 (.082)
7 0.53 (.007) 0.46 (.02) 0.32 (.122) 0.51 (.007)
8 0.29 (.160) 0.40 (.046) 0.31 (.128) 0.17 (.42)

aGirls’ correlations are to the right of the diagonal line in the matrix and boys’
values are to the left.
bFrom 9 sets of 3 days of dietary data (two food records and one 24-hour
recall provided by mothers), averaged at each age.

Table 2
Children’s mean longitudinal daily dietary intakes for energy and
selected nutrients, ages 2 to 8 years

Energy/Nutrient Boys (n!25) Girls (n!27)
4™™™™™™™™™ mean " SDa ™™™™™™™™™3

Energy (kcal)* 1,690"283 1,515"257
(kJ)* 7,065"1,184 6,331"1,073
Calcium (mg) 912"235 805"245
Total fat (g) 59"11 54"11
Saturated fat (g) 22"4 20"4
Polyunsaturated fat (g) 9"2 9"2
Monounsaturated fat (g) 21"4 19"4
Protein (g) 58"12 53"12
Carbohydrate (g)* 238"45 210"41

aMean " standard deviation per day, derived from 27 days of dietary data
collected from age 2 to 8 years.
*Significantly different between genders, P".05.
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Calcium Tracking
Children’s mean calcium intakes were similar over the 9 inter-
views from age 2 to 8 years (Table 3). Differences in intake
between genders were significant only at 5 years of age. Al-
though boys’ mean intakes met the adequate intake (AI)
amount at each time, girls’ mean intakes were slightly less than
800 mg/day at 2 of 6 of the interview times from ages 4 to 8
years (29). As shown in Table 4, correlations tracking boys’
calcium intakes over time were significant for 4 of the 10 com-
parisons between interview times whereas girls’ calcium in-
takes were significantly correlated for 9 of the 10 comparisons.
Milk and other dairy products were the major contributors to
children’s calcium intakes over time. Milk alone provided ap-
proximately 50% of the total calcium intake.

Predictors of Calcium Intake
The best model predicting children’s calcium intake (R2!0.39,
F!10.28, P$.0001) included 3 variables. Children’s mean di-
etary variety score (ages 3.5 to 7 years) was positively related,
F!20.2, P!.0001, #!1,092, and predicted 29% of the variabil-
ity. The other significant variables were negatively related to
children’s calcium intake: carbonated beverage intake (ounces/
day) at 8 years, F!4.2, P!0.05, #!%10.3, 5% of the variability;
and childrens’ intake of “other” beverages, F!5.6, P!.02,
#!%14.3, 5% of the variability in calcium intake.

Children’s Sedentary Activity
The children averaged 2.9"1.7 hours per day in sedentary ac-
tivities such as watching television or playing computer games,
although the range was 0.8 to 8.8 hours per day. Sedentary
activity time did not differ between the boys and girls.

Body Fat Models
The 4 models showing statistically significant relationships be-
tween dietary calcium and body fat indexes are presented in
Table 5. R2 values for these statistically significant models
ranged from 0.26 to 0.34. Dietary calcium and polyunsaturated
fat were negatively related to children’s body fat in all 4 models.
Positive predictors of body fat were total fat (models I, II, IV) or

saturated fat (model III), sedentary activity (models I, IV), fe-
male gender (models I, II), mothers’ %BF (model III), and fa-
thers’ BMI (model II). Longitudinal dietary calcium explained
4.5% to 9.0% of the variability in body fat among these children.

DISCUSSION
The similarities of the children’s mean calcium intakes over
time and the significant correlations among age periods high-
light the importance of establishing food habits early in a child’s
life. This notion is further supported by the reported consis-
tency in children’s food preferences over time (18). Boulton et
al (27) reported similar correlations in tracking calcium intake
in Australian children from 2 to 15 years of age, but correlations
for boys were stronger than for girls, which contrasts the re-
sults in the current study. Although Fisher et al (30) found
similarities between mothers’ and daughters’ milk consump-
tion, mothers’ calcium intake was not predictive of children’s
calcium intake in the current study. However, the negative
relationship between children’s carbonated beverage con-
sumption and calcium intake was consistent with findings from
the Fisher et al study, which reported that mothers and daugh-
ters who consumed fewer soft drinks drank more milk (30).

The current study confirms the negative relationship of cal-
cium to body fat, which has been shown in previous human
(9-11,15-17) and animal studies (11-14). Unlike these previous
studies, which involved weight restriction or statistical consid-
eration of energy intake, the current study and our previous
report (9) included normally growing, healthy children with a
range of energy intakes and a wide range in adiposity. Whereas
our previous study included children’s BMI as a controlling
factor in the statistical analyses, the current study showed a
statistically significant negative relationship between dietary
calcium and body fat without children’s BMI in the model, pos-
sibly indicating a wider effect of the role of dietary calcium in
8-year-old children than in these children at age 6 years. The
negative relationship between dietary calcium and body fat
(4.5% to 9.0% of the variance) indicates that children could
reduce their body fat by 0.4% if they increased their calcium
intake with one 8-oz glass of skim milk or 8 oz of yogurt per day.

Table 5
Predictive models showing variables related to children’sa body fat indexesb

Dependent variable, R2/F/P value Independent variables Parameter estimate Partial R2 P value

I. % BF Calcium (mg) %0.001 0.07 .04
R2!0.336 Total fat (g) 0.08 0.06 .001
F!4.66 Polyunsaturated fat (g) %0.35 0.05 .01
P!.002 Gender (M!1, F!2) 4.13 0.06 .03

Sedentary activity (hr/d) 1.43 0.10 .02
II. % BF Calcium (mg) %0.002 0.09 .02
R2!0.322 Total fat (g) 0.09 0.02 .001
F!4.37 Polyunsaturated fat (g) %0.44 0.09 .002
P!.002 Dads’ BMI 0.61 0.06 .03

Gender (M!1, F!2) 5.67 0.05 .01
III. % BF Calcium (mg) %0.001 0.07 .03
R2!0.276 Saturated fat (g) 0.14 0.02 .003
F!4.49 Polyunsaturated fat (g) %0.22 0.06 .02
P!.004 Mother’s BF (%) 0.26 0.12 .03
IV. kg BF Calcium (mg) %0.0005 0.05 .10
R2!0.26 Total fat (g) 0.034 0.06 .01
F!4.19 Polyunsaturated fat (g) %0.145 0.05 .03
P!.006 Sedentary activity (hr/d) 0.655 0.11 .02

an!52 children, 25 boys and 27 girls; mean " standard deviation age of children was 8.1"0.1 years.
bAssessed by dual energy x-ray absorptiometry.
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Whereas this percentage decrease over time may not seem
substantial, even a slight decrease in body fat in childhood may
reduce the risk of obesity in later childhood/adolescence/adult-
hood; it is well accepted that obesity in childhood/adolescence
increases the risk of adult obesity and the related health prob-
lems (1). This notion is confirmed by the strong consistency in
%BF reported over 2 years in the current study and the report
by Magarey et al (3), who purported that the best predictor of
fatness in children ages 2 to 15 years was previous adiposity. In
other words, it could be argued that anything that interrupts
the pattern of developing adiposity may reduce future risks for
obesity. Most importantly, calcium intake is a modifiable factor,
unlike genetic factors, which also play a significant role in the
development of obesity (31). The separation of environment
and genetics is always problematic, but this study and others
(3,5-7) show parental BMI/adiposity to be related to children’s
%BF.

This study also supports the role of physical activity in con-
trolling childhood obesity. Children averaged more than 20
hours per week in sedentary activities, which is especially sig-
nificant considering that most of the interviews over 7 years
were conducted in June, July, and August, when school was not
in session. Other researchers have also reported the role of
limited physical activity and childhood obesity (4,7,31).

The models including calcium as a negative predictor of body
fat also included polyunsaturated fat as negatively related to
body fat. Because calcium and polyunsaturated fat rarely occur
in the same foods, these similarities probably reflect general
dietary patterns and the recent emphasis on replacing animal
fats with plant-based fats and oils. However, all models also
included either total fat or saturated fat as a positive predictor
of body fat. Thus, it is very important that attempts to increase
dietary calcium focus on low-fat, calcium-rich foods. Previous
studies have shown mixed results regarding the relationship of
dietary fats and various measures of obesity (3-5,7).

APPLICATIONS
Parents should be encouraged to help children develop health-
promoting habits that include:
■ Regular intake of calcium-rich foods, such as skim, 1% or 2%
fat milk and other low-fat dairy products.
■ Limited time spent in sedentary activities and increased time
in physically active pursuits.
■ Restricted intake of carbonated beverages and other low-
nutrient beverages, such as fruit drinks, fruit “ades”, and tea.
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