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Consumption with Overweight Status in Young Adults
(1995-1996): The Bogalusa Heart Study

B.M. Brooks, BS, R. Rajeshwari, MS, Theresa A. Nicklas, DrPH, Su-Jau Yang, PhD and Gerald S. Berenson, MD

Children’s Nutrition Research Center, Department of Pediatrics, Baylor College of Medicine, Houston, TX (B.M.B., R.R., T.A.N.,
S.-J.Y.), Tulane Center for Cardiovascular Health, Tulane School of Public Health and Tropical Medicine, New Orleans, LA (G.S.B.)

Key words: dietary intake, calcium, adult nutrition, overweight

Objective: To examine the association between calcium intake and dairy product consumption with

overweight and obesity in young adults.

Methods: The sample used in this study consisted of 1306 young adults, ages 19-38 years, who participated

in the 1995-1996 young adult survey. Analysis was performed with analysis of covariance (ANCOVA) for

ethnicity-gender groups separately.

Results: No significant association was found between dairy product consumption, calcium intake and
overweight, defined by body mass index or waist circumference. However, there was a significant inverse
association between calcium intake, low-fat dairy product consumption and waist-to-hip ratio in white males.

Conclusion: Increasing intake of calcium and low-fat dairy products may be associated with lower

abdominal adiposity, particularly in young adult white males.

INTRODUCTION

Obesity threatens to become the most prevalent public
health problem in the U.S. Approximately 55% of American
adults are overweight or obese, representing 97 million Amer-
ican adults 20 years of age and older (Third National Health
and Nutrition Examination Survey (NHANES III), 1988-1994)
[1]. Of these American adults, 22% are obese. The (NHANES)
data further indicate that the prevalence of obesity among adults
increased from 23% (1998 -1994) to 31% (1999-2000) [2]. If this
trend continues, 39% of Americans will be obese in 2008 [2].

The prevalence of overweight and obesity are even higher in
minority groups [1,3]. The black population has a higher prev-
alence of obesity compared to their white counterparts [3.4].
Thirty-one percent of black males were defined as overweight,
30% of white males, 48% of black females, and 29% of white
females were defined as overweight (From NHANES III,
1998-1994) [1].

High calcium intake has been shown to be inversely related
to obesity-related metabolic disorders in humans, such as

hypertension [1,2,5,6] and diabetes and insulin resistance
[3-9]. Emerging evidence from animal and in vitro studies
[8,9] and more recently from human studies [§—11] have shown
a negative association between calcium intake [10-12], dairy
product consumption [10—12] and body weight [10,11] and the
risk of becoming obese [8,9]. An inverse association has been
reported between calcium intake and body fat, particularly in
children [12—-14] and women [8—11]. In a study of adipose cells
in transgenic mice, high calcium, medium and high dairy diets
at equivalent levels of energy intake reduced lipogenesis, stim-
ulated lipolysis and reduced the accumulation of body fat [8,9].

Although previous research has shown evidence on the
inverse association between high intakes of calcium, and dairy
products, on overweight, more studies are needed to confirm
these associations in other ethnically diverse populations. The
Bogalusa Heart Study [3,15] a long-term epidemiology study,
provides the unique opportunity to study a well-defined biracial
(whites and blacks) population of the total community and to
further investigate the associations between calcium intake,
dairy product consumption, and overweight.
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METHODS

Population

The Bogalusa Heart Study is an epidemiological investiga-
tion of cardiovascular risk factor variables and environmental
determinants in a bi-racial (white-black) population that began
in 1973 [3,15]. The study sampled consisted of 1306 young
adults who participated in a 1995-1996 young adult cross-
sectional survey. Age ranged from 2038 years of age (mean =
29.7 years) (Table 1). The subjects consisted of 505 males
(38.7%) and 801 females (61.3%); and 952 whites (72.9%) and
354 blacks (27.1%).

Obesity Measures

The Bogalusa Heart Study data included height and weight
measurements, and waist and hip circumference measurements
on the sample subjects. Height was measured twice to the
nearest 0.10 centimeters (cm) on an automatic height board and
averaged. Weight was measured twice to the nearest 0.10
kilogram (kg) on a balance beam metric scale and averaged.
Waist and hip circumference measurements were each recorded
three times to the nearest cm and averaged and were taken
either over an examination gown or street clothing [3].

These data were used to calculate several different measure-
ments of obesity. Body mass index (BMI) was calculated by
dividing the average weight measurement (in kg) by the square
of the average height (in cm) divided by 100 (weight/height”
(kg/m?). The waist-to-hip (WHR) ratio was calculated by di-
viding the average waist circumference (WC) (in cm) by the
average hip circumference (in cm). Overweight and obese were
identified by a BMI = 25, and obese were identified by WC
(> 88 cm for female; > 102 cm for male) and WHR (> 0.8 for
female; > 0.9 for male) using CDC guidelines [7].

Table 1. Descriptive Statistics

Physical Activity Measures

Study participants were asked to provide a subjective rating
of their physical activity level outside of work using the fol-
lowing 5-item Likert question adapted from the Lipid Research
Clinic’s questionnaire [16].

“Compared to other people your age and sex, how would
you rate your physical activity outside of work during the past
year?”

1 2 3 4 5
Physically Moderately Very
Inactive Active Active

Previous research has shown that the questionnaire had high
test-retest reliability (r = 0.85), and was significantly associ-
ated with a four week physical activity history [16].

Dietary Methodology

Intakes of calcium were obtained from data collected from
a Youth and Adolescent Questionnaire (YAQ) which has
proved both valid [17] and reliable [18]. The YAQ is a self-
administered, semi quantitative food frequency questionnaire
that contains 131 foods, each with response categories for
frequency of consumption in terms of food items [17,18]. Daily
portion sizes were calculated for each of the food items. The
selected food frequency for each food was then converted to
daily intake: for example: “one serving per week” was con-
verted to 0.14 serving per day.

The serving equivalent of dairy foods in mixed dishes was
determined by a researcher at Harvard Medical School. Mixed
dishes included cheeseburgers, pizza, tacos and burritos, lasa-
gna and baked ziti, macaroni and cheese, cream (milk) soups or
chowder, frozen yogurt, ice cream, milkshakes or frappes,
pudding, and nachos with cheese. One cup of milk contains 296

Whites Blacks
Male Female Male Female Total
(N = 374) (N = 578) (N = 131) (N = 223)
Mean (SD)

Age 30.2 (5.0)* 29.6 (5.0)™° 29.7 (5.4)™ 28.8(5.3)° 29.7 (5.1)
Level of Physical Activity 3.36 (1.02)* 3.04 (1.05)° 3.72 (1.26)° 3.18 (1.19)* 3.2(1.1)
BMI 27.7 (5.3)* 26.0 (6.7)° 27.9 (7.4)" 30.3 (8.5)° 27.4(6.9)
Waist Circumference, cm 94.0 (14.1)* 80.0 (14.5)° 90.1 (17.2)* 89.3 (17.8)° 86.6 (16.5)
Hip Circumference, cm 105.6 (9.3)* 104.2 (13.3)* 105.5 (14.0)* 111.2 (15.1)° 105.9 (12.9)
Waist/Hip Ratio 0.89 (0.08)* 0.76 (0.06)° 0.85 (0.07)° 0.80 (0.07)¢ 0.8 (0.1)
Energy, Kcal 2290 (873)* 1976 (623)° 2595 (1011)° 2494 (1187)° 2217 (886)
Dairy Product, # serving 2.02 (1.24)* 1.73 (1.02)° 2.03 (1.47)* 1.87 (1.50)* 1.87 (1.23)
Low-fat Dairy Product, # serving 0.68 (1.08)* 0.74 (0.98)* 0.35 (0.96)° 0.32 (0.99)° 0.61 (1.02)
High-fat Dairy Product, # serving 1.34 (1.09)* 1.00 (0.85)° 1.68 (1.37)¢ 1.54 (1.36)* 1.26 (1.11)
Calcium, mg 854.0 (438.0)* 730.2 (331.5)° 894.3 (489.6)" 829.8 (500.1)* 799.1 (417.0)

! Mean (S.D.)
2 Models adjusted for calories intake, age, and physical activity outside of work
3 L-S Mean

abed Multiple Comparison = significant mean differences at p < 0.05 level if with different superscripts

524

VOL. 25, NO. 6



mg of calcium and was used to calculate the servings of dairy
products from mixed dishes according to the formula:

Servings dairy food from mixed dishes
= ((calcium content)/296)
X (daily frequency of consumption)

For example, the amount of calcium in two slices of pizza
is 235. If a person consumed 2 slices of pizza per day, their
dairy servings would be 0.79 (235/296 of dairy).

Food items were classified as high fat or low fat, utilizing
responses to the questions on the type of milk (whole, 2% milk,
1% milk, or skim/nonfat milk) and type of yogurt and cheese
(low fat or regular) usually consumed. However, the dairy
products from mixed dishes were not specified and so all were
classified into the high fat dairy group. Foods normally con-
sumed in amounts more than 30 g were considered low fat if
they had less than 3 g fat per 100 g and less than 30% of
calories from fat; and foods normally consumed in amounts
lower than 30 g were considered low fat if they had less than
3 g fat per 50 g and less than 30% of its calories from fat (FDA,
2002). The dairy ingredients for each food item were then
extracted and entered into the Pyramid Servings Database
(PSDB) (National Cancer Institute, n.d.). The mean dairy serv-
ings from the PSDB were utilized to calculate the number of
dairy servings from each food item. The food items were later
categorized into six groups:

e low fat milk (unflavored milk + chocolate milk),

¢ high fat milk (unflavored milk + chocolate milk),

 low fat dairy (cheese [slice] + cottage cheese + cream
cheese + whipped cream + yogurt),

high fat dairy (cheese [slice] + cottage cheese + cream
cheese + frozen yogurt + pudding + cream- or milk-
based soups + ice cream + milk shake + whipped
cream + yogurt),

* high fat cheese dishes (cheeseburger + lasagna/baked
ziti + macaroni and cheese + nachos + pizza + tacos/
burritos),

total milk and dairy (cheese [slice] + cheeseburger +
chocolate milk + cottage cheese + cream cheese +

cream- or milk-based soups + frozen yogurt + ice
cream + lasagna/baked ziti + macaroni and cheese +
milkshake/frappe + nachos + pizza + pudding + tacos/
burritos + unflavored milk + whipped cream + yogurt).

Statistical Analysis

The data analyses for this study were conducted using
Statistical Package for Social Sciences (SPSS) for Windows
(version 11.0.1). The difference in mean daily calcium intake,
daily servings of milk and dairy products, daily servings of low
fat milk, daily servings of high fat milk, daily servings of low
fat dairy products, daily servings of high fat dairy products, and
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daily servings of dishes with cheese by race and gender, BMI,
WC, and WHR were analyzed using analysis of variance
(ANOVA). Mean dietary intakes of dairy products and calcium
by weight status defined by WHR were presented in Model 1.
Model 2 was adjusted for energy intake; Model 3 was adjusted
for energy intake and age, and further adjusted for physical
activity in Model 4. The effect of dairy product consumption on
overweight was analyzed using General Linear Model and
Logistic Regression.

RESULTS

Population

The descriptive statistics of the study population is pre-
sented in Table 1. The mean age of the population used in this
study was 29.7 years. The level of physical activity was sig-
nificantly higher (p < 0.05) among white males and black
males than the white females. BMI was significantly higher
(p < 0.05) among black females compared to white females. In
contrast, WHR was significantly lower in females than in
males, regardless of ethnicity. WC was significantly higher in
white males compared to females (p < 0.05). Black females
had a significantly higher mean hip circumference than white
females and males (p < 0.05). The mean energy intake of the
study population was significantly higher (p < 0.05) among
white males than white females and blacks. Overall intake of
dairy products was higher among blacks than whites (p < 0.05).
Blacks had significantly higher (p < 0.05) intakes of high fat dairy
products, and whites had higher intakes of low fat dairy products
(p < 0.05). Overall, females had statistically significant lower
intakes of dairy products than males (p < 0.05).

Dairy Products and Calcium Intake by Waist Hip
Ratio (WHR)

Mean dietary intakes of dairy products and calcium by
weight status defined by WHR are presented in Table 2. Mean
intakes of low fat dairy products and calcium were significantly
higher in normal weight white males than in overweight white
males, even after adjusting for all the covariates. This associ-
ation was not found in the other ethnic-gender groups. Con-
sumption of high fat dairy was significantly higher in over-
weight white males compared to normal weight white males
after adjusting for energy intake, age, and physical activity.

Dairy Products and Calcium Intake by Waist
Circumference (WC)

Mean dietary intakes of dairy products and calcium by
weight status defined by WC are presented in Table 3. No
significant differences were found in the intake of total dairy,
low fat dairy, calcium and overweight in the four ethnic-gender
groups. Overweight white males showed significantly higher
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(p < 0.01) intakes of high fat dairy products than normal
weight white males after adjusting for energy intake and age,
but significance disappeared after controlling for physical
activity.

Dairy Products and Calcium Intake by BMI

Mean dietary intakes of dairy products and calcium by
weight status defined by BMI are presented in Table 4. After
adjusting for energy intake, age, and physical activity, there
was no significant association between dairy product consump-
tion, calcium intake and overweight defined by BMI in all four
race-gender groups.

DISCUSSION

There is an emerging body of research suggesting that
calcium intake [10,11,19] and dairy product consumption
[12,20] are inversely related to body weight [10,11,19] and to
risk of becoming obese [21]. Furthermore, some research
groups have reported an inverse association between calcium
consumption and body fat in women [22-24], and specifically
in white women [23] men [23], and children [12,25]. A plau-
sible physiological basis for the association between calcium
intake, dairy product consumption and overweight has been
proposed by Zemel et al [21,26-28]. Briefly, a high calcium
intake results in lower blood parathyroid hormone and 1,25-
dihydroxy vitamin D concentrations resulting in an increase in
lipolysis [21]. In contrast, a low calcium intake causes a rise in
parathyroid hormone and 1,25-dihydroxyvitamin D, which re-
sults in an increase in [Ca®™"] promoting lipogenesis [21,26].
Most associations were found with BMI and overall fat mass,
but there were some associations found with abdominal adi-
posity. This study was conducted to examine the association
between intake of calcium and dairy products and overweight
status in a biracial sample of young adults. Our results are
generally consistent with those reported previously in humans
[11,21]. However, there are differences between our findings
and previously reported studies. In this study, we found that
low-fat dairy and calcium intake were significantly higher in
normal weight white males compared to their overweight coun-
terparts when using WHR to define overweight status. This was
observed despite adjustments for a number of confounding
variables. However, the correlation between calcium intake and
adiposity did not exist when we defined overweight using WC
or BMI. This is in contrast to other studies, which report
calcium-adiposity associations mainly in women [11,21,29],
and to a lesser extent in men [21]. In the Heritage Family Study
[23] and the Quebec Family Study [22], the strongest inverse
association between calcium intake and abdominal adiposity
was found in black men and white women. In white men, a
negative association was found only for percent fat and not for

528

total abdominal fat, abdominal visceral and abdominal subcu-
taneous [23]. However, in this study, we found a negative
association between intake of calcium and low-fat dairy prod-
ucts and overweight in white males only when WHR was used
to define overweight status and not when BMI or WC was used.

There is a lack of consensus on the best anthropometric
indicator of abdominal obesity [24,30—42]. WHR has been
referred to as an indicator of fat distribution [24] and has been
reported to be a better predictor than WC and BMI of coronary
heart disease risk factors [31-33,35-39,42] and increased risk
of non-insulin dependent diabetes [31,34,42]. Men tend to have
larger WC and higher WHR than women, indicating a greater
degree of central fat distribution [41,43]. Data from this study
showed that white males had a significantly higher WHR than
the other race-gender groups. This higher WHR was reflected
in a higher WC suggesting increased abdominal fat, majority of
which is visceral fat. Men who were least active were more
likely to have a larger waist and smaller hips than expected
from their BMI [41]. It is likely that the association between
physical inactivity and high WHR indicates both skeletal mus-
cle atrophy and increased abdominal fat deposition [41].

Zemel et al [44] found that both high calcium and high dairy
diets resulted in striking changes in the distribution of body fat
loss, particularly from the abdominal region, during energy
restriction, suggesting increased mobilization and loss of vis-
ceral fat. There is some suggestion that increasing dietary
calcium not only accelerates weight and fat loss, but also
appears to shift the distribution of fat loss, with more fat loss
from the abdominal region. Although the mechanism of this
effect is not clear, a possible explanation has been proposed
[44]. Production rates of cortisol have been related to obesity
[45]. 1,25 Dihydroxyvitamin D5 produces an increase in human
adipocyte intracellular levels of Ca”?*, which results in in-
creased production of cortisol in adipose tissue. This occur-
rence may explain the preferential loss of adipose tissue [46].
Hence it has been suggested that a high calcium or high-dairy
diet leads to suppression of 1,25 Dihydroxyvitamin D5 and a
consequent reduction in intracellular calcium levels, resulting
in reduced adipocyte cortisol production and a preferential loss
of visceral fat in obese adults. Zemel has demonstrated that
increasing intracellular Ca®>* using 1,25-dihydroxyvitamin D,
resulted in a marked increase of human adipocyte cortisol
production [47]. According to Zemel et al., “one may reason-
ably expect that suppression of adipocyte intracellular Ca**
levels on high-calcium diets may result in reduced adipose
tissue cortisol production, which may, thereby, explain the
preferential loss of visceral adipose tissue” [21]. Clearly, more
studies are needed to examine the relationship between body fat
distribution and intake of calcium and dairy products.

The strengths of the current study are the large biracial
sample, the variety of adiposity measures obtained, and the
quality control of the data collected. However, there are some
limitations in the data. The Bogalusa Heart Study was not
originally designed to examine the effects of calcium and dairy
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product intake on body composition. More randomized, con-
trolled intervention trials are needed to confirm the effects of
calcium and dairy product intake on adiposity. Another limita-
tion is self-reported dietary intake [48]. Although the YAQ
used in the present study has a reasonable reproducibility and
validity [49], it may not be the best method to characterize
intake of calcium and dairy products. A recent study showed
that a food frequency questionnaire underestimated calcium
intake compared to the 24-hour dietary recall [50].

Dietary information from a self-reported food frequency
questionnaire has substantial error, including error in the esti-
mation of portion sizes among individuals and the total number
of foods actually consumed [51]. The investigators used the
YAQ instead of the adult version of the food frequency ques-
tionnaire [49], based on a review of 24-hour dietary recalls
collected in a previous (1989-91) cross-sectional survey that
was also conducted in Bogalusa, Louisiana on adults of a
similar age range. After reviewing the 24-hour dietary recalls,
we found that a lot of snack foods were reported. A major
difference between the YAQ and the adult food frequency
questionnaire is that the YAQ contains more snack foods. From
our previous studies using the YAQ, this young adult popula-
tion showed similar total energy intake and percentage of
energy from fat with the 1995 Continuing Survey of Food
Intakes by Individuals (CSFII) measured by 2-day dietary
recall [52,53].

Dairy product consumption may have been over-estimated
in our study, due to the approach used to calculate the number
of dairy servings from the mixed dishes and desserts. All of the
mixed dishes where the dairy servings were estimated con-
tained cheese as the predominant source of calcium (e.g.,
lasagna, macaroni and cheese, pizza, cheeseburger). The dairy
servings in desserts were predominantly from milk (e.g., pud-
ding, ice cream, frozen yogurt). Thirty-nine percent of dairy
servings were from the cheese-containing dishes (30%) and
desserts containing dairy (9%). One could argue that the esti-
mation of the number of servings of dairy from mixed dishes
and desserts in addition to other sources may be a better
estimate of overall dairy product consumption compared to
studies that have defined dairy product consumption as only the
individual foods themselves (e.g., milk, cheese, yogurt). How-
ever, if the percentage of dairy servings from mixed dishes and
desserts were not estimated, a very large percentage of the daily
dairy servings consumed would have not been accounted for,
resulting in an under-estimation of dairy intake. It is also
important to note that a limitation of using a food frequency is
that the instrument does not contain all possible foods that may
be consumed, specific to dairy, the YAQ assesses intake of
cheese, milk, yogurt and some mixed dishes containing dairy.
The YAQ does not include all possible mixed dishes that
contain dairy as an ingredient or calcium-fortified foods. The
analyses were rerun deleting the number of dairy servings from
mixed dishes and similar results were obtained.
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CONCLUSION

In summary, the present study suggests that intake of cal-
cium and low-fat dairy products is inversely associated with
abdominal adiposity, particularly in white males. However, the
results need to be interpreted with caution until large clinical
trials confirm a causal association between the intake of cal-
cium and dairy products and body weight regulation.
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