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Abstract

BACKGROUND: Dietary supplements are increasing in popularity; individuals are
looking beyond traditional methods of calorie restriction and exercise to improve health.
Calcium is a critical nutrient for bone metabolism that has also been shown to enhance weight
loss effects secondary to diet.

PURPOSE: To determine whether eight months of calcium supplementation, in a liquid,
shelf-stable form, increases bone mineral density or decreases body weight and/or body fat in
free-living young adult women.

METHODS: Volunteer subjects (n=42) were randomly assigned to a supplement group
receiving 1,125 mg Ca?*/day (CA-BEV) or to a free-living control group (CON), which did not
receive the supplement. At baseline and after the 8-month intervention (POST), dietary intake
was assessed using 3-day diet records. Total body composition (body fat percentage, %Fatrg;
abdominal percentage fat, %Fatap; fat mass, FM; non-bone fat-free mass, FFM) and bone
mineral density (lumbar spine and femoral neck; BMD) were measured via dual energy x-ray
absorptiometry. Subjects also completed a sub-maximal treadmill exercise test to estimate
respiratory fitness at baseline and POST.

RESULTS: At POST, the CA-BEV group’s calcium intake (1,868+941 mg/d) was
significantly greater than (p<0.05) the CON group (867+405 mg/d) and the calcium:protein ratio
of the CA-BEV group (29.5£17.1 mg/g) was greater than (p<0.05) the CON group (12.9 £6.2
mg/g). Those differences in calcium did not lead to predicted differences (p<0.05) between
groups for BMD, body weight, %Fatrg, %Fatas, FM or FFM.

CONCLUSION: Our findings do not support the hypothesis that increasing calcium
intake increases BMD or decreases body weight or body fat in healthy young women over an 8-

month period despite a nearly two-fold increase in calcium intake.
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CHAPTER 1 - LITERATURE REVIEW

Introduction

Calcium is an essential component of a well balanced diet and also is a key element in the
prevention of osteoporosis. Osteoporosis is a disease that affects approximately 25 million
Americans (1). Obtaining sufficient amounts of calcium helps increase bone metabolism and
improves overall bone health (2). This macronutrient is needed for several purposes: to aid in
the growth and maintenance of skeletal bone, muscle and blood vessel contraction, secretion of
hormones and enzymes, and sending messages to the central nervous system. The skeleton
contains approximately 99% of the total body’s calcium stores while the remaining one percent
is found throughout the body in blood, muscle, and extra-cellular fluid (3).

The aim of this study was to determine whether a calcium-fortified beverage in the form
of calcium citrate malate can facilitate changes in bone mineral density (BMD) and body
composition in young adult women. Although previous research has been done using this
calcium-fortified supplement beverage in post-menopausal woman, it is important to know if it
would be helpful for young adult women. There is little research that focuses on young adult
women using a calcium citrate malate supplement beverage in a liquid, shelf stable form.
Therefore, the study will provide evidence to support or refute the effectiveness of calcium
supplementation in young adult women.

This literature review will focus on the effects of calcium supplementation on bone
mineral density and how supplementation effects body composition. First, it will examine the
calcium intake of Americans; then the most common forms of calcium supplements on the
market will be described with explanation of how calcium is absorbed. Next, the relationship
between calcium and weight loss is presented. Finally, the review will highlight select studies
whose aim was to evaluate whether calcium supplementation affected weight loss and/or fat loss.

Calcium

Calcium Intake

Increasing numbers of Americans appear to be calcium deficient. Most children older
than eight years of age in the United States fall short of meeting their recommended daily intake
(RDI) of calcium. But children are not the only ones not meeting their calcium needs. Most
females between the ages of 9-18 years of age and those over 30 years of age are not meeting
their recommended daily intakes of 1,000 mg/day of calcium (2). Therefore, it becomes even
more critical that the foods people consume are nutrient dense. Calcium intake in women over
the age of 65 is estimated to be about 650 mg/day or less (4). That is almost half of their
recommended daily intake of 1,000-1,200 mg of calcium/day for adults (5).

Calcium is most abundant in dairy products such as yogurt, cheese and milk (Table 1.1).
More than 70% of calcium in an American’s diet comes from some type of dairy product (6). It
is most ideal to consume calcium through the diet because dairy products have higher calcium
content, higher calcium bioavailability and a lower monetary cost relative to nutritional value.
Foods such as dried beans, broccoli, spinach and kale are sources of calcium, but calcium is not
always fully absorbed from plants and it may be difficult to obtain adequate calcium intake from



these foods (7). Therefore, greater quantities of plant-based products need to be consumed to
attain an equal amount of calcium as that found in dairy products.

There are several reasons why individuals may not consume adequate amounts of
calcium in their diets including: disliking the taste of dairy products, calorie restriction, and/or
lactose intolerance which my cause gastrointestinal (GI) distress (8). Individuals who avoid
dairy products are at risk of not attaining an adequate amount of calcium and are thus at greater
risk of bone loss (9). It is extremely important for children and women of childbearing years to
be conscientious about the amount of calcium consumed each day. When achieving a sufficient
amount of calcium from the diet is unattainable, one should consider supplementation to meet
daily needs.

Calcium Supplementation

Often it is difficult for individuals to make lasting modifications to their diet, which
contributes to dietary supplements becoming increasingly popular. Dietary supplement use has
been increasing because people take dietary supplements for many reasons including:
convenience, weight loss and to improve overall health.

Research shows that the individuals who consume dietary supplements are generally non-
smoking, Caucasian women. These women also tend to make an effort to consume fruits and
vegetables, are well-educated, and exercise on a regular basis (10), (11). Yet, limited research is
reported which describes factors that influence an individual’s decision to purchase dietary
supplements. Investigators of a cohort study concluded that individuals who took supplements
adamantly believed that dietary supplements protected them from illness and disease. Those
who took supplements and those that did not believed that the media was a powerful influence
affecting their decision (12).

The decision to use or not use dietary supplements is affected by cost. Though dietary
supplements are often recommended by health care professionals, the cost may prevent
individuals from making this out of pocket expense. Also supplements vary and have different
elemental forms in a product ultimately affecting the cost of the supplement. The most common
forms of calcium supplement compared by cost are calcium carbonate, calcium citrate, and
calcium citrate malate. Also different brand names affect the overall cost (Table 1.2).

Forms of Calcium

Because it is critical to consume adequate amounts of calcium daily, many individuals
supplement their diets to prevent decreases in bone mass. Calcium supplementation has been
shown to help prevent bone mass from decreasing in postmenopausal women (13). There are
different forms of calcium in commercially available supplements that can benefit an individual
who is not consuming adequate amounts of calcium.

The most common and least expensive calcium supplement used is calcium carbonate.
However, the disadvantage of this form is that it is not optimally absorbed relative to other forms
of calcium (14). Another popular form of calcium supplementation is calcium citrate. Calcium
citrate has half the elemental calcium compared to calcium carbonate, thus body absorbs less
(15). The form of calcium with the highest bioavailability is calcium citrate malate (CCM).
Calcium citrate malate is more bioavailable than either calcium from milk or calcium carbonate
(14), (16). CCM is easy to digest, and causes less constipation and gas compared to the other
supplements. Also, Studies suggest that the amount of organic acids significantly affect calcium
absorption via CCM when it is suspended in a fruit juice (17).



Calcium Absorption

Although there are benefits of using supplements, one of the drawbacks of consumption
of a dietary supplement is that the body will not automatically absorb or use it all. Early studies
suggested that the solubility of calcium was thought to affect how well it was absorbed (18).
More recently a very weak association between solubility and absorbability of calcium has been
shown (19), (20). Researchers have identified that absorption depends on several different
factors. Absorption depends on bioavailability of the compound in the Gl tract. This is
determined by factors such as: the type of supplement taken, what it was taken with, the dose and
the absorptive response of the individual.

To absorb the maximum amount of calcium from a supplement, it is best to consume no
more than 500 mg at one time, (18). It may be challenging to optimally space one’s calcium
intake throughout the day to match individual is consuming and their individual absorptive
responses. Heaney and Recker (21) reported that approximately 40% of middle aged women
required more than 1,000 mg of calcium to meet recommended daily intake; yet later work
showed that approximately 25% of the middle aged women needed at least 1,500 mg per day to
meet recommended intakes because of difficulty with absorption.

Both passive and active mechanisms are involved when calcium is absorbed in the small
intestine. Vitamin D plays an important role in the active absorption that occurs in the
duodenum for individuals having a low calcium intake (22). It can also be passively absorbed
throughout the jejunum and ileum in individuals who normally consume sufficient amounts of
calcium. The amount of calcium that the body is able to absorb is also affected by hormones.
This is one reason that post-menopausal women who produce less estrogen do not absorb
calcium as well as younger women even when they consume their recommended amount (23).

Calcium Supplementation Trials

Several studies have shown that calcium supplementation increases bone mass in pre-
menopausal females. In a meta-analysis study completed by Welten et al. (24), calcium
supplementation prevented bone loss in pre-menopausal females. For women who were
previously consuming between 700-1,000 mg calcium/day, the supplementation of roughly 1,000
mg/day prevented approximately 1% of bone loss per year at all sites except the ulna.

Yet, a meta-analysis study by Shea et al. (13) reviewed 15 trials, which assessed a
combined total of 1,806 subjects. The post-menopausal women in these studies were
randomized into a calcium supplement group or into a usual calcium intake group. Though
investigators could not conclude whether it was the calcium that reduced the incidence of non-
vertebral fractures, results did show an overall small positive effect on bone mineral density with
calcium supplementation.

It is extremely difficult to determine the effect of calcium alone when studies combine it
with vitamin D or vitamin C (25), (26), (27). In studies where calcium was the only intervention,
results were dependent upon several factors: 1) whether the women were pre or post-
menopausal, 2) length of time since menopause, 3) the type of calcium and 4) the skeletal sites
used to determine bone mineral density (28), (29), (30).

Consuming adequate amounts of calcium on a regular basis can help ensure that calcium
deficiency is not contributing to decreased bone loss and weakening of the skeleton. Though



dietary supplements can be beneficial, finding a supplement to fit individual needs, expectations,
and price range can be a challenge.

Osteoporosis

Osteoporosis is defined by the World Health Organization as being 2.5 standard
deviations below the peak bone mass of a 20 year old sex matched individual. It is distinguished
by increased bone fragility which causes an increased risk of skeletal fracture. This disease
affects both men and women and causes approximately 1.5 million skeletal fractures every year.
The National Institute of Health recommends that individuals consume approximately 1,500
mg/day of calcium. Yet, those who have osteoporosis and are at the greatest risk of fractures are
reported in the literature to be consuming less than 650 mg/day (31). The amount of calcium that
an individual consumes daily has an impact on overall bone health and is one of the more
important nutritional factors in osteoporosis (2).

Although this disease which weakens bones can be found in males, approximately 80%
of the 44 million Americans who have osteoporosis are women. The natural decrease in the
amount of estrogen that the body produces as a result of menopause is a contributor because the
amount of estrogen in the body affects calcium absorption (23). With hormone changes that
occur during menopause, women tend to lose about three percent of bone mass per year during
the first five years following menopause (32). This decrease was at its highest rate during the
first five years following menopause.

Bone Mineral Density

Several factors influence an individual’s bone mineral density. Experts estimate that up
to 60% of an individual’s bone mineral density is genetically predetermined. The remaining
40% can be modified through lifestyle (33). Genetics, physical activity, diet, and hormone
replacement therapies are all influential factors affecting bone mineral density (34). Although
genetics are a non-modifiable risk factor, modifiable risk factors can optimize bone mineral
density. There are two other important modifiable lifestyle areas of consideration for preventing
osteoporosis. First, exercising on a regular basis is critical. Incorporating weight-bearing
activities is highly recommended in the prevention of osteoporosis because it places stress on the
bones (35). Second, nutrient density of the diet should be evaluated. Children should not be
allowed to replace milk with soft drinks (36).

The skeleton acts as a storage site for calcium. When an individual does not meet daily
calcium needs through diet, the body will withdraw calcium from bones over time. The amount
of calcium consumed also affects the mineralization of bones throughout life. Low calcium
intake also and vitamin D deficiency are key factors involved in bone loss (37). High bone loss
means lower bone mineral density and greater risk of osteoporosis over the lifespan of the
individual.

Two additional factors affect the risk of skeletal fracture and overall bone health: 1) peak
bone mass achieved before the end of the third decade in life and 2) the rate at which bone is lost
after menopause occurs (1). Bone mass decreases at a rate of approximately 1% per year once
individuals reach skeletal maturity, usually around the age of thirty. This decline generally
increases with age, especially through menopause if intake is not adequate.



Peak Bone Mass

Bone mineral density is greatly dependent upon the peak bone mass that is attained
before the age of thirty. Once an individual reaches peak bone mass, no additional bone mass is
gained (38), (39). Itis essential that children have a diet rich in calcium to ensure that peak bone
mass is high. Without adequate amounts of calcium, peak bone mass will fall short of its
potential and bone development will be (40).

Reaching one’s peak bone mass is crucial, yet it is clear that most young women fall
short of meeting this goal. Results from the U.S. Department of Agriculture’s national food
intake survey showed that 14% of adolescent girls between ages 12-19 years fail to consume an
adequate amount of calcium. When girls do not reach their peak bone mass, the chance of
developing osteoporosis increases, they do not have adequate calcium stored in their bones (41).
Obtaining sufficient calcium throughout childhood greatly decreases risk of osteoporosis later in
life. Bones need calcium and weight bearing activity to remodel and become stronger (42).

Calcium absorption decreases slowly from as high as 60% in children to 15-20% in
adults. Through adolescence, 30% adult bone mass can be reached (38). Once an individual
reaches peak mass, the bone mass will either be maintained or it will decrease over time. The
rate of decrease is influenced by the amount of calcium that consumed on a daily basis and by
the amount of stress placed upon the bone. Engaging in physical activity on a regular basis can
help build bone mass (43); weight bearing activities attenuate bone loss (44), (45). The most
effective activities include running, gymnastics, and weight lifting, which causes a great amount
of stress placed on the bone (42).

Dual-Energy X-Ray Absorptiometry (DXA)

The dual-energy x-ray absorptiometry (DXA) is a way to measure both bone mineral
content (BMC) and bone mineral density (BMD). Bone mineral content (BMC) measures the
total amount of mineral located within the bone, reported in grams. Bone mineral density
(BMD) measures the total amount of mineral found in the bone divided by the area of bone that
was measured (g/cm?). A mathematical calculation has been developed to predict bone mineral
apparent density (46).

Bone Mineral Density (BMD) is categorized by reporting the number of standard
deviations from the mean of a normal young adult to others same gender and ethnicity. Bone
mass within one standard deviation (T score above -1) of a normal young adult, is in the
“normal” range for BMD. BMD falls between 1-2.5 standard deviations away from normal is
considered to be osteopenia. Osteopenia is a precursor for osteoporosis, with bones slightly to
moderately lacking in calcium. Osteoporosis is a condition when 2.5 or more standard
deviations below the mean occur. A person in this category, who has had one or more fractures,
is considered to have severe osteoporosis.

Although the DXA is a helpful tool to use when assessing BMD, one of its biggest
limitations is it can not determine whether bone turnover is increasing, decreasing or is
remaining stable. For this reason, it is important to follow an individual’s change in BMD over a
long period of time.



Body Composition

Overweight and Obesity

Several factors contribute to an increase in overweight and obesity in adults. Lifestyle
promotes the United States to be physically inactive while availability of calorie dense foods
increases (47). The number of overweight and obese individuals has been increasing
dramatically over time in the United States. Body mass index (BMI) is often used to categorize
individuals as being underweight, normal weight, overweight or obese. Results from the 2003-
2004 National Health and Nutrition Examination Survey determined that 66.3 % of all adults age
20 years old or older have a BMI of 25 or greater, and 32.2 % of all US adults are considered
obese with a BMI of 30 or greater (48).

Overweight and obese individuals without a healthy diet and daily exercise put
themselves at higher risk of acquiring heart disease, diabetes, and cancers. This is alarming
considering that more children are becoming overweight and obese at an earlier age. Before
1980 approximately 4-6.5 % of all children aged 2-19 were overweight (49). This number has
dramatically increased; results of the 2003-2004 NHANES indicate that 17% of children 2-19
years are now overweight (49). Although the prevalence of overweight in children and
adolescents is not as high as adults, an increasing number of children are being diagnosed with
diseases such as diabetes.

Calcium’s Role in Weight Management

Both epidemiological studies and intervention trials have explored the role that calcium
may play in weight management. Evidence linking dietary calcium to decreasing weight and fat
mass has been accumulating the past two decades. The relationship between calcium and weight
was not a focus in the 1980’s research. In fact, the relationship between the two variables was
almost accidentally discovered. Data from the 1984 NHANES 1 study primarily focused on
hypertension (50). While analyzing the data, researches observed and reported that calcium
intake was negatively associated with BMI. A review written by Zemel (51), on a previous study
using hypertensive African American males, pointed out the relationship between calcium and
body fat. This review noted that the previous study conducted in the 1980’s found that men who
consumed 2 cups of yogurt per day decreased their body weight by approximately 4.8 kg during
the study. Though the results from that study were impressive, the study that was referenced did
not have an actual control group. Therefore, outside variables were not controlled and no real
conclusions could be made regarding the effects of calcium on body weight.

Many studies now have examined the relationship between calcium and BMI with mixed
results. Some studies have found a positive correlation between calcium intake and BMI, while
other studies have not.

Studies demonstrating effect

In a study done by Jacgmain et al., a diet low in calcium (< 600 mg) was associated with
increased in adiposity (52). Zemel et al. (53) evaluated 32 obese adults and reported a diet high
in calcium (~1200 mg/day) increased fat loss. The control group was initially deficient in
calcium (~400-500 mg/day) and the subjects decreased the energy intake by 500 kcal/day.

Lloyd et al. (54) observed that increasing calcium intakes from 80% of recommended to
110% via CCM supplementation resulted in significant gains in bone accrual and density in
adolescent girls. Their results demonstrate that even modest gains (24 g of bone gain/year) can




lead to substantial benefits (1.3% additional gain/year) and help to achieve great peak bone mass
in early adulthood.

In a longitudinal study completed by Rosell et al. (55) approximately 19,000 Swedish
women ages of 40-55 years were evaluated during a 9 year period. Women were divided into 4
groups based on calcium intake. Results differed depending on amount and types of dairy
product consumed. Women with low intake of whole milk, sour milk, cheese and butter had
BMI’s statistically higher than women with high intake of those same dairy products. Energy
intakes increased with more dairy consumption and the group who consumed low fat milk and
sour milk had the least energy increase. A trend that was noted showed a constant relationship
between consumption of one or more daily servings of dairy products and decreased risk of
gaining one or more kilograms of body weight per year.

A randomized intervention trail by Zemel et al. (56)in 2005 placed obese adults on a
calorie restricted diet. Both the control and intervention groups had a 500 kcal deficit per day
from usual daily intakes. All subjects were initially not meeting recommended daily intakes for
calcium, consuming 500-600 mg of calcium per day. The control group only had the 500 kcal
deficit per day, while the intervention group consumed yogurt three times per day bringing their
calcium intake to 1100 mg/day. This 12 week trial showed significant weight and body fat loss
compared to the control group

A cross sectional survey completed by Kruger et al. compared the calcium intake of how
many white women to African American women. Calcium intake and the calcium:fat ratio was
significantly higher in the white women. Only the white women’s calcium intake was negatively
correlated with BMI and percent body fat (57). A noted difference between these two groups
was habitual calcium consumption patterns. Mean calcium intake of the white women was
approximately 1,000 mg/day, significantly higher than the black women, approximately 500
mg/day.

Studies lacking effect

Shapes et al. (58) conducted a 25 week study investigating whether calcium
supplementation affected body fat and/or weight loss. One hundred pre-menopausal and post-
menopausal women were divided into two groups, both of which had a 500 kcal deficit/day for
six months. One group received 1,000 mg of calcium citrate and the control group a placebo.
Difference between groups for changes in body weight and/or body fat were insignificant.

Other similar studies have also demonstrated no changes in body weight or body
composition with calcium supplementation (59), (60), (61). The study completed by Phillips et
al. (59) looked at the dairy intake and body composition longitudinally over the adolescent
period of pre-menarcheal girls. His work suggests no evidence that dairy product consumption
affects weight gain or loss.

In a symposium on dairy products and weight regulation, Barr (60) searched MEDLINE
to identify randomized trials which used calcium supplementation. Only one study reported that
the calcium supplemented group experienced a significant weight loss compared to control
group. From the seventeen studies evaluated, none showed significant changes in body weight
and/or body composition.

Several factors make it difficult to translate all these studies into reliable information. It is
undetermined whether calcium contributed to differences in body weight and/or body fat.
Subjects overall diet quality before starting the study is an important aspect. Several studies
reported improvements in weight loss or fat loss had individuals who were not initially




consuming adequate calcium. Other factors as exercise habits, total energy intake, macronutrient
and micronutrient composition of diet may also contribute to weight and body fat.

Possible Calcium Mechanisms

One possible mechanism found with dairy products may be due to its amino acid
composition. It is believed that both leucine and amino acids play a role in metabolism. The
importance of this is that leucine plays a role in metabolism and maintaining muscle mass when
food is restricted (62). Leucine has also been shown to improve exercise performance with
leucine supplementation (63). Leucine and amino acids are most abundant in milk (10% and
21% respectively) compared to other products. Both eggs and muscle proteins have fairly high
and comparable amounts of leucine (8.5% and 8 % respectively) and branch chained amino acids
(20% and 18% respectively).

Zemel (64) proposed a calcium intake paradox, suggesting that intake of dietary calcium
results in lower intracellular levels of calcium. The decreased level of extra-cellular calcium
causes an increase in 1, 25-dihydroxyvitamin D. The increase of vitamin D causes an influx of
extra-cellular calcium to go into the adipocyte. The increased calcium in the cell stimulates an
increase in fatty acid synthase and inhibits lipolysis. Zemel used mice to test this theory and
found lipogenesis decreased by 50% with high calcium intake. This model may hold true for a
mouse whose environment is completely controlled, does not seem to apply to free-living human
subjects.

Another mechanism that has been suggested to alter energy balance is the effect of
increased calcium intake to inhibit fat absorption. Welberg et al (65) reported that calcium
supplementation increased fecal fat excretion by nearly 1% when subjects increased calcium
consumption from 0 g up to 2 g of calcium. Also, Lorenzen et al. (66) observed that calcium
from dairy products elicited a decrease in postprandial lipemia and explained this alteration in fat
metabolism was due to the calcium being consumed as part of a meal or due to other compounds
in the dairy foods.

Summary
Calcium is an essential component to a nutrient dense diet. Therefore, it is important to
meet one’s RDI via diet or supplementation. Failure to do this may result in decreased BMD
causing an increased risk of osteoporosis. It remains unclear whether calcium will facilitate
changes regarding body weight and/or body fat.

Purpose
The purpose of this study was to determine whether eight months of calcium-fortified
beverage supplementation increased bone mineral density and decreased body weight and fat
mass in free-living healthy young women.
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Table 1.1 List of foods containing calcium.

Food Portion Calcium (mg) | % DV
Plain, fat-free yogurt 1 cup 450 45
American cheese 2 ounces 348 35
Cheddar cheese 1 % ounces 305 30
Milk (fat free or low fat) 1 cup 300 30
Orange juice with added calcium 1cup 300 30
Collards, boiled, frozen Y cup 179 20
Pudding, made with milk Y cup 147-160 15
Broccoli, cooked or fresh 1cup 90 10
Kale, boiled Y cup 90 10
Ice cream Y cup 84 8
Cottage cheese, 2% fat Y cup 78 8
Almonds, dry roasted 1 ounce 71 8
White bread 2 slices 70 8
Oatmeal, instant with added calcium 1 packet 100 11

%DV = % of Daily Value used on food labels. Label values are rounded.
Source from CDC, http://www.cdc.gov/powerfulbones/parents/toolbox/list.html.
Last date accessed, November 2007

Table 1.2 Cost comparison of the different forms of calcium containing products.

Product Form of Amt/day for Approx.
Calcium 1,000 mg Annual Cost

Tums Ultra™ Carbonate 3 tablets $ 36.00
Caltrate 600™ Carbonate 2 tablets $60.00
NatureMade Calcium 500 ™ Carbonate 2 tablets $60.00
Viactive ™ Carbonate 2 chews $100.00
Os-Cal ™ Carbonate 2 tablets $100.00
Citracal ™ Citrate 2 tablets $84.00
Tropicana Pure Premium O.J ™ CCM 24 fl oz $ 580.00
(calcium + vitamin D)

CCM=calcium citrate malate
Costs are approximations based on current (2007) prices from
http://www.drugstore.com and local (Manhattan, KS) grocery stores.
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CHAPTER 2 — CALCIUM-FORTIFIED BEVERAGE
SUPPLEMENTATION EFFECTS ON BONE MINERAL DENSITY AND
BODY COMPOSITION IN YOUNG WOMEN

Abstract

BACKGROUND: Dietary supplements are increasing in popularity; individuals are
looking beyond traditional methods of calorie restriction and exercise to improve health.
Calcium is a critical nutrient for bone metabolism that has also been shown to enhance weight
loss effects secondary to diet.

PURPOSE: To determine whether eight months of calcium supplementation, in a liquid,
shelf-stable form, increases bone mineral density or decreases body weight and/or body fat in
free-living young adult women.

METHODS: Volunteer subjects (n=42) were randomly assigned to a supplement group
receiving 1,125 mg Ca?*/day (CA-BEV) or to a free-living control group (CON), which did not
receive the supplement. At baseline and after the 8-month intervention (POST), dietary intake
was assessed using 3-day diet records. Total body composition (body fat percentage, %Fatrg;
abdominal percentage fat, %Fatap; fat mass, FM; non-bone fat-free mass, FFM) and bone
mineral density (lumbar spine and femoral neck; BMD) were measured via dual energy x-ray
absorptiometry. Subjects also completed a sub-maximal treadmill exercise test to estimate
respiratory fitness at baseline and POST.

RESULTS: At POST, the CA-BEV group’s calcium intake (1,868+941 mg/d) was
significantly greater than (p<0.05) the CON group (867+405 mg/d) and the calcium:protein ratio
of the CA-BEV group (29.5£17.1 mg/g) was greater than (p<0.05) the CON group (12.9 £6.2
mg/g). Those differences in calcium did not lead to predicted differences (p<0.05) between
groups for BMD, body weight, %Fatrg, %Fatas, FM or FFM.

CONCLUSION: Our findings do not support the hypothesis that increasing calcium
intake increases BMD or decreases body weight or body fat in healthy young women over an 8-
month period despite a nearly two-fold increase in calcium intake.
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Introduction

Bone Mineral Density

Adequate calcium intake is an essential component in the prevention of osteoporosis, a
condition which affects approximately 25 million Americans (1). Obtaining sufficient amounts
of calcium helps increase bone metabolism and improves overall bone health (2). Women who
generally consume less than 650 mg/day are at greater risk of developing osteoporosis (31). Two
of the many factors that affect the risk of skeletal fracture and overall bone health are: 1) peak
bone mass achieved before the end of the third decade in life and 2) the rate at which bone is lost
after menopause occurs (1). Bone mass decreases at a rate of approximately1% per year once
individuals reach skeletal maturity. This rate increases most during the first 5 years after
menopause because calcium absorption decreases due to the loss of estrogen (32).

Since it is critical to acquire adequate calcium on a daily basis, many individuals include
a supplement to their diets to help prevent decreases in current bone mass. Calcium
supplementation while controversial has been shown to help prevent decreased bone mass in
postmenopausal women (13). Moreover, clinical studies indicate that calcium citrate malate
(CCM) is the most bioavailable form of calcium (16). Calcium citrate malate is available in a
pill, powder and a liquid, shelf-stable form. Additionally, the body absorbs significantly more
calcium via CCM when it is in a fortified fruit juice suspension (16), (67), (17).

Body Composition

There are many factors influencing weight management. Both lifestyle and genetic
components influence one’s body weight, and the prevalence of obesity epidemic. Individuals
seeking successful solutions to improve health and achieve weight loss goals have become less
enamored with traditional strategies of exercise and calorie restriction. In a recent rat model,
calcium was shown to have weight loss effects via a cellular mechanism postulated for regulation
of adipocyte metabolism through dietary calcium intake using a rat model (68). A diet low in
calcium seems to promote lipogenesis and inhibit lipolysis, while high dietary calcium intake up-
regulates lypolysis and down-regulates lipogenesis (69). Zemel and colleagues recommend
increasing dietary calcium with calorie restriction to decrease body weight and body fat (53).
Zemel also suggests the regulation of intracellular calcium can help alter disease risk (64). There
are a limited number of human clinical trials that analyze changes in body composition with
subjects who are already consuming the RDI of 1,200 mg for individuals 19-50. Therefore, the
purpose of this eight-month randomized clinical trial was to examine the effects of a calcium-
fortified beverage supplement on changes in body composition and bone mineral density in
young adult women.

12



METHODS

Study Design

Kansas State University’s Institutional Review Board approved this study during the fall
of 2002. Subjects were recruited through word of mouth and flyers that were posted on the
Kansas State University’s campus. Those individuals who showed interest in the study were
screened to determine eligibility through a telephone interview. Women who were weight stable
six months prior to the study, taking oral contraceptives and between the ages of 18-25 were
eligible to participate in this 8-month study. Individuals were excluded from the study if the
individual was a smoker, had a recent skeletal fracture (<2 years), or if they were taking any of
the following medications known to affect bone metabolism: bisphosphonates, thiazides,
corticosteroids, calcitonin, depo provera and tamoxifen.

Sixty women expressed interest in the eight month study (conducted from September
2003-May 2004). Ten individuals were ineligible to participate because they did not meet study
requirements, or had scheduling conflicts. Fifty healthy young adult women began the study,
and 42 completed it. All 50 subjects enrolled provided a written consent and medical history
before beginning the study. Eight subjects dropped out: five had personal reasons unrelated to
the study, one disliked the taste of the beverage, one had a change in medication, and one
sustained an unrelated injury, leaving her unable to complete testing post intervention. Subjects
were randomized to a supplement group which consumed CA-BEV (n=24) or into a free-living
control group (CON) that did not receive a supplement (n=26). There were 18 subjects in the
CA-BEV group and twenty four in the free-living control group (CON) that completed the study
in May 2004 (Figure 2.1).

Supplementation

The 20 fluid ounce calcium-fortified beverage supplement contained skim milk (5-7%
depending on the flavor), fruit juice (15%), Vitamin C (50 mg per 10 0z) and calcium (~580-590
mg per 10 oz). CA-BEV provided 1,125 mg of calcium in the form of CCM and approximately
38-54 mg of calcium from the skim milk (depending on the CA-BEV flavor).

Subjects were asked to consume one bottle of CA-BEV per day; 10 ounces (295 ml) of
CA-BEV in the morning and the remaining 10 ounces (295 ml) in the afternoon or evening.
Subjects came into the Human Metabolism Lab (HML) once per week to pick up the beverage
supplements and turned in a weekly supplement intake form at the HML. Women who were
traveling during the semester break (2-4 weeks) had an option to carry the CA-BEV with them or
to take two 600 mg calcium citrate malate (CCM) pills per day (one pill in the morning and one
in the evening). The weekly supplement intake form was used to document missed dosages.
Reported reasons for missed dosages included: gastrointestinal complications, flu, family
emergency, and forgetfulness. The self-reported weekly supplement intake forms indicated 90%
compliance from subjects.

Measurements
Subjects came into the HML for baseline measurement of height, weight, body
composition, and sub-maximal VO, test. This information, along with a 3-day diet record was
also collected at baseline and at completion of the eight month intervention (POST). Both height
and weight were measured with shoes and outdoor clothing removed. Height was measured by
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using a wall-mounted stadiometer (SECA™, Hanover, MD) and weight was measured using a
digital scale (OHAUS™, Pine Brook, NJ).

Body Composition: Dual-energy x-ray absorptiometry (DXA) software version 5.6 (GE Lunar
Corp.™, Milwaukee, WI) was used to measure the following body composition variables: total
body fat percentage (%Fat), abdominal fat percentage (%FatAb), total fat mass (FM), non-bone
fat free mass (FFM), and bone mineral density (BMD). Bone mineral density was measured at
the lumbar spine (LS; L1-L4), and femoral neck (FN). Body composition measurements were
assessed by the same trained technician using the DXA.

Dietary Intake: Subjects received both written and verbal instructions on completing the 3-day
diet record. A trained individual instructed the subjects about portion sizes while showing them
common measuring utensils. Subjects were instructed to record everything that they put into
their mouths including food, water, gum, mints, vitamins, and medications. The 3-day diet
record included two “typical” weekdays and one “typical” weekend day. This was the same
nutritional assessment tool used in a similar study done by Haub et al. which evaluated body
composition in post-menopausal women (61). The 3-day diet record was completed before
subjects began the study and again post intervention. Diet records were analyzed using
Nutritionist Pro™ software program, version 2.0 (First DataBank, San Bruno, CA).

Physical Fitness Assessment: Subjects were asked to continue their usual daily activities
throughout the duration of the study. To determine whether the subjects’ physical fitness levels
changed during the study, a sub-maximal treadmill exercise test was conducted. The treadmill
incline was set at a 5% grade and subjects were instructed to walk at a constant speed between
2.0-4.5 mph. Subjects’ heart rate was measured during the 4 minute treadmill test. This
procedure was completed prior to the subjects starting the study and post intervention. The
following model was used (70):

VO, max = 15.1 + 21.8*SPEED (mph) -0.327*HEART RATE (bpm) -

0.263*SPEED*AGE (yr) + 0.00504*HEART RATE*AGE + 5.98*GENDER.

Statistical Analyses

Independent t-tests were used to compare means between the supplement group and the
free-living control group. Paired t-tests were used to compare means with in groups. Pearson
correlations were used to assess the relationships between dietary intake and bone mineral
density (BMD). All analyses were computed using the Statistical Product and Service Solution
(SPSS) software for Windows software (version 11.5; SPSS Inc., Chicago, IL). Statistical
significance was determined by two-tailed p-values (p<0.05). All values are presented as mean +
standard deviation unless otherwise noted.
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RESULTS

Dietary Intake

There were no differences between or within groups from baseline to post intervention
(POST) for the following dietary components: energy intake, carbohydrate, fat,
carbohydrate:protein ratio, vitamin C, and vitamin D . The CA-BEV group significantly
increased the amount of dietary calcium (p<0.001) along with their calcium:protein ratio
(p<0.001) intake during the 8-month intervention. The CON group’s intake of dietary calcium
and calcium:protein ratio decreased slightly during the eight month intervention, but these results
were not significant. Finally, there was a significant difference (p<0.001) in the amount of
calcium consumed along with the calcium:protein ratio by the CA-BEV group compared to the
CON group, (Table 2.2).

Bone Mineral Density, Body Composition & Fitness

Both the CA-BEV and CON groups significantly increased (p=0.033, p=0.015,
respectively) their total body BMD from baseline to POST. However, the CA-BEV group’s
femoral BMD remained indifferent (p=0.063). Whereas, the CON group’s femoral BMD
significantly (p=0.003) decreased from baseline to POST. No significant changes were observed
between or within either group’s spine BMD. Finally, there were no significant differences
between or within groups from baseline to POST for body weight, total body fat, abdominal fat,
fat mass, non-bone fat free mass and aerobic fitness variables, (Table 2.3).

DISCUSSION
Based on the study design and methods used, our findings suggest that additional calcium
above the recommend daily intake (RDI) for eight months, compared with habitual intake, does
not significantly affect bone mineral density (BMD) or body composition in healthy young
women. Even though the CA-BEV group consumed nearly twice the amount of calcium
consumed by the control group, the increased calcium did not elicit any significant benefits.

Bone Mineral Density and Body Composition Trends

The results from this study do not support that increasing calcium intake elicits increased
BMD in young women. The present results support the work of Barger-Lux et al. (71) that
demonstrated calcium supplementation in young women, of similar age to those in the present
study, and who ate a low calcium diet did not experience improved BMD after 36 months
relative to a placebo-controlled group. Moreover, in a longitudinal study, Mein et al. (72)
observed a negative correlation between calcium intake and BMD in young women (age = 18-27
yr) over a nine year period. While CCM was not effective in this sample, it might be effective in
even younger individuals as bone accrual was significantly increased in a clinical trial using
CCM supplementation in adolescent females (73). That said, the CA-BEV intervention seemed
to prevent a decrease in BMD at the femur, whereas the CON group experienced a significant
decrease in femoral BMD.

Body Composition

The body composition findings were similar to a 25 week randomized, double blind,
placebo-controlled study completed by Shapes et al. (2004), where 100 pre-menopausal and
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post-menopausal women were divided into two groups, with each group having a 500 kcal
deficit/day for six months. One group received 1,000 mg of calcium citrate and the control group
was given a placebo tablet. The difference between groups for changes in body weight and body
fat were not significant.

Other similar studies also failed to show changes in body weight or body composition as
a result of calcium or dairy supplementation (60), (61). In a paper reviewing the effects of dairy
products on weight regulation, Barr (60) searched MEDLINE to find seventeen randomized trials
using calcium supplements. Only one study out of 17 found that the calcium supplemented
group experienced significant weight loss compared to the control group. None of the other
studies showed significant changes in body weight or body composition. The study by Haub et
al (61) also used CCM, but in older women. They reported no difference for body composition
between the calcium supplemented group or the free-living reference group of women.

However, according to a study by Jacgmain et. al. (52), a diet low in calcium (< 600 mg)
was associated with an increased adiposity. Moreover, Zemel et al. (53) completed a
randomized clinical trial demonstrating that diets high in calcium (~1,200 mg/day) or dairy food
(~1200 mg/day from yogurt) increased fat loss compared to an energy deficit alone. One
possible explanation may the control group was initially deficient in calcium (~400-500 mg/day),
while the volunteers in the present study were consuming about twice that amount.

Based on the work by Davies (74), which was devised to estimate annual changes in body
weight based on the calcium:protein intake ratio, we expected the CA-BEV group to lose weight.
However, the CA-BEV group gained 0.7£2.0 kg and the CON group gained 0.1+2.0 kg over the
8-month period. Our results suggest that the weight effects are likely secondary to one’s calcium
intake. Based on that equation (74), the CA-BEV group should have lost 0.32 kg. However,
the same equation predicted that the CON group would increase their weight 0.20 kg. Thus, the
purposeful increase in the calcium:protein ratio induced by supplementing with CCM did not
affect body weight. Studies have shown that obtaining calcium from food may have a more
profound effect on changes in body weight and body composition compared to calcium taken in
the supplement form (53), (75). But this was not likely to be an issue for this study because this
study’s calcium was in the form of CCM, which has very high bioavailability (67), (17).

As for limitations, the duration of this study may not have been sufficient to detect
significant changes in BMD. Our study sample primarily contained females who had BMI’s in
the “normal” range and were not calcium deficient. Their energy intakes and exercise routines
were not modified from their usual daily lifestyle. Thus, according to energy balance principles,
a change in body composition would not be expected even if calcium intake were increased.
Furthermore, since they were not calcium deficient, calcium supplementation is less likely to
have an effect (76). Finally, there could have been a seasonal effect. Individuals are generally
less active during the winter months. Therefore, there may have been less stress placed on the
bone which would attenuate bone resorption, thus partially explaining part of the reason for the
decrease in femoral BMD. That said, young women, even if they are “normal” weight and
apparently healthy, still seek means to decrease body weight (77).

In conclusion, the results from this study suggest that calcium supplementation does not
significantly affect total body fat percentage, abdominal fat percentage, fat mass, non-bone fat
free mass, or bone mineral density in healthy young women already consuming close to the RDI
of calcium. Had the women been calcium deficient we might have observed significant
differences between groups. Although previous studies reported that increased calcium intake
affected weight loss and fat loss, our results do not concur with those observations.
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Table 2.1 Baseline characteristics for subjects who drank the supplement beverage (CA-
BEV) and those in the free-living control group (CON).

CA-BEV CON

Subjects (n) 24 26

Age (yr) 20.9+£1.6 20.4+1.2
Weight (kg) 62.3+£8.0 63.9+6.2
BMI (kg/m?) 226434  22.8+2.3
Body Fat (%) 31.6+7.0  31.76.7

VO, max (ml/kg/min) 32.8+3.5 32.3+4.2

Mean = SD
There were no significant differences (p<0.05) between groups.

18



Table 2.2 Dietary intake data at baseline and after completion of the 8-month intervention
for subjects who drank the supplement beverage (CA-BEV) and those in the free-living
control group (CON).

Baseline POST P-Value ' A’ P-Value *
Energy Intake (MJ)
CA-BEV 7.7%£2.1 7.8+2.1 0.264 0.1+1.9 0.260
CON 7.7£1.6 8.5+2.0 0.8+1.9
Carbohydrate (g)
CA-BEV 259+79 264180 0.404 575 0.232
CON 251465 286+84 35+80
Protein (g/kg)
CA-BEV 68+20 66+17 0.808 -2.0£22 0.802
CON 67+18 68+19 1.0+25
Fat (g)
CA-BEV 61+25 61+24 0.223 0.0+18 0.534
CON 66+20 71+23 525
Carbohydrate:Protein (g/g)
CA-BEV 4.0£1.3 4.1+1.3 0.509 0.1+0.3 0.312
CON 3.9+1.3 4.3+1.2 0.4+0.6
Vitamin C (mg)
CA-BEV 102+68 173121 * t 0.058 71+129 0.101
CON 95+64 113478 18+76
Vitamin D (pg)
CA-BEV 4.8+3.6 3.9+4.1 0.376 -0.9+157 0.610
CON 3.3+£3.7 3.0£2.7 -0.3+134
Calcium (mg)
CA-BEV 988+408 1,868+941 ** ft 0.000 880+873 ** tt 0.000
CON 902+532 867+405 -35+476
Calcium:Protein (mg/g)
CA-BEV 15+5.9 29.5x17.1 ** 11 0.000 -14.5+.75 ** 1t 0.000
CON 13.1+55 12.9+6.2 -0.2+0.50

Mean + SD; P-Value® = p-value for the difference between groups at POST; P-Value” =
Absolute difference between groups at POST; P-Value® = p-value for the difference between the
change in groups at POST; * = p<0.050, ** = p<0.010 difference within group from baseline to
POST; T = p<0.050, 1 = p<0.010 difference between groups.
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Table 2.3 Body Composition, bone density and aerobic fitness data at baseline and after
completion of the 8-month intervention for subjects who drank the supplement beverage
(CA-BEYV) and those in the free-living control group (CON).

Baseline POST P-Value ' A P-Value’

Body Weight (kg)
CA-BEV 62.3+8.0 63.0+8.8 0.184 0.7x2.0 0.388
CON 63.916.2 64.0£6.6 0.799 0.1x2.0

Total-body fat %
CA-BEV 31.6x7.0 32.318.1 0.146 0.7x2.0 0.333
CON 31.7£6.7 31.9+6.3 0.777 0.1+2.0

Abdominal fat %
CA-BEV 35.0+10. 36.0£11.7 0.086 1.1+£25 0.150
CON 36.6+8.7 36.4+8.2 0.805 -0.1+2.7

Fat mass (g)
CA-BEV 19.2+6.5 19.8+7.7 0.178 0.7x2.0 0.342
CON 19.5+5.6 19.715.6 0.723 0.1+1.7

Non-bone fat free mass (g)
CA-BEV 40.2£3.3 40.0£3.5 0.278 -0.2£0.7 0.591
CON 41.3£3.5 41.2+£3.1 0.958 0.0£1.2

BMD (Total Body)
CA-BEV 1.19+0.0 1.20+0.08 0.033 0.01+0.02 0.803
CON 1.18+0.6 1.19+0.07 0.015 0.01+0.02

BMD (Spine)
CA-BEV 1.22+0.1 1.23+0.12 0.297 0.01+0.02 0.735
CON 1.25+0.1 1.25+0.12 0.643 0.00+0.03

BMD (Femur)
CA-BEV 1.12+0.1 1.10+0.11 0.063 -0.04+0.06 0.397
CON 1.14+0.1 1.10+0.13 0.003 -0.03+0.05

VO, max (ml/kg/min)
CA-BEV 32.314.2 31.6£3.7 0.307 -0.7£2.8 0.645
CON 32.8+£3.5 32.5+4.3 0.713 -0.3£3.3

Mean + SD; BMD = bone mineral density; P-Value® = p-value within-group differences; P-
Value? = absolute difference from baseline to POST. There were no differences between or
within groups (p>0.050).
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Figure 2.1 Subject Recruitment flow chart
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