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ABSTRACT
The Association between Bone Mineral Density, Lifestyle Factors, and Body
Composition in a Fit College Population
Jamie Ann Ruffing

The aim of this dissertation was to explore the determinants of bone mineral
density and weight change in a fit, college-aged population. Specifically, this dissertation
is a series of four papers that examined the determinants of bone mineral density (BMD)
at multiple skeletal sites in men and women at college entrance, BMD differences related
to prior participation in sports, and lastly, weight changes in women during four years at
university. The subjects were 891 students, 755 males and 136 females of various racial
backgrounds, entering one class at the United States Military Academy (USMA) at West
Point. This was a unique population because these college students are healthier, fitter
and engage in more positive health behaviors than other college populations. The data
for these papers came from a larger Department of Defense funded prospective study
examining longitudinal changes in BMD and the risk factors for stress fractures.
Upon arrival at USMA, a baseline questionnaire assessed prior exercise
frequency, consumption of milk and other high calcium foods, caffeine and alcohol
consumption, as well as tobacco and oral contraceptive use. Annual surveys assessed
diet, menstrual function and contraceptive use. Academy staff measured height, weight
and fitness annually. Varsity level sport specific information was collected from high
school applications to assess skeletal differences in BMD associated with prior sport
participation. Calcaneal BMD was measured by peripheral dual energy x-ray
absorptiometry (pDXA). Peripheral-quantitative computed tomography (pQCT) was
used to measure tibial bone density, circumference and cortical thickness. Spine and hip
BMD were measured in all women and a subset of male cadets. Body composition was
assessed using bio-electrical impedance. The Eating Disorder Inventory-2 was given to
all participants in their final year of university to assess eating behaviors.
Baseline BMD was approximately one standard deviation above young normal at
the calcaneus and hip. There were significant gender and racial differences in baseline
BMD at multiple skeletal sites. African American men had significantly higher hip,
spine and heel BMD and greater tibial mineral content and cortical thickness than
Caucasians and Asians men. Similarly, African American women had significantly
higher calcaneal and spine BMD than Caucasians. Higher caffeine intake in men had a
deleterious effect on BMD. Oral contraceptive use in women was associated with
reduced BMD and bone size. Women who had approximately normal menstrual cycles
evidenced higher BMD at all sites, greater tibial mineral content and tibial cortical
thickness as compared to those who had 9 or less menstrual cycles in the year prior to
entry. Sport specific differences in BMD were apparent. Prior participants of high
loading sports (football) had significantly more BMD at multiple sites while participants

in non-loading sports (swimming) had less BMD as compared to participants in other
sports, even after controlling for body mass index (BMI).
During their four years at university, the Caucasian women studied had small but
significant weight, body fat and BMI increases, while fitness scores also significantly
increased. Younger age of menarche was associated with increased body fat at
graduation. The use of depot medroxyprogesterone acetate was positively associated
with a change in body fat at graduation. A number of measures of eating disorders,
including a sense of ineffectiveness, body dissatisfaction, interpersonal distrust and
maturity fears, were associated with graduation weight, body composition, BMI and
changes in these variables during the four years at university. The most significant
predictors of graduation weight and change in weight were better performance on the
standardized fitness test and entry weight. There was a small subset of women studied
who gained weight, but not body fat. This study on weight change demonstrated that
weight gain is a complex social, physical and psychological issue that can impact collegeaged women.
Both osteoporosis and obesity are life course diseases that may be influenced by
existing behaviors in youth and those acquired in university. Therefore, studying the
determinants of BMD and weight change in this population may help public health
educators determine strategies that could positively influence the current obesity and
osteoporosis epidemics.
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Chapter 1: Review of the Literature
I.

Overview

A. Peak Bone Mass
Peak bone mass, a proxy measure for maximal bone strength, is of great interest and
importance to military populations and the population at large. When higher bone mineral
density is attained at a young age there is a subsequent reduction in the risk of childhood
fracture, stress fracture, osteoporosis and related fractures occurring later in life.1, 2 Bone mass
accumulates through childhood and adolescence until peak bone mass is reached. Bone mass
remains relatively stable during the third and fourth decade of life with only a small decline. In
women there is then a more precipitous drop in bone mass that occurs after menopause. 3, 4

Osteoporosis is a public health crisis in the making. Clinically, osteoporosis is defined by
the World Health Organization as bone mineral density that is 2.5 standard deviations below
young normal bone mass as measured in a population age 20-40.5 Bone mass in later life is a
result of peak bone mass attained and subsequent bone loss. Measures of decreased bone
density (low bone mass and osteoporosis) are clearly related to fracture risk both in
postmenopausal women, and older men.4 It is anticipated that 50% of Caucasian women will
suffer an osteoporotic fracture after the age of 50. For men the picture is only slightly better with
one out of every four men having a fracture related to osteoporosis in their lifetime.6 There are
several challenges associated with controlling this burgeoning epidemic. Even the concept of
osteoporosis as a disease of the elderly must be changed. Osteoporosis is a disease with
childhood onset and consequences at an older age, a life course disease. Skeletal development is
related to genetics, hormonal status, poor calcium intake and exercise as a child.7-10 This makes
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intervention later in life difficult and relegated to bone mineral density maintenance, prevention
of bone loss, and therapeutic interventions for fracture prevention. The development of
osteoporosis is painless, often, there are no overt indications that the disease is present and
diagnosis only occurs as a result of a fracture. Osteoporosis treatment and the direct costs
associated with an osteoporotic fracture are staggering. The total direct health care costs
associated with osteoporosis and osteoporotic fracture in the United States alone is
approximately 14 billion dollars a year.11 An osteoporotic fracture is a serious condition with a
six-month mortality rate post-hip fracture of 10 to 20%. Fifty percent of the survivors require a
gait assistance device, and 25% will require assisted or nursing home care. In addition to these
outcomes, there is a substantial loss in quality of life associated with a fracture as well as fear of
fracture. Given these morbidity and mortality statistics in conjunction with the aging population,
the importance of achieving peak bone mass, to prevent a weak skeleton later in life, should not
be underestimated. The most effective prevention strategy is maximizing both the public’s
understanding of bone health as well as implementing public health programs that increase bone
density during childhood and young adulthood.

There are numerous factors that influence the attainment of peak bone mass. Genetics
accounts for approximately 60-80% of peak bone mass attained.9, 12 Numerous protective and
detrimental factors influence an individual’s ability to attain their peak bone mass. The
modifiable protective factors include, but are not limited to, physical activity and proper dietary
habits including sufficient calcium and vitamin D intake.8, 13, 14 The negative modifiable factors
can include alcohol consumption, smoking, and improper management of endocrine
dysfunction.15 The positive associations between dietary intake of calcium and BMD in children
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and retrospectively in adults are well documented.16, 17 In examining the attainment of peak bone
mass, Heaney et al (2000) identified load bearing exercise (e.g. hiking, jumping and dancing),
calcium and Vitamin D intake, as factors that can assist an individual in achieving their predetermined full genetic potential of bone mass. His graphical depiction for these data (Figure
1.a) illustrates the long-term consequences of having inadequate exercise and calcium intakes at
a young age.18

Figure 1. a- Factors Effecting Peak Bone Mass

B. Nutrition and Lifestyle Variables

Nutrition plays a critical role in the development of peak bone mass. There are a number
of positive and negative nutritional influences on peak bone mass. Nutrients that have been

4
reported to exhibit a positive impact on bone are calcium, protein, vitamins C, D, and K, as well
as phosphorus, copper, manganese, fluoride and zinc. However, like most dietary data the
relationships to bone are modest. Like other systems in the body, bone is complex living tissue
and therefore has many nutritional needs. What is currently understood about the role of
nutrients involved in bone development is outlined in a simplified form in Table 1.1. However,
one nutrient, calcium, is the most commonly researched and cited with respect to bone density
and therefore requires a more detailed overview for two reasons. First, most other nutrients
involved in bone development are both available in the Western diet and appear to be adequately
consumed while calcium is not.19, 20 Second, growth and strength are both highly dependent on
the constant availability of calcium during skeleton formation and then skeletal maintenance.
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TABLE 1.1 - The Potential Role of Nutrients in Bone Health

Nutrient
Calcium (Ca)

Zinc (Zn)

Example Sources
Dairy, leafy vegetables,
supplements and supplemented
foods
Sunlight, milk, infant vitamins,
adult supplements
Green peppers, citrus,
strawberries, tomatoes,
supplements
Cabbage, cauliflower, spinach,
leafy vegetables made by the
bacteria in gastrointestinal tract.
Animal products

Phosphorus (P)
Magnesium (Mg)

Eggs, Bran, cereal, meats, soda
Nuts, seeds, spinach, legumes

Iron (Fe)

Red meats, leafy vegetables,
supplements
Oysters, nuts, dried legumes,
cereals, potatoes, vegetables, meat
Water, supplements, toothpaste
Coffee, Tea, Chocolate, Sodas
Trace in foods, supplement, food
additive

Vitamin D
Vitamin C

Vitamin K

Copper
Fluoride
Caffeine
Sodium (Na)
Fat
Protein

Meat, fish diary, legumes

Hypothesized Function
Mineralize skeleton

Calcium transport
Collagen formation

Gamma –carboxylation of glutamic
acid residues in osteocalcin
cofactor for enzymes involved in the
synthesis of various bone matrix
Mineralize skeleton
Influences bone quality
(microarchitecture- a key to bone
strength)
Collagen synthesis
Collagen crosslink formation
Mineralize skeleton
Decreases GI calcium absorption
Increases urinary calcium excretion
May decrease calcium absorption
Malnutrition causes growth
retardation probably mediated by
leptin and IGF-1. Low protein
intake in youth is associated with
lower bone mass
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1. Calcium

Calcium is a threshold nutrient.21 Calcium is also the most abundant mineral in the body.
About 99% of calcium is stored in bones and teeth. Individuals consuming calcium at levels
below the threshold will not have the ability to attain their full allocation of BMD; however,
consumption above the threshold value does not provide additional benefit. Besides the
important role calcium plays in bone development and later bone maintenance and health,
calcium is also an important nutrient in heart and muscular function. It is estimated that 50% of
Americans fail to consume recommended daily intake (RDI) of calcium. The concern over
calcium (and Vitamin D) intakes and what appropriate RDIs should be, led to a call by both the
Canadian and American governments to the Institute of Medicine requesting that the current
literature on both Vitamin D and calcium be reviewed and new nutrient reference values and
recommended dietary intakes be developed. The new recommendations were published on
November 30, 2010 but even with the new recommendations, the debate continues, although not
regarding the important role of calcium in peak bone mass.22 The recommended intakes have
varied over the years and vary by organization. Table 1.2 shows the current recommendations
by the Institutes of Medicine.
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Table 1.2 Institutes of Medicine Dietary Recommendations for Vitamin D and Calcium

Source : Institute of Medicine (http://www.iom.edu)

Calcium is the most abundant mineral in the body. Bones serve as the calcium reserve for
periods of low calcium intake helping to maintain constant levels of calcium in the blood. The
demand for calcium is lifelong. In utero, fetal bone development is influenced by maternal
behavior. The fetus’ calcium needs are met at the expense of the mother’s bones if an inadequate
amount of calcium is consumed. In addition, insufficient maternal vitamin D consumption is
associated with reduced bone mineral acquisition in utero. This period is important because
infants are born with only 2-3% of their total calcium.23, 24 The continual need for calcium is a
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function of both bone growth and bone remodeling. There are periods of increased demand for
calcium including pregnancy, lactation, adolescent growth and advanced age when the body’s
use of calcium is less efficient or the needs are greater. There may also be an increase in calcium
demands created by exercise since some studies indicate a substantial amount of absorbable
calcium is lost in sweat during a bout of strenuous exercise.25, 26 The body will always maintain
required serum calcium levels, even to the detriment of bone health, since the skeleton serves as
a ready supply of serum calcium.

2. Vitamin D

Vitamin D is a fat soluble vitamin. It is produced when skin is exposed to the ultra violet light
from sunlight which then triggers Vitamin D synthesis. There are limited dietary sources of
Vitamin D including fatty fish, liver, fish oils, and some mushrooms. More recently fortified
foods also supply vitamin D. Vitamin D is essential for calcium absorption and transport of
calcium across the intestinal mucosa. Vitamin D is essential for both bone growth and bone
remodeling. Vitamin D deficiency can lead to rickets in infants and children and osteomalacia in
adults. Vitamin D has other functions besides promoting calcium absorption for bone health.
Vitamin D is important to immune function and cell growth. The important role Vitamin D
plays is well recognized in both the medical and nutritional communities. In fact, through
supplementation there has been a reduction in many Vitamin D deficiencies. This was achieved
by making Vitamin D a supplement in milk and it is the only vitamin regularly prescribed to
infants. This Vitamin D supplementation route is considered one of the top ten nutritional
successes of the 20th Century.27 However, despite this success, Vitamin D deficiencies still occur
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in a variety of populations. Supplementation is often frequently recommended in the elderly
populations when the demands for Vitamin D increases while the exposure to sun and metabolic
efficiency of the skin may concurrently decrease.

3. Deleterious Bone Elements

Several nutrients negatively alter the body’s calcium balance and therefore are considered to
be detrimental to bone health. The negative impact of excessive use of these nutrients has been
documented in relation to both bone development and bone maintenance. The substances of
greatest concern are salt and caffeine.13, 28 Other lifestyle factors can also produce a negative
effect on bone. These include smoking, excessive alcohol consumption and the use of steroids13,
14, 29, 30

. In addition, eating disorders have been associated with decreased bone mineral density

31, 32, 32

.

4. Physical Activity
Physical activity has been reported to exhibit a protective effect on bone health at all
ages. 17, 33-35 It is generally accepted that load bearing physical activity is beneficial in both the
acquisition and the maintenance of bone mineral density although the greatest impact appears to
occur in pre-pubertal periods.36-38 Bone has the ability to adapt to increased mechanical loads
created by high impact exercises and subsequently become stronger. Bone mass has also been
found to decrease without load or in micro-gravity environments.39, 40

10

5. Childhood Exercise

There is evidence that exercise in childhood may confer lifelong benefits to the bone by
maximizing peak bone mass. Furthermore, some exercise behaviors established in childhood
may continue into adulthood.41, 42 Alternatively, lack of physical activity or a decrease in
physical activity is associated with a decrease in bone mass or an inability to achieve peak bone
mass. Not only is the existence of an exercise program important in children but the timing of
exercise, whether it occurs pre- or post puberty is critical. The greatest benefit is seen in children
who engage in higher impact sports in their pre-pubertal period. Findings indicate that these
children significantly increase their BMD, bone geometry and bone mineral content (BMC).33, 43,
44

There is ample evidence from both cross-sectional and cohort studies that sport-specific

differences occur in bone acquisition; those sports producing the greatest skeletal impact provide
the greatest benefit.44, 45 The exact contribution made by participation in specific sports has been
difficult to examine. This is primarily due to limitations of these studies, which have only been
conducted among elite athletes or small populations and predominantly cross sectional
evaluations.

6. Adult Exercise

Adult exercise research in the field of osteoporosis is aimed at assessing the effectiveness of
exercise routines on skeletal health including their intensity as well as their duration. The
primary goal of adult exercise research is to understand how to prevent bone loss and fractures in
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postmenopausal women and older men. Many meta-analyses have been completed with mixed
results; however most indicate that different forms of aerobics, low intensity walking, resistance
and any small amount of loading exercise can be effective in maintaining the BMD of the spine
and or hip in postmenopausal women.46, 47 In addition, the benefits of exercise on BMD in
adults, as in children, is lost if the exercise program ceases; therefore the exercise program must
be continued to maintain the skeletal benefits. An additional benefit associated with adult
exercise, particularly strength training programs, is an increase in muscular control and function.
This muscular control provides greater stability to the patient which affords additional protection
against falls and fractures.

7. Sport Specific Research

Another area of considerable research has been focused on the differential benefits on bone
that certain sports provide. In studies comparing the bone density and muscle mass of athletes
engaged in a variety of sports, swimmers consistently have the lowest BMD compared with
athletes that engage in forms of exercise that require greater weight bearing. In some studies
swimmers and water polo players had bone density no different than their non-athletic
controls.44- 49 There is also evidence to show that the sport specific anatomical site, where the
greatest mechanical loading occurs, will have a greater BMD when compared to other skeletal
sites.45-50
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8. Endocrine Function

Proper endocrine function in both males and females is essential for proper growth and
maintenance of BMD. Disruptions in normal endocrine function can occur because of disease,
diet, excessive exercise, or drug use. Later age at onset of menarche, and thus a later and shorter
exposure to estrogen, has also been associated with lower BMD.51, 52 Similarly, there are
numerous studies that have associated amenorrhea/oligomennorhea with decreased bone mass.
There is a considerable body of literature addressing the effects of oral contraceptive pills on
bone mass. The results of these studies are mixed showing either small but significant gains in
BMD at some sites while others have found no association between the use of birth control pills
and bone density.53 Similarly, studies of the levonorgestrel releasing intra-uterine system
(LNG-IUS) showed no deleterious effects on BMD with short term or prolonged use.54, 55
However, use of depot medroxyprogesterone (DMPA) has been associated with lower bone
density.53, 56, 57 A proper analysis of endocrine research has, to date, been difficult to conduct and
those that are methodologically stronger have small numbers and small measures of effect.

9.

Body Composition

There has been considerable debate on which of the anthropometric variables -- weight, and
lean body mass or fat mass -- is the most important predictor of BMD. Generally, an increase in
weight, whether lean or fat, will cause an increase in loading and consequently an increase in
BMD. Alternatively, a better lean to fat ratio can be a proxy measure for a fit lifestyle and
exercise, which may also increase BMD. Despite this debate, lean body mass has been identified
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as a significant positive correlate of BMD in both genders and in all ages. An improvement in
body composition (greater lean mass) is associated with a subsequent improvement in BMD. In
many studies, the best predictor of BMD has been fat free mass.58 Alternatively, fat mass has
been negatively correlated with BMD and bone mineral content (BMC).59 In addition to the
skeletal benefits, there is a substantial body of evidence that proper weight and better body
composition is associated with the reduction in of a number of diseases including obesity and
obesity related diseases, with potential improvements in quality of life.

C. Conclusion

The importance of understanding modifiable risk factors that contribute to peak bone mass is
critical for improving public health. There is a need for further research, verification, and
adoption into lifestyle changes. Achieving higher peak bone mass can prevent early childhood
fracture, as well as provide protection against fractures later in life. Osteoporosis is a
burgeoning epidemic. It is a common but complex disease that requires not only an
understanding of the large genetic component but also the environmental factors like diet and
exercise. It is through this understanding that the course of the disease can be altered.
Longitudinal studies examining the role and the relationship of childhood and adolescence
factors in acquisition of bone mass are essential.
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II. The Study

A. Background

The fit population at the United States Military Academy offers a unique opportunity to
carefully examine a large population of healthy young adults and examine factors that may
increase BMD at a critical period of life. Furthermore, many of the confounders that have
plagued other studies, such as inadequate control for alcohol and smoking, are more naturally
controlled for by the requirements of the academy. This series of papers will attempt to identify
those factors that are easily modifiable and provide significant gains in BMD. If gains in bone
mineral density can be clearly identified, even in a fit population, then the implications for the
general population could be even greater. Longitudinal studies examining the role and the
relationship of childhood and adolescence lifestyle factors that impact the acquisition of bone
mass are essential. A significant weakness in the literature related to BMD and sports may be
more fully understood by examining both physical aptitude and fitness. It is from studies such as
these that the looming osteoporosis epidemic can be dealt with most effectively by developing
primary prevention strategies to maximize peak bone mass.

B. Study Population
Study subjects were recruited from the United States Military Academy Class of 2002.
Prior to their arrival at the academy, each cadet was mailed an information packet about the
study and a sample consent form. This enabled the all entering cadets and their families ample
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opportunity to read and understand the aims of the study prior to arriving and without the stress
of the academy. During their first week at the academy all members of the class were formally
briefed on the study objectives and risks and invited to participate in a four year prospective
study examining the accrual of peak bone mass and the determinants of stress fractures.
Approximately 70% of the class or 891 (males = 755, females = 136) members provided written
informed consent. The Institutional Review Board (IRB) of Keller Army Community Hospital
(KACH), West Point NY approved the study. While the study had racial diversity, greater than
83% of the cadets reported being Caucasian, which mirrors the cadet population. The ratio of
males to females in the study is approximately 5 to 1. Ethnic and racial information was self
reported on entry applications into the academy. The exact distribution of those participating in
the study is shown in TABLE 1.3. The racial and gender distribution did not differ from the
overall entering population distribution.

TABLE 1.3- GENDER AND RACIAL DISTRIBUTION OF STUDY SUBJECTS

RACE
MALE
FEMALE
TOTAL

Caucasian
653
108
761

Asian
38
15
53

Black
64
13
77
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C. Data Sources

1. Participants
There were a number of sources for the data. A primary source of lifestyle data was drawn
from the participants’ self administered questionnaires. The questionnaires included baseline
lifestyle assessment, annual calcium specific food frequency questionnaires (FFQ), injury
assessment, and menstrual function assessments which included use of birth control. Surveys are
attached in Appendix A. The Academy imposed strict time restrictions and limited our access to
the cadets to less than 30 minutes a year; therefore the questionnaires had to be brief to
accommodate this requirement.

2. Academy Records

Numerous sources of data were gathered from Academy records. The Admissions office
provided data on race and sports participation prior to entry as well as scores on the Physical
Aptitude Exam (PAE). The Department of Physical Education (DPE) provided information on
the annual Army Physical Fitness Test (APFT) and participation in club sports. These measures
are described in detail in fitness measures section below.
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3. Physical Measures

There were numerous physical measures taken on the participants during each annual visit.
These included BMD at two sites, heel and tibia for all participants and hip and spine bone
density on a subset of subjects. Bone mineral density at the heel, hip and spine was assessed
using dual energy x-ray absorptiometry (DXA). DXA technology assesses the density of the
bones in mg/cm2. While DXA results do not produce a true density, they are considered a
reasonable proxy for bone strength. A true volumetric measure of bone mineral density was
acquired of the tibia using peripheral quantitative computer tomography (pQCT). Body
composition was measured annually by bio-electrical impedance. Height and weight was
measured annually and reported by Academy personnel. One blood sample was taken at
baseline for examination of various genetic traits as well as bio-markers which are described in
section D.6.

D. Outcome and Exposure Variables

1. Lifestyle Assessments

The baseline questionnaire assessed past exercise, lifestyle and dietary habits, as well as
personal and familial history of fracture. The questionnaire assessed the number of hours of
exercise per week in the year prior to entering the Academy to gauge past physical activity
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levels. This was divided into four exercise categories: 1-3, 4-6, 7-10, or 11+ hours a week. Milk
consumption was assessed at baseline. Milk consumption was determined by using 4 categories
of glasses of milk consumed per day: none, < 1, 1-2, or 3 or more glasses per day. Further detail
on the amount and frequency of consumption of additional calcium containing foods was
assessed in the FFQ and a daily average in mg/day was calculated. Alcohol intake was assessed
using 5 categories: less than once a month, 1-3 times a month, 1 to 2 times a week, 3 to 5 times a
week and daily. This was a very rough measurement of alcohol consumption and therefore
alcohol equivalents were not calculated for this study. Because of the participants’ age and their
interest in health, exercise and the academy restrictions, it was not anticipated that there would
be high alcohol consumption. Three categories determined caffeine consumption: none, 1 to 3
and more than 3 caffeine containing drinks a day. Similarly, the measurement of caffeine was a
rough assessment of intake and calculated as milligrams of caffeine per day. Salt intake was a
dichotomous, yes/no response to salting of food. In addition, an open-ended question was used
to gather information on the types of nutritional supplements cadets were taking. Type of
tobacco product (dip, chewing tobacco or cigarettes), amount and duration was also determined.
Participants were asked about personal lifetime fracture history and site of fracture. Family
history of adult fracture was examined for mother, father, grandparents, aunts and uncles.
Female cadets were asked age at menarche, history of contraceptive use, past use of oral
contraceptives and frequency of menstrual cycles prior to academy entry. Menstrual function
and use of oral contraceptives was assessed annually in all females. Surveys are in Appendix A.
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2. Bone densitometry
Quantitative measures BMD were assessed in the left calcaneus using the PIXI peripheral
dual-energy x-ray absorptiometry (DXA) (GE Lunar Corp, Madison, WI, USA). The bone
mineral density as assessed by DXA is a value given in mg/cm2. In addition, bone mineral
content (BMC) is reported in milligrams. The left tibia density and geometric parameters were
assessed using a peripheral XCT 2000 scanner (pQCT; Norland Medical Systems Inc., Ft
Atkinson, Wisconsin, USA). The bone mineral density as assessed by pQCT is a true density
and the value is given in mg/cm3. A randomly selected subset of male cadets and all consenting
female cadets had their total hip and spine BMD assessed using a mobile DXA Lunar DPX-IQ.
The coefficient of variation in vivo for the heel DXA BMD, tibia pQCT BMD, Spine and Hip
BMD by DXA were 1.0, 1.2, 1.5, and 1.5 respectively. These tests are considered the gold
standard for bone density measurements. Sample study BMD results and NHANES comparative
data are in Appendix B.

3. Fitness Measures

(a). The Army Physical Fitness Test (APFT) –The Army standardized fitness test is
given twice a year to all military members. Upon entry into the academy, all members of the
class were administered the fitness test by trained Academy personnel. This standardized fitness
test measures upper body strength, abdominal and leg flexor strength and aerobic fitness by
testing the number of full body push-ups, complete sit ups each for two minutes and a timed two
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mile run. These absolute numbers are then translated into a point value from 0-100. The
absolute values of the number of repetitions differ for men and women but the assigned scores
are age and gender standardized.60 Failure of any one event, a score of less than 60, is failure of
the test. As an example of the fitness required a 17-21 year old male must run two miles in 13
minutes to score 100 and 15:54 to pass. Similarly, for a 17-21 year female maximum and
minimal passing times are 15:36 and 18:54 for a two-mile run, respectively. APFT score card is
in Appendix C.

(b). The Physical Aptitude Exam (PAE) - The PAE is an admission requirement to West
Point. This test is standardized for gender and tests strength, agility, speed and endurance. The
examination consists of the following five events: pull-ups (men)/flexed-arm hang (women);
standing long jump; modified basketball throw; push-ups and 300-yard shuttle run. Each cadet is
required to get a minimum score for entry 61. The results of the PAE by quintile are listed below
in Table 1.4 with the mean for entry.
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TABLE 1.4 PAE Quintiles for Entry

Source 62

4. Anthropometric Measures

(a). Height and Weight –Academy personnel assessed height and weight at entry. Height
was measured in inches and weight in pounds. Subsequent annual height measurements were
recorded as part of the Army’s annual height/weight requirement.

(b). Body Mass Index (BMI)- BMI or the Quetelet index is a body mass calculation, and is
based on the ratio of weight (in kg) to height (in meters squared).
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(c). Body Composition- The Tanita 305 total body fat analyzer was used to assess weight,
bio-electrical impedance, percent body fat, fat mass, lean body mass and total body water. The
primary variable of interest was percent body fat. The test retest correlation coefficient was 0.99.

5. Sports Participation
(a). Prior to Entry- Each academy application was reviewed for sports participation in the
three years prior to academy entry. This is a requirement of academy entrance and is an
important part of the scoring process that leads to admission. In an initial review of all
participants, less than 1% did not participate in sports prior to academy entrance. In some cases,
the applicant had sports participation, but in a club external to the high school or prep school.
The form that each study participant filled out was co-signed and verified by the high school,
prep school or college from which they were applying.
(b). At the Academy- During each participant’s time at the academy, , the Department of
Physical Education at West Point maintained rosters of those cadets who engaged in competitive
club athletics but were not classified as NCAA level athletes. These lists were provided annually
to the study team.

6. Biomarkers
A single blood collection occurred the first week of entry in the academy. All genetic markers
including the Vitamin D Receptor gene, and biochemical markers related to bone and calcium
metabolism, were taken from this sample. The serum samples were stored at -70 Celsius and
the whole bloods were stored at -20 Celsius before being shipped to Scotland for genetic

23
analysis. The Insulin Like Growth Factor-1 (IGF-1) assays were performed at the Helen Hayes
Hospital Clinical Research lab using an IRMA kit with a pre-assay extraction that frees the
IGF-1 from the binding proteins. The manufacturer of the kit is Diagnostic Systems Labs
(Webster, Texas). IGF-1 appears to play an important role in bone remodeling. Osteoblasts and
pre-osteoblasts secrete IGF-1. IGF-1 has been positively associated with BMD at multiple
sites. Similarly, it has been suggested that variations in the Vitamin D receptor gene may be
responsible for some of the variation in both BMD and body weight.

D. Ethical Concerns

1. Consent

The proposed research was approved by the Keller Army Hospital IRB. The participants
were provided with a briefing and if interested signed an informed consent. Even though many
participants would be considered children because of their age (under 17), they were considered
emancipated upon entry into the academy and therefore could provide consent. An effort was
made at the initial consent briefing to ask all Academy personnel to leave the room so there
would be no perception of coercion to participate in the study. This was particularly important in
a rank structure environment, such as USMA.
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2. Data Storage

The data was and still are kept under lock and key. Only study personnel have access to the
raw data and none of the reports have any identifying individual characteristics.

3. Information Access

In the rare case that academy personnel wished to view any data, a written release was
collected from the study participant. The requests were primarily for medical reasons including
bone fracture. The participants themselves had complete access to their data and were able to
request it through a study website or when the investigators were on site.

III. Methodologic Improvements

The proposed studies offered a number of advantages over related studies conducted in the
past. First, the age of the population was prior to the expected age of attainment of peak bone
mass and presumably a number of cadets would have attained peak bone mass while
participating in the study. The ability to quantify the percentage of participants that attained peak
bone mass during this period and to examine the associated characteristics would add
substantially to the body of scientific literature. This population was predominately male, and
few studies have been conducted examining peak bone mass acquisition in males. This study
population was young and fit and they engaged in relatively few of the confounding behaviors
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that were deleterious to bone. It was hoped that this would allow a better insight into the effects
of fitness and sport specific BMD variation. Both the sample size, 891, and the duration of the
study offered substantial improvements over past studies. This was a four-year study that
allowed for five measurements, a baseline at entry and four annual follow up measurements. The
accuracy of the academy record keeping system was judged to be excellent and many of the
variables used in this study were provided by the academy. Additionally, many of the academycollected measures have been validated and standardized. Since fitness and physical aptitude
exams were mandatory for all cadets, we have 100% ascertainment of those variables. Prior
studies in sports and BMD have not evaluated these variables. One variable that has not been
tested anywhere in the literature is physical aptitude as it relates to bone mineral density. The
reason the PAE variable is of interest is it can be used to help dispel the concern that all college
athletes or athletes in general self select into a sport because they are physically more capable.
Finally, because the academy carefully tracks all graduates we have excellent methods available
to follow up on the participants during their 10 year reunion to further assess the process of bone
mineral acquisition, bone loss and body composition changes in the third and forth decade of
life. The following four chapters will address the following hypotheses to enhance the literature
with respect to bone mineral density and overweight or obesity in college aged students.

Chapter 2 and 3

Chapters two and three both present the results of descriptive, cross sectional analysis of
lifestyle determinants associated with baseline bone density measures. Gender and race are
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important predictors of bone mineral density so analyses will be completed separately by race
and gender or these variables will be controlled for when appropriate and then pooled if there are
no differences. As part of this study, average bone mineral density at different sites will be
compared to population norms to provide insight into the population being studied Specifically,
the following hypothesis are made:

Hypothesis 1a: There will be distinct differences in baseline bone mineral density
between genders and races.
Hypothesis 1b: Lifestyle and environmental elements including calcium consumption,
oral contraceptive use, smoking, alcohol, age a menarche, prior history of exercise will have an
impact on bone even at college entry when peak bone mass has not yet been achieved.
Hypothesis 1c: Personal and family fracture history will be predictive of lower BMD at
multiple sites.

Chapter Four provides the results from a cross sectional study that examined physical aptitude,
sport specific participation and fitness levels as they related to bone density measures at different
skeletal sites. Sports will be examined by similar sport type. In addition, sport specific
differences in BMD and fitness were examined. IGF-1 was examined as a mediator in the
fitness/sport/ BMD relationship. The apriori hypotheses for this study were:

Hypothesis 3a: Sports confer different site specific loading benefits. Sports with higher
loads will convey a greater benefit.
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Hypothesis 3b: Lifestyle and environmental elements including calcium consumption,
smoking, and prior history of exercise will have an effect on sport specific bone acquisition.
Hypothesis 3c: The Physical Aptitude Exam and Army Physical Fitness exam have
different underlying constructs and therefore will have different impact on bone mineral density
in the sports participants.
Hypothesis 3d: IGF- 1, a growth hormone mediator, will serve as a mediator in the
relationship between sport, fitness, PAE and BMD.

Finally, Chapter Five is a four-year prospective cohort study. The main outcome variable was
body composition, BMI and weight change in women. The unit of analysis will be the individual.
Other variables of interest include fitness, physical aptitude, sports participation and calcium
consumption, and the vitamin D receptor genome. The use and type of birth control and age of
menarche was also analyzed as potential predictors of body composition and changes in weight
and body composition. The specific hypotheses for this study are:

Hypothesis 5a: There will be no or little weight change in the first year but weight gain
will occur in the second year when there are greater freedoms in food choices.
Hypothesis 5b: Lifestyle and environmental elements including calcium consumption
and prior history of exercise will be positively associated with a smaller change in body
composition.
Hypothesis 5c: Age of menarche and use of DMPA will be negatively associated with
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changes in BMI, weight, and changes in percent body fat.

IV. SPECIFIC METHODOLOGIC ISSUES

A. CONSTRUCT VALIDITY

The basic building block for validity of any study is construct validity. To have construct
validity one must ask the question- “Are you measuring what you think you are?” Or, are the
operationalized concepts of the variables of interest reasonably well measured given the
limitations of technology and the ethical considerations of human research.

1. Outcome variable-

(a). Bone Density- The outcome variable of greatest interest in this series of studies is
bone mineral density. This is a proxy measure for bone strength. Bone strength or the strength
of any material is in part based on its ability to resist fracture. However, bone mineral density is
only one of the components of bone strength; the other components are micro-architecture and
elasticity. At this point, micro-architecture and elasticity are difficult to measure in vivo. BMD
is the best predictor of fracture that exists today and therefore remains a good measure of bone
strength for two reasons. First, from an engineering standpoint the strength of any material is the
square of its density and second, numerous studies trying to approximate bone micro-architecture
found only a small increase in the ability to predict fracture. For these reasons, the bone
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densitometry measures used are not only reasonable but the best predictor of fracture that is
currently available. DXA approximates bone mineral density as mg/cm2, which is an areal
density and not a true volumetric measure. Nevertheless, DXA is considered the gold standard
for the measurement of bone mineral density and thus was used to assess the spine, hip and heel
in this study. In addition, true volumetric density of the tibia was acquired.

(b) Body Composition- There are numerous methodologies to assess body composition
and there is some debate on identifying the current gold standard. One reasonable, portable and
cost-effective method of assessing body composition is bio-electrical impedance analysis (BIA).
The difficulty associated with using body composition in any model related to BMD is that both
have a strong genetic component and can also be an indicator of other lifestyle factors including
exercise. BIA is based on the differences in conduction of electrical current between muscle fat
and water. While it is not the gold standard it is a good measure of body composition and has
good reliability. The test-retest correlation coefficient is 0.99 and the correlation with the
presumed gold standard hydrostatic weighing is r = 0.8463.

2. Exposure Variables

(a). Calcium Intake- The literature is replete with information about the difficulty in
assessing the levels of intake of a particular nutrient. The measurement of calcium in this study
is not immune to the problems inherent with any food frequency questionnaire (FFQ). Some of
the problems associated with the use of FFQs include individual interpretation of portion size,
variation in quantities of nutrient in the same foods and recall of diet. While it is preferable to
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assess total food intake, in practical terms a timed self-administered questionnaire using a
targeted assessment of calcium is the best and most cost effective measure of assessing a nutrient
available for this population. Minor sources of calcium that were not assessed in this targeted
assessment should not substantially change the outcome. The FFQ used in this study was not
tested against a food diary. Food diaries are an alternative method for assessing dietary intake.
In a recent comparison of 3-day food diaries and a short calcium specific food frequency
questionnaire the difference in calcium intake between the methods was 51.3 mg (P>0.05),
which did not differ significantly from zero. A Pearson's correlation coefficient of 0.56 was
obtained between the two methods
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.

(b). Sports Participation- Specific sports participation was provided prior to entry by the
study participant but was validated by the counselor at that institution. Official DPE and ODIA
records provided sports participation while at the academy. This is a well controlled variable.
The primary threat to construct validity is the assumption that, as an example, football at one
high school and football at another high school were played with equally loading and intensity
and the time during the season of play were similar. This is clearly not the case prior to entry.
The assumptions about play and intensity while at the academy are reasonably well founded
because of the structured nature of sports participation. There is also some concern that different
positions may load differently. An example would be the diver who is on the swim team who
has considerably more weight bearing then the traditional swimmer. Therefore, to separate out
the differences that can occur between sports, within sport differences in loading will be
assessed.
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3. Potential Confounders and Mediators

In these studies, it may be important to differentiate sports participation at different levels and
fitness. Fitness is not easily measured and is generally considered to have multiple facets
including flexibility, cardio respiratory endurance, muscular strength and endurance and body
composition. Each element of these components has its own measurement gold standard. As an
example currently the gold standard for cardio respiratory fitness is considered to be maximal
oxygen uptake (VO2 max) during high intensity exercise. However, the Army has a standardized
test that takes into consideration two of the four components of fitness, strength and endurance as
well as cardio respiratory fitness. In a review of the literature, Knapik found that the two mile
run is highly correlated with VO2 max and is therefore a good measure of the cardio respiratory
component of fitness. In addition, his review found that the sit-up and push-up portion of the test
were a good measure of muscular strength and endurance; therefore the use of the APFT can be
considered a valid measure of fitness65. This test is conducted under timed and controlled
procedures and provides definitive and quantitative results that were not subject to interviewer
bias.

4. Conclusion

These proposed studies did not always use the “gold standard” for the measurement of
each of the variables of interest because of the field conditions of the study. Despite this, there is
considerable construct validity. The validity of the study was not compromised by the
operationalization of the measurements. Finally, Chapter Six provides a brief summary of the
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study findings of the four previous chapters. It provides a synopsis of whether the study
hypothesis was met, implication of the findings for social and medical policy, and a direction for
future research. This chapter also highlights some of the strengths and limitations of the research
presented here.

B. Internal Validity

Specifically, internal validity deals with the idea of causation. Internal validity addresses
the question, “If there is an association between the exposure and outcome, was it caused from
the exposure as measured to the outcome as measured?” Additionally, are the exposed groups
and the unexposed groups similar with the exception of the exposure variable? If the groups were
not exchangeable then any statement of cause would be incorrect. Specifically, in this study, we
would like to be able to infer that the exposure of interest, exercise and/ or diet had an impact on
bone mineral density. Several types of bias can threaten internal validity. There are some
potential threats to internal validity in this study that will be discussed below.

(a) Selection Bias- More specifically, the type of selection bias that poses the most concern is
self-selection into the sport of choice. As a means of illustrating this concern, the 10 year old
who is small in stature and in a low percentile for weight is unlikely to select as his sport of
choice a high impact and high loading sport like football, but might be more attracted to cross
country or swimming. This concern is not limited to this study. All the studies that examine
sports differences are limited by the sports selection that their participants made many years
earlier.
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(b) Confounding- Confounding always presents a threat to internal validity. It is fortunate that
many of the confounders associated with BMD have been explored and have been readily
identified in this study. These include but are not limited to age, gender and race. The age range
in this study is relatively small and will be considered (controlled) but is not anticipated to have a
great effect on study outcome. Race and gender will be examined and controlled for carefully
and may provide some interesting insights into the nature of the differences.

(c) Information Bias- Loss to follow-up is the greatest concern in this study. There will be
two main reasons that participants will be lost to follow-up. The first is that participants will
leave the academy voluntarily or will be separated from the academy because of an inability to
meet academic, military, physical, honor or medical standards. Academy records indicate that
308 members of the class graduating in 2002 withdrew from the academy. The Academy
database classifies departures based on the following codes:
11-Resigned Cadet Basic Training
64-Resigned Conduct
65-Resigned Honor
67-Resigned Motivation
68-Resigned Personal
69-Resigned Misconduct
71-Separated Academic
72-Separated Military Development
73-Separated Academic & Mil Dev
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74-Separated Conduct
75-Separated Honor
76-Separated Medical
77-Separated Weight Control Program
78-Separated Physical Fitness Program
79-Separated Misconduct
With the exception of departure codes 76, 77, and 78, there is no plausible reason to assume
that failure to meet academy standards is associated with either the exposure or outcome of
interest. There were 5 cadets who were separated under those codes. The second reason that
participants were lost to follow up was they no longer had interest in the study or found the time
demands of the academy too great to continue participating. Officially, only one of the 891
cadets withdrew from our study for lack of time, the exact reason the other 163 participants did
not complete the study is unknown. However, it can be assumed with relative confidence that
this was unrelated to BMD, body composition or the exposures of interest.

(d) Conclusion- The causal relationships inferred from the findings of this study will not be
substantially compromised by the identified threats to internal validity.

3. External Validity
External validity is a measure of generalizability. In other words, can the conclusions made
about diet and exercise and their contributions to the acquisition of BMD be extrapolated to other
populations? While the initial assumption to this question might be “no,” this is not the case at
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all. Small increases in this population may translate into larger gains for the population at large,
who may be further away from achieving their full genetic potential for bone mass than this fit
population. While participants in this study are not representative of the population of all
college-aged students, because of the stringent medical and physical requirements for entry, this
study may help distinguish which modifiable factors can contribute most to bone density for this
group.

Chapter Six provides a brief summary of the study findings of the four previous chapters. It
provides a synopsis of whether the study hypotheses were met, implications of the findings for
social and medical policy, and a direction for future research. This chapter also highlights the
strengths and limitations of the research presented here.
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Abstract
The determinants of bone mineral density (BMD) at multiple sites were examined in a fit college
population. Subjects were 755 males (mean age = 18.7 years) entering the United States Military
Academy. A questionnaire assessed exercise frequency and milk, caffeine, and alcohol
consumption and tobacco use. Academy staff measured height, weight, and fitness. Calcaneal
BMD was measured by peripheral dual energy x-ray absorptiometry (pDXA). Peripheralquantitative computed tomography (pQCT) was used to measure tibial mineral content,
circumference and cortical thickness. Spine and hip BMD were measured by DXA in a subset (n
= 159). Mean BMD at all sites was approximately one standard deviation above young normal (p
< 0.05). African Americans had significantly higher hip, spine and heel BMD and greater tibial
mineral content and cortical thickness than Caucasians and Asians. In Caucasians (n = 653),
weight was a significant determinant of BMD at every skeletal site. Prior exercise levels and
milk intake positively related to bone density and size, while caffeine had a negative impact.
There was an apparent interaction between milk and exercise in BMD at the heel, spine, hip and
tibial mineral content and cortical thickness. Our data confirm the importance of race, body size,
milk intake and duration of weekly exercise as determinants of BMD and bone size.
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Introduction

The Surgeon General recently highlighted bone health as an important public health issue
in the United States and 20% of osteoporosis occurs in men.1, 2 Bone mass accumulates
throughout childhood and adolescence until peak bone mass is reached during the third decade of
life. When higher BMD is attained at a young age (higher peak bone mass) there is a subsequent
reduction in the risk of childhood fractures, stress fractures, and possibly osteoporosis and
related fractures later in life.3-9 Studies indicate that a larger bone size is also related to a reduced
risk of fracture.10 Genetic factors account for between 60–80% of the variance in peak bone mass
and bone size.11-14 However, an individual male may not achieve his genetically determined bone
mass/size, if environmental and lifestyle conditions are not permissive.

High levels of physical activity and adequate calcium intake have been shown to improve
accrual of peak bone mass, although data in males are limited.15-17 Numerous studies indicate
that tobacco use and excessive alcohol and caffeine consumption are associated with lower bone
mass in young adults.18-24 However, there is little known about the impact of these lifestyle
factors on bone size. The purpose of this cross sectional study was to examine the influence of
milk intake and exercise levels in the prior year, body size and race on bone mineral density and
bone size in a physically fit male college age population.

44

Methods
Subjects
Subjects were college-aged males recruited from the United States Military Academy
Class of 2002, West Point, NY. The Institutional Review Board (IRB) of Keller Army
Community Hospital (KACH), West Point, NY, approved the study. During their first week at
the Academy, all members of the class attended a presentation describing the study objectives
and associated risks, and were then invited to participate. The military academy has stringent
medical requirements for attendance; therefore, no exclusion criteria were required for this study.
Approximately 70% of all the males in the class (n = 755) provided written informed consent.

Lifestyle assessments
A self-administered baseline questionnaire was used to assess exercise, lifestyle and
dietary habits in the year prior to Academy entrance. Race data was provided from Academy
records. Exercise (weekly average) was categorized as: 1–3, 4–6, 7–10, or 11 + hours /week
during the prior year. Daily milk consumption was assessed as: <1, 1–2, or 3 or more 8 ounce
glasses a day. Four questions assessed calcium intake including daily milk consumption and
weekly servings of yogurt, cheese and high calcium content vegetables (0, 1–3, 4–6 or 7 +
serving per week). Daily caffeine consumption was divided into three categories: none, 1 to 3
and >3 caffeine containing drinks a day. Alcohol intake was assessed using 5 categories: less
than once a month, 1–3 times a month, 1 to 2 times a week, and 3 to 5 times a week or daily.
Tobacco use was assessed by type (dip, chew, or cigarettes), dose and duration. Cadets were
given a baseline fitness test. The test had three components: a 2 mile run, 2 minutes of push ups
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and 2 minutes of sit ups. All three events are graded from 0–100 with better performers receiving
a higher score.

Bone densitometry and anthropometric measures
Academy personnel measured each cadet's height and weight in their physical fitness
uniform that consists of a standard issue t-shirt, nylon shorts and socks. These measurements
were used to calculate Body Mass Index (BMI: weight (kg)/height (m2)). BMD (g/cm2) of the
left calcaneus was measured by DXA (pDXA; Pixi, Lunar, Madison, WI) in all cadets.
Peripheral quantitative computed tomography (pQCT; Stratec, Germany XCT-2000) was used to
image a single slice at the two-third distal tibia. The distal third of the tibia was determined by a
manual measurement of tibial length between the base of the patella and the styloid process to
the closest centimeter. The 2/3 site was then located by the pQCT scanner after placing a
positioning light of the gantry above the styloid process. Bone mineral content (mg per 1 mm
slice of bone), bone density (mg/cm3), cortical thickness (mm) and periosteal circumference
(mm) were measured. Cortical thickness was derived using the circular ring model, using a
threshold of 710 mg/cm3 to define cortical bone. This model calculates a mean cortical thickness
from measures of total bone area and cortical bone area. In a randomly selected subset (n= 159)
of male cadets, total hip and spine BMD (lumbar vertebral bodies: L2–L4) were measured using
standardized positioning devices and the high-resolution software mode in a mobile DXA
scanner (DPX-IQ, Lunar, Madison WI). The short-term coefficient of variation for each bone
measurement was calculated by scanning 10 individuals on each machine twice. The coefficient
of variation for bone density in vivo was 1.0%, 1.2%, 1.5% and 1.5% for the calcaneus by
pDXA, tibia by pQCT, and spine and total hip by DXA respectively.
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Statistical analysis
The relationships between lifestyle factors measured continuously (e.g. height and
weight) and bone variables were examined using correlation analyses and, where appropriate,
with linear regression to control for potential confounders. Effects of categorical lifestyle
variables such as alcohol consumption were coded from 1 to n based on the number of categories
assessed. Differences in the effect of categorical variables on bone indices were assessed using
analysis of variance using Sidak post hoc analysis. The relationships between BMD at different
skeletal sites with fitness measures including running score were assessed by linear regression.
Comparisons between cadets and reference populations were performed using t-tests for
independent groups. For each skeletal site, a step wise multiple regression model was created for
Caucasian males evaluating all covariates that had biologic plausibility and were significant in
the univariate analysis. Creating a cross-product term and evaluating it as an independent
predictor in the site-specific regression models evaluated the interaction of milk intake and
physical activity. The level of significance for alpha was set at 0.05 for all statistical tests. All
analyses were performed with SPSS statistical software (Version 13.0 for Windows, SPSS Inc.,
Chicago IL.)

Results

Population characteristics
There were 755 male cadets enrolled in the study of which eighty six percent were
Caucasian (n = 653), eight percent were African American (n = 64) and six percent were Asian
(n = 38). The mean (± SD) age at entry was 18.7 (± 1.03) years. Table 2.1 provides a summary of
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the distribution of lifestyle variables separately for Caucasians, African Americans and Asians.
Most cadets (74%) exercised more than 7 hours per week and had an average calcium intake
over 1000 mg /day, with the majority of calcium (64%) coming from milk. Only 5.4% of male
cadets smoked and only 18% consumed alcohol more than once per week. Caucasians consumed
significantly more alcohol than either Asians or African Americans (p < 0.02) while Asians
consumed significantly less caffeine than any other race (p < 0.01) There were no significant
differences in the lifestyle characteristics between those men that had central DXA
measurements and the whole group; however, cadets with central DXA had a significantly
shorter height (1.03 inches) and lower weight (10.03 pounds) than the entire group of men.

Table 2.1

Note: Listed at Table 1 in the published article.
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Racial differences
There were significant racial differences in height, weight, and BMI as shown in Table
2.2. Asian males weighed less, were shorter and had a lower BMI than Caucasians or African
Americans (all p < 0.013). Mean calcaneal BMD in African-Americans was significantly higher
than either Caucasian or Asian males and, in all races, was higher than the manufacturer's
population average in all races (Table 2.2 ; p < 0.03). 25 African Americans had significantly
higher tibial mineral content (p < 0.03). Tibial geometry also differed by race; African
Americans had significantly larger periosteal circumference and greater cortical thickness than
Asians or Caucasians. African Americans also had significantly higher BMD of the hip (p <
0.008) than either Caucasians or Asians but there were no significant differences in spine BMD
after controlling for weight. Racial differences have been well reported. 26, 27
Table 2.2 Racial Differences in Anthropometric Measures and Bone Mineral Density
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Determinants of bone density in Caucasian males
Calcaneus
Height and weight were correlated with calcaneal BMD (r = 0.33, r = 0.53, respectively,
both p < 0.001). For each additional ten pounds of weight there was a 4% increase in heel BMD.
Prior exercise history was positively related to calcaneal BMD with approximately 3% higher
calcaneal BMD with each 3 additional hours of exercise per week. (p < 0.002 for trend; Figure
2.a).
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Figure 2.a
The impact of weekly average exercise in the prior year (shown as: 1–3, 4–6, 7–10, or 11 +
hours/week) on various bone variables.
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Caffeine consumption was negatively related to calcaneal BMD in Caucasians (2.5%
lower for 2 or more cups per day consumed). Lower milk consumption translated into a 4%
lower calcaneal BMD between cadets with low (1 or fewer glasses) vs. higher daily milk intake
(Figure 2.b; p < 0.03). Total calcium was related to heel BMD (r = 0.12; p < 0.01), but daily
dairy calcium had a higher correlation (r = 0.17; p < 0.01). Alcohol and tobacco intake were not
related to calcaneal BMD (both p < 0.5). Table 2.3 presents the results of a stepwise regression
analysis, with the best predictors of calcaneal BMD being height, weight, caffeine intake and the
cross product of milk and exercise.
Figure 2.b
Impact of milk intake in the prior year (shown as: <1, 1–2, or 3 or more 8 ounce glasses a day)
on various bone variables.

52

Tibial mineral content

Weight and height were significantly correlated to tibial mineral content (r = 0.60 and r =
0.39 respectively: p < 0.001). Prior exercise history was positively correlated to tibial mineral
content (r = 0.23; p < 0.001) and there was a significant 5% difference in tibial mineral content
between those in the highest exercise group versus all others (p < 0.001; Figure 1). Milk
consumption was related to tibial mineral content (Figure 2.b) and there was a 5% lower tibial
content between those consuming less than one glass of milk per day as compared to those
consuming more milk
(p < 0.03). Total calcium intake was correlated to tibial mineral content (r = 0.16; p < 0.10),
alcohol and tobacco use had no apparent relationship with tibial mineral content (both p < 0.2).
Higher caffeine intake was related to a significant decrease in tibial mineral content (p < 0.05).
The regression model that best predicted mineral content in the tibia included weight, run score,
caffeine, and the cross product term of milk and exercise (Table 2.3).
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Table 2.3 Skeletal Site Regression Models

Tibial size
Weight was correlated with cortical thickness (r = 0.24; p < 0.001) and periosteal
circumference (r = 0.52; p < 0.001). While height was correlated with periosteal circumference (r
= 0.43; p < 0.001). Prior exercise significantly correlated to cortical thickness (r = 0.13; p <
0.002) and periosteal circumference (r = 0.18; p < 0.005). Cadets in the highest exercise group
had 5.8% higher cortical thickness compared to those in the lowest exercise group (p < 0.04;
Figure 2.a).
Alcohol intake had no apparent influence on tibial size (periosteal circumference; p < 0.97) or
cortical thickness (p < 0.24). Total calcium intake was positively correlated to cortical thickness
(r = 0.18 ;p < 0.001) and periosteal circumference (r = 0.10; p < 0.001). Daily milk consumption
was positively associated with cortical thickness and periosteal circumference, such that cortical
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thickness was significantly lower (5.9%) in the lowest milk intake categories compared to the
highest milk intake group (p < 0.04; p < 0.01; Figure 2.b). There was a significant interaction
between milk intake and prior exercise in relation to cortical thickness (Figure 2.c). Males with
high prior exercise duration only showed a skeletal benefit of the exercise if milk intake was
greater than one glass per day.

Figure 2.c- Interaction between milk and exercise during the prior year on cortical thickness of
the tibia.

The models best predicting cortical thickness and periosteal circumference are provided in Table
2.3.
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Lumbar spine and total hip
Weight was significantly correlated with both hip and spine BMD (r = 0.41 and r = 0.52
both p < 0.001). Each additional 10 pounds of weight was associated with a 0.03 g/cm2 (2.4%)
incremental gain of BMD of the spine and 0.05 g/cm2 in the hip (4 %).Those cadets who had the
highest prior exercise levels (>11 hours per week) had 5.1% higher hip BMD (p < 0.016) and
5.4% higher spine BMD (p < 0.008) then those with lower levels (Figure 2.a). Total calcium was
correlated with the hip (r = 0.20; p < 0.02) but not the spine. Caffeine and alcohol intake had had
no apparent effect on hip BMD (both p < 0.15). Cadets with low milk intake (<1 glass/day) had
4% lower spine and 6% lower hip BMD compared to those cadets whose intake of milk was 3 or
more glasses per day p < 0.07 and p < 0.04 respectively). However, smoking was negatively
associated with both the hip (p < 0.03) and spine (p < 0.04). In smokers, spine and hip BMD
measured an average of 8–10% lower than in non-smokers (both p < 0.04). The most
parsimonious regression model for spine BMD included weight, milk consumption, past
exercise, smoking and the product term of milk and exercise. The addition of height to the same
factors in the hip density model (Table 2.3) explained 35% of the variance in hip BMD.

Discussion
Discussion
In this large sample of fit males, healthy lifestyles, including exercise and milk
consumption, were found to be critical for optimal bone density and bone size. There was also an
apparent synergistic effect between milk consumption and exercise with regard to bone density
at multiple skeletal sites as well as on the cortical thickness of the tibia. It was also found that
smoking and excessive caffeine consumption could have had a negative impact on the skeletal
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parameters in this cohort.

Racial differences in bone mass, bone geometry and size still exist even when controlling
for height and weight, although as shown in other studies,28, 29 the magnitude of those differences
is smaller after controlling for body size. The differences in tibial cortical thickness and
circumference have not been shown previously and may help explain the lower fracture rates in
African Americans. Our study confirmed the findings of other studies that racial differences in
BMD exist, 27, 30 and there are also differences in bone size and geometry even after controlling
for height and weight. Limited power precluded us from have race specific models for each
skeletal site.

Weight and height were consistent predictors of bone density at all sites as has been
shown in prior studies; however weight and height are also related to tibial size. This is not
surprising since genetic factors, including height and weight, can account for between 60–80%
of the variation in BMD.13, 14, 31-33 In this study, significant racial differences in BMD at the total
hip and tibial mineral content persisted even after controlling for weight.
The positive effect of exercise on BMD is supported by this study.34-36 Even in a fit
population, with BMD at the upper end of the normal range, higher levels of exercise were
associated with higher bone mass. Periosteal circumference, or size of the tibia, as well as the
tibial mineral content were significantly influenced by prior exercise levels presumably due to
the impact of increased mechanical loading from exercise. Since there may be few periods in life
where bone size can be altered, taking advantage of this relationship in young adults may be
important to a future reduction in fracture risk.
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In this cohort of males, milk was significantly related to cortical thickness, hip and heel
BMD and tibial mineral content. These findings support prior studies suggesting that milk intake
is an important factor in increasing bone density and bone size in young adults37-38. Milk intake
may be a marker for calcium intake alone or for an overall healthy diet, or may reflect the
influence of some other important nutrient in milk such as protein or Vitamin D. It is likely that
the skeletal benefit of milk based calcium is a result of many factors. Although there was not a
significant interaction, the negative effect of caffeine was minimized at higher levels of milk
intake, as has been previously reported.39 This may indicate that the negative effect of caffeine
on bone may be due primarily to reduced milk intake or to a reduced absorption of calcium at
higher levels of caffeine intake. The negative dose response relationship between caffeine and
calcaneal BMD has been reported in other populations.40, 41Smoking also had a deleterious effect
on hip and spine BMD in these otherwise healthy young men, as has been previously reported.18,
20, 22, 24

This may relate to reduced osteoblast function in males who smoke or perhaps a more

rapid metabolism of hormones (estrogen and testosterone) that may affect BMD in men.43, 44

A unique aspect of our study was the ability to determine factors that predict tibial size
and mineral content in these young men. A skeleton that is more resistant to fractures should not
only have a higher mineral content or density but also a larger bone size (circumference) and
cortical thickness. The critical periods during which bone size can be maximized are likely to
occur at an early age, prior to attainment of peak bone mass and this could be evaluated in this
young adult cohort. Tibial size (periosteal circumference) was found to be related to genetically
modulated characteristics including height and weight, as well as lifestyle factors including
exercise and nutrition.
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Mathematical models, including linear regression, are limited to evaluating the determinants
of bone health in an additive way. This may not represent the true biologic relationship.
Therefore, we examined a number of cross product terms. The milk -exercise cross product
proved to be significant in the tibial mineral content and cortical thickness model as well as for
BMD of the calcaneus, hip, and spine. The milk – exercise interaction has been reported
elsewhere and is biologically plausible.45-47 The mechanical stimulus created by the exercise
forces the bone to remodel to adapt to these new loads and repair damage incurred by fatigue
created by the strains of exercise. The higher milk consumption creates a greater supply of
calcium and possibly other needed nutrients and therefore, a larger more dense bone. The
significant cross product term of milk and exercise is indicative of a synergistic interaction
between the daily milk consumption and regular exercise.

This study has a number of limitations. First, it is not possible, as with all cross sectional
studies, to establish a temporal relationship between diet, exercise and the acquisition of greater
bone mass. Second, our baseline questionnaire was self-administered and therefore is limited by
individual recall. The dietary questionnaire was limited because of time constraints and did not
allow an assessment of factors that may be important including vitamin D, protein, other
nutrients and total caloric intake. In addition, we only assessed exercise history and milk
consumption in the past year and we cannot know whether these behaviors were consistent over
time. An additional limitation of the study may be its external validity: our study population is
clearly more fit than the normal college age population. Therefore these findings may not be
readily generalizable, although this study indicates that lifestyle variables, including exercise,
may still have an impact on BMD. Finally, the statistical power, calculated post hoc ranged from
57 to 92 %. Some of the risk factors including smoking and alcohol intake could not be fully
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explored because of relatively small sample sizes, limited variability and limited power.

In conclusion, BMD and bone size are determined by a complex combination of genetic,
lifestyle, and nutritional factors. In our study height, weight, prior exercise and milk intake,
smoking and caffeine intake were the most frequent and important predictors of bone mineral
density and bone size in these fit young men. In addition, the interaction between milk
consumption and exercise history was a significant predictor of bone size at the tibia and BMD at
all skeletal sites. This information can assist in confirming intervention strategies for parents,
schools and pediatricians during the critical years of bone development and the attainment of
peak bone mass as suggested by the Surgeon General's report on Bone Health1. These bone
healthy behaviors should include higher milk intakes, adequate levels of exercise, limited
caffeine intake and avoidance of tobacco products. Promotion of these behaviors associated with
higher peak bone mass in males may help prevent stress fractures and osteoporosis and related
fractures later in life.
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Abstract
The purpose of this study was to determine the influence of menstrual irregularity, oral
contraceptive use and other factors on bone mineral density (BMD) and bone size at different
skeletal sites in 135 college-aged women. Menstrual history, oral contraceptive use, exercise
history, and nutritional factors including calcium, caffeine, and alcohol intake as well as tobacco
use were determined by written survey. Height, weight and fitness levels were measured. Spine
and hip BMD were measured by dual x-ray absorptiometry (DXA), calcaneus BMD by
peripheral DXA, and tibial bone mineral content (BMC) and size by peripheral Quantitative
Computed Tomography (pQCT). The mean age at entry was 18.4± 0.8 years. Weight and prior
exercise were positively related to BMD at every site and to tibial bone size. Milk intake was
positively related to calcaneal BMD, tibial BMC and cortical thickness. Women who had > 10
menstrual cycles in the year prior to BMD measurement had higher BMD at all sites as well as a
greater tibial mineral content and cortical thickness than women who had
oligomenorrhea/amenorrhea (< 9 cycles in the prior year; all p <0.05; except total hip p=0.10).
Oral Contraceptive (OC) users had significantly lower BMD in the spine (p<0.02) and calcaneus

65
(p=0.06), smaller tibial periosteal circumference and lower tibial mineral content (p< 0.09) than
non-OC users. Milk intake was positively related to calcaneal BMD, tibial BMC and cortical
thickness. Fracture history was an important predictor of spine, hip and heel BMD. In a fit
population of college-aged women, OC use and oligomenorrhea were associated with
statistically reduced BMD and bone size. Prior exercise, milk intake and weight were positively
related to bone density and size. Understanding these relationships could improve skeletal health
in young women.

Key Words: Bone mineral density, bone size, menstrual function, oral contraceptives
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Introduction

Osteoporosis is a major public health concern as highlighted by the recent Surgeon
General’s report.1 A key osteoporosis prevention strategy is to increase early accrual of bone
mineral density (BMD). A higher BMD and larger bone size attained in childhood and
maintained through the third decade of life has been related to a subsequent reduction in the risk
of childhood fracture, stress fracture, osteoporosis and osteoporotic fractures later in life. 2-5
Therefore, it is important to understand factors that can be modified to improve the accrual of
peak bone mass and increase bone size.6-8
Genetic factors account for 60-80% of the variance in peak bone mass.7, 8 Failure to
achieve the genetically pre-determined complement of bone mass is often related to sub-optimal
environmental and lifestyle conditions and in women. Bone accrual can also be limited by eating
disorders and oligo- and amenorrhea.9-11 Oral contraceptive (OC) use may have an effect on
bone accrual but its exact role is unclear. There is some evidence attributing a modest benefit of
oral contraceptive use to spine and hip BMD. Alternatively, several recent studies have shown
either no effect or negative effects of oral contraceptives on bone density. The impact of OC on
bone size is less understood.12-15 The type of contraception, age at first use and level of exercise
may alter the impact of OC use on bone health.6, 16, 17 Observational studies of OC use on bone
mass may be confounded by the underlying reason for oral contraceptive use. In fact, 4-9% of
women use oral contraceptives for reasons other than birth control, including amenorrhea or
oligomenorrhea.18 There are many other factors that positively influence BMD including high
levels of physical activity and adequate calcium intake.6, 19, 20
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The purpose of this cross sectional study is to examine the influence of various factors
associated with BMD including calcium intake, exercise history, fitness levels, body size,
menstrual function and oral contraceptive use on bone mineral density and bone size in
physically fit college age women.
Methods
Subjects
The Institutional Review Board (IRB) of Keller Army Community Hospital (KACH),
West Point, NY, approved the study. All cadets entering the United States Military Academy
(USMA) Class of 2002, West Point, NY were sent a study information packet, including a
sample consent form and study protocol, prior to their arrival at the Academy. During a
presentation during their first week at the Academy, the study objectives and the associated risks
were described. Seventy percent of all eligible women in the class agreed to participate and
provided written informed consent. There were no differences between those who elected to
participate and those who did not with regard to race or age. One hundred and thirty five women
consented to participate in a 4-year prospective study examining the determinants of peak bone
mass and stress fractures. Since there are stringent medical requirements for entrance into
USMA, including disqualification due to severe polycystic ovarian disease and other diseases
that affect BMD, no additional exclusion criteria were needed to admit a healthy cohort (Army
Regulation 40-501, Chapter 2). Race was self reported and collected from USMA applications.
The largest subset was Caucasian women (n=107); therefore analyses will focus on this group.
When appropriate, we will evaluate racial differences.

68
Lifestyle Assessments

Exercise, dietary and other lifestyle factors in the year prior to entering USMA were
evaluated by baseline questionnaire by allowing cadets to pick from categories to expedite data
collection. Exercise was quantified as the number of exercise hours per week and divided into
four categories of 1-3, 4-6, 7-10, or 11+ hours per week. Four questions assessed calcium intake
including daily milk consumption (divided into 4 categories: none, <1, 1-2, or 3 or more 8 ounce
glasses per day) and weekly servings of yogurt, cheese and high calcium content vegetables (0,
1-3, 4-6 or 7 + serving per week). From these responses, an average daily calcium intake was
calculated (mg/day). Daily caffeine intake was divided into three categories: none, 1 to 3 and
more than 3 caffeine containing drinks a day. Alcohol intake was categorized as: less than once a
month, 1-3 times a month, 1 to 2 times a week, and 3 to 5 times a week. Tobacco use was
assessed by type (dip, chew, or cigarettes), dose, and duration. Lifetime history of personal
skeletal fracture and site of fracture were determined by questionnaire. Cadets reported their age
at menarche, current use of birth control pills and prior use of birth control pills. Prior use was
considered any use of oral contraceptives in the past for greater than 3 months. Current users
included individuals taking OC for at least 3 months, including at entry to USMA. Frequency of
menstrual cycles in the year prior to entering USMA was categorized as <4 (amenorrhea), 4-9
(oligomenorrhea), or 10-12 (normal) times in the past year for women without OC use.
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Fitness and Anthropometric Measures
Academy personnel measured each cadet’s height and weight at entry in standard athletic
clothing in stocking feet; height was measured using a standard scale in the same uniform. Body
Mass Index (BMI) was calculated as weight in kilograms divided by height in meters squared.
Trained Academy personnel administered the Army Physical Fitness Test (APFT) to all cadets
upon entry into USMA. This test measures upper body and abdominal strength and aerobic
fitness. It includes the number of full body push-ups and bent leg sit-ups completed in twominute segments as well as a timed two-mile run. These three events (sit-ups, push-ups and a
two-mile run) are then each converted into an age and gender standardized score ranging from 0100. 21 Faster running times, higher numbers of push-ups and sit-ups earn higher scores. The
sum of these three scores represents the overall assessment of fitness with a range of 0-300.
Bone Densitometry
The left total hip and lumbar spine (L1-L4) BMD (gm/cm2) were measured using a
mobile DXA scanner (DPX-IQ, General Electric-Lunar, Madison, WI). The coefficient of
variation (CV) (%) in vivo were determined by measuring eight individuals twice, including
repositioning, and the CV% was 1.5% and 1.5% respectively for spine and left total hip in this
population. During this study there was no impact of movement of the mobile DXA, based on
no significant change in the phantom measurements as part of the daily quality control program
for DXA measurements. BMD (g/cm2) of the left calcaneus was assessed using peripheral dualenergy x-ray absorptiometry (DXA) (Pixi, Lunar, Madison,WI). The coefficient of variation in
vivo for the calcaneus pDXA was 1.0%. Peripheral QCT (Stratec XCT2000; Germany) was used
to image a single slice at the two-third distal tibia. To identify the site, the distal third of the tibia
was determined by manual measurement of tibial length between the base of the patella and the
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styloid process (to the closest centimeter). The pQCT was positioned at the 2/3 site after placing
a positioning light of the gantry above the styloid process. The tibia was chosen because it is a
major site of stress fractures in military cadets 8. Bone mineral content (mg per 1 mm slice of
bone) and cortical thickness (mm) as a result of combined periosteal and endosteal
circumferences (mm) were measured. Cortical bone was identified at a threshold above 710
mg/cm3. Cortical thickness was derived using the circular ring model, which calculates a mean
cortical thickness from measures of total bone area and cortical bone area. The coefficient of
variation was 2.2% for tibial mineral content and 3.2% for cortical thickness.

Statistical Analysis

Student’s t-test were used to examine the differences in BMD among dichotomous
lifestyle variables and non-parametric tests were used (Kruskal-Wallis Test) to test differences
between variables that are not normally distributed such as menstrual cycle frequency. The
relationships between lifestyle determinants and BMD were examined using Pearson’s
correlation analyses and, where appropriate, with linear regression to control for potential
confounders. Effects of categorical lifestyle variables on BMD were also assessed using analysis
of variance. The relationships between BMD at different skeletal sites with fitness measures
were assessed by linear regression. In Caucasian women, a multiple regression model was
created using all covariates that had biologic plausibility and were significant in the univariate
analysis. The level of significance for alpha was set at 0.05 for all statistical tests. All analyses
were performed with SPSS statistical software (Version 13.0 for Windows, SPSS Inc., Chicago
IL).
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Results

Population Characteristics
There were 136 women enrolled, including 108 Caucasians, 13 African Americans and
15 Asians. Overall, the women cadets in this study had healthy behaviors with 77% reporting
they exercised more than 7 hours a week, and reporting a higher than average daily calcium
intake approximately equal to the recommended daily intake (RDI) for this age group of 1000
mg calcium per day. Most (97%) were tobacco free, and only 10% admitted to consumption of
more than two alcoholic beverages per week (although alcohol intake may be underestimated in
this underage population). All women had experienced menarche and approximately 10.7% of
the women currently used oral contraceptives and there was no reported use of Depo-Provera.
There were previous fractures reported in 34% of women.
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Table 3.1 Descriptive Variables for Caucasian Women

Table 3.1 provides anthropometric measures and physical fitness scores by menstrual
function category in all non-OC users. There were no significant differences across categories.
There were also no significant differences for any of these variables when comparing current OC
use to non-OC users. The raw results from the fitness test are provided including the numbers of
push-ups and sit-ups in two minutes and run score based from 0-100 on the two-mile run test.
The average number of full body push-ups completed in two minutes was 31.49 ± 13.12 and the
average number of sit-ups was 55.19 ± 15.88 for these women. Their run times for the two-mile
run test ranged from 13 minutes 23 seconds to 22 minutes 39, with 50% of the women running
faster than an 8.37 pace per mile. Total APFT score was more than one standard deviation better
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than similar aged female recruits that enter basic training, a group that more closely represents
the general population.21
Table 3.2 Multiple Linear Regression Models for Bone Density in Caucasian Females

Bone Density Measures
Baseline BMD results for the calcaneus, left total hip, spine (L1-L4) and tibia as well as
tibial dimensions are reported by menstrual function category and oral contraceptive use in Table
3.1. T-scores were calculated based on the reference population from Lunar for the spine
(average t score for the spine= +0.6) and for the total hip (average t-score was +1.2) using the
NHANES database.

Racial Differences
Although there were no significant racial differences in total hip BMD, African
American women had slightly higher spine and calcaneus BMD when compared to other races
(p<0.05 as compared to Caucasians). However, all races had significantly higher calcaneal,
spine and hip baseline BMD than the expected population average (p<0.025). African American
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women had significantly larger periosteal circumference and tibial mineral content when
compared to the other races (p<0.02). There were no racial differences seen in cortical thickness.

Predictors of BMD in Caucasian Women
Lumbar Spine and Total Hip
Milk consumption and total calcium intake had no apparent effect on BMD at the spine
or hip. There was no apparent effect from caffeine, alcohol or smoking on spine or hip BMD.
BMD was 3% higher in the spine and 4% higher in the hip when comparing the highest exercise
level to the other levels for the year prior to entering USMA (hip; p=0.063; spine; p=0.14). Age
at menarche was also not a determinant of spine or hip BMD. Women who had either
amenorrhea or oligomenorrhea in the prior year had significantly lower spine and hip BMD
(Figure 3.a; both p<0.03). Never-users of OCs had significantly higher BMD in the spine when
compared with current OC users (Figure 3.b; (p<0.03)). Women with prior fractures had higher
BMD at both the spine (1.26 ±0.14 vs. 1.20 ±0.10; p <0.04) and total hip (1.18 ±0.12 vs. 1.12±
0.12; (p <0.02) compared to those who did not have a fracture.
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Figure 3.a. ( In published copy, this was Figure 1)
BMI, height and weight were all modestly correlated with both spine BMD (r= 0.23, r=
0.36 and 0.41, all p<0.01) and total hip BMD (r= 0.31; r= 0.21, and 0.37; all p<0.01). Each tenpound increase in weight was responsible for an approximate 2.5% increase in BMD. None of
the fitness variables correlated with spine or total hip BMD.
In all Caucasian women, approximately 26% of the variation at the spine was explained
by weight, fracture history, and current OC use. At the total hip 23% of the variation was
explained by weight, fracture history and number of menstrual cycles.
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Figure 3.b ( Known as Figure 2 in original published article.)
Calcaneus
Total daily calcium intake was modestly correlated with calcaneal BMD (r = 0.194;
p<0.05). Women with the lowest daily milk intake (<1 glass per day), compared to all higher
intakes of milk, had 13% lower calcaneal BMD (p<0.01). Caffeine, alcohol, and tobacco usage
were not significantly related to calcaneal BMD in the young women in our study population.
Prior exercise was also significantly correlated with calcaneal BMD (r=0.37; p <0.001).
Age of menarche was not related to calcaneal BMD. Women who reported either amenorrhea or
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oligomenorrhea had lower calcaneal BMD (Figure 3.a: p<0.05). A comparison of current OC
users to all other women showed lower calcaneal BMD in current OC users (p<0.06). Women
with a personal history of fractures had, on average, 6.7% higher calcaneal BMD than those
women with no personal fracture history (p <0.03).
BMI and weight were moderately correlated with calcaneal BMD (r = 0.414 and r =
0.450, both p<0.01). Neither height nor any of the fitness parameters were correlated with
calcaneal BMD.
Calcaneal BMD in Caucasian women was best predicted by body weight and glasses of
milk consumed per day. These two variables accounted for 25% of the variation in calcaneal
BMD. Each additional 10 pounds of body weight was associated with a 0.02 g/cm2 or 3.4%
incremental increase in calcaneal BMD. An increase in milk consumption of one glass per day
was related to a 4.3% higher calcaneal BMD.
Tibial Mineral Content and Geometry
Women with low milk intake had 6% lower tibial mineral content than those drinking
three or more glasses of milk daily (p =0.06). There was a marginal difference in cortical
thickness at different milk intakes (p < 0.08) but there was no effect of milk on periosteal
circumference. Total daily calcium had no apparent effect on tibial mineral content or geometry
in our population. Caffeine intake had a borderline significant negative impact on tibial mineral
content (p=0.07), but no relationship with cortical thickness or periosteal circumference. There
was no relationship between smoking or alcohol with tibial BMC, cortical thickness or periosteal
circumference.
Women reporting the lowest exercise category had 8% lower tibial cortical thickness and
6% lower tibial mineral content than women reporting the highest exercise levels. Additionally,
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when comparing the two highest groups with the two lowest exercise groups there was a
significant difference in both cortical thickness (p>0.01) and tibial mineral content (p>0.04) but
not periosteal circumference. There was no significant relationship between age of menarche
and any of the tibial parameters. Those women with oligomenorrhea or amenorrhea in the year
prior to entering USMA had significantly smaller cortical thickness (p< 0.001) in part related to a
larger endosteal circumference (p< 0.009), and these women also had significantly lower tibial
BMC (p < 0.005; Figure 3.a). As compared to OC users, tibial BMC was higher (p < 0.015) and
periosteal circumference was larger in non-OC users (p < 0.018). There was no difference in
cortical thickness between OC users and non OC users. There was no association seen between
prior fracture and any tibial parameter.
Height was positively correlated with tibial BMC (r = 0.39; p>0.01), and periosteal
circumference (r = 0.34; p>0.01), but not with cortical thickness. Weight was positively
correlated with the three tibial parameters: tibial BMC(r = 0.58; p>0.01), cortical thickness (r =
0.25; p>0.01), and periosteal circumference (r = 0.50; p>0.01). BMI was moderately correlated
with tibial mineral content (r = 0.43; p>0.01), cortical thickness (r = 0.27; p<0.01) and periosteal
circumference (r = 0.43; p>0.01). Of the fitness measures, run score was modestly correlated
with both tibial mineral content and cortical thickness (r =0.23, r =0.24, respectively, both
p<0.04) but not periosteal circumference. Sit-ups and push-ups were not correlated with any
tibial parameter.
Results of the regression analyses for each of the tibial parameters in Caucasian women
are presented in Table 3. 3. Regular menstrual function or OC usage and weight were important
predictors in three out of three models while run score was important in two out of three.
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Table 3.3 (Was published as Table 3)

Discussion
In this cohort of 107 young Caucasian women, we found that prior exercise and weight
were important and consistent positive determinants of BMD at all sites, tibial BMC and cortical
thickness. Physical fitness, primarily run score, was an important predictor of tibial BMC and
cortical thickness. Milk consumption had an important influence on bone density of the heel and
was marginally related to tibial BMC and cortical thickness. Prior studies have suggested that
milk-based calcium intake is an important factor in increasing bone density and bone size. 19, 20
The use of oral contraceptives had a negative effect on calcaneal and spine BMD, tibial mineral
content and bone size as evidenced by a smaller periosteal circumference at the tibia. We found
that one of the strongest negative predictors of bone density was oligomenorrhea that occurred in
13% of women or amenorrhea that occurred in 5% of this population. This prevalence of
amenorrhea/oligomenorrhea is slightly higher than what has been reported in a Danish study,
although the Danish population was likely to have had lower levels of exercise than these women
entering the USMA.22 In fact, women in USMA who had oligomenorrhea or amenorrhea (32%
of whom were avid exercisers with >11 hours exercise/week), had lower bone mineral density at
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all skeletal sites, less BMC at the tibia and a smaller tibial cortical thickness through an increase
in endosteal circumference.
The fact that body weight was an important factor for skeletal health is not surprising
since genetic factors, including weight, can account for between 60-80% of the variation in
BMD. 2, 8, 23, 2. In this extremely fit population, weight may have also been related to muscle
mass. In previous studies, high muscle mass has been associated with higher BMD while low
muscle mass was associated with poor low BMD. 25
The benefits of exercise on bone health are supported by this study. Both a measure of
average weekly exercise in the prior year and run score, a fitness measure used by the Army,
were found to be important predictors of bone density and tibial size. Long bone cross-sectional
growth has also shown to be strongly driven by mechanical load associated with increased
weight and exercise during growth. 26 In this cohort weight was also a significant predictor of
periosteal circumference, with exercise and weight influencing cortical thickness of the tibia.
The high prevalence of prior fracture experienced by the women in this study (34%) may be
related more to an active lifestyle and selection of activities with higher loads or greater risk than other
women in this age group, rather than to a difference in bone mass. In fact, a personal history of
fractures was significantly related to higher BMD at three sites: spine, total hip and calcaneus. There
was no difference in any of the fitness measures or amount of prior exercise between those who
fractured and those who did not. The type of exercise, rather than the amount, might have been more
important to personal fracture risk. Alternatively, this could be explained by the suggestion that
individuals with a genetic predisposition to poor bone quality, who engage in weight bearing exercise,
gain more skeletal benefit from exercise than those without this predisposition. 27
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Prior studies evaluating the impact of OC use on BMD at different skeletal sites has
provided mixed results with no clear consensus. 12-14, 28 There is some indication that OC use at a
younger age may suppress endogenous production of hormones and that the OC replacement
dose of estrogen is inadequate and may compromise the large increases in bone mass during
peak bone mass accrual. 16 In this study of young women, 10.7% reported being current OC
users. OC use was associated with significantly lower bone mineral density at the spine and heel,
but not the hip, in agreement with some but not all data that have been reported previously.
Furthermore, we found that OC users had less tibial BMC and a unique finding of smaller tibial
size. The OC users in this study did not report higher prior exercise levels or perform better on
the running test. In this study, it was not known why women were prescribed OCs; it may have
been because of menstrual irregularity or for contraception. If OCs were used for
oligomenorrhea or amenorrhea, the residual deleterious effects of this could have created the
BMD deficit. However, our comparison group did not exclude women with oligomenorrhea or
amenorrhea from the non-OC users group, which would bias the results toward finding no effect
of OC use on bone.
A unique aspect of our study was the ability to assess periosteal circumference and cortical
thickness of the tibia as important measures of bone size and strength. Oligomenorrhea and
amenorrhea were related to a smaller cortical thickness, in part, a result of a larger endosteal
circumference. Conversely, the use of oral contraceptives led to a smaller periosteal circumference and
this smaller bone size could result in less bone strength. A prior study of women aged 18-31 years on
oral contraceptives revealed a reduced cross-sectional area and cross-sectional moment of inertia in the
femoral neck, also indicating reduced mechanical strength. 12 Thus, as shown elsewhere, an interruption
in normal menstrual function or any alteration in estrogenic state, such as oral contraceptive use, may

82
alter the mechanostat set point of bone. 7 Periosteal growth, which enlarges bone diameter, accelerates
at puberty in males. However, in females, periosteal growth is inhibited by estrogen at puberty and of
interest we found that females on OCs had a smaller periosteal circumference. 28 Cortical thickness can
also be increased by apposition of endocortical bone but in females with oligomenorrhea or amenorrhea
this may be prevented, and may in part explain the significantly larger endosteal circumference in
women who have abnormal menstrual function.
This study had some limitations. Our baseline questionnaire included a brief selfadministered food frequency questionnaire. The data was grouped to ensure the surveys were
completed as quickly as possible but some important data may have been lost due to grouping.
In addition, many other dietary factors not assessed on our questionnaire may be important
determinants of bone health including total caloric intake, however, due to time constraints our
dietary assessment had limited scope. Milk consumption was on average very high in this cohort,
limiting ability to see an effect, except when comparing highest to lowest intakes. Our population
of women was very fit, with above average BMD, therefore our external validity is limited.
Finally, the inherent problems associated with cross sectional studies including the establishment
of a temporal relationship exist in this study.

Conclusion

In conclusion, prior exercise and running score, a measure of fitness, are positive
determinants of both BMD and bone size in our population of physically active young women.
Milk intake may also have a positive impact on skeletal health. Physicians, coaches and trainers
should consider menstrual status when examining the health of their athletes, as it appears that
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oligomenorrhea and amenorrhea may be important to bone health, affecting both bone density
and size. Compounding this issue, OC use for menstrual irregularity may not be the most
practical solution to menstrual irregularity since there may in fact be further detrimental impact
on the attainment of peak bone mass and bone size. Attaining high peak bone mass and ideal
skeletal geometry is important to prevent both stress fractures and osteoporotic fractures later in
life, particularly for women. Therefore, further longitudinal studies are warranted to examine the
impact of nutrition, exercise, menstrual function and OC use on accrual of peak BMD as well as
peak bone size.
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Chapter 4:
The Impact of Varsity Sports, Fitness and Physical Aptitude on Bone Mineral Density

Abstract
This study assessed the impact of fitness level, physical aptitude and sports participation on bone
mineral density (BMD) and bone size in active young males. Subjects were 546 male Caucasian
students entering the United States Military Academy (USMA) who played one of ten high
school varsity sports and 34 male Caucasian non-varsity controls. USMA personnel assessed
height, weight and fitness level. Each subject took a physical aptitude exam (PAE) to meet
academy entry requirements. Calcaneal BMD was measured by peripheral dual X-ray
absorptiometry (pDXA). Tibial BMD, periosteal circumference and cortical thickness were
measured by peripheral quantitative computed tomography (pQCT). Spine and hip BMD were
measured by DXA in a subset (n=122). These skeletal characteristics, fitness, anthropomorphic
and physical aptitude measures of players in each sport were compared among sports and to a
control group of cadets who played no varsity sport. Basketball players were taller and wrestlers
were shorter than controls (both p<0.05). Football players were significantly heavier than
controls (p<0.001) while swimmers and cross country runners were lighter (both p<0.05).
Participants in football, basketball, baseball and wrestling performed better on the PAE (all p
<0.04) than controls. At the calcaneus, football players had higher BMD (p<0.004), while
swimmers had lower BMD (p< 0.04) than controls. BMD at multiple skeletal sites was different
among players of different sports and remained significant after controlling for body mass index
(BMI). Football and basketball players had greater calcaneal BMD than tennis, wrestlers,
swimmers, cross country runners and golfers. Swimmers and golfers had significantly lower hip
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BMD than football and basketball players. In addition, golfers had lower spine BMD when
compared to football, baseball and wrestling (all p<0.05). The sport differences may illustrate the
impact of loading and site specific activity of each sport on BMD. BMI, physical aptitude, fitness
and certain sports were found to be determinants of bone mass and size at various skeletal sites
in young, healthy males. These findings suggest that engaging in certain sports, improving
fitness and greater physical aptitude may confer a significant benefit to BMD and bone size, even
in an overall fit population.

Keywords: bone mineral density, physical aptitude, fitness, exercise, sports
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Introduction
During the first and second decades of life, it is important to accrue as much bone mass
as possible until achieving peak BMD in the third decade of life. As much as 60–80% of peak
bone mass is genetically determined, but understanding the environmental components that
influence BMD is an important strategy in the prevention of osteoporosis. 1, 2 Failure to achieve
and then maintain peak bone mass may not only increase the immediate fracture risk but also
increase the risk of osteoporosis-related fractures later in life.3-5 Research has shown that
physical activity and the mechanical loads created by specific load bearing exercises are
important mechanisms for enhancing the size and strength of bone and bone mineral density.6-9
Alternatively, a lack of weight bearing physical activity, a reduction in physical activity and
degrees of weightlessness have been associated with bone loss at multiple sites.10-12 Therefore,
enhancing bone mineral density and understanding the environmental components that can
influence the genetic potential of BMD could be important in the prevention of osteoporosis.
Young, healthy male athletes represent an important study population because they have
engaged in activities that have not only stimulated a specific adaptive response at loaded skeletal
sites but may also have increased their muscle strength and lean mass. Studies have identified
body mass index (BMI), muscle mass and body composition as having a genetic component and
also to be predictors of BMD at different sites.13 Cross-sectional and longitudinal studies show
that the osteogenic effect of load-bearing physical activity is site specific. Skeletal sites exposed
to the greatest mechanical stress and strains have higher bone mineral density (BMD) than
unloaded sites and higher BMD than the same sites in controls.14-16 In addition, some high
impact sport activities seem to provide skeletal benefits not only to the loaded sites but also to
the entire skeletal system.17 However, few studies have specifically assessed individual fitness
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levels and/or physical aptitude in BMD studies in athletes.7, 18 Therefore, the aim of this study
was to examine whether past participation in specific sports, performance on physical fitness
tests or physical aptitude were associated with site specific BMD.

Material and Methods
Subjects
All subjects were recruited from one incoming class at the United States Military
Academy (USMA), West Point, New York. Prior to arriving at the academy, each cadet received
an information packet with a description of the study and a sample consent form. The
Institutional Review Board (IRB) of Keller Army Community Hospital (KACH), West Point,
N.Y., approved this study. During cadets’ first week at USMA, study objectives and risks were
described to all members of the class, and they were invited to participate. Written informed
consent was provided by 755 male cadets (653 Caucasians). There are stringent medical
requirements for entry to USMA; therefore, there were no exclusion criteria. Of the 653
Caucasians, 546 were included in this analysis because they played one of ten varsity sports,
including football, baseball, basketball, soccer, swimming, tennis, golf, wrestling, cross-country
and lacrosse. Thirty-four Caucasian males entering in this class who played no varsity sports
were used as the control group.

Anthropometric Measures
Academy personnel measured cadets’ height and weight at entry. Cadet height was
measured in stocking feet, and weight was measured in a standard physical training uniform of

91
T-shirt and shorts using a calibrated balance scale. BMI was calculated as kilograms of body
weight per height in meters squared (kg/m2).

Bone Densitometry
BMD (g/cm2) of the left calcaneus was measured by peripheral dual-energy X-ray
absorptiometry (DXA) (Pixi, GE-Lunar, Madison, Wis.). The distal third of the left tibia was
determined by a manual measurement of tibial length between the base of the patella and the
styloid process to the closest centimeter. The peripheral quantitative computed tomography
scanner (pQCT; Stratec XCT-2000) located the 2/3 site after placing a positioning light of the
gantry above the styloid process. Bone mineral density (mg/mm3), cortical thickness (mm) and
periosteal circumference (mm) were measured. A mobile DXA scanner (DPX-IQ, Lunar,
Madison, Wis.) was used to measure the spine and hip in a randomly selected subset (n=122).
The short-term coefficient of variation (CV %) for each machine was calculated by
scanning 10 individuals on each machine twice. The coefficient of variation for in vivo BMD of
the calcaneus, spine and total hip were 1.0%, 1.5% and 1.5%, respectively. The CV% was 3.2%
for cortical thickness.
Measurement of Sports Participation in 546 Caucasian Male Cadets
Every cadet in the United States Military Academy submits a detailed application that
includes sports played in high school, level of ability achieved (e.g., junior varsity or varsity) and
duration in number of years played. An official in the applicant’s school verified sports
participation. While Caucasian male cadets entering this class participated in 24 different sports,
the ten sports with the highest participation were selected for this analysis. In addition, outdoor
track was excluded from the analysis because there is a great deal of diversity in different
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activities included in outdoor track, and this diversity would preclude examining site specific
differences. Where multiple sports were reported, the sport of longest duration was selected. A
self-administered baseline questionnaire assessed exercise hours per week on average in the year
prior to academy entrance.

Fitness and Physical Aptitude
Before entrance to USMA, all cadets are required to take a Physical Aptitude Exam
(PAE) as part of the admissions process. The PAE is used to assess the candidate’s ability to
meet the academy’s rigorous physical program. It is a test of explosive power, strength, agility,
speed and endurance. The exam consists of five events: pull-ups (men)/flexed-arm hang
(women), standing long jump, modified basketball throw, push-ups and a 300-yard shuttle run.19
Each event is equally weighted in the scoring, and a higher score indicates better performance.
Raw scores are converted to a numerical score and are event- and gender-specific. The possible
range of PAE scores is 0–800, although failure to pass the PAE will prevent applicants from
meeting the qualifications for admission.
Upon entry and twice a year in subsequent years, every cadet is required to take the
Army Physical Fitness Test (APFT). This standardized fitness test consists of pushups,
measuring upper body strength/endurance; sit-ups, measuring abdominal and hip flexor
strength/endurance; and a timed 2-mile run test designed to measure cardio-respiratory
endurance.20 Performance results from each event are converted into an age and gender
standardized score, ranging in value from 0 to100, with better performance being awarded a
higher point total; the minimum passing score for each event is 60. The total score, the sum of
these three scores, represents the overall assessment of fitness and has a potential range of 0 to
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300. The running event has been highly correlated with VO2 max and is considered a good proxy
measure for cardio-respiratory fitness.21

Statistical Analysis
All analyses were performed with PASW statistical software (Version 18.0 for
Windows, SPSS Inc., Chicago). Analysis included standard descriptive statistics for all male
Caucasians (n= 546) who participated in 1 of 10 varsity sports in high school and a control group
(n=34) who played no varsity sport. Analysis of Variance (ANOVA) with Fischer Least Square
Differences (LSD) post hoc pair-wise comparison of sports and controls was used to determine
differences in anthropometric, fitness, aptitude and bone measures across sports. The
relationships between fitness scores, physical aptitude scores and BMD were examined using
partial correlation analyses controlling for BMI. Generalized linear models were used to assess
sport differences while controlling for BMI with Least Significant Differences (LSD) post hoc
pair-wise comparisons. Age is also an important variable in BMD acquisition but was not
controlled for in this population with only a five-year age range. The relationship between BMD
at different skeletal sites and its determinants was modeled using linear regression. Each sport
was put into the regression model as a variable to examine if there were sport specific effects on
the bone parameter being modeled. The level of significance for alpha was set at 0.05 for all
statistical tests. Results are given as the mean ± standard deviation unless otherwise stated.
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Results
Participant Characteristics
The physical characteristics of participants categorized by sport are shown in Table 4.1.
Of these 580 participants, 34 did not participate in any high school varsity sport, and they served
as the control group. Swimmers and wrestlers were slightly younger than controls (both p<0.01).
Basketball players were taller (p <0.004) while wrestlers were shorter (p <0.005) than controls.
Football players were heavier and had a greater BMI (p <0.001) while cross country runners
were lighter and a lower BMI than controls (p <0.01).

Fitness Measures
Wrestlers and cross country runners had higher overall scores than controls on the APFT
(p<0.05). There were also significant sport differences in performance of the three components
of the APFT and PAE that related to the athletes’ sport of choice. Cross-country runners,
wrestlers and soccer players performed significantly better on the 2-mile run (all p <0.05). Only
wrestlers performed more pushups than the non varsity controls. Football, basketball, baseball
and wrestling performed significantly better on the PAE than controls on the overall score (p<
0.05; Table 4.1). Similarly, those who participated in upper body centric sports like swimming
and wrestling performed better on the pull-ups (p< 0.001 and p <0.024, respectively) than
controls.
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Bone Density Measures
BMD of the calcaneus, hip, spine and tibia, as well as bone size, are reported in
Table 4.2 by sport, and differences to the control group are indicated. The differences
among sports, controlled for BMI, are discussed by skeletal site below. The importance
of controlling for BMI is highlighted in Table 4.3, which shows the distribution of BMI
as classified by the National Heart, Lung, Blood Institute standard reference points.22
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Calcaneus
Calcaneal BMD of controls was not significantly different from BMD of those in
the sports studied, with the exception of football players, who had higher calcaneal BMD
(p<0.005), and swimmers, who had lower BMD at this heel site (p<0.05). After
controlling for BMI and examining sport differences, both football and basketball had
significantly greater BMD at the calcaneus, compared to five other sports: tennis,
wrestling, swimming, cross country and golf and controls (all: p <0.05). Swimmers had
significantly lower calcaneal BMD after controlling for BMI than controls and many
other sports, except golf, wrestling and tennis.

Hip and Spine
Football and baseball players had significantly higher hip BMD than controls
(both p<0.04 ) while golfers were lower (p<0.03), but differences did not persist after
controlling for BMI. However, there were other differences in BMD among players of
different sports that remained after controlling for BMI. Golfers had lower BMD of the
hip when compared to players in six sports including football, soccer, basketball,
wrestling, lacrosse and baseball. Similarly, swimmers had lower hip BMD when
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compared to football, basketball, wrestling and baseball. At the spine, football and
baseball had greater BMD when compared to controls (p< 0.007 and 0.02, respectively).
This only remained significant in football players after controlling for BMI (p<0.04). In
addition, football had greater spine BMD than both soccer and golf (both p<0.02).

Tibial Measures
When compared with the control males, soccer players had greater BMD in the
left tibia (p< 0.01); no other differences among players of any sport and the controls were
found. Soccer players also had greater tibial BMD than basketball and golf (both p<
0.01). However, when the study examined tibial periosteal circumference, both football
and basketball players had a greater circumference than controls, and this difference
persisted after controlling for BMI. In addition, both basketball and football players had
significantly greater tibial circumference when compared to players of all other sports
except lacrosse and each other (all p< 0.05). Football, lacrosse and soccer had a greater
cortical thickness than the controls (all p< 0.05). After controlling for BMI, football
players had significantly greater tibial cortical thickness than wrestlers, golfers or
controls (all p <0.03). Golfers had significantly lower cortical thickness when compared
to football, soccer, lacrosse, cross country and baseball players.

Physical Aptitude Measures (PAE), Fitness Measures and Bone Parameters
In a partial correlation controlling for BMI, the PAE exam was significantly and
positively correlated to hip and spine BMD (r= 0.185 and r =0.276; both p< 0.04).
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Alternatively, the fitness test (APFT), was only slightly correlated to cortical thickness
(r=0.155; p<0.001).

Cross-Sectional Indicators of BMD and Bone Size
Using linear regression, BMI was a significant positive indicator of BMD and
every other skeletal parameter (Table 4.4), except tibial BMD. PAE was an indicator of
spine, hip and calcaneus BMD. Sports with greater skeletal loading (football, basketball)
had a significant positive relationship with tibial size, specifically, periosteal
circumference. Fitness was the only variable of significance in the model explaining the
variation of tibial BMD and also in the model explaining the variation seen in cortical
thickness. Football, baseball, basketball, lacrosse and soccer participation were
significant positive indicators of BMD at multiple skeletal sites when entered into the
regression model. Alternatively, swimming and wrestling participation were negative
indicators of calcaneal BMD. Playing football was positively associated with spine, hip
and calcaneus BMD, even after controlling for BMI in the model.
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Discussion
Fitness, BMI, muscular strength and underlying physical aptitude all may play a
role in skeletal health, yet it is difficult to isolate the individual effects of each of these on
the skeleton. After investigating whether participation in specific sports, physical fitness
or physical aptitude best predicted BMD, the main findings of this study were: (1) The
physical aptitude exam was a better determinant than fitness for spine BMD and cortical
thickness; (2) there were sport specific differences in BMD and bone size, even after
controlling for BMI differences. Loading sports, including football, conferred greater
skeletal benefits than some other loading sports, while swimming and golf, non-loading
sports, did not seem to create forces that stimulated skeletal adaptation based on bone
size or density.
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The physical aptitude exam given to cadets is a tool used to assess their ability to
deal with the physical demands of USMA and military life. The concept of using motor
fitness tests to assess physical aptitude is not unique to the military but is also being used
as a method of predicting talent in young athletes.23 Aptitude tests can include skillbased, explosive power, agility and/or anaerobic capacity tests; the PAE given to cadets
contains each of these elements. Similar to bone mineral density, physical aptitude
appears to be genetically influenced.24 Therefore, it is of interest that the PAE was a
predictor of BMD at certain skeletal sites (e.g., the spine, hip and calcaneus). Other
studies have shown that fitness tests have a significant positive relationship to total body
bone mineral content (BMC) and BMD at the radius and various hip sites.25 Fitness has
also been cited as a correlate or predictor of BMD in numerous studies.26 In this study,
fitness score was a significant determinant of BMD and cortical thickness at the tibia, a
site that is truly weight bearing. The tibia is, in fact, the only site where true density is
assessed, and the measure of cortical thickness is important for bone strength and
reduction in fracture risk.
It has been hypothesized that repetitive muscular contraction, either natural or
electrically stimulated, can create strains high enough to permit bone remodeling and
maintenance of BMD, even in the absence of weight-bearing activity.27 Swimming
would illustrate this, however, in the current study; male swimmers had significantly
lower BMD values at the heel than participants in most other sports, even after
controlling for BMI. Other studies have also found swimmers to have lower BMD as
compared to participants in soccer, rugby and fighting sports, including karate and
judo.16, 28, 29 In addition, swimmers had lower BMD at the hip than those in other sports.
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Conversely, one high impact weight-bearing sport, football, had a positive effect on heel
BMD, even after controlling for BMI.
An interesting finding is the impact that loading sports had on bone size. In
addition to BMD, bone strength and fracture risk reduction was related to bone size. This
study found that both football and basketball were independent positive indicators of
bone size based on periosteal circumference. Another important measurement of bone
size was tibial cortical thickness. It should be noted that even after controlling for BMI,
football players had significantly greater cortical thickness of the tibia than controls. Also
related to cortical thickness was performance on the fitness test, which might be an
indicator of past exercise loading, specifically through compression. Bones, as an active
tissue, have high compressive strength and limited tensile strength; therefore, loading
would add to the strength index of the bone.
Male runners in this study had decreased BMD at the calcaneus when compared
to football, basketball and soccer players even after controlling for BMI. However, BMD
of runners was still higher than swimmers. These findings fit into the concept that
athletes may self-select into sports where they are likely to be successful, and size may be
a critical attribute in some sports. This potential for self-selection makes comparisons
among athletes difficult, since study data are typically collected years after selection into
a sport was made. There was also a negative correlation between cross-country training
time as reported in their baseline survey of hours of exercise per week and lower BMD of
the spine. This could again be attributed to self-selection or dietary restriction related to
the desire for staying light for running or to suppression of hormones. MacKelvie found
an inverse relationship between running mileage and testosterone levels.33 Lower mileage

103
runners had higher BMD while the BMD of the greatest distance runners was no different
from the controls.30 In general, there are conflicting results on the association between
running and BMD in males.31
In other sports, the study found tennis to have less impact on skeletal parameters
of the lower extremities in players than expected. Specifically, both calcaneal BMD and
periosteal circumference of tennis players were lower than that of football, soccer and
basketball players. Other studies have shown that tennis is beneficial to BMD, at least at
the playing arm when compared to the non-playing arm.32 However, there may be less
loading on the lower extremities compared to many other sports leading to a smaller tibial
size and heel density.
There are several limitations to this study. Since it is a cross-sectional study, it is
not possible to establish a cause-and-effect relationship among sport participation,
exercise and bone mass or size. The external validity of this study may be limited because
this general study population was more fit than other college-age populations. The
validity of the PAE actually to determine an aptitude for overall physical performance
has not been fully proven, but it is highly correlated to physical success while at the
academy.
The sample size for spine and hip BMD in some of the sports was limited to a
subset of cadets; therefore, despite trends toward differences in measurements, no
significance was found although an actual difference may exist. In addition, while
members of the control group may not have participated in organized varsity sports in
high school, they may have played club or another organized sport. Their fitness and PAE
scores indicate that they were athletic; therefore, by using this control group, the study
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may have underestimated the sport specific effects. All subjects had their left leg
measured, so they may have underestimated any skeletal benefit since sport specific
differences may have been mitigated by measuring the dominant leg in only 11% of the
subjects and not the other 89% who are right-footed.
In conclusion, measures of physical aptitude and fitness may be novel
determinants of bone mass. In addition, these measures may be used to predict bone size,
which is an additional parameter of bone strength. Those performing poorly on physical
aptitude tests and fitness tests might be provided with targeted education on bone health,
exercise regimens and nutrition. The BMD differences that remained at multiple sites
among sports (after controlling for BMI) seem to relate to the site-specific activity and
loads on the skeleton that are created by training. Basketball players had significantly
greater periosteal circumference than players in almost every other sport, perhaps related
to force impact from activities related to jumping that could alter bone size. Swimmers
had lower calcaneal BMD than the controls and six other sports after controlling for BMI.
This is a nonload-bearing activity; in comparison with other sports at every skeletal site,
swimmers had smaller bone or lower density compared with participants in loading
sports. Alternatively, football players had significantly greater BMD and periosteal
circumference than participants in many sports as well as control males. The data from
this study support the findings of previous studies that loading sports including football,
soccer and basketball could have a positive impact on bone mass and bone size. It is
important to maximize peak bone mass and bone size to prevent fractures later in life. An
understanding of the impact that sports have on the different skeletal sites will provide
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useful information for athletes and their trainers to promote certain training activities that
strengthen skeletal sites normally not impacted by their sport of choice.
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Chapter 5:
Body Composition and Weight Changes in Physically Fit Females During Four
Years at University

Abstract

This study examined body fat, body mass index (BMI) and weight changes in a fit female
university population during a four-year period. Subjects were recruited from the United
States Military Academy in the summer before their freshman year (n=108; mean
age=18.4 0. 8) and were followed until graduation (n=79). Height, weight and fitness
measurements were conducted at entry and each subsequent year. Body fat was assessed
annually via bioelectrical impedance. Birth control type and duration of use, menstrual
function and calcium intake were assessed annually by survey. Disordered eating was
assessed during the final year at the academy. The Vitamin D receptor (VDR) gene DNA
was isolated from whole blood (collected at baseline) according to standard protocols.
Entry weight was 140.9±17.9 compared to 146.98±19.4 at graduation. Most weight gain
(5.2 pounds; p< 0.001) occurred during the first year and remained until graduation, with
a total average weight gain of 6.0 pounds (p=0.001). Mean percent body fat was 21.1% ±
3.4 at first measure and 23.1% ± 4.5 at graduation. During the second year at university,
there was a significant increase of 1.8% body fat (p=0.001). This increase in body fat
remained through graduation. Average BMI on entry was 22.8 ± 2.4, and at graduation, it
was 23.6 ± 2.4. The prevalence of overweight/obese subjects based solely on BMI rose
from 17.6% to 25.4% four years later. Fitness increased significantly in the first year
(partial eta2 =0.224; p=0.001) and remained significantly higher than baseline through
graduation (p=0.001). Age at menarche was negatively associated with change in body
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fat (r=-0.26; p=0.002). Two measures of the Eating Disorder Inventory-2 (EDI-2),
interpersonal distrust and a sense of ineffectiveness, were significantly and negatively
correlated with weight change and BMI change (r=-26; p=0.04 r= -0. 26 and p= 0.03
respectively). Body dissatisfaction, another measure on the EDI-2, was positively
associated with current weight and BMI at graduation (r=0.31; p=0.008 and r= 0.26 and
p= 0.03, respectively). The VDR was not associated with baseline body fat, entry weight
or BMI, nor was it associated with a change in these variables. In the regression models
examining predictors of weight and change in weight both models had weight at entry
and fitness as the sole predictors. For BMI and change in BMI both models had a
measure from the EDI. Fitness was also in the model for graduation BMI . The use of
depot medroxyprogesterone acetate (DMPA) was associated with an increase in change
in body fat while fitness was negatively associated with body fat change.. In conclusion,
even in this fit population there was evidence of both modest weight and fat gain during
the college years. This study underscores the social and psychological complexity of
weight gain in college-age women and provides further evidence that health promotion
strategies should be directed at university students to help them develop positive health
habits and deter weight gain, specifically fat gain.

Keywords: Fitness, body composition, weight gain, university, exercise, body mass
index
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Introduction

Obesity is a major health concern and an economic burden to most industrialized
nations including the United States; therefore, understanding its causes and preventing its
occurrence is a critical public health issue. The cost of obesity-related disease and
disability is responsible, directly or indirectly, for increasing the worldwide burden of
medical care on society.1 In the United States, obesity and obesity-related disease and
disability were associated with health care costs in excess of $147 billion in 2006.2
Trends indicate that there is little progress in resolving this epidemic. Specifically, Wang
reported that that the prevalence of obesity rose in the United States from 13% to 32% in
the four decades between 1960 and 2004.3 Current obesity prevalence is 33.8% for adults
and 15.5% for children 12–19 years of age.4, 5 With a life course approach targeting
critical weight gain periods, opportunities may exist to change not only the current trends
in obesity but also the progression of diseases associated with obesity, including
metabolic syndrome, cardiovascular disease and diabetes.

Critical weight gain periods most often associated with obesity later in life
include the neonatal period, early infancy, adolescence, college years and pregnancy.6-11
Understanding how to prevent weight gain during these periods may alter the onset of
obesity later in life. In particular, the freshman year of college has been a period
associated with weight gain.10 The reasons for weight gain during the university years
have included a lack of parental control on food choices, peer influence, mandatory
dining for freshmen who live on campus, alcohol consumption and stress.12-14 The
American College Health Association recently reported that 36.7% of college students
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were overweight or obese, according to their self-reported height and weight
measurements.15 Many factors influence weight gain through life leading to adult obesity.
These include faster infancy weight gain, maternal pregnancy weight, lack of physical
activity, genetics, socioeconomic status (SES) of parents, social experience in high school
and sleep deprivation.16-19 Besides the psychosocial issues related to food consumption
and the imbalance in energy consumption and expenditure (positive energy balance)
leading to obesity, a genetic predisposition has also been identified, one of the markers is
through the Vitamin D receptor gene.20,21 Therefore, identifying those people at greatest
risk for weight gain and providing targeted interventions during critical periods may
ultimately alter long-term health outcomes, provide a better quality of life and reduce the
economic burden of obesity.

The purpose of this study was: (1) to estimate the changes in body fat, weight and
BMI in a fit female college population; (2) to determine whether body weight and body
composition are associated with standardized fitness measures; and (3) to examine the
role of Vitamin D receptor gene, specifically, BsmI, use of contraceptives, calcium intake
and eating disorders in body weight and percent of body fat changes during the four years
at university. These results may help practitioners and university staff to develop
prevention methods to prevent weight gain during the college years. Suggested
prevention methods might be to provide university students information on the
importance of a healthy diet and the importance of exercise during a time of upheaval and
change normally associated with weight gain.

Methods
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All subjects were recruited from one incoming class to the United States Military
Academy, West Point, N.Y. They were part of a larger study examining stress fractures
and bone mineral density. This study was approved by the Institutional Review Board
(IRB) of Keller Army Community Hospital (KACH), West Point, N.Y. Each cadet was
sent a study information packet, which included a sample consent form prior to arrival at
the academy. During their first week at the academy, all members of the class attended a
formal presentation describing the study objectives and the associated risks, and were
then invited to participate. Of 192 females, 136 (71%) gave written informed consent and
provided the sample for this analysis. There was no difference in race or age among those
who consented and those who did not. Academy medical and fitness requirements are
stringent; therefore no exclusion criteria were required. All students at the United States
Military Academy live on campus and are provided meals, family style, during their four
years at the academy.

Fitness and Anthropometric Measures
Academy personnel measured each cadet’s height and weight upon entry and at
each subsequent year. Cadets are measured in their physical fitness uniform, which
includes a standard issue cotton T-shirt, running shorts and athletic socks. The height and
weight measurements were used to calculate Body Mass Index: BMI = weight (kg)/
height (m2). Trained academy personnel administered the Army’s standardized fitness
test to all cadets upon academy entry and each subsequent year. This test measures upper
body and abdominal strength and aerobic fitness by counting the number of full body
pushups and bent leg situps completed in two-minute segments and a timed 2-mile run.
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Each of these three measures is then converted into an age and gender standardized score
ranging from 0–100. The sum of these scores represents the overall assessment of fitness
with a range of 0–300 with higher scores indicating a greater overall level of fitness.
Body composition and fat mass (%) were measured using bioelectrical impedance
(Tanita, model TBF-305, Tokyo). Body composition was assessed annually at the
completion of each academic year but not at entry.

Genetic Assessment
The Vitamin D receptor (VDR) gene DNA was extracted from peripheral blood
leukocytes using standard methodology (Nucleon II, Scotlab, UK), and stored in 96-well
plates at –20°C and analyzed at University of Aberdeen, Scotland.

Questionnaire Data
A self-administered baseline questionnaire provided information on exercise,
lifestyle and dietary habits for the year prior to academy entrance. Race data was
collected from academy records. Annual surveys were used to collect data on menstrual
function, use of birth control by type and duration and calcium intake. Eating disorders
and body satisfaction were assessed in the fourth year using the Eating Disorder
Inventory-2 (EDI-2).22

Statistical Analysis
All analyses were performed with PASW statistical software (Version 18.0 for
Windows, SPSS Inc., Chicago). Chi square analysis test, means and standard deviations
are reported on continuous variables of interest. Correlations were performed with
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Pearson's correlation coefficient. A repeated measures ANOVA was used to examine
differences among BMI, fitness and percent body fat at entry, exit and during periods of
anticipated change. Mean imputation was used for missing anthropometric values in the
intervening years but not at entry or end points. Statistical significance was set at p <0.05.
A multiple linear regression model was created for the main outcomes of interest
including weight, BMI and percent body fat and change in these variables, using those
variables that either had biologic plausibility or were significant in the univariate model.
Mini tab and SPSS were used to assess the relationship of the VDR genome to changes in
weight, BMI and body fat.

Results

Population Characteristics
There were 136 female cadets enrolled in the study. Of these, 108 were
Caucasian, 15 were Asian and 13 were African American. Upon entry, Asians were
significantly lighter with lower BMI than either Caucasians or African Americans (both:
p<0.01). Asians were also significantly shorter than Caucasians (p<0.01). There was not
adequate statistical power to determine race specific changes in the main outcome
variables (weight, BMI and percent body fat); therefore, the analysis in this paper is
based on the Caucasian females who entered and then completed entry and exit
measurements as well as many intervening measurements during the four-year study
(n=79). Table 5.1 provides the average anthropometric measures at entry and study
completion for the 79 Caucasians who completed the study and graduated from the
academy.
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Body Mass Index and Weight and Body Fat
The average BMI on entry was 22.8 ± 2.4 and upon graduation was 23.6 ± 2.4.
Upon entry, 17.6% of women were identified as overweight or obese using BMI≥ 25 as
the delineator.23 There was a significant increase in BMI during the first year (partial eta2
=0.121; p=0.002) but no other significant changes in BMI during subsequent years. The
largest percentage of women fell within the normal range of BMI with a high of 81% at
entry and a low of 69% at graduation. There was also an increase in women who were
classified as underweight from 1.3 % at baseline to 5.6% at graduation. The prevalence
of overweight/obese subjects, based solely on BMI, rose from 17.6% to 25.4% four years
later.

Since BMI is a poor indicator of fat-free mass and true body composition status in
fit, athletic populations, body composition analysis was added at the 2nd assessment.24, 25
In a repeated measures ANOVA, there was a significant rise in body fat of 1.8% from
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end of first year to the end of second year (partial eta2 =0.287; p=0.001), and this increase
in body fat persisted until graduation (partial eta2 = 0.22; p=0.001). There were no
significant changes in body fat after the first year. Annual assessment of the variables of
interest while at university is presented in Table 5.2.

Fitness Levels
The average score on the fitness test on entry was 209.0 ± 37.2 (range 0-300).
Fitness levels significantly improved during the first year at the academy with an initial
increase of 42.6 points. The gain in fitness remained significant until graduation, with the
average score on the fitness test at graduation being 285.2 ± 33.3 (partial eta2 =0.839;
p=0.001).
There were different relationships between the fitness test and each outcome
variable: weight, BMI and body composition during the four university years. The
correlation of these results and fitness are presented in Table 5.3. At baseline, higher
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levels of exercise were significantly correlated to the entry fitness test (p=0.37; r= 0.002)
but not to entry weight, BMI or baseline body fat. There were no significant correlations
with any other exploratory variable and outcomes of interest at baseline. At graduation,
there was a significant negative correlation between BMI and fitness performance (r= 0.37; p=0.001). In addition, in the senior year, there was a negative correlation between
percent body fat and total fitness score (r= - 0.28; p=0.02).

n.s = non-significant

Vitamin D Receptor Gene
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There was no association seen between the Vitamin D receptor gene
polymorphism examined, BsmI, and weight, BMI or body fat in this study at baseline or
completion.

Calcium Intake
During the four years at university, both dairy and total daily calcium
consumption significantly declined (p=0.001). Neither weight, BMI nor body fat were
correlated with dairy intake or total daily calcium intake at baseline. Average daily
calcium consumption during the four year period was positively correlated with both
body fat at graduation and percentage body fat change (r=0. 24; p=0.04 and r=0.25; p =
0.03).
Other Variables
Body dissatisfaction from the Eating Disorder Inventory-2 was positively
correlated with graduation weight and BMI. There was a significant negative correlation
between total months of oral contraceptive use use and body fat at graduation (r= -0.29
;p=0.02).

Predictors of Weight, BMI and Body Fat Change
Two measures of the Eating Disorder Inventory-2, a sense of ineffectiveness and
interpersonal distrust, were significantly and negatively correlated with weight change
and change in BMI (r=-0.26; p=0.03 and r= -0.24; p= 0.03, respectively). During the four
years at university, 16% of the women used DMPA, and 58.2% of the women used oral
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contraceptives. There was no association between total months of oral contraceptive (OC)
use change in weight, BMI or body fat in any of the regression models. However, in the
regression model examining predictors of change in body fat, total months DMPA use
was positively associated with changed in body fat. Better performance on the fitness
exam was a negative predictor of change in body fat. Age at menarche was negatively
associated with change in body fat (r= -0.26; p=0.02).

As seen in Table 5.4, the main predictor variables associated with the outcome
variables of interest, weight, BMI, and body fat at graduation, as well as changes in those
variables were weight at entry and fitness. A regression model examining change in
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body fat indicates that mean DMPA use (in months) in conjunction with performance on
the fitness test explains 51% of the variation seen in body fat change during the four
university years.
Discussion
Weight gain at university is a common and complex matter. Similar to other
studies, this study observed that most weight gain occurred in the first year at
university.10, 13 However, there was significant variability in individual weight change
during the freshman year with a range of18.5 pounds lost to 22.0 pounds gained, with
more than 25% of the women losing weight. Changes in physical activity are often
associated with weight gain/loss.14 As would be expected, hours of exercise per week
prior to entering the academy was associated with entry fitness test score (r=0.374;
p=0.002) but not with weight or percent body fat. Graduation fitness test score was
negatively associated with an increase in percent body fat (r= -0.264; p= 0.03), indicating
that those who gained fat, and not those who gained muscle, may have participated in less
exercise and training for the fitness test. Entry weight was a positive predictor of
graduation weight and body fat. In four of the six models, better performance on the
fitness test was negatively associated with graduation weight and BMI, as well as
changes in weight and body fat. In 11% of the women, there was weight gain, but no fat
gain. In examining this subset of women, when the four-year weight change was modeled
with body dissatisfaction score it accounted for 90% of the variability in weight change in
this population (r2=0 .9; p=0.008). Better performance on the fitness test may be a proxy
measure for higher physical activity while at the academy. In fact, in women who gained
weight, there was significant negative correlation between improved fitness scores and
percent body fat at graduation (r= -0.382; p=0.04).
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There is a growing body of evidence that indicates that body adiposity is a
heritable trait. In fact, Stunkard (1986) in his twin study found approximately 80% of
adiposity is heritable.20 The Vitamin D receptor gene has been associated with adiposity
body types.21 The study did not find a relationship between the BsmI VDR and BMI or
body fat percentage at baseline or a change in these variables. However, this could be due
to suppression of the phenotype based on the height/weight requirements imposed by the
military. Expression of the underlying gene may also be limited by environmental factors
or perhaps racial distributions that could not be evaluated here.
Higher dairy and calcium intake has been associated with lower body weight,
improved body composition and weight loss in a number of studies.26, 27 However,
findings in this study did not support that hypothesis. In fact, there was a small, but
positive correlation between dairy intake and increased adiposity. This difference may be
due to the family style of eating with unlimited access to milk at the academy or the type
of dairy consumed, including ice cream.
In the regression model, longer total use of DMPA was associated with an
increase in body fat, not weight. Other studies exploring weight gain in young women
have found an increase in weight associated with DMPA.28, 29 The lack of weight change
could be due to the strong external environmental pressure to maintain weight standards,
fitness and appearance standards imposed by the military. There was no association
between weight, BMI and percent body fat change and the use of oral contraceptives in
the regression models. This study confirms other studies reporting the lack of association
between weight gain in young women and oral contraceptive use.30, 31 However, there
was a small but significant negative correlation between body fat at graduation and oral

123
contraceptive use. Age at menarche was inversely associated with change in body
composition, but not with body fat at baseline, confirming other studies.7 It is
hypothesized that menarche begins when enough body fat has been established. It is
interesting that body fat at entry was not associated with age of menarche but rather that
change in body fat was.

Four measures of the Eating Disorder Inventory, interpersonal distrust, maturity
fears, body dissatisfaction and a sense of ineffectiveness, were significantly and
negatively correlated with weight change and BMI change. The interpersonal distrust
measure is, according to Garner (1991), a measure of reluctance to form a personal
relationship. The body dissatisfaction variable is related to a belief that changes in the
body including hips, thighs and buttocks may be too fat. Maturity fears relates to the fear
associated with the demands of adult life and ineffectiveness is a measure of insecurity
and the feeling of having no control over their lives.22 The multiple occurrence of EDI-2
variables in both the univariate analysis and the regression models highlights the
importance of the psychological aspects of weight gain and highlights the potential
importance of counseling young adults

This study has a number of limitations. First, an inherent problem associated with
longitudinal studies is loss to follow-up. This study had a 28% loss to follow-up rate.
Most of the loss related to women leaving the academy prior to graduation. There are
many reasons that might cause a cadet to leave the academy, including medical issues
that would preclude military service, academic failure, or dislike of the structure of
military life. None of these is related to the study hypothesis. However, failure to
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maintain fitness and/or weight standards is cause for dismissal from the academy. If some
of the loss to follow-up was due to failure to maintain required weight or fitness, findings
would have been biased to the null.
Another limitation is that body composition was not assessed until the end of the
first year. Although weight gain was observed in the first year, it was also accompanied
by a significant increase in fitness scores. Therefore, it cannot be determined whether
first-year weight gain was associated with an increase in lean or fat mass or a
combination of both. There was an increase in fat mass during the second year at the
academy when students are afforded greater freedoms and, thus, less stringent dietary
requirements. Perhaps the greater freedoms normally associated with the first year at
most universities, which do not occur until the second year at USMA, contributed to this
gain in fat mass from the second year and persisted to graduation, while levels of fitness
also continued to increase. There is an additional concern that this may just be rebound
weight and fat gain. The first summer and year at the academy are rigorous and many
cadets lose weight during their summer training program; this could be the cause for the
weight gain that is captured in this data set.
It is essential to examine body composition changes as they relate to BMI
changes. In fact, nine women in the study had increased their BMI during the four-year
study but had decreased their percentage of body fat; suggesting that the gain in weight
calculated via the BMI technique was from lean mass, not fat mass. In this population,
average percent body fat associated with overweight at entry was 23.12 ± 3.7 (range
16.0-29.2). Gallagher (2000) reported rates of healthy body fat by developing algorithms
using BMI derived from large diverse populations and four compartment body fat
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measurements. They predicted that a healthy percent body fat for women aged 20-29 with
a normal BMI would be about 33%.32
An additional limitation of the study is its external validity. The study population
was athletic, fit and meeting strict medical and military requirements in order to enter the
academy. The study population was clearly more fit than the normal college-age
population and participants had greater concern for fitness and a healthy weight since
these are requirements for continuation in the military. Therefore, these findings may not
be readily generalizable outside of a fit, female population. However, this allows
researchers to understand that lifestyle variables, including exercise, even in a fit
population may influence weight gain and changes in body composition. .. An additional
variable of interest in the current study, that was not fully explored, was smoking
cessation. Only 3.8% of women in this cohort reported that they smoked at entry however
patterns of smoking were not assessed in subsequent years.
Finally, some factors including racial differences could not be fully explored
because of smaller sample sizes, limited variability and, thus, limited power. Similar to
studies of other university students, students of all races gained weight. 33 Socioeconomic
status of parents, weight of parents, extra physical activity, an assessment of stress, and
an assessment of eating disorders at baseline may have provided greater insight into what
variables may contribute to weight gain at university. In addition, these young women
were under a great deal of stress, it would have been advantageous to have biochemical
markers of stress including cortisol to further understand if this, too, was a predictor of
weight, BMI or body composition changes.

126
In conclusion, the results of this study indicate that, even in a population driven to
be fit and healthy, there is a small amount of weight gain during the first year of college
that remains through to graduation. In addition, there is a small but significant gain in
body fat.. Weight gain is a complex emotional issue. Researchers understand that
ultimately weight gain is caused by the creation of a positive energy balance, but the
underlying causes are often difficult to assess. This study’s data indicate that perhaps
dealing with the issues of distrust or ineffectiveness may, in part, suppress weight gain. In
addition, this study substantiates past findings that measurements of body composition
may be a better method for assessing health risks than BMI, since BMI doesn’t always
represent the underlying adiposity in fit populations. Theoretically, strategic dietary
interventions aimed at the educated college student population could help prevent obesity
later in life. Data from this study provide further evidence that there is a need to develop
targeted intervention strategies including exercise and dietary counseling during the
critical weight gain years to help derail the burgeoning obesity epidemic. By educating
the large number of entering freshmen each year in American universities, public health
officials might be able to reverse the trend to gain weight in this population and reduce
the risk of overweight in the nation as a whole.
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Chapter 6: Summary and Implications

I.

Summary of Research Problem

Obesity and osteoporosis are burgeoning epidemics of the 21st century.1 The cost of
obesity-related diseases in America is estimated at $147 billion, while the cost of
osteoporosis was estimated at $17 billion in 2005.2,3 Osteoporosis is estimated to affect
75 million people in the United States, Europe, and Japan combined. There are more than
1 billion overweight and 300 million obese adults worldwide.4 Evidence is mounting that
both diseases should be viewed in the context of the social epidemiologic framework:
These diseases are the result of the life course of the individual.5-8 Both of these
conditions, although influenced in some cases by genetic factors, may occur as the result
of early lifestyle choices. Obesity and osteoporosis have gender differences in occurrence
and etiology and result from a variety of causal pathways. There are critical human
developmental periods and exposures for developing these diseases during the life course.
One critical developmental period for both obesity and osteoporosis has been identified
as the college or young adult years, when weight gain occurs and peak bone mass is
attained.9

10

The research conducted for this dissertation was presented in four chapters.
These chapters examined potentially modifiable risk factors that may contribute to peak
bone mass in a collegiate population and examined changes in body composition and
weight during the college years. The primary focus of this study was to examine bone
density and weight gain in a healthy, physically fit population.
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II.

Review of Data Used
Data for these papers were collected as part of a larger four-year prospective

study on “Determinants of Stress Fracture and Bone Mass in Elite Military Cadets,”
which was funded by the United States Army Medical Research Acquisition Activity
(USAMRAA). These data provided an opportunity to examine lifestyle factors, physical
activity, nutrition and endocrine function in a large, young and fit population and to
determine the implications of these factors on body composition and the acquisition of
peak bone mineral density. A further purpose of the grant was to examine risk factors
associated with stress fractures, as well as longitudinal changes in bone mass. Stress
fractures are a serious problem in the military for both lost time and money. The
population selected for this study was the United States Military Academy class of 2002.
Approximately 70% of the class or 891 members (755 males and 136 females) provided
written informed consent and were subsequently enrolled in the study.
From the original data, and after the completion of a literature review (Chapter 1),
specific aims of the research were proposed, presented and approved for a dissertation in
accordance with departmental requirements. These aims were established to provide
further information about the status of bone mineral density in this fit population, whether
specific sports influence bone mineral acquisition and whether, even in this specific
environment, body composition and weight gain would occur during the four years at
university. The approved aims of the proposed dissertation were:
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1.

To examine the association between the variability in lifestyle characteristics with
bone mineral density (BMD) at different skeletal sites. Specifically, to investigate
the relationship of bone mineral density at the age of college entry with personal
and family history of fracture, gender and racial differences, diet, prior exercise
and other lifestyle factors.

2. To examine sports specific differences in BMD in a young, fit population at
baseline. To determine whether fitness levels or load-bearing sports participation is
a better predictor of BMD. Alternatively, to explore fitness as a mediator for those
participating in non-weight-bearing sports. Finally, to examine the interrelationship
among exercise, BMD and insulin-like growth factor (IGF-1).
3. To examine prospective changes in body composition during a four-year followup. Specifically, this study will explore the relative importance of diet, VDR,
physical activity, fitness, physical aptitude, age of menarche, use of oral
contraceptives, menstrual function and BMD as they relate to changes in body
composition, weight and BMI changes in females.
The remaining portion of this chapter will summarize the findings reported in the
four original research papers presented in Chapters 2 through 5. This will include a brief
summary of the findings, their relationship to the a priori hypotheses, methodical
strengths and weaknesses. Finally, the implications of this research to the field of public
health as it relates to the fundamental political, social and educational strategy changes
required to stem the osteoporosis and obesity epidemics will follow the summaries.
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III.

Summary of Chapter 2 : Determinants of bone mass and bone size in a
large cohort of physically active young men
a. Research Findings
i. Hypothesis 2.1: There will be racial and gender differences in bone
mineral density and size at baseline.
1. Results support the hypothesis that gender is an important
determinant in bone mineral density. Two papers instead of
one were written to enable full exploration the
gender-specific determinants related to BMD.
2. Results support the hypothesis that racial differences exist
in BMD. African American men had significantly higher
calcaneal, hip and spine BMD.
3.

Results support the hypothesis that racial differences exist
in bone size. African American men had significantly
larger periosteal circumference and greater cortical
thickness than Asians or Caucasians.

ii. Hypothesis 2.2: Lifestyle factors including exercise, diet, smoking
and alcohol will be determinants of bone mineral density and bone
size in this population.
1. Results support the hypothesis that caffeine was a negative
determinant of BMD. Those men who consumed greater
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quantities of caffeine had lower BMD at the heel and less
tibial mineral content.
2. Results support the hypothesis that smoking was a negative
determinant of BMD. Male smokers had lower BMD of
the spine and hip.
3. Results support the hypothesis that prior exercise and milk
intake was positively related to both BMD and bone size.
iii. Hypothesis 2.3: Personal and family history of fracture will be
associated with lower bone mineral density.
1. Results did not support the hypothesis that personal history
of fracture was a determinant of bone mineral density.
2. Results did not support the hypothesis that family history
of fracture was a determinant of bone mineral density.
b. Strengths and Limitations
i. Strengths
1. This was a large, male study on BMD in a fit population
free of many medical confounders.
2. The response rate on the baseline questionnaire, fitness
results, height and weight were close to 100%.
3. Internal validity of this study was good. However, there
may have been some measurement error in the baseline
questionnaire.
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4. The Honor Code may have ensured a greater level of
integrity in the self reported data.
ii. Limitations
1. This population was very fit; therefore, a potential
weakness is the generalizability and external validity. This
population was not representative of the health status of the
general college-aged population.
2. The baseline questionnaire included a brief selfadministered food frequency questionnaire. The food items
were grouped to ensure the surveys were completed
quickly, did not violate the time allotted and prevented
respondent burnout. However, some important data may
have been lost because of grouping, which may also result
in residual confounding. In addition, exercise was grouped
into broad categories of one to three, four to six, seven to
ten or eleven-plus hours a week, perhaps allowing residual
confounding.
3. More detailed dietary factors may have enhanced the
findings of the study but were not assessed on the baseline
questionnaire. Of particular interest was an assessment of
total caloric intake. Due to time constraints imposed by the
academy, the dietary assessment had limited scope beyond
a calcium assessment.

137

IV.

Summary of Chapter 3: The Influence of Lifestyle, Menstrual Function,
and Oral Contraceptive Use on Bone Mass in Female Military Cadets
a. Research Findings
i. Hypothesis 3.1: There will be racial and gender differences in bone
mineral density and size at baseline.
1. Results support the hypothesis that racial differences exist
in BMD. African American women had slightly higher
bone mineral density at the spine and calcaneus when
compared to other races.
2. Results support the hypothesis that racial differences exist
in bone size. African American women had significantly
larger periosteal circumference and tibial mineral content
than both Caucasians and Asians.
ii. Hypothesis 3.2: Lifestyle factors including diet, exercise, smoking,
age of menarche and oral contraceptive use will be associated with
bone mineral density and bone size in this population
1. Results support the hypothesis that lifestyle and
environmental elements can impact bone mass in fit, young
college-age students. In women, milk intake and prior
exercise history had a significant and positive association
with bone mineral density at multiple sites.
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2.

Results support the hypothesis that there would be a
difference in BMD in oral contraceptive users. Those
women using oral contraceptives at entry had significantly
lower BMD at the spine and calcaneus and a smaller tibial
periosteal circumference and less tibial bone mineral
content.

3. Results did not support that the hypothesis that age of
menarche would have an effect on bone density and bone
size. Earlier age of menarche did not have a positive effect
on either bone size or density at any site.
iii. Hypothesis 3.3: Personal and family history of fracture will be
associated with lower bone mineral density.
1. Results partially support the hypothesis that personal
history of fracture was a determinant of bone mineral
density. The direction of BMD was different than
hypothesized. Women with prior history of fractures had
significantly higher BMD at the spine and the hip.
2. Results did not support the hypothesis that family history
of fracture was related to lower bone mineral density.
There was no association found.
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b. Strengths and Limitations
i. Strengths
1. The response rate on the baseline questionnaire, fitness
results, height and weight were close to 100%.
2. Internal validity of this study was good. However, there
may have been some measurement error in the baseline
questionnaire.
3. The Honor Code may have ensured a greater level of
integrity in the self reported data.

ii. Limitations
1. Data on diet, injury, calcium, menstrual function and
family history of fracture were self-reported and subject to
non-differential misclassification and recall bias. In
particular, there was a concern that many of the participants
did not know their parents’ or grandparents’ fracture
history. This underreporting would have underestimated the
findings and may have contributed to the lack of findings
between cadet bone mass and family history of fracture.
2. The baseline and follow-up questionnaires that were used
to collect data on lifestyle variables including past exercise,
calcium consumption, birth control, smoking, alcohol
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consumption and menstrual function were selfadministered and, therefore, are limited by individual recall
and only provided annually.

V.

Summary of Chapter 4: The Impact of varsity sports, fitness and physical
aptitude on bone mineral density
a. Research Findings
i. Hypothesis 4.1: There will be sport differences in bone mineral
density and bone size at different skeletal sites associated with the
sport specific loading.
1. Results support the hypothesis that load-bearing sports
confer a benefit to bone mineral density and confirm that
non-weight-bearing sports, such as swimming, have less
skeletal benefit.
2. Results support the hypothesis that load-bearing sports
confer a benefit to bone size.

ii. Hypothesis 4.2 Fitness and physical aptitude will be a mediator in
the sport –BMD relationship
1. Results support a the hypothesis that there was a different
mechanism of action on bone density acquisition between
the measures of fitness and physical aptitude. They were
determinants of BMD at different skeletal sites.
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2. Results do not support the hypothesis that fitness was a
mediator for BMD.
iii. Hypothesis 4.3 IGF-1 will be positively associated with sport .
Results do not support a relationship between IGF and the
sports studied.

b. Strengths and Limitations
i. Strengths
1. The internal validity of this study was strong on prior sports
assessment and duration of participation. Each applicant
was required to have his or her application to the academy
validated by a high school official, and all data used in the
study were taken directly from the initial academy
application.
2. The academy’s internal assessment of the physical aptitude
exam is that it is a good predictor of success and aptitude
for the physical rigors of the academy; this may be
inherently different from actual physical aptitude toward a
specific sport.
3. No study, to date, has examined both fitness and physical
aptitude and their relationship to BMD. This is a unique
contribution to the literature.
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ii. Limitations
1. There is concern that the groupings of hours and intensity
of exercise could vary since different high schools and
coaches have different approaches to training. However,
this would not be systematic and would lead to general
non-differential misclassification. This would move the
finding to the null value.
2. There may be limited generalizability. The results, from
this fit college-age sample may not be applicable to the
general population, although these results may apply to
other college athletes.
3. At a young age, larger boys with greater BMD could have
self-selected into high impact, high-loading sports such as
football.
4. The use of cross-sectional data does not permit exploring
the temporal relationship between BMD and sport
selection.
5. The control group for the study did not play a varsity sport
in high school. However, participants may have played club
or external sports that were not captured specifically as a
high school sport. This could have caused an
underestimation of the site-specific differences.
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6. There were multiple comparisons made in this study;
however, because there have been prior studies indicating
that these variables examined were of interest to BMD
research, it would have been overly conservative to
eliminate variables statistically when they are important
biologically. In addition, in many cases, the variables were
highly significant.
7. There was not complete assessment of IGF so there was not
significant power to explore this fully.

VI.

Summary of Chapter 5: Body composition and weight changes in
physically fit females during four years at university
a. Research Findings
i. Hypothesis 5.1 There will be weight gain and body composition
changes in women during their four years at university
1. Results support the hypothesis that body fat and BMI
increase during the four-year college period, even in a fit,
weight conscious, motivated population.
2. Results support the hypothesis that there will be a change
in body composition. On average there was a significant
rise of 2% in body fat . These changes occurred, even while
fitness levels were improving.
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ii. Hypothesis 5.2 Oral contraceptive use, fitness level, age of
menarche, calcium consumption and other lifestyle choices
including eating behaviors/disorders will be associated with weight
changes.
1. Results do not support an inverse relationship between
weight gain and calcium consumption. Results indicate that
calcium was positively correlated with body fat and body
fat changes.
2. Results partially support a relationship between some
elements of eating disorders and weight, BMI and body
composition and their changes, including the constructs of
ineffectiveness, body dissatisfaction, maturity fears, and
interpersonal distrust in this population.
3. Results partially support a relationship between age of
menarche and one of the main outcome variables, change in
the percentage of body fat. However, neither BMI nor
weight was associated with age of menarche.

iii. Hypothesis 5.3 The Vitamin D receptor gene will be associated
with weight changes in this population
1. Results do not support the hypothesis that the specific
vitamin D receptor allele, BsmI, was associated with BMI,
weight gain, body fat or body fat gain in this population.
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b. Strengths and Limitations
i. Strengths:
1. The construct validity of most of the variables, including
the anthropometric and BMD measurements, was strong.
Height and weight were measured by academy personnel
on balanced/calibrated scales. In addition, the coefficient of
variation on bone measurement machines was between 1–
1.5%.
2. This study added to the body of literature by examining
multiple outcomes of fitness, BMI and percentage of body
fat where environmental conditions strictly prohibit
obesity. In conjunction with the negative VDR finding, this
could be indicative of suppression of a genotype by
environmental conditions.
3. Prescription data such as OC and DMPA could be validated
through the medical records
ii. Limitations:
1. This study had a 28% loss to follow-up rate. This could be
a threat to internal validity of the study. Failure to maintain
fitness and weight standards could be cause for dismissal
from the academy. If some of the loss to follow-up was, in
fact, due to failure to maintain required weight standards,
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that situation might lead researchers to underestimate
findings in this study. However, an exploration of baseline
characteristics of those lost to follow-up and those
completing the study showed no significant differences
between those populations.
2. There was no baseline body composition data, only height
and weight. Body composition was added at the end of the
first year. BMI, in this fit population , was not a good
indicator of body composition or fatness. A portable Tanita
Body Composition analyzer, with a printer to ensure
accuracy of the data, was integrated into the study at the
conclusion of the first year. Although weight gain was
observed in the first year, it was accompanied by a
significant increase in fitness scores. Therefore, it cannot be
determined whether the first-year weight gain was
associated with an increase in lean or fat mass.
3. Bioelectrical impedance body composition analyzers may
be affected by the hydration level of the participant.
Because body composition was measured in field
conditions during the first year, there may be some
overestimation of fat during baseline measurement due to
dehydration of subjects. This may then lead to an
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underestimation of total gain in body fat during the four
years at university.

VII.

Research Implications

To date, there has been limited research attempting to investigate the acquisition of
bone mineral density in college aged populations, in particular in a fit population with a
requirement to maintain a healthy lifestyle while in university. Many studies have
examined BMD at younger ages and the positive impact of loading exercises in children
or, alternatively, have examined exercise routines in peri- or post-menopausal women. In
addition, research comparing sport-specific differences in BMD have examined older
amateur athletes who had a longer duration of sports participation.11 The research
presented in this study indicates that sport-specific differences are apparent at age 18.
Specifically, data from this study suggests that at the age of 18, these young adults laid
down a substantial portion of their bone mass and that intervention at this age or earlier is
essential to mitigate the occurrence of osteoporosis. Achieving higher peak bone mass
can prevent early childhood fracture as well as provide protection against fracture later in
life. If factors affecting gains in bone mineral density can be clearly identified in a fit
population, then the implications for the general population could be even greater.
Longitudinal studies examining the role and the relationship of factors in childhood
and adolescence with regard to acquisition of bone are essential. The large, healthy and
fit population at the academy offers an opportunity to examine factors that may increase
BMD at a critical period of life. Furthermore, some of the confounders that have provided
concern in other studies, including inadequate control for alcohol and smoking, are more
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naturally controlled by the strict requirements of the institution. A significant weakness in
the literature related to BMD and sports selection may be more fully understood by
examining both physical aptitude and fitness and any interactions they may have with
different sports. It is from these studies that the looming osteoporosis epidemic can be
dealt with most effectively. Primary prevention strategies can be developed to maximize
peak bone mass during adolescent and teen years through improved nutrition education
and enhanced physical education programs.
The longitudinal study that examined changes in weight, body composition and BMI
demonstrates that even in a highly motivated population that has external demands for
fitness, maintenance of weight standards, military bearing and appearance, that
significant changes did occur during the university period. According to Novak (2006),
obesity has multiple and complex causal pathways. Novak demonstrates the complexity
of obesity by examining the different life-course causes of obesity in men and women at
age 30.12
This particular period in the life course, the university years, seems to be a critical
juncture to future adiposity issues. A review of college weight gain in the medical
literature shows that no less than 37 articles specifically address the topic of freshman
weight gain. By addressing this period of stress, greater personal freedoms, inactivity and
social change, the life-course potential transition from weight gain in college to obesity
later in life can be changed.
The medical emphasis on adult treatment of these diseases must change. Public
health practitioners need to change their fundamental approach from treatment at disease
onset to prevention. In particular, universities should have mandatory health education
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classes addressing these issues. Elementary schools, families and physicians must
provide input and educational opportunities as well.

VIII. Future Research
Additional longitudinal studies are warranted to explore the acquisition of bone
mineral density and weight gain over the life course. In addition, these studies should be
explored in different populations with a full understanding of the population in question
and an extensive examination of family history and genetics, bio-chemical markers, diet
and exercise patterns. In addition to long term, population-specific research, the
implementation of social, political and academic strategies are required to influence the
future reduction of these diseases since their pathways are complex, with genetic, social,
psychological and physical components.
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