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Abstract

Combined oral contraceptives (COC) are widely used as a form of birth control or to reduce
negative symptoms associated with menstruation. However, many women discontinue use or fail
to initiate use of COC because of the fear of weight gain or negative effects of body composition
(1). Increased weight gain has been linked to increases in % body fat in some studies (2-5);
however, others have not found this effect (1, 6). Despite this, the possibility of decreased
functional muscle due to increased lipid infiltration is cause for investigation. Additionally,
decreased endogenous estrogen levels caused by COC use may stunt bone accrual during young
adulthood (7, 8). Purpose: The purposes of this study were to: (1) compare areal bone mineral
density (aBMD) of the total body, lumbar spine, and proximal femur; and volumetric bone
mineral density (vBMD) characteristics of the femur and tibia between COC users and Non-
Users; (2) to compare muscle variables such as muscle thickness, muscle cross-sectional area
(mCSA), muscle density and muscle quality between COC Users and Non-Users; and (3) to
compare fat density and subcutaneous fat cross-sectional area (SFCSA) between COC Users and
Non-Users. Additionally, bone, muscle, and fat variables were compared between Non-Users,
Low Dose COC, and High Dose COC users. Methods: Forty healthy college aged women were
assigned to Non-User or COC User groups based on COC use. Body composition and aBMD
measurements were performed using dual energy x-ray absorptiometry (DXA). Peripheral
guantitative computed tomography (pQCT) was used to measure volumetric bone mineral
density (vBMD) at the 50% femur site and the 4%, 38%, 66% tibia sites. Images of the 50%
femur and 66% tibia site were analyzed using BoneJ software to determine soft tissue
characteristics. Lastly, muscle thickness (MT) measured using an ultrasound and maximal

isokinetic torque (MIT) of the non-dominant quadriceps muscle using a Biodex isokinetic



dynamometer were utilized to quantify muscle quality (MIT/MT). Independent t-tests were run
to compare Non-Users and COC Users. ANOVA was run to compare Non-Users, Low Dose
COC, and High Dose COC Users. Effect sizes were determined for all variables for the 2 and 3
group comparisons. Results: Age of menarche was higher in COC Users (12.9 + 1.3) compared
to Non-Users (12 + 1.1) (p=0.044) and higher in High Dose COC Users (13.5 + 1.1) compared to
Non-Users (p=0.009). There were no significant differences between Non-Users and COC users
for any of the bone or soft tissue variables for DXA or pQCT measures. No significant
differences were found between Non-Users, Low Dose COC, and High Dose COC users for any
variables. There was no significant differences in MIT or MQ between Non-Users and COC
Users or between Non-Users, Low Dose COC, and High Dose COC. Conclusion: COC had
similar bone, muscle, and fat tissue characteristics as women not taking COC. Additionally,
COC dose did not affect any of the musculoskeletal variables in this cohort of women. However,
moderate effect sizes for most of the variables with the 2 and 3 group comparison suggest that
COC may have some effect on bone, muscle, and fat tissue, but lacked the number of
participants needed to find significance. Future studies should focus on recruiting larger samples
sizes to provide greater statistical power for examining effects of COC use on bone and body

composition.



Chapter 1: Introduction

Oral contraceptives (OC) are the most common form of birth control used in the United
States with an estimated 9.7 million women currently prescribed the medication (9). OC have
evolved from synthetic estrogen only pills, to a combination of synthetic estrogen and synthetic
progesterone (10). The reduction of chronological variability, negative symptoms associated with
menstruation, ease of use, and inhibition of ovulation to prevent pregnancy make it a popular
choice (3). Scientific advances have led to the development of a multitude of OC formulations
with different pharmacological properties which may be detrimental to women’s health. There is
currently no consensus on the metabolic effects of OC use, thus it is important to investigate the
physiological effects of using OC on musculoskeletal health and energy metabolism (11).

Since the introduction of OC in 1960, the chemical composition, dosage, and length of
the active pill stage has been continually modified (10). Estrogen dose has decreased and has
been coupled with progesterone to reduce negative side effects reported with the use of OC. This
formulation has been referred to as a combined oral contraceptive (COC). Currently, there are
two types of synthetic estrogen and eight different types of synthetic progestins that can be
coupled at different doses giving rise to a variety of different pharmacokinetic properties (11).
All combinations have varying binding affinities for specific steroid nuclear receptors as well as
different mechanisms of action. Higher relative receptor binding affinities require smaller doses
of hormones to prevent ovulation (11). Although high-dose COC containing at least 50ug/day of
estrogen have been used in the past, it is currently more common to be prescribed low (20-35
pg/day) or ultra-low dose (15 pg/day) COC (11).

COC functions by inhibiting ovulation by inhibiting the secretion of follicle-stimulating

hormone (FSH) and luteinizing hormone (LH) (12). FSH is important for the development of



follicles which release natural estrogens, while the mid-cycle surge of LH stimulates ovulation
(13). Serum levels of both FSH and LH are promptly decreased within the first day of COC use
(12), and must be taken daily to ensure the inhibition of ovulation (14). A regularly developed
follicle typically secretes natural estrogens, specifically 17p-Estradiol (E2). Once ovulation
occurs, the ruptured follicle becomes a transient endocrine gland known as the corpus luteum
that secretes progesterone as well as E> (13). The lack of a fully developed follicle, and therefore
a corpus luteum, causes a decrease in serum estrogen in women taking combined oral
contraceptives. For example, serum E2 in women taking 30 pg ethinyl estradiol (EE) drops from
about 160pg/ml to 57 pg/ml (15) while those taking 20 g EE decreases to 92 pg/ml after 5
cycles in women (16). Additionally, the ingestion of EE in COC promotes production of sex
hormone-binding globulin (SHBG), which reduces the bioavailability of E» (13, 15, 17).
Treatment with COC is characterized by a reduction in natural levels and bioavailability of
serum Ez, which may affect body composition and musculoskeletal health.

Estrogen specific receptors have been found on and within muscle, fat, and bone cells
suggesting that estrogen may regulate metabolism in these tissues (18-20). In fact, estrogen has
been linked to increased muscle growth, increased muscle regeneration, increased fat oxidation,
increased bone formation, and decreased bone resorption (21-26). For these reasons, a decrease
in serum E> may cause changes in the musculoskeletal system that may be detrimental to
musculoskeletal health.

There have been studies that provide evidence that prolonged COC use can cause body
weight gain (27). It has been shown that increases in weight when taking COC are linked with
increases in fat mass and % total body fat (% BF) (3, 4, 11). Additionally, it has been shown that

increased fat mass can cause fat infiltration into muscle fibers (28, 29). It may be possible that an



increase of fat mass into muscle fibers may cause an increase in muscle cross sectional area
without an increase in muscle strength because there is not an increase in contractile proteins. An
increase in E levels has also been associated with increases in fat metabolism, which may be a
reason fat composition changes with the use of COC (21). However, even in the absence of
weight gain, it is possible for fat mass and % BF to increase (5, 30). While it has been shown that
weight can return to baseline after one month of cessation of the pill (27), continuation of the pill
through menopause could cause a continued increase in fat mass into the later decades of life.
This is a cause for concern as increased fat mass in older age has been linked to an inverse
relationship with insulin action (31), decreased strength (32, 33), muscle quality (32, 34), and
risk of hospitalization (35).

Additionally, there is evidence that COC use may prevent women from reaching peak
bone mass (7, 8). Individuals who begin using COC in early adolescence are affected more than
those who begin in early or late adulthood because that is an important time of mineral
acquisition (7, 8). It may be possible to increase areal and volumetric bone mineral density while
using COC, however bone accrual has been shown to be significantly less than that of Non-Users
(36-38). As the number of women taking COC continues to increase, the number of women at
risk for osteoporosis may also increase, because women taking COC at a young age may not
achieve their optimal peak bone mass. Currently, osteoporosis treatment places a substantial
burden on the health care system (39). It has been projected that cases of osteoporosis will
increase from 10.2 million from 2010, to 13.6 million cases by 2030 with postmenopausal
women being predominantly diagnosed (40).

COC is the most common form of contraception in the United States. As different

formulations are developed, doses and regimens are changed; thus, more research is needed to



investigate the physiological effects of COC on bone and soft tissue to determine potential
negative impacts. Therefore, the purpose of this study was to provide information regarding
different COC regimens and their effect on muscle and bone variables.
Purpose
The purposes of this study were to: (1) compare areal bone mineral density (aBMD) of
the total body, lumbar spine, and proximal femur; and volumetric bone mineral density (vBMD)
characteristics of the femur and tibia between COC users and Non-Users; (2) to compare muscle
variables such as muscle thickness, muscle cross-sectional area (MCSA), muscle density and
muscle quality between COC Users and Non-Users; and (3) to compare fat density and
subcutaneous fat cross-sectional area (SFCSA) between COC Users and Non-Users. Additionally,
bone, muscle, and fat variables were compared between Non-Users, Low Dose COC, and High
Dose COC users.
Research Questions
1. Are there significant differences in total body, lumbar spine, and dual femur areal bone
mineral density (aBMD) between COC Users and Non-Users?
2. Are there significant differences in volumetric bone mineral density (vBMD) at the 50%
femur, 4%, 38%, and 66% tibia sites between COC Users and Non-Users?
3. Are there significant differences in muscle thickness, muscle cross sectional area, muscle
density, and muscle quality between COC Users and Non-Users?
4. Are there significant differences in fat density and fat CSA between COC Users and Non-

Users?



Sub Questions

1.

3.

4.

Are there significant differences in total body, lumbar spine, and dual femur aBMD
between Non-Users, Low Dose COC and High Dose COC Users?

Are there significant differences in volumetric bone mineral density (vBMD) at the 50%
femur, 4%, 38%, and 66% sites between Non-Users, Low Dose COC and High Dose
COC Users?

Are there significant differences in muscle thickness, muscle cross sectional area, and
muscle density between Non-Users, Low Dose COC and High Dose COC Users?

Avre there significant differences in fat density and fat CSA between Non-Users, Low

Dose COC and High Dose COC Users?

Research Hypotheses

1.

It was hypothesized that COC Users would have lower aBMD, for total body, lumbar
spine, and dual femur compared to Non-Users.

It was hypothesized that COC Users would have lower vBMD, bone size, and bone
strength at the 50% femur, 4%, 38%, and 66% tibia sites compared to Non-Users.

It was hypothesized that COC Users would have higher muscle thickness and muscle
cross sectional area, but have lower muscle density and quality compared to Non-Users.
It was hypothesized that COC Users would have higher fat density and higher fat CSA

compared to Non-Users at the 66% tibia and 50% femur sites.

Sub Hypotheses

1.

It was hypothesized that Non-Users would have higher aBMD for total body, lumbar

spine, and dual femur compared to Low Dose COC and High Dose COC COC users.



2. It was hypothesized that Non-Users would have higher vBMD, bone size, and bone
strength at the 50% femur, 4%, 38%, and 66% tibia sites compared to Low Dose COC
and High Dose COC users.

3. It was hypothesized that Non-Users would have higher muscle thickness, and muscle
CSA, but lower muscle density, and muscle quality compared to Low Dose COC and
High Dose COC users.

4. It was hypothesized that Non-Users would have lower fat density and fat CSA compared
to Low Dose COC and High Dose COC users at the 66% tibia and 50% femur sites.

Significance of the Study
Combined oral contraceptives are widely used as a form of birth control or to reduce

negative symptoms associated with menstruation. However, many women discontinue use or fail
to initiate use of COC because of the fear of weight gain or negative effects of body composition
(1). Increased weight gain has been linked to increases in % body fat in some studies (2-5);
however, others have not found this effect (1, 6). Despite this, the possibility of decreased
functional muscle due to increased lipid infiltration is cause for investigation. Additionally,
decreased endogenous estrogen levels caused by COC use may stunt bone accrual during young
adulthood (7, 8). The findings of this study may help clinicians and patients to understand the
potential effects of COC use on the musculoskeletal health.
Delimitations
Delimitations for this study included the following.

1. The findings of this study apply to moderately active, healthy women between the ages of

18-25 years old.



2. The participants were recruited from the Norman and the greater Oklahoma City metro
areas.

3. Testing was performed at the Bone Density and the Neuromuscular Lab in the Sarkey’s
Fitness Center in Norman, Oklahoma

4. Non-Users had no history with any type of hormonal contraceptive use prior to
participation.

5. COC Users had at least an 8 month history of use with the same COC.

Limitations
Limitations for this study included the following.

1. Participants were volunteers and thus may not be representative of the general
population.

2. Participants were limited to individuals within the weight and height limits of the bone
densitometer of 300 Ibs, and a height of 6°4”.

3. Participants were limited to individuals within the gantry diameter limits of the peripheral
quantitative computer tomography scanner (pQCT) of 250mm.

4. Participants reported regular menstrual cycles and cannot be generalized to a population
of women who have irregular menstrual cycles.

5. Participants did not include vigorously active people.

6. Participants did not have any diseases known to affect joint muscle function or known to
affect bone

7. Participants were limited to those who were not taking supplements or steroids to

enhance muscle mass or taking medications known to affect bone metabolism



Assumptions

The assumptions of this study included the following.

1.

2.

3.

4.

Participants completes all forms and questionnaires accurately.
Participants honestly reported the start of their menstrual cycle.
Subjects gave maximal effort during exercise tasks.

Participants taking COC took regular doses everyday as prescribed.

Operational Definitions

1.

Active Pill Phase — phase of oral contraceptive regimen where exogenous sex steroids are
provided by any type of COC (11).

Areal Bone Mineral Density (aBMD, g/cm?) — a 2-dimensional quantification of BMD
calculated by dividing the total bone mineral content by the projected area of a region
(42).

Appendicular Skeletal Muscle Mass (ASM) — an estimate of muscle mass contained
within the limbs (42).

Bone Formation — the process by which osteoblasts lay down new bone (43)

Bone Mineral Content (BMC, mm) — the total amount of bone mineral present measured
using DXA (41).

Bone Mineral Content (BMC, mg) — the total amount of bone mineral present in a cross-
sectional bone slice measured using pQCT(41).

Bone Resorption — the process by which osteoclasts break down bone (43).

Bone Strength Index (BSI, mm?) — the density weighed polar section modulus of given

bone cross-section which gives a measure of compressive bone strength at the metaphysis



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Combined Oral Contraceptive Pills (COC) — a subclass of oral contraceptive pills that
contain both synthetic estrogen and progesterone (11).

Cortical Area (mm?) — the average cross-sectional area of the cortical compartment
between the periosteal and endosteal edge of cortical bone (44).

Cortical Bone — dense bone that provides strength and structure to the skeleton (45).
Cortical Thickness (mm) — the mean 3D thickness from periosteal boundary to the
enosteal boundary disregarding intracortical pores (44).

Dual Energy X-ray Absorptiometry (DXA) — an instrument used to assess body
composition and areal bone mineral density by measurement of the attenuation of two x-
ray beams, ~40kev and ~70 kev, as they pass through the body (42).

Endosteal Circumference (Endo C, mm) — circumference of cancellous bone that
delineates endocortical boundary from the cancellous compartment (44).

Subcutaneous Fat Cross Sectional Area (mm?) — the area of fat under the skin but not
including fat within the skeletal muscle present on an image of a transverse slice of an
appendicular limb measured using BoneJ.

Fat Density (Fat D, mg/cm®)- a function of water and lipid content within a muscle.
High Dose Combined Oral Contraceptive — for the purposes of this study, high dose COC
is defined as COC with EE concentrations > 20 pg of EE.

Polar Moment of Inertia (iPolar, cm?) — the estimation of torsional forces that the bone
structure can withstand before breaking (46).

Intermyocellular fat — visible accumulations of lipids located between muscle groups (2).
Intramuscular fat — accumulation of lipids between muscle fibers (2, 47).

Intramyocellular fat — central lipid deposition within the muscle fiber (2, 29).



22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Low Dose Combined Oral Contraceptive - for the purposes of this study, low dose COC
is defined as COC with EE concentrations < to 20 pg of EE.

Monophasic Oral Contraceptive Pills (MOC) — a subclass of COC that maintains a
constant concentration of estrogen and progesterone throughout the 21 day active pill
phase (11).

Muscle Cross-Sectional Area (MCSA, mm?) — the area of muscle present on an image of
a transverse slice of an appendicular limb measured using pQCT (48).

Muscle Density (MD, mg/cm®) — a function of protein, water, and lipid content within a
muscle (49).

Muscle Quality (MQ) — muscular strength relative to muscle mass, also known as
functional muscle mass (32, 50).

Muscle Thickness (MT, mm) — the thickest part of a muscle group obtained by using
ultrasonography of a cross-sectional view of the muscle group (51, 52).

Oral Contraceptives (OC) — medication that systematically controls the concentrations of
endogenous sex hormones to reduce cycle length variability (3).

Osteopenia — a state of low bone mass defined as a BMD T-score between -1 and -2.5
below the mean of the young adult reference population (53).

Osteoporosis — a bone disorder defined as a BMD T-score of at least -2.5 below the mean
of the young adult reference value in older women and a Z-score of <-2.0 in
premenopausal women. It is characterized by low BMD and increased bone fracture risk
(53, 54).

Osteoblast — osteocytes that perform bone formation (43).

Osteoclast — osteocytes that perform bone resorption (43).

10



33.

34.

35.

36.

37.

38.

39.

40.

41.

Periosteal Circumference (Peri C, mm)-— circumference of cancellous bone that delineates
bone from extra-osseal soft tissue (44).

Peripheral Quantitative Computed Tomography (pQCT) — an imaging tool that can
perform noninvasive soft tissue analysis with the use of a volumetric cross sectional
image that is quick and uses low amounts of radiation (42).

Strength Strain Index (SSI, mm?) — a combination of bone geometry and quality to
provide a complete measure of bone integrity (55).

Trabecular Area (mm?) — the average cross-sectional area of the cancellous bone
compartment circumscribed by the endosteal edge (44).

Trabecular Bone — the spongy mineral matrix that undergoes metabolic activity located
towards the inner part of the distal ends of long bones (45).

T-score — the standard deviation an individual is relative to the healthy young adult
Caucasian reference population for the same sex.

Ultrasonography — an imaging modality used to measure muscle thickness with the use of
inaudible high frequency sound waves.

Volumetric Bone Mineral Density (vBMD, mg/cm?®) — a 3-dimensional quantification of
BMD (41).

Z-score — SD units from the mean aBMD adjusted for an individual’s age, sex, weight,

and ethnicity.
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Chapter 2: Literature Review

Combined oral contraceptives have grown in popularity as a form of birth control since
the 1960’s. It is well known that COC depress endogenous sex steroids preventing ovulation.
However, the effects of COC on muscle and bone variables remain inconclusive. This may be
due to the evolution of COC over time, creating a variety of formulations available which
researchers had struggled to keep up with. Musculoskeletal health is critical for prevention of
osteoporosis, sarcopenia, and facility with aging. Therefore, it is important to investigate the
physiological effects or metabolism and health associated with COC use. Thus, the purposes of
this study were to: (1) compare areal bone mineral density (aBMD) of the total body, lumbar
spine, proximal femur, and volumetric bone mineral density (vBMD) of the femur and tibia
between COC Users and Non-Users; and (2) to compare muscle variables such as muscle
thickness, muscle cross sectional area, muscle density and muscle quality between COC Users
and Non-Users; and (3) to compare fat density and fat CSA between COC Users and Non-Users.
Additionally, bone, muscle, and fat variables will be compared between Non-Users, Low Dose
COC and High Dose COC users.
Bone Remodeling

Bone provides mechanical support for muscle function, protection to internal organs and
acts as storage for essential minerals. Bone is metabolic and undergoes remodeling throughout
life. There are three main types of bone cells including osteocytes, osteoblasts, and osteoclasts.
Osteocytes sense mechanical strain and translate it into biochemical markers that induce adaptive
remodeling. Osteoblasts are largely responsible for the formation of bone including increased

bone density, strength, size, and changes in bone geometry. Contrarily, osteoclasts are
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responsible for resorption of bone. The balance between formation and resorption can lead to
increased, maintenance, or a decrease in bone mineral density (BMD) (53).

Though bone remodeling is a cycle, it is widely understood that bone resorption precedes
bone formation. Resorption begins with preosteoclasts migrating to the bone surface and forming
mature osteoclasts through the RANKL/RANK interaction. The osteoclasts then resorb bone
forming a resorption pit. This is followed by the reversal phase where mononuclear cells prepare
the new bone surface for bone formation. The osteoblasts that lay down bone are chemotaxic and
are signaled to the resorption pit by metabolites released by the mononuclear cells. The
osteoblasts initially deposit collagen, then deposit mineral to match the deposit of collagen until
the osteoid fully mineralizes. After completion of bone formation osteoblasts either become
encased in the bone and become osteocytes, or they flatten out and differentiate into lining cells
that cover the newly formed bone. The resorption phase lasts for 2 weeks, the reversal phase can
last up to 5 weeks, while the formation phase can take up to 4 or 5 months (56).

The balance between formation and resorption is critical to bone health and is tightly
regulated. Deviations from neutral balance can cause accelerated decreases or increases in bone
mineral density that could be detrimental to health (57). Osteoblasts and osteoclasts are a largely
influenced by estrogen and therefore may be affected by the use of COC (22, 26, 58). The effect
of decreased estrogen levels on these bone cells are discussed later in this chapter.

Peak Bone Mass

Peak bone mass (PBM) has been defined as the timeframe in which BMD is stable
following the period of bone mineral acquisition and before age related bone loss (59). Sixty
through 70% of PBM is determined by genetics while the rest is determined by physical activity,

nutrition, and sex steroids (53). Acquisition of bone mass and density in adolescence is important
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for maintaining bone health after the third decade of life (36, 53, 59, 60). Therefore, it is
important to understand factors that may affect PBM.

Berger et al. (59) performed a longitudinal study comparing a young cohort of 328
women and 292 men between the ages of 16-24 years to determine PBM ranges for differing age
and sex at varying bone sites. Participants were part of an on-going population based study
named the Canadian Multicentre Osteoporosis Study (CaMos), and were measured for aBMD at
the lumbar spine and hip using DXA at baseline and 2 to 5 years apart to determine longitudinal
changes. Berger et al. (59) found that age of PBM varies by sex and skeletal site. In their study,
they found that PBM of younger women at the lumbar spine occurred between ages 33-40 years
while younger men was at ages 19-33. This is in contrast to information presented by Marcus et
al. (53) that showed PBM occurring between the ages of 17-20 for women at the lumbar spine.
For total hip, young women had no significant change from baseline which could be explained
by PBM occurring before the age of 16. In young men, PBM of the total hip occurred between
19-21 years of age. Overall, young men had increased aBMD and BMC compared to young
women. In addition, 94% of aBMD was already acquired by both young men and women by the
age of 16 (59).

Physical activity during adolescence is an important factor for reaching peak bone mass.
Baxter-Jones et al. (61) performed a longitudinal study following 113 boys and 115 girls
between the ages of 8-15 to determine whether there was a relationship between physical activity
and bone mineral accrual. The mixed cohort was split into three groups based off of a self-report
questionnaire used to define active, average, and inactive participants. DXA scans were used to
measure BMC of the total body, lumbar spine, total hip, and femoral neck annually for up to 7

years during adolescence and up to 4 years during young adulthood. When compared with the
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inactive group, active men and women had 8% greater adjusted BMC for total body (p<0.05).
The active cohort also had increased BMC ranging from 9-15% in all other sites compared to the
inactive group (p<0.05) (61). In addition, bone acquisition responds more favorably to physical
activity in adolescence compared to physical activity during adulthood (53). This evidence
supports the notion that early adolescence is an important time for bone accrual.

Furthermore, sex steroids are also known to play a role in PBM. Gonadotropins such as
estrogen and testosterone influence the secretion of growth hormone and IGF-1 which play a role
in the development of bone (53). Women taking COC are known to have decreased serum
endogenous estrogen caused by influence of synthetic estrogen from COC on the hypothalamic-
pituitary-gonadal axis and inhibition of ovulation (12, 36). In fact, a review by Herrmann and
Seibel depict conclusive evidence suggesting that taking COC prior to 23 years of age can be
detrimental to PBM while taking COC starting at young adulthood has little to no effect (62).
This is supported by Cibula et al. (60) and Biason et al. (36) who found that adolescence who
were taking low-dose COC had decreased bone mass acquisition than adolescent individuals not
taking COC.

PBM is an independent risk factor for osteoporosis. As such, it is important to recognize
factors that may affect PBM. The large majority of BMC is obtained prior to 16 years of age, and
although BMC can continue to increase through the second decade of life, early adolescence

remains an important time for bone development.
Osteoporosis

Osteoporosis has often been defined as a bone disease characterized by a decrease in
bone mineral density that causes increased risk of fracture from minimal trauma (63). It is

commonly diagnosed in postmenopausal women due to decreased estrogen levels which
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typically help to maintain bone mineral content as well as in the elderly due to age-related bone
loss (53). Osteoporosis is a cause for concern and remains a large economic burden in the United
States.

Riggs and Melton (64) first described evidence for two types of osteoporosis in 1983.
Type | was described as an increased rate of bone loss due to estrogen deficiency most prominent
in postmenopausal women. Riggs et al. (65) later provided evidence that treatment of
osteoporosis with estrogen reduced counts of bone resorption markers by 58%, supporting the
hypothesis that estrogen deficiency was a cause of osteoporosis. Type Il osteoporosis was
described as impaired bone formation due to an imbalance in bone remodeling secondary to
hyperparathyroidism (64). These were relatively old definitions and only account for decreased
BMD. It is now known that risk of fracture is not only dependent on BMD, but on bone
microarchitecture and bone quality as well (53). In fact, it has been shown that up to 54% of hip
fractures occur in women who do not have osteoporosis but rather a milder diagnosis of low
bone density termed osteopenia (66). In the United States, it was projected that there were 10.2
million people over the age of 50 that had osteoporosis and 43.4 million with osteopenia in 2010.
Those numbers are expected to rise to 13.6 million and 57.8 million by the year of 2030 (40).
Consequently, the direct medical cost associated with fractures is projected to rise from $17
billion to $25 billion (39). Osteoporosis and osteopenia are expected to remain an economic
burden in the United States. Thus, research should aim to identify improved methods of

prevention and treatment to reduce healthcare costs associated with low bone density and quality.
Assessment of Bone Health

As the population of the United States increases in age, the incidence of osteoporosis also

increases. Increased risk of fracture and therefore increased morbidity and medical costs
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necessitate proper equipment to assess bone health (67). DXA and pQCT have proven to both be
valid and reliable measures of bone variables and have helped to define parameters for
osteoporosis.

The basic principle of dual energy x-ray absorptiometry (DXA), as the name describes,
are contingent upon the attenuation of two different x-ray intensities as they pass through the
body. The attenuation of the x-rays depend on density and thickness of the tissue that x-ray is
passing though. The end product is a 2-dimensional areal image that can be analyzed using
computer software to determine aBMD and BMC in the total body, lumbar spine, total hip,
femoral neck, and greater trochanter (67). DXA is currently the golden standard for non-invasive
bone examination due to quick scan times, improved image resolution, lower radiation dose, and
greater precision than former forms of bone health assessment (67, 68). Consequently, DXA can
be used to assess changes in bone variables overtime. Reliability of DXA measurement is high
with CV% ranging from 1-1.5% in the spine and total hip, and 2-2.5% in the femoral neck for
BMD (67). However, values given by DXA software must still be larger than least significant
change (LSC) to be regarded as statistically significant when doing a longitudinal study (67). In
other words, the change found overtime must be larger than instrument error to be considered a
true biological change. Z-scores are used to determine where an individual’s aBMD or BMC
may fall relative to another individual of the same age, sex, weight, and racial origin.
Additionally, T-scores are used to determine individual aBMD in relation to the reference
healthy young population of the same sex. The WHO has used DXA measurement to define
different levels of bone health, and either Z-scores or T-scores should be used depending on the
population an individual is a part of. For postmenopausal women, the WHO classification of

osteoporosis uses T-scores. A T-score > -1.0 is considered normal, between -1.0 and -2.4 defines
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osteopenia, and finally a T-score < -2.5 defines osteoporosis in postmenopausal women. In
premenopausal women, Z-scores are used to diagnose low bone mass, with a Z-score of -2.0 or
higher defined as normal bone mass in women from 20 years of age to menopause (69).

The basic principle of peripheral quantitative computed tomography is similar to DXA in
terms of x-ray attenuation through different tissue types. However, the pQCT is capable of
creating a cross-sectional image because of the rotation of the x-rays and detection arrays about a
180° axis. The volumetric cross-sectional image captured using a pQCT permits analysis of
vBMD, bone mineral content, bone geometry, and estimated bone strength of different sites
along almost any peripheral ligament (42). This is different than the DXA which only produces a
2-dimensional image allowing for 2-dimensional analysis called areal BMD. The International
Society for Clinical Densitometry reported that ultra-distal radius scans could predict fragility
fractures in the hip of postemenopausal women. Though central DXA scans of the spine and hip
are the preferred methods of clinical diagnosis of osteoporosis, pQCT analysis paired with
clinical risk factors could be used to initiate treatment of low bone density. Additionally, pQCT
can be used to monitor age-related decreases in vBMD providing a more comprehensive analysis
of bone health when coupled with DXA measurements (54).

Endogenous Estrogen and Bone

There are multiple types of endogenous estrogens in premenopausal women, however
17B-estradiol (E2) is the most prevalent (70, 71). Ez is vital for bone mineral density accrual and
maintenance (8, 70). It does this by decreasing apoptosis thereby increasing lifespan of
osteoblasts, increasing osteoblast gene expression, and decreasing bone resorption (22, 26, 58).

Yang et al. (26) investigated E> inhibition of osteoblast apoptosis via promotion of

autophagy. First, osteoblastic cells were plated in three different groups. The first group of cells
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were cultured with serum that acted as nutrients for the cells and acted as the control. The next
two groups were cultured in a nutrient free medium that would potentiate apoptosis. One of the
two mediums contained a vehicle solution while the other contained E>. Immunofluorescence
analysis and flow cytometry were used to measure incidence of autophagy. After a starvation
period of 48 hours, osteoblastic cells treated with E> had significantly increased expression of
autophagic proteins over the control and vehicle treated cells. The control cells had little to no
evidence of autophagy. Moreover, they tested the efficacy of using Ez by rerunning tests on
osteoblastic cells pretreated with ICI 182780 before treating them with E». ICI 182780 is a
known estrogen receptor inhibitor. Yang et al. (26) found that the E> enhanced autophagy was no
longer present after inhibition of estrogen receptors. Thus, they concluded that E> was capable of
preventing apoptosis by promoting autophagy thereby extending osteoblast cell life.

Liedert et al. (58) investigated E2 on gene expression in osteoblastic cells. Murine
osteogenic cells were cultured in essential medium and exposed to mechanical stimulation on
day 5. Prior to stimulation separate dishes were exposed to E> to potentiate activation of the ER
pathway. Furthermore, antagonists of the ER pathway, ICI 187780, were added to separate plates
before adding E>. Respective vehicles were added to control cell dishes parallel to the treatment
dishes and were not exposed to mechanical stimulation. Gene expression of Cox-2, a gene
known to play an important role in bone formation in mice, was measured using quantitative
real-time PCR. Liedert et al. (58) found that E> coupled with stimulation increased mRNA levels
by up to 7.2 times (p<0.05). When exposed to ICI 182720 prior to treatment, the increase in gene
expression disappeared. It was then concluded that the ER pathway, when activated with E> and

stimulation, could benefit osteoblastic bone formation.
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Kameda et al. (22) investigated E> effect on osteoclasts. Osteoclast cells were purified
and cultured from 10 day old rabbits. Cells were then transplanted onto dentine slices and
cultured for 24 hours. After removing the cells from the dentine slices, the number of resorption
pits were manually counted under a light microscope, and total area of resorption pits were
quantified using densitometric analysis. This process was repeated for the treatment group, but
E.was added to the cultures prior to transplantation on the dentine slices. The number and area of
resorption pits were significantly increased in the control group (p<0.05).

It seems that estrogen plays an important role in bone cell signaling. A change to normal
concentrations of E», similar to what is seen with the use of COC, may therefore cause changes
to bone remodeling which could be detrimental to bone health.

Progesterone and Bone

Progesterone is known to counteract estrogen action in some ways including; inhibition
of estrogen receptor production, decreasing Ex tissue levels, and inactivating E> with sulfation
(71). Indeed, there is evidence that progesterone may inhibit bone formation (72, 73). However,
there is evidence that supports the beneficial effects of progesterone on bone accrual (25).
Therefore, the role of progesterone in bone acquisition is still under debate. Still, the presence of
progesterone and androgen receptors (PR, AR) on osteocytes (74, 75) suggest that progesterone
plays a role in bone turnover and warrants investigation.

There are a large number of synthetic progestins that are used in COC. There are
progesterone derivatives that include progesterone, retro-progesterone, 19-norprogesterone, and
17a-hydroxyprogesterone; and 19-norprogesterone derivatives including norethisterone,
levonorgestrel, desogestel, gestodene, and norgestimatepregnane. Currently, the 19-

norprogesterone derivatives are more commonly used. The progestins used for COC are mostly
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able to bind to AR, but some only act as competitive inhibitors. These progestins cause a net
antiandrogenic effect while the ones that can activate AR receptors cause androgenic effects
(62). This must be taken into account when studying effects of COC on bone metabolism.
COC and BMD

Inadequate accrual of bone mass by the third decade is a primary risk factor for
osteopenia and osteoporosis later in life (53). There is evidence that estrogen and progesterone
have a positive influence on bone formation (25, 26, 58). Since COC is known to reduce serum
levels of sex steroids, their effect on bone mineral density has been extensively investigated. For
example, the mean serum concentration of E> in young healthy women not taking COC is 120
pg/ml (8, 76), while those taking a COC containing 30 ug of ethinyl estradiol (EE) is 44 pg/ml
(8, 77). This decrease in E2 concentration could therefore be detrimental to bone formation. This
is especially important to consider in the years leading up to the third decade of life, as that is the
time of bone accrual (7). In fact, low peak bone mass is a primary risk factor of osteoporosis
independent of bone loss related to age (53, 71). There is a large body of evidence that show that
COC can be detrimental to bone acquisition when taken in early adolescence. However, research
is still inconclusive, partly due to the lack of control of progestins and formulations of COC.

Cromer et al. (37) followed 102 girls taking OC and 188 girls who were untreated
controls between 12-18 years of age. Monophasic pills consisting of 20 pug of EE and 100 pg of
levonorgestrel were prescribed to the treatment group. DXA measurements of spine and femoral
neck were taken at baseline, 6, 12, 18, and 24 months. Difference in bone size was accounted for
by looking at bone mineral apparent density. Before corrections, COC Users had a mean 2.3%
and 0.3% increase of BMD at 12 months in the lumbar spine and femoral neck respectively. On

the other hand, the Non-User group had an increase of 3.8% and 2.3% respectively for the same
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sites. At 24 months, COC Users had an increase in 4.2% and 6.3% in their lumbar spine and
femur while Non-Users had an increase of 6.3% and 3.8%. After corrections, only mean absolute
BMAD at the lumbar spine was significantly different between the two groups. Similar results
were found in a study done by Biason et al. (36) looking at 12-19 year old girls. The treatment
group was taking a monophasic 20 pg of EE and 150 ug of desogestrel. COC Users had a
variation of 2.07% in the spine above baseline at 12 months post initiation of the pill while Non-
Users saw an increase of 12.16%. It is possible to gain BMD while taking COC pills, but it
seems that the acquisition of bone may be limited compared to increases for those not taking
CoC.

Cibula et al. (60) investigated the effects of different EE concentrations on BMD in girls
between the ages of 15 and 19.5 years. Two groups of 28 monophasic COC initiators, who were
randomly assigned COC with 30 pg of EE coupled with 75 pg of gestodene or 15 ug of EE and
60 pg of gestodene, were considered the treatment groups. There was a control group of 28 girls
who had never used COC. The treatment group took their assigned COC prescription for 9
months before switching to the other formulation for another 9 months. DXA measurements of
BMD were taken at baseline, 9 and 18 months. Cibula et al. (60) found that spine density
increased significantly by 2% in the control group while there was no increase in COC users.
Total body bone mineral content (BMC) acquisition in the treatment groups were suppressed
compared to the control group. The group that started on 15 pg EE and ended on 30 ug EE had
half the increases as the control group, and those that started on 30 ug EE had even less than that.
E> concentration was also measured using electrochemiluminessence-based immunoanalysis to
examine differences in concentration between groups. EE was not detected using this technique.

Plasma concentrations of E> remained constant throughout the 18 months in controls, but were
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significantly decreased in the two COC groups. The two groups did not have significantly
different E> levels, however the group that started with 30 ug of EE had a significant increase
after switching to the 15 pg formulation. Cibula et al. (60) concluded that a decrease in plasma
E> was associated with delayed acquisition of BMD in this population. However, the difference
between COC groups for total body BMC could not be explained by decreases in E>
concentration.

Shoepe and Snow (7) performed a cross-sectional study investigating COC use of women
between the ages of 18-25. There were 44 women who reportedly took COC with EE
concentrations between 20 and 35 ug and a control group of 58 women. Both monophasic
(MOC) and triphasic COC (TOC) Users were grouped together though there were 21
monophasic and 21 TOC users. DXA was used to measure lumbar spine, total hip, femoral neck,
and trochanter BMD. After running an ANCOVA to control for age and BMI, the COC group
was found to have significantly decreased BMD at all sites compared to the control group.
Despite being grouped together, monophasic and TOC Users had a significant less BMD than
controls.

It is evident that use of COC during early adolescence is detrimental to bone health.
However, there have been less studies done in a young adult population with evidence being
equivocal (7, 78). For example, Sherk et al. found that women taking COC between the ages of
18-24 had no changes in BMD compared to Non-Users while Shoepe and Snow saw a significant
decrease in BMD after the use of COC in women between 18-25 years of age. For this reason it
is important to continue research on this population of women.

Many systematic reviews have stated that there seems to be a larger risk of BMD decline

in those taking COC in doses < 30 ug EE (11, 38, 79). However, Nappi et al. found that there
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was no significant decrease of BMD with the use of COC containing a dose < 20 pg EE (80).
Women between the ages of 22 and 34 were enrolled in the study and were randomly assigned
either a 20 pg EE dose (n=20) or 15 pg EE dose of EE (n=20). They were compared to a control
group (n=20) who did not receive any form of contraception. DXA measurements of the lumbar
spine was performed 12 months after initiation of the contraceptive. There were no significant
differences in spine BMD between any groups (80). Though there have been systematic reviews
written over COC dose on BMD, more research should be published on the topic so that a meta-
analysis can be performed to form a consensus on the topic.

Estrogen on Fat Metabolism

It is widely known that estrogen is important for development of secondary sexual
characteristics in women. Increased density of estrogen receptors on subcutaneous adipose tissue
versus visceral adipose tissue in women explain the differences seen between fat distribution
compared to men (81, 82). However, continued presence of estrogen receptors after puberty may
affect body composition throughout life.

There is evidence that decreased endogenous estrogen is associated with increased fat
accumulation. D’Eon et al. (83) investigated changes in fat metabolism from E; treatment in
bilateral ovariectomized (OVX) mice compared to placebo controls. After 40 days of treatment,
the mice supplemented with E> had decreased adipocyte size, free fatty acid uptake, lipogenesis
and increased lipolysis compared to controls. Additionally, Heine et al. (84) found increased
adipose tissue in estrogen receptor-a knockout mice due to reduced energy expenditure rather
than increased energy intake. In humans, effect of E> on fat accumulation is supported by
evidence provided by Toth et al. (85), who found increased intra-abdominal fat in

postmenopausal compared to premenopausal women.
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Additionally, estrogen seems to promote lipid metabolism possibly explaining why COC
users report increased fat mass with the use of COC (21, 86). Campbell et al. demonstrated that
E> supplementation after OV X caused an increase in lipid oxidative genes in skeletal muscle
tissue in rats (21). Rats underwent OV X (n=16) or sham (n=8) operations. Half of the OV X rats
(n=8) were implanted with a slow E> releasing pellet that administered 2.5ug EE/day while the
rest of the OV X and sham mice received vehicle pellets. Treatment lasted for 15 days where they
were euthanized and testing began. Immunoblotting was used to determine the abundance of
PPARa and PPARyY, mRNA which are important to lipid uptake and metabolism in skeletal
muscle. They found that expression of both PPARa and PPARYy mRNA were increased in OVX
+ E2 mice compared to OV X and sham rats. In support of their findings regarding Ez, they found
that OVX rats had significantly decreased levels of PPARa and PPARy, mRNA compared to
sham rats (21).

Estrogen modulates lipid metabolism and may cause changes in body composition as
well as muscle composition. If normal E; levels cause increased lipid metabolism in skeletal
muscle, decreases in E> from the use of COC may cause differences in lipid deposition within
skeletal muscle which could affect muscle density. The effects of COC on variables such as
muscle density and fat density have not been studied extensively. More research must be done to
determine if COC causes changes to muscle composition and function.

Progesterone on Fat Metabolism

Effects of progesterone on fat metabolism is not well characterized. However, evidence

of androgen response elements, which can receive progesterone and affect DNA transcription,

have been found on adipose tissue and may play a role in fat metabolism (87, 88). In fact,
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women with complete androgen insensitivity syndrome have increased fat mass compared to
matched control subjects by age and gender (89).
COC and Body Composition

Research on COC effects on body composition has mainly examined changes in weight
and fat mass. However, results have been inconclusive with some providing evidence of body
composition changes, while others show non-significant changes due to COC use (1, 4, 6, 27,
30). Inconsistencies in the literature may be attributed to different forms of sex steroid within
COC, type of COC, length of use, and physical activity levels of the individual.

Moran et al. was able to demonstrate that OV X mice tended to gain weight after losing
their ovaries (90). In 2006, they found that 60 days after the operation, OV X mice had a 13%
increase in body mass compared to sham mice (p=0.015). Additionally, muscle mass in the
soleus and extensor digitorum longus (EDL) muscle was 20% and 16% greater compared to
sham mice (p<0.05) (90). Velders et al. found similar findings in a rat model showing that OV X
led to an increase in body mass, but found no difference in muscle mass 7 days after OVX
operations (24).

Notelovitz et al. (27) compared women COC Users and Non-Users between the ages of
20-30 for 6 months to determine metabolic changes during exercise. Six women taking a
monophasic formulation containing 35 pg of EE and 0.4 mg of norethindrone constituted the
treatment group. The control group consisted of six other women matched for age and weight
who did not take oral contraceptives. After six months, the women taking COC had gained an
average of 2 kg, while the Non-User group had no change in weight. Similar results were
reported by Casazza et al. (4) who found that TOC use caused a significant increase in body

weight and fat mass after 4 months of use. Additionally, Notelovitz et al. (27) found that Non-
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Users increased oxygen consumption per heart beat by 9% while the COC users decreased by a
difference of 8% (p<0.02) after the 6 month period. This suggests that aerobic metabolism was
suppressed, potentially causing decreased lipid metabolism.

In contrast, other studies have shown that COC does not have an effect on body
composition (1, 6, 30). Lindh et al. (1) investigated long-term COC use effects on body weight in
women using postal questionnaires. Samples of 19 year old women born in 1962 and 1972 were
asked to complete a self-reported questionnaire every five years until 2006. Questions included
topics such as contraception compliance, menstrual pattern, and height and weight. Lindh et al.
(1) concluded that weight gain was only explained by age increases and not COC use. Likewise,
Moore et al. (6) found similar results after performing a retrospective study examining changes
in weight over a 1 year time frame. In fact, COC Users had a nonsignificant decrease in weight.
It is important to note that type of COC was not reported in this study. Additionally, Reubinhoff
et al. (30) found that Low Dose COC did not impact weight, body composition, or fat
distribution. However, 15 women did gain weight while using COC, which was attributed to
increased body fat and not water volume.

Although COC may not cause weight gain explicitly, it may still affect body
composition. Berenson et al. (5) used DXA to measure body composition at baseline and every 6
months for 3 years. Four hundred and sixty women were split up into 2 groups; women taking
COC (n=245), and women not taking hormonal contraception (n=218). One hundred and twenty
eight women completed every testing session. COC Users did not gain more weight compared to
Non-Users, but they did have increased fat mass, percent body fat and had a significant decrease

in lean body mass comparatively.
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Fat Infiltration

There are three main types of fat infiltration. Intermuscular fat infiltration is the increased
deposition of fat in between muscle groups; intramuscular fat infiltration is increased fat
deposition between individual muscle fibers; and intramyocellular fat infiltration is fat deposition
within the muscle cell itself. Fat infiltration into muscle has been commonly measured in older
adults as it is a risk factor for loss of strength and mobility dysfunction (2, 32, 34). However, fat
infiltration is not limited to older adults because it has been shown to occur in young adults as
well (91).

Malenfant et al. (29) examined fat content in individual muscle fibers of lean and obese
subjects. Seven lean controls, and 14 obese individuals with comparable numbers of men and
women participated in the study. Individuals in both groups were not regularly active. Muscle
biopsies were taken from the middle of the vastus lateralis and muscle fiber types were
determined by staining myofibrillar ATP. Oil red O histochemical lipid stain was used to expose
lipid content within the muscle fibers. An image of the muscle slices were taken, and were run
through computer software to determine lipid content within different muscle fiber types.
Malenfant et al. (29) found that obese individuals had increased amounts of lipid content within
type | and type 11B fibers compared with controls. The quantified amount of fat within obese
individuals was 1.5-2.3 times greater than those in the control group. Thus, increase in fat mass
can lead to increases in fat infiltration into the muscle.

Manini et al. (91) followed healthy young adults through 4 weeks of unilateral lower leg
suspension to investigate how physical activity can affect infiltration of intermuscular adipose
tissue (IMAT). Six men and 12 women between the ages of 19-28 years were examined between

a 4 week control period followed by a 4 week of unilateral lower leg suspension. Magnetic
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resonance imaging was used to measure whole muscle volume, subcutaneous fat, and
intermuscular fat infiltration in the calf and knee. A knee extension dynamometer was used to
test maximal isometric strength. Measurements were taken before and after the control period
and after the 4 week reduction of physical activity. No changes were observed during the control
period. Though muscle volume decreased by 7.4% in the thigh and 7.9 % in the calf, IMAT was
significantly increase in both regions. This was partially explained by the loss in muscle
(R?=26%). Over the period of reduced physical activity, strength was significantly decreased in
the suspended limb and was associated with increases in IMAT (p=0.039) after adjustment for
loss in muscle mass, initial strength, and initial IMAT. Therefore, COC effects on IMAT should
be studied as IMAT plays an important role in physical wellbeing in young adults.

The effect of COC on fat characteristics such as IMAT have yet to be investigated. If
COC causes weight gain through increased adipose tissue, there may be a possibility that COC
causes increases in fat infiltration within muscle tissue. If this is the case, then there could be
increases in muscle cross sectional area and thickness without an increase in muscle mass. COC
use has been linked to increases in fat mass, and may lead to increases in intramuscular and
intramyocellular fat infiltration. Effects of COC use on these types of fat infiltration should be
examined as it is linked with chronic inflammation, impaired glucose tolerance, and increased

cholesterol (2).
Muscle Quality

Muscle function has often been measured as a variable important to health and wellness.
Indeed, the loss of muscle mass and strength has been linked to risk of injury and hospitalization
in older adults (35). In young adults, muscle function is often used to measure athletic

performance (3, 11). Muscular strength has been correlated to measures such as muscle CSA (49,
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92) and muscle thickness (93), but the relationship between muscle strength and muscle density
remains inconclusive especially in young adults.

Goodpaster et al. (94) has identified computed tomography as a reliable instrument to
detect skeletal muscle lipid content. Though pQCT does not give clear images of specific muscle
groups, it is able to determine muscle density which is associated with skeletal muscle lipid
content (94). This is because fat is known to be less dense than muscle and water mass (95).
Therefore, an increase in IMAT would cause a decrease in muscle density. Increases in lipid
content without an increase in muscle mass may lead to increased cross sectional area and
thickness without an increase in functional muscle mass. This would could mean that there
would be a decrease in muscle quality (MQ) because fat is not functionally contractile in nature.

Estrogens are found on muscle cells, suggesting that estrogen plays a role in muscle cell
signaling and function (24, 96, 97). For example, previous studies on rodents have shown that
estrogen effects further estrogen receptor gene expression, act as an antioxidant in muscle fibers
(96), plays a role in muscle growth and regeneration (24), may affect maximal isometric force,
and also the strong binding of myosin to actin (90, 98).

Baltgalvis et al. examined estrogen’s affect with estrogen receptor concentration and
antioxidant gene expression in a mouse model (96). They tested 3 treatment groups including an
ovariectomized (OVX) group treated acutely with E> (acute OVX + E») for 48 hours (n=6), an
OVX group treated chronically (chronic OVX + E») with E> for 3 weeks (n=6), and a group of
wild type mice injected with ICI 187,780 (n=5), an estrogen antagonist for 1 month. A group of
OVX only mice were prepared with placebo (OVX + placebo) for comparison. Additionally a
sham group (n=4) acted as a control. Baltgalvis et al. found that both acute and

chronically treated OV X + placebo mice had about a 70% increase in ERo mRNA in the soleus
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(P=0.002) and EDL muscle (p<0.001) compared to sham mice. Levels of mRNA returned to
normal with E> replacement. This was further confirmed by a 2-fold increase in ERa protein in
the muscle of OV X + placebo mice compared to both sham and E> replacement mice.
Additionally, they found that estrogen may play a role in inducing antioxidant gene expression.
OVX + E2 mice had increased gene expression of 5 different antioxidants compared to OVX +
placebo mice (p<0.027) showing that estrogen may protect muscle from oxidative damage in
muscle. This was supported by the group receiving ICI 187,780 injections which had a
downregulation of 2 of the same antioxidant genes that were increased in the OVX + placebo
mice. The ICI 187,780 group also had an acute reduction in ~45% of MyoD (P=0.046), a
measure of satellite cell activation, and a reduction of ~40% chronically (P<0.019). Baltgalvis et
al., found that estrogen receptors were regulated in muscle cells, estrogen activates antioxidant
genes and that satellite cell activation may be affected by estrogen. This provides evidence that
estrogen is a hormone active in muscle signaling, protects muscles against oxidative damage and
promotes muscle repair (96).

Velders et al. investigated estrogen effects on skeletal muscle growth and regeneration.
Rats received either OV X (n=32) or sham operations (n=6) and left to heal for 14 before
receiving treatment injections (24). The OV X rats were randomly selected to receive either
placebo injections (n=18) or E> (n=18) injections while the sham operated rats were injected with
placebo. All rats were treated for 7 days before being introduced with notexin to induce muscle
damage in the right hind limb. Thereafter, the rats were humanely uthenized at 24h, 3 days and 7
days post notexin injection. After 7 days post notexin injection, Velders et al. found that myosin
heavy chain (MHC) embyonic mRNA was sitting at significantly decreased levels in OV X rats

compared to both sham and E; rats (p<0.05). Additionally, satellite cell activation quantified
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using presence of PCNA and MyoD were significantly decreased in OV X rats compared to sham
and E; rats.(p<0.05). This was also supported by other studies (96). Velders et al. found that
estrogen may increase MHC production which would help increase muscle size and aid in
muscle repair (24).

In addition to the effects on antioxidant gene expression and muscle repair, Moran et al.
demonstrated that estrogen may also affect muscle contractile function and disrupt myosin
structural distribution (90). Mice underwent either OV X (n=13) or sham (n=13) operations. The
soleus and the contralateral muscles were excised for analysis before the mice were euthanized.
Measures of body weight, muscle weight, maximal isokinetic force, MHC protein content, and
total protein concentration (total protein per muscle wet weight) were reported in this study.
Moran et al. found that soleus and EDL muscle mass OV X mice were 20% and 16% greater than
sham mice (p=0.015). However, MHC protein content between the two treatment groups did not
differ for soleus (p=0.242) and EDL (p=0.492) muscle groups. When maximal isokinetic force
was normalized to protein content and muscle length (Po), both which were not different between
groups, the specific torque was decreased by 19% in OVX compared to sham (p<0.006) which
meant that the loss of ovarian hormones led to a decrease in force-generating capacity (90).
Later, the same group demonstrated that E> supplementation after OV X could reverse muscle
contractile and myosin dysfunction in mice (98). They found that the decrease in P, was not
present in OVX + E> compared to sham while OV X mice had a significant decrease (p<0.001).
To support their findings they also reported that the amount of strong-binding myosin in OVX
mice was about ~90% that of the sham mice while OV X + E> mice had no significant difference
(p<0.05). Additionally, they found that there was a positive linear relationship (r=0.458) between

plasma E; levels and soleus maximal isometric force (p<0.001) (98). So it seems that muscle
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function may be affected by a decrease in plasma E> levels. It should be noted that these studies
were did not report changes in fat mass or intramuscular fat infiltration, so the cause of muscle
dysfunction cannot be assumed. For this reason, it is important to determine whether or not these
same findings translate to a human model.
Summary

Combined oral contraceptives are the most common form of birth control used today. The
use of synthetic estrogens and progestins during early adolescence and into adulthood could have
detrimental effects on musculoskeletal health. Though a large majority of bone is acquired prior
to the 16" year of age, bone continues to develop until PBM is reached during the third decade of
life (53). Since PBM acquired during that time has been shown to be an independent predictor of
osteoporosis, it is important to determine factors that could influence PBM. Additionally, studies
investigating COC effect on BMD have suggested that COC may affect fat metabolism.
Increases in fat infiltration into muscle could decrease functional muscle mass, and has been
shown to have a relationship with decreases in strength in young adults (91). Thus, as popularity
of COC increases, and new formulations of COC evolve, it is important to understand the

physiological effects of COC on musculoskeletal health.
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Chapter 3: Methodology

The purposes of this study were to: (1) compare areal bone mineral density (aBMD) of
the total body, lumbar spine, and proximal femur; and volumetric bone mineral density (vBMD)
characteristics of the femur and tibia between COC users and Non-Users; (2) to compare muscle
variables such as muscle thickness, muscle cross sectional area (mMCSA), muscle density and
muscle quality between COC Users and Non-Users; and (3) to compare fat density and
subcutaneous fat cross sectional area (SFCSA) between COC Users and Non-Users. Additionally,
bone, muscle, and fat variables were compared between Non-Users, Low Dose COC, and High
Dose COC users.
Participants

There were 54 healthy college-aged females enrolled in this study; however only 40
completed the testing. Participants were assigned into groups based on COC use consisting of
COC Users (n=27) and Non-Users (n=13). For secondary analysis, COC users were then
separated into Low Dose COC (<20 pg EE, n=14) and High Dose (>20 pg EE, n=13) COC.
Participants were between 18-25 years of age and included multiple self-identified ethnicities. A
priori power analysis was performed with G*Power (v. 3.1) to estimate the sample size for this
study. Scholes et al. (38) compared total hip BMD between COC users and non-users using
DXA measurement. The effect size was 0.17 (Cohen’s d) based on their findings and would
require 1565 participants in each group for 80% power. Lebrun et al. (99) compared changes in
body composition between COC users and non-users after COC treatment. Based on their
findings, effect sizes range from 0.52 for % fat and 1.42 for skinfold measurement. This would
require a sample size between 5 and 25 participants per group for 80% power. Casazza et al. (4)

compared fat mass between COC users and non-users after a 4 month treatment period. The
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effect size was 0.33 and would require 60 participants per group to reach 80% power. Thus,

sample size needed to range from 5 to 1565 participants per group. Due to feasibility and time

constraints a sample size of 13 participants per group was chosen based on Cohen’s d effect sizes

(small = 0.2 SD, medium = 0.5 SD). Participants were recruited from Norman and the Oklahoma

City metro area using mass email, flyers, and word of mouth. This study was approved by the

University of Oklahoma Health Science Center, Institutional Review Board #9671 (Oklahoma

City, Oklahoma).

Inclusion Criteria

Inclusion criteria included the following.

1.

2.

Female individuals who were 18-25 years old,;

Non-users who had no history with any type of hormonal contraceptive use prior to
participation;

COC users who had been using the same COC for a minimum of 8 months to be included

in this study.

Exclusion Criteria

Exclusion Criteria include the following.

1.

2.

Non-users who had irregular menstrual cycles;

Individuals who were reported that they performed exercise regularly more than once a
day for 5 days a week;

Individuals who had diseases known to affect joint/muscle function (e.g., arthritis,
neuromuscular diseases);

Individuals who had metabolic diseases known to affect bone (e.g., hyperparathyroidism,

bone cancer, hypogonadism);
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5. Individuals who were taking supplements or steroids to enhance muscle mass;

6. Individuals who were taking medications known to affect bone metabolism (e.g.,
glucocorticoids, anti-depressants, androgens);

7. Individuals who had body weight more than 300 Ibs or height taller than 6°4”;

8. Individuals who had joint replacement or metal implants in the spine, hip, or legs;

9. Individuals who had surgeries or injury preventing them from participating in exercise;

10. Individuals who were pregnant or planning to become pregnant;

11. Individuals who were current smokers.

Study Design

This three visit cross-sectional study was designed to describe differences in muscle, fat,
and bone variables between COC Users, and Non-Users; and between Non-Users, Low Dose
COC, and High Dose COC users. Participants were asked to complete informed consent, HIPAA
release forms, questionnaires, and become familiarized to the Biodex protocol on their first visit.
All participants began the second visit within the first 48 hours after the start of menses or within
the first two days of the placebo pills for COC users to control for hormone levels. During this
visit, body composition and aBMD measurements were taken using DXA, then vBMD
measurements were taken using pQCT, followed by a muscle thickness measurement of the
quadriceps at the 50% femur site using ultrasound. Finally, a maximal isokinetic torque test of
knee extensors was performed using Biodex. In the third visit, these measurements were repeated
for a subset of participants (n=13) and were used to calculate reliability of data collection

techniques.
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Screening and Consent

Prior to beginning the study, volunteers were asked to complete a screening checklist via
email. If they met any of the exclusion criteria on the list, they were not scheduled for a first
visit. Those that passed were asked to schedule an appointment to complete informed consent,
HIPAA release forms, BPAQ (100), calcium intake questionnaire (101), a menstrual history
questionnaire, and health status questionnaires that were used to finalize screening. The BPAQ
was used to quantify bone loading activities that participants had participated in the past, in the
previous 12 months, and over their lifespan (100). The PARQ guestionnaire was meant to
identify contraindications that would prevent participants from performing exercise tasks (102).
People who met the inclusion criteria were able to participate in this study.
Anthropometric Measurements

At the start of the first testing visit, height to the nearest 0.5 cm and weight to the nearest
0.1 kg were measured. Participants were asked to remove their shoes, any excess clothing, empty
pockets, and remove any metal piercings. Height and body weight was measured using a
stadiometer (PAT #290237, Novel Products, Rockton, IL) and a digital electronic scale (BWB-
800, Tanita Corporation of America, Inc., Arlington Heights, IL).
Dual Energy X-ray Absorptiometry

A total body scan was performed to assess body composition using Dual Energy X-ray
Absorptiometry (DXA; Lunar Prodigy, GE Medical System, Madison, MI). Scans were then
analyzed using the enCORE 2010 software, version 13.31.016 (GE Healthcare, Madison, WI). A
standardized block representing known densities was scanned prior to each day of testing for
quality assurance. The DXA must have received a passing mark before scans used for data

collection could take place. Participants were asked to void their bladder and collect a sample of
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urine to test for urine specific gravity (USG) using a refractometer (VEE GEE, Model CLX-1) to
ensure proper hydration (USG = 1.004 — 1.029). The urine sample was also used to perform a
pregnancy test (SA Scientific Ltd. San Antonio, TX). Participants were then asked to remove
shoes, excess clothing, any metal piercings or accessories, and other attenuating materials. The
scan occurred after proper positioning by a trained technician. Participants were then asked to lie
in the middle of the table in a supine position with the top of their head approximately 2-3 cm
below the horizontal line at the top of the table. Hips and shoulders were aligned in the middle of
the table while arms were held close to the body. Participants were asked to straighten their
fingers and hold them with thumbs facing the ceiling for the duration of the scan. Legs were held
close together but with space between them. Knees and feet were then secured using two Velcro
straps; one below the knees and one at the ankles.

After completion of the total body scan, lumbar spine (L1-L4) and dual femur scans were
performed. For the spine scan, a block was placed under the participant’s knees so the hip angle
was between 45-90 degrees. Participants were then instructed to remain still while the scanner
arm moved down to the spine position. A trapezoidal block was then placed between their feet in
preparation for the dual femur scans. The feet were rotated inward against the block and strapped
securely using Velcro straps. The left femur was scanned first followed by the right femur. A bag
of rice was placed adjacent to the participant’s thigh if they were deemed “thin” by the DXA
software. All scans and analyses were performed by the same trained technician.

Osteopenia status of participants was determined by Z-scores; Osteopenia is defined as a
Z-score below -2.0 for premenopausal women (53, 54)

A subset of all participants (n=13) were asked to return to repeat the measurements to

determine the reproducibility of the DXA for the current technician. Root mean square
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coefficients of variation (RMS CV%) was used to calculate precision measures. CV% ranges
from 0.46% to 2.55% for bone variables, 1.62% to 2.49% for leg composition, and 3.28% to
6.32% for arm composition scans for the technician who performed the scans for this project.
Table 1 shows the precision data for DXA bone variables and Table 2 presents precision data for

DXA regional body composition variables.

Table 1. DXA Total Body, Spine, and Dual Femur Precision

Variables CV%
Total aBBMD 0.97%
Total BMC 2.55%
% Body Fat 2.35%
Total Fat Mass 2.53%
BFLBM 2.01%
Fat Free Mass 1.77%
L1-L4 Spine aBMD 1.28%
L1-L4 Spine BMC 1.13%
Dominant Troch BMD 0.64%
Non-Dominant Troch BMD 1.15%
Total Dominant Hip BMD 0.46%
Total Non-Dominant Hip BMD 1.13%

aBMD: areal bone mineral density, BMC: bone mineral content, BFLBM: bone free lean body mass,
Troch: trochanter
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Table 2. DXA Appendicular Body Composition CV%

Variables CV%
Dominant Leg Fat Mass 2.49%
Non-Dominant Leg Fat Mass 2.24%
Dominant Leg Lean Mass 2.28%
Non-Dominant Leg Lean Mass 1.62%
Right Arm Fat Mass 4.24%
Left Arm Fat Mass 3.59%
Right Arm Lean Mass 3.28%
Left Arm Lean Mass 4.26%

Peripheral Quantitative Computed Tomography

Peripheral quantitative computed tomography with software version 6.00 (pQCT, XCT
3000, Stratec Medizintechnik GmbH, Pforzheim, Germany) was used to measure bone variables
at the 50% femur, 4%, 38% and 66% tibia sites on the non-dominant leg including; BMC,
vBMD, total area, trabecular area, cortical area, cortical thickness, periosteal circumference,
endosteal circumference, BSI, SSI, and iPolar. The pQCT was calibrated using the cone phantom
every morning prior to testing to ensure reliability of the measurement. Every 7 days, a cortical
calibration was performed. Femur and tibia length of the non-dominant leg was measured
manually in mm using a tape measure. Femur length was measured from the top of the greater
trochanter to the end of the lateral condyle of the tibia, while the tibia was measured from the
inferior articular surface of the tibia to the medial tibial plateau of the medial condyle.

Prior to beginning the scans, participant basic information was entered into the computer,

and she was positioned with the non-dominant leg supported for scanning. Tibia scans were
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performed before femur scans. Participants were asked to sit comfortably in the chair of the
pQCT with their non-dominant leg resting on supports located beneath the knee and foot. Velcro
straps were then wrapped securely around the foot and knee to minimize movement. Next, a
scout view (SV) was used to identify the distal end of the tibia where the reference line would
then be placed. Participants were asked to remain still throughout the length of the scan. The
femur scan followed the tibia scan. The participant had to be repositioned so that the gantry
could move up to the 50% femur mark. The knee and ankle were then allowed to rest on a
support, and were securely strapped to help minimize excess movement. Again, a scout view was
used to determine the end of the femur where the reference line was placed before proceeding
with the 50% femur scan.

Scan speed was set at 20 mm/sec with a voxel size of 0.4 mm and a slice thickness of 2.2
mm. Threshold ranges of 710-40 mg/cm?® were then used to differentiate between bone and
muscle. Subcutaneous fat was then separated from muscle using a threshold range of -100 — 40
mg/cm?®. Each scan was then performed by the same trained technician under the supervision of
Dr. Debra Bemben. This protocol has been used previously in the Bone Lab at the University of
Oklahoma before (49). All scans were analyzed by integrated XCT 6.0 software for bone
variables (Stratec Medizintechnik GmbH, Pforzheim, Germany). All 66% tibia and 50% femur
images were run through BoneJ to perform soft tissue analysis (103).

Bone analysis was performed at all scan sites. The following parameters were used to
analyze the 4% tibia site: Contour mode 3, Peel Mode 4, trabecular bone was identified using
169 mg/cm? and 650 mg/cm? thresholds. The following parameters were then used to analyze the
38% and 66% sites of the tibia as well as the 50% femur site: Contour Mode 1, Peel Mode 2 with

a threshold of 710mg/cm?.
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Soft tissue analysis was performed at the 50% femur and 66% tibia site. Images of the
cross sectional slices were taken from the Stratec software and run through BoneJ. Density
distribution and soft tissue were analyzed to determine muscle density (MD), muscle cross-
sectional area, total fat density, total fat area, intramuscular fat density, intramuscular fat area,
subcutaneous fat density, and subcutaneous fat area. The image used to analyze muscle was then
used to determine MT with the use of region of interest (ROI) dimensions in Stratec software.
Unlike ultrasound, there was no error due to flattening of the muscle because physical contact
and pressure with a transducer was not present. Dimensions of the ROI length to the nearest mm
from the bone-muscle interface to the muscle-subcutaneous fat interface directly aligned with the
middle of the femur bone was used to determine MT of the quadriceps and hamstrings.

A subset of participants (n=13) were asked to return to repeat pQCT measurements to
assess RMS CV% for the current technician. Tables 3-6. show the CV% for the 4%, 38%, 66%,
and 50% femur analysis done by the Stratec software based off of the scans taken. CV% for

pQCT measures of muscle thickness was 4.02%

42



Table 3. pQCT 4% Tibia Site CV%

Variables CV%
4% Tibia Total BMC 0.68%
4% Tibia Total vBMD 0.72%
4% Tibia Trabecular BMC 1.71%
4% Tibia Trabecular vBMD 0.26%
4% Tibia Total Area 1.43%
4% Trabecular Area 1.77%
4% Tibia Periosteal Circumference 0.70%
4% Tibia BSI 0.61%
4% Trabecular BSI 1.63%

vBMD: volumetric bone mineral density, BMC: bone mineral content, BSI: bone strength index
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Table 4. pQCT 38% Tibia Site CV%

Variables CV%
38% Tibia Total BMC 0.54%
38% Tibia Total vBMD 0.48%
38% Tibia Total Area 0.80%
38% Tibia Periosteal Circumference 0.41%
38% Tibia Endosteal Circumference 0.96%
38% Tibia Cortical vBMD 0.70%
38% Tibia Cortical Area 1.36%
38% Tibia Cortical Thickness 1.46%
38% Tibia SSI 0.92%
38% Tibia iPolar 0.97%

vBMD: volumetric bone mineral density, BMC: bone mineral content, SSI: strength strain index
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Table 5. pQCT 66% Tibia Site CV%

Variables CV%
66% Tibia Total BMC 0.36%
66% Tibia Total vBMD 1.08%
66% Tibia Total Area 0.82%
66% Tibia Periosteal Circumference 0.41%
66% Tibia Endosteal Circumference 1.20%
66% Tibia Cortical BMC 0.54%
66% Tibia Cortical vBMD 0.37%
66% Tibia Cortical Area 0.72%
66% Tibia Cortical Thickness 1.21%
66% Tibia SSI 1.00%
66% Tibia Polar Moment of Inertia 0.73%
66% Muscle Cross Sectional Area 1.4%

vBMD: volumetric bone mineral density, BMC: bone mineral content,
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Table 6. pQCT 50% Femur Site CV%

Variables CV%
50% Femur Total BMC 0.91%
50% Femur Total vBMD 1.06%
50% Femur Total Area 1.17%
50% Femur Periosteal Circumference 0.59%
50% Femur Endosteal Circumference 2.19%
50% Femur Cortical BMC 1.31%
50% Femur Cortical vBMD 0.62%
50% Femur Cortical Area 1.43%
50% Femur Cortical Thickness 1.73%
50% Femur Stress Strain Index 8.1%
50% Femur Polar Moment of Inertia 1.2%
50% Femur Cross-Sectional Area 2.92%

vBMD: volumetric bone mineral density, BMC: bone mineral content, SSI: strength strain index

Ultrasonography

MT of the quadriceps was measured using ultrasonography (FF Sonic Fukuda Denshi
UF45000, Fukuda Denshi USA, Inc., Redmond, WA) and the 50% femur site measured with
pQCT. Participants were asked to remain seated in the pQCT for the duration of the MT
measurement. The measurement site was marked for ultrasound from the scan laser of the pQCT
to ensure that location of measurement was consistent. A transducer with a scanning head was

then placed with minimal pressure perpendicularly to the length of the muscle at the 50% site of
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the femur. Generous amounts of transmission gel was used to reduce artifacts in the image. Once
a clear image was taken, the distance from the muscle-bone interface to the adipose tissue-
muscle interface was measured manually using the digital ruler provided with the ultrasound
software. MT from the quadriceps and the hamstring was then measured on the non-dominant
leg. The average of two consecutive measurements were used for statistical analysis. CV% of
muscle thickness measured over two separate visits was 5.96%.
Maximal Isokinetic Torque Measurement

Maximal Isokinetic Torque (MIT) of the knee extensors was measured using an
isokinetic dynamometer (Biodex; System 4 Pro, Biodex Medical Systems, Shirley, New York).
The Biodex was calibrated in the morning prior to testing following manual instructions. MIT
was assessed on their non-dominant leg. Participants were sat comfortably upright in the chair.
Their shoulders, waist, and non-dominant thigh were strapped securely. The joint of the
participant’s knee was aligned with the dynamometer rotation axis and their ankle was strapped
to the lever arm using Velcro straps. Once secured and basic information was entered, the limb
was weighed to perform gravity corrections and full range of motion of the leg was defined. A
short warm up of 5 repetitions at 60 degrees/second was performed, followed by 3 minutes of
rest. Each repetition consisted of knee flexion and extension through their full range of motion.
Participants were then asked to repeat 3 repetitions at 60 degrees/second with maximal effort.
They were allowed to rest for 3 minutes before completing another 3 maximal repetitions at 180
degrees/second. MIT data for the quadriceps and hamstrings were recorded using the best score
of the three contractions for each speed between days. Intraclass correlation coefficients (ICC)

are reported in Table 7.

47



Table 7. Maximal Isokinetic Torque ICC

Variables ICC
60 °/sec Maximal Isokinetic Torque 0.838
180 °/sec Maximal Isokinetic Torque 0.826

Quantification of Muscle Quality

Muscle quality (MQ) measures functional muscle mass. In this study, MQ for the
quadriceps muscles was quantified using the following equation:

MQ = MITmuscle group (N*m)/US Muscle Thickness (cm)

Data Analyses

SPSS version 24 (IBM, Chicago, IL) was used to run all statistical analyses. All
descriptive data are reported as mean + standard deviation (SD). Normality of dependent
variables was determined using the Shapiro-Wilks test. Variables that were not normally
distributed included: total body fat mass, bone free lean body mass, fat free mass, dominant leg
fat mass, non-dominant leg fat mass, dominant leg lean mass, non-dominant leg lean mass, right
arm fat mass, left arm fat mass, left arm lean mass, dominant hip buckling ratio (BR), dominant
hip cross-section moment of inertia (CSMI), non-dominant hip CSMI, 38% tibia endosteal
circumference, 66% polar moment of inertia, femur endosteal circumference, femur stress strain
index, 66% intramuscular fat density, 66% intra fat area, femur muscular density, total femur fat
area, femur intramuscular area, and femur subcutaneous fat area. Independent t-tests were
performed first to compare group (COC, Non-users) physical characteristics such as age, height,
body weight, BPAQ, and calcium intake to identify potential covariates. ANCOVA was used to
determine if there were significant differences between the 3 groups for significantly different

descriptive variables. Independent t-tests were used to compare COC Users (n=24) and Non-
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Users (n=13) for all dependent variables. Variables that were not normally distributed were
analyzed using a two-tailed a Mann-Whitney U test to determine differences between Non-Users
and COC Users. One-way ANOVA with the Bonferroni post hoc procedures were used to
determine differences in physical characteristics between Non-Users, Low Dose COC and High
Dose COC Users. Dependent variables that were not normally distributed were analyzed by a
two-tailed Kruskal-Wallis test to determine significance between the three groups. Additionally,
a Pearson’s correlation coefficient was used to assess the relationship between muscle quality
and soft tissue characteristics, the relationship between duration of COC use and soft tissue
density variables, and between muscle thickness and mCSA. Spearman’s correlation coefficient
was used to assess the relationships between non-parametric soft tissue variables such as femur
muscle density, total femur fat area, femur intramuscular fat area, and femur subcutaneous fat
area with duration of COC use. Spearman’s correlation coefficient was also used to assess the
relationship between non-parametric DXA bone and muscle variables such as dominant leg fat
mass, non-dominant leg lean mass, dominant leg lean mass, and non-dominant leg lean mass
with duration of COC use. The level of significance was set at p< 0.05.
Effect Sizes

Cohen’s d was calculated using degrees of freedom and the t value from independent t-
tests.

Cohen’s d = 2t/N(df) where t = t value, and df=degrees of freedom

Cohen’s d values below 0.2 was considered small, between 0.2-0.5 was considered medium,

between 0.5-0.8 was considered large, and above a 0.8 was considered a very large effect size
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(104, 105). Non-parametric tests were run for non-normally distributed data, thus an r value from

a Mann-Whitney U test was calculated to determine effect size.

r = Z/NN where N = total number of participants and z = z value
A Mann-Whitney U r below 0.1 was considered small, between 0.1 and 0.3 was considered
medium and over 0.5 was considered to be a large effect (106). Partial eta squared (np?) was
used to describe effect sizes for variables using one-way ANOVA. Partial eta squared (np?) was

derived from Kruskal-Wallis analysis with the following formulas (107).

F = chi?/(k-1) where k=number of groups

np? = (F*(k-1))/((F*(k-1)) + (N-3) where N = total number of participants

Partial eta squared below 0.01 was considered to be small, between 0.01 and 0.06 was

considered medium, and 0.14 was considered to be a large effect (106).
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Chapter 4: Results and Discussion

The purposes of this study were to: (1) compare areal bone mineral density (aBMD) of
the total body, lumbar spine, proximal femur, and volumetric bone mineral density (vBMD) of
the femur and tibia between COC Users and Non-Users; and (2) to compare muscle variables
such as muscle thickness, muscle cross sectional area, muscle density and muscle quality
between COC Users and Non-Users; and (3) to compare fat density and fat CSA between COC
Users and Non-Users. Additionally, bone, muscle, and fat variables will be compared between
Non-Users, Low Dose COC and High Dose COC users.
Participant Characteristics

There were a total of 54 healthy college aged women enrolled in this study. Five Non-
Users and 9 COC Users failed to return for testing visits. Together, there were 40 participants
(Non-User n=13, Low Dose COC n=14, High Dose COC n=13) who attended testing visits. One
Non-User did not complete the third maximal isokinetic strength test. Her body composition
variables were still used for final analysis. Foot dominance was determined by asking which foot
they would kick a soccer ball with. All participants reported being right leg dominant.

Age of menarche was significantly different for Non-Users (12.0 £ 1.1 yr) and COC
Users (12.9 + 1.3 yr) with a t-test (p=0.044), and between Non-Users and High Dose COC (13.5
+ 1.1 yr) users (p=0.009). Thirty-four women reported having 12 menses within the previous
year prior to enrolling for the study. One Non-User reported only menstruating 11 times while
some COC Users reported menstruating 8 (n=2), 6 (n=2), or 0 (n=2) times within the past year.
Those that reported not having any period of menstruation were both taking a COC with 10 pg
EE and 1 mg of Norethindrone. The average age of COC initiation for the both the Low Dose

COC and High Dose COC groups was 16.8. Five COC Users reported using a triphasic oral
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contraceptive (TOC), while 22 COC Users used monophasic oral contraceptive (MOC)
formulations. Table 8 presents the current oral contraceptive prescription for the COC Users.

Table 8. Combined Oral Contraceptive Prescriptions Among COC Users

Compound Dosage n
EE / Drospirenone 20 ug/ 3 mg 3
EE / Norgestimate 35ug/2.5mg 3
EE / Norgestimate® 35ug/1.8,2.15,25mg 5
EE / Norethindrone 10 ug/ 1 mg 3
EE / Norethindrone 20 pg/1mg 8
EE / Norethindrone? 20 pg/1mg 1
EE / Norethindrone 30 ug/1.5mg 2
EE / Norethindrone 35ug/1mg 2

§ - triphasic combined oral contraceptive, y - 24 day active pill phase, EE: ethinyl estradiol

Descriptive characteristics of participants are found in Table 9. No significant differences
existed between groups for age, height, body mass, calcium intake, for BPAQ calculated history
of physical activity, or for some body composition variables after comparing Non-Users and
COC Users with an independent t-test. None of the aforementioned physical characteristics were
significantly different between Non-Users Low Dose COC, and High Dose COC groups after

ANOVA comparisons.
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Table 9. Participant Characteristics (Mean + SD)

Non-Users COC Users Low Dose High Dose
Variables (n=13) (n=27) (n=14) (n=13)
Age (years) 20918 213+1.1 21.4+1.3 21.0£0.9
Height (cm) 165.9+6.3 166.2+ 7.0 167.2+7.2 165.2+6.9
Weight (kg) 62.8+11.8 62.6 + 13.0 63.3 £ 10.7 61.7+ 155
Duration of COC - 48.4 £25.1 49.2 +24.8 475+ 26.4
Use (months)
Calcium Intake 620.6 + 292.5 699.3 + 271 708.6 + 255.5 689.3 + 297.1
(mg/day)
Past BPAQ 53.0+61.5 49.8 + 30.9 53.4+35.1 45.4 + 26.4
Current BPAQ 6.6+£7.4 11.6 £13.7 16.1+14.1 6.8+£12.0
Total BPAQ 29.8 +30.4 30.7+16.9 35.0+19.2 26.1+13.2
% Body Fat 30.7+8.4 322+6.3 30.8+5.8 33.7+6.7
Total Body Fat Mass  20.0 + 9.8 21.3+75 19.8+6.5 22.9+8.3
(kg)
BFLBM (kg) 39.8+2.9 40.8 +5.0 40.6 +4.8 41.0+5.4
Fat Free Mass (kg) 424+ 3.2 43.4+5.2 43.2+50 43.7+5.7

BFLBM: bone free lean body mass, BPAQ: bone physical activity questionnaire, COC: combined oral contraceptive

DXA Variables

Table 10 reports the mean + SD of leg and arm composition between Non-Users, COC

Users, Low Dose COC, and High Dose COC Users. Independent t-tests was used to compare

right arm lean mass, while Mann-Whitney U non-parametric tests was used to compare the
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remaining regional composition variables between Non-Users and COC Users. None of the
dependent variables were different between groups. Cohen’s d or the Mann-Whitney U r
determined moderate effect sizes for dominant leg fat mass, non-dominant leg fat mass, right arm
fat mass, right arm lean mass, left arm fat mass and left arm lean mass. Additionally, an
ANOVA was used to compare right arm lean mass, while Kruskal Wallis tests were used to
compare the remaining regional composition variables between Non-Users, Low Dose COC, and
High Dose COC users. There was no significance found for any of these dependent variables.
Moderate effect sizes (np?) were found for all of the regional body composition variables besides
dominant leg lean mass and right arm lean mass. An ANCOVA covarying for current BPAQ and
age of menarche found no significant differences between the 3 groups for any variable.

Table 10. Regional Body Composition Between Groups (Mean = 5D)

Non-Users COC Users Cohen'sd Low Dose COC  High Dose COC  pp?
Variables (n=13) (n=27) (n=14) (n=13)

Dominant Leg

Fat Mazs (kg) 391=147 417143 0.160 (1) 394+129 441138 0.041
Lean Maszz (kg) 6.71=0.33 693100 0.080 (1) 6.85=03%6 T02+£1.16 0.001
Neon Dominant Leg
Fat Mazs (kg) 383=144 411=1.40 0.167 () 391127 432+1386 0.042
Lean Mass (kg) 6.56=0.58 6.84 =098 0.098 (1) 6.81=03282 6.87x1.13 0.012
Right Arm
Fat MMass (kg) 090=0356 099 +042 0.189 (1) 090=034 1.07£0.50 0.051
Lean Mass (kg) 2.10=027 221037 0.296 218=035 224042 0.004
Left Arm
Fat Mass (kg) 0.85=051 0.96=042 0.240 (1) 087=032 1.06 £0.50 0.079
Lean Mass (kg) 200=027 216035 0.167 (1) 212=031 220040 0.029

(1) — Mann-Whitney 17 effect zize r
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DXA was used to measure aBMD of the total body, lumbar spine, and hips. Table 11
presents the mean + SD of total body, lumbar spine (L1-L4), and dual femur measures for Non-
users, COC users, Low Dose COC and High Dose COC Users. No significant group differences
were found between Non-Users and COC Users after performing an independent t-test for these
variables. Dominant and non-dominant hip aBMD, for the femoral neck, trochanter, and total hip
had moderate effect sizes. There were no significant differences between Non-Users, Low Dose
COC, and High Dose COC Users after ANOVA for these dependent variables. Partial eta
squared presented moderate effect sizes for L1-L4 aBMD, dominant femoral neck and trochanter
as well as non-dominant hip aBMD trochanter a total hip. There were not significant correlations

between duration of OC use and DXA bone variables.
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Table 11. Total Body, Lumbar Spine, and Dual Femur Bone Characteristics (Mean + SD)

Non-Users COC Users Cohen’s Low Dose COC High Dose COC  np?

Variables (n=13) (n=27) d (n=14) (n=13)

TBaBMD (g/cm?) 1.187 +£0.100 1.206 £ 0.094 0.197 1.198 + 0.081 1.214+0.110  0.002

TBBMC (g) 2625.1 + 561.8 2657.3 + 452.6 0.063 2608.093 +449.9 2710.4 +467.7 0.004

L1-L4 aBMD 1.248 + 0.140 1.243 £0.163 0.026 1.200 £ 0.128 1.294+£0.188 0.033

(g/cm?)

L1-L4 BMC (g) 66.8 £ 15.2 68.5+13.8 0.112 66.4 £ 10.6 70.8+£16.9 0.005
Dom Hip aBMD

Fem Neck (g/cm?) 1.047 +£0.143 1.103+£0.171 0.328 1.083 £ 0.195 1.124 £0.145 0.010

Troch (g/cm?) 0.833 £ 0.145 0.866 +0.138 0.230 0.837 £ 0.130 0.899 +0.137 0.010

Tot Hip (g/cm?) 1.050 +£0.146 1.100 £ 0.154 0.317 1.070 £ 0.156 1.132£0.150 0.009
Non-Dom Hip aBMD

Fem Neck (g/cm?) 1.063 £ 0.155 1.098 £ 0.152 0.220 1.077 £0.180 1.120£0.117  0.007

Troch (g/cm?) 0.813+0.135 0.864 + 0.140 0.353 0.831+0.144 0.899+0.133  0.020

Tot Hip (g/cm?) 1.039 £0.142 1.089 £ 0.156 0.317 1.057 £ 0.163 1.124 +£0.146  0.014

TB: total body, aBMD: areal bone mineral density, BMC: bone mineral content, L1-L4: lumbar spine L1-L4, Tot:

total, Fem: femoral, Troch: trochanter

Table 12 reports T-scores and Z-scores for total body, lumbar spine, femoral neck,

femoral trochanter, and total hip. Participants younger than 20 years of age did not have T-

scores. There were no significant differences between groups. There were 2 women who had Z-

scores less than or equal to -2.0 (Non-User n=1, High Dose COC n=1) for the lumbar spine. One

COC User was osteopenic at the non-dominant trochanter site and two COC Users was

osteopenic at the non-dominant trochanter site. There were no differences for T or Z scores for

total body or lumbar spine between Non-Users and COC Users after running independent t-tests.

Total body T-score had a large effect size when comparing Non-Users to COC Users while



lumbar spine T-score had a moderate effect size. ANOVA was used to determine group

differences between Non-Users, Low Dose COC, High Dose COC. There were no significant

differences between these 3 groups. All variables had a medium effect size for the 3 group

comparison.

Table 12. T-scores and Z-scores for Total Body and Lumbar Spine (Mean + SD)

Non Users COC Users Cohen’s Low Dose COC High Dose COC  np?

Variables n=13 n=o4 d n=14 n=13
Total Body
T-score 0.3+ 1.0¥ 1.1+1.2" 0.506 1.0 +1.00 1.2+15Y 0.014
Z-score 1.0+17 1.01+£1.2 0.084 1.0+1.0 11+14 0.013
Lumbar Spine
T-score  -0.1+0.5* 05+14" 0.378 0.2+1.1¢ 0.9+£1.7Y 0.023
Z-score 04+16 05+14 0.0613 02+11 0.9+0.8 0.013

¥-n=6,+-n=21, ¢ - n=12, y — n=9

Table 13 depicts the T-scores and Z-scores for dual femur variables including femoral

neck, trochanter and total hip for both dominant and non-dominant hips. There were no

participants who had Z-scores below -2.0. No significant differences were found between Non-

Users and COC Users after performing an independent t-test for these t-scores and z-scores. All

Cohen’s D effect sizes were moderate for these dependent variables. There was difference in

groups for the same variables after comparing Non-Users, COC Users, Low Dose COC, and

High Dose COC users with ANOVA. All variables had a medium effect size for the 3 group

comparison.
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Table 13. T-scores and Z-scores for Dominant and Non-Dominant Hip Variables (Mean + SD)

Non-Users  COC Users Cohen’s  Low Dose COC High Dose COC  np?
Variables (n=13) (n=27) d (n=14) (n=13)

Dominant
Femoral Neck

T-score  -0.2 +0.5¥ 05+1.3 0.479 03+1.4¢ 0.7 £1.0v 0.036

Z-score -0.2+06 04+1.2 0.426 02+14 0.6 0.9 0.032
Trochanter

T-score  -0.5+0.8* 01+13 0.446 -0.1+1.8° 05+1.2Y 0.037

Z-score -0.5+08 0.1+1.2 0.407 02+1.2 04+12 0.031
Total Hip

T-score  0.1+0.8* 0712 0.482 0.7+1.3°% 1.1+1.2v 0.029

Z-score  0.1+0.9 06+13 0.420 07+1.2 09+1.2 0.021

Non-Dominant
Femoral Neck

T-score  -0.2+0.7* 04+11 0.428 02+1.3°% 0.6 +0.9v 0.043
Z-score  -0.2+08 03+1.1 0.393 01+1.3 05+0.8 0.043

Trochanter
T-score  -0.5+0.8* 01+13 0.427 -0.2+1.3% 0.4+1.2Y 0.025
Z-score  -0.5+0.9 0.0£1.2 0.340 -0.3+1.3 03£1.2 0.017

Total Hip
T-score  0.1+0.8* 06+1.3 0.345 05+1.3° 1.0+1.2v 0.020
Z-score  0.2+1.0 06+1.3 0.289 05+1.3 0912 0.015

¥-n=6,%-n=21, ¢ - n=12, y — n=9

Table 14 depicts hip structural analysis variables between Non-Users, COC Users, Low
Dose COC, and High Dose COC Users. Non-Users and COC Users were compared using an

independent t-test. No significant differences was found between the two groups. All variables
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besides the dominant hip SI had a medium effect size with the two group comparison. Non-
Users, Low Dose COC, and High Dose COC users were compared using ANOVA. There was no
significant differences between these three groups after statistical analysis. All hip strength
variables had a moderate effect size with the exception of the non-dominant hip section modulus.
Comparison of Low Dose COC and High Dose COC using an independent t-test yielded a
significant different in dominant hip strength index with High Dose COC users having a higher

average (p=0.044).

Table 14. Hip Structural Analysis Variables Between Groups (Mean + SD)

Non-Users COCUsers Cohen’sd Low Dose COC High Dose COC  np?

Variables (n=13) (n=27) (n=14) (n=13)
Dominant Hip
Strength Index 1.6+0.3 1.6+0.3 0.020 1.7+£0.3 15+£0.3* 0.076
Buckling Ratio 3012 28+1.2 0.105 (r) 3114 25%0.9 0.047
Section Modulus ~ 637.1+148.2 683.5+128.3 0.331 677.7+147.1 689.7 £110.1  0.010
(mm?®)
CSMI (mm?*) 9512 + 2688 10145 + 2619 0.130(r) 10050 + 2853 10248 + 2453 0.021

Non-Dominant Hip

Strength Index 1704 1.6+0.3 0.367 16+0.2 15+x04 0.032

Buckling Ratio 3215 2712 0.296 29+15 25+0.8 0.013

Section Modulus ~ 658.9+197.8 680.1 +158.0 0.119 654.8 +158.8 707.4+158.8 0.003
(mm?)

CSMI (mm?*) 9698 + 3639 10175+ 3128 0.148 (r) 9715+ 2772 10671 + 3515 0.043

CSMI: cross sectional moment of inertia, (r) — Mann-Whitney U r effect size
*p<0.05 Low Dose COC vs. High Dose COC
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pQCT Variables

PQCT was used to measure bone and muscle variables for the 4%, 38%, and 66% of the
non-dominant tibia sites as well as the 50% femur site. There were no significant relationships
between duration of OC use and bone variables at the femur 50% site, 4%, 38%, or 66% site.
Table 15 shows the mean + SD of the total bone variables, trabecular variables, and periosteal
circumference at the 4% site of the tibia between groups. No group differences were found
between Non-Users and COC-users when using independent t-tests, or between Non-Users, Low
Dose COC and High Dose COC users when testing with ANOVA for pQCT variables at the 4%
tibia site. Total BMC, trabecular BMC, trabecular vBMD, and trabecular BSI had medium effect
sizes when investigating with Cohen’s d. There were no appreciable effects when looking at the

3 group comparison.
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Table 15, Volumetric Bone Variables at the Tibia 4% Site (Mean £ 5D)

Non-Users COC Users Cohen’sd Low Dose COC High Dose COC np’
Variables (n=13) (n=217) (n=14) (n=13)
Total
BMC (mg/mm) 31627 +£50.84 32327=3413 0.127 319,64 = 60.35 327.17=4842 0.004
vBMD (mg/mm?) 319.67 = 54.03 32440 = 4195 0.099 312.39=4325 32636 =39.82 0.001
Area (mm?) 99511 = 84.00 996.17=111.02  0.010 Q8734 =10372 100545=12195  0.004
BSI (mg?/mm™) 10334 =34 72 106.52 =28 23 0.098 10227=3296 107.87=25900 0.003
Trabecular
BMC (mg/mm) 209.65 £ 3387 21915+4188 0231 21301 =46.09 22362=3216 0.002
vBMD (mg/mm?) 263494672 271414335 0173 26844 =4734 27482=4012 0.002
Area (mm?) 80226 =81.62 B0739+£0438  (Q.053 70893 = 83.18 816.30= 10784  0.001
B3I (mg?/mm*) 36481970 60828 £20.10 0212 5930+ 2262 6238=17.79 0.002
Periosteal Circ 111.73 £ 4.70 111.72 £ 6.20 0.003 11125 =593 112.22 £ 6.69 0.005

(mm)

BMC, bone mineral content, vBMD: volumetric bone mineral density, B3I bone strength index

The 38% variables including total bone measures, cortical bone measures, periosteal

circumference, endosteal circumference, and bone strength measures between Non-Users and

COC users are reported in Table 16 for Non-Users, and COC Users. All variables were

compared between Non-Users and COC Users using an independent t-test besides 38%

Endosteal Circumference, which was tested using a Mann-Whitney U test. No variables were

significantly different between Non-Users and COC Users. Similarly, all variables were

compared between Non-Users, Low Dose COC, and High Dose COC users using ANOVA

except for 38% Endosteal Circumference, which was tested using the Kruskal-Wallis test. None

of the dependent variables at the 38% site were significant different between the three groups.
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All variables at the 38% tibia site had a medium affect size when examining the 2 group and 3

group comparison.

Table 16. Volumetric Bone Variables at the Tibia 38% Site (Mean + 5D)

Non-Users COC Users Cohen’sd Low Dose COC High Dose COC np?
Variables (n=13) (n=17T) (n=14) (n=13)
Total
vBMC (mg/mm) 31890+37.11 33877=4316 0.462 33032=50.14 333.18=3623 0033
vBMD {mg/mm®) Q18737400 85463 =4039 0.375 94064 =5205 960024678 0055
Area (mm?) 347083292 35544 =4879 0.187 3I5TO9=5463 332693865 0014
Cortical
vBMC (mg/mum) 306.11 £ 358.63 32740=41.44 0.304 32726=4825 31734=3463 0037
vBMD (mg/mm®)  1188.41+1923 119055+18%53 0110 118828=+1506 119299+2204 0.018
Area (mm?) 23758 +£3198 27330+37.06 0.480 27378 =43.13 27478 £3099 0.036
Thickness (mm) 3210468 3.60=0.357 0.6235 338 =047 362=046 0060
Periosteal Cire 6597 £309 66.60 =439 0172 6689512 66.48+364 0012
(mum)
Endosteal Circ 3326444 3151382 0,160 (1) 31.85=449 31.15=3.089 0027
(mm)
Polar (mm#) 1870738 = 2182332 = 0.498 2214001 = 2148227 = 0.051
6408.47 5359.78 6418.94 4700.51
85I (mm?) 141963 19463 1494 13=25830 0298 150464 =310.04 145281=20149 0020

BMC, bone mineral content, vBMD: volumetric bone mineral density, Circ: circumference, S5I: strength strain

index

The 66% tibia site variables including total bone measures, cortical bone measures,

periosteal circumference, endosteal circumference, and bone strength measures between Non-

Users, COC Users, Low Dose COC, and High Dose COC users are presented in Table 17. Mann-

Whitney U and a Kruskal Wallis test were used to determine group differences for 66% iPolar.
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Independent t-tests were used investigate group differences between Non-Users and COC Users
for all other variables. There were no significant differences in any 66% tibia variables between
Non-Users and COC Users; however all variables other than total vBMD and endosteal
circumference had a medium effect size. ANOVA was used to determine differences between
Non-Users, Low Dose COC, and High Dose COC users for all of the variables except 66%
iPolar. No significant differences was found for any of the 66% tibia site variables between these
3 groups. Partial eta squared yielded moderate effect sizes for all dependent variables other than

cortical vBMD.
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Table 17. Volumetric Bone Variables at the Tibia 66% Site (Mean + SD)

Non-Users COC Users Cohen’sd Low Dose COC High Dose COC np?
Variables (n=13) (n=27) (n=14) (n=13)
Total
vBMC (mg/mm) 354.09 + 45.33 378.65+47.99 0.501 379.20 £58.56  378.05+35.68 0.038
vBMD (mg/mm?) 726.53 + 84.57 741,19 £61.48 0.202 733.26 £68.28  749.73 +54.65 0.024
Area (mm?) 492,04 £ 76.61 514.02+78.02 0.272 520.50£91.21  507.04 £63.82 0.027
Cortical
vBMC (mg/mm) 325.10 + 41.77 346.63+42.04 0.493 34439 £50.44  349.03 £32.57 0.029
vBMD (mg/mm?) 1154.66 £19.38  1156.24 £19.49 0.078 1157.38+18.87  1155.00 +20.83 0.004
Area (mm?) 281.51+35.31 300.02+37.94 0.479 297.95+46.16  302.25+28.27 0.027
Thickness (mm) 4.38+0.57 457 +£0.49 0.356 4.49 +0.61 465+0.32 0.035
Periosteal Circ 78.43 +5.93 80.15+6.00 0.278 80.60 + 6.97 79.68 +5.00 0.026
(mm)
Endosteal Circ 50.93 +7.50 51.46 + 6.55 0.074 52.38 + 7.54 50.46 +5.42 0.033
(mm)
iPolar (mm?*) 36251.96 + 42428.89+  0.226 (r) 40889.23 + 44086.99 +  0.052
9612.67 16249.48 12145.62 20162.97
SSI (mm?3) 2107.11 £422.72 2307.46 £421.15 0.457  2308.84 +479.25 2305.96 + 368.05 0.030

BMC, bone mineral content, vBMD: volumetric bone mineral density, Circ: circumference, SSI: strength strain

index

(r) — Mann Whitney U r

Table 18 shows the vBMD variables for the 50% femur site. No variables were found to

be significantly different between Non-Users and COC Users after running an independent t-test;

however all variables had medium effect sizes except for endosteal circumference which had a

small effect size. No variables were found to be significantly different between Non-Users, Low

Dose COC, and High Dose COC users after performing an ANOVA for all of the vBMD 50%
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femur site variables. Total and cortical BMC and vBMD as well as cortical area, thickness, and

strength strain index had medium effect sizes according to pn?.

Table 18. Volumetric Bone Variables at the $0% Femur Site (Mean = 5D)

Non-Users COC Users Cohen’s Low Dose COC  High Dose COC  pp?

Variables (n=13) (n=27) d (n=14) (n=13)
Total
vEMC (mg/mm) 42650 = 61.53 451.80=36.84 0.417 44079 =61.74 463.67=350.73 0036
vBMD {mg/mm?) 905.76+ 77.23 92016 = 62.62 0.333 913.21 = 66.38 94634 =53.74 0.044
Area (mm?) 47210+ 64 .86 487 35=6328 0.228 48465+ 76.53 49067 =53.35 0.008
Cortical
vBMC (mg/'mm) 40952 + 3958 43121=3024 0.391 420.531+52.90 44274 =46.48 0032
vBMD (mg/mm?) 117126 +22.78 117231 = 1543 0.359 117426 £ 2048 118475+ 1482 0.062
Area (mm?) 340374763 36340=3002 0.362 33792+ 4308 373453615 0024
Thickness (mm) 6.05=0.70 6.28 =063 0.335 6.13 =0.63 6.44 =0.63 0.033
Periosteal Circ 7686+ 3.18 7211=35.12 0.234 T71.835£595 T842=426 0.008
(mm)
Endosteal Cire 38863500 JB65=6.52 0.037 (r) 3028=7132 3798=574 0.004
(mm)
iPolar (mm®) 33221.76 = 3745083 = 0233 36977.80=09708.45 3796020 = 0.003

10353.13 8498.03 7336.10
85I (mm?) 22108646798 1974.05=60138 0.112(r) 2027.15=317980 191687=697.28 0.013

BMC, bone mineral content, vBMD: volumetric bone mineral density, Cire: circumference, 3510 strength strain

index

{r) — Mann-Whitney U r

Muscle Thickness, Maximal Isokinetic Torque, and Muscle Quality

Muscle thickness was measured using ultrasound and pQCT at the 50% femur site for the
quadriceps muscle group. The mean + SD for the muscle thickness measurements is reported in
Table 19. There were no significant differences for any muscle thickness measurement for the 2

group comparison or the 3 group comparison. Ultrasound MT had a large effect size and pQCT
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measures of MT had a small negative effect size for the 2 group comparison. For the 3 group
comparison, both ultrasound and pQCT measures of MT had moderate effect sizes.

Table 19. Muscle Thickness Variables (Mean + SD)

Non-Users COC Users Cohen’s Low Dose COC High Dose COC np?

Variables (n=13) (n=27) d (n=14) (n=13)
Ultrasound MT 3.07+£0.5 3.33+£05 0.54 3.25+04 3.42+05 0.097
pQCT MT 3.27+04 3.66+06 -0.045(r) 3.56+0.6 3.76£0.6 0.116

MT: muscle thickness of the quadriceps at the 50% femur length

Maximal isokinetic torque was used to quantify muscle quality (MIT/US Muscle
Thickness) in the knee extensors. The mean £ SD for MIT and muscle quality are reported in
Table 20. An independent t-test was used to compare Non-Users and COC Users. There were no
significant differences for MIT or MQ variables between these two groups. Maximal isokinetic
torque at 180 °/sec and muscle quality had moderate effect sizes based on Cohen’s d. ANOVA
tests were used to investigate differences between Non-Users, Low Dose COC, and High Dose
COC users for these dependent variables. There was no significant findings for these 3 groups.
All MIT and MQ had moderate effect sizes when looking at np?. Also, there were no significant
correlations between muscle quality and muscle mass, density, or thickness variables.

Table 20. Maximal Isokinetic Torque and Muscle Quality Variables (Mean + SD)

Non-Users COC Users Cohen’s Low Dose COC High Dose COC np?
Variables (n=13) (n=27) d (n=14) (n=13)

MIT
60 °/sec  139.16 + 26.82 137.49+27.20 0.059 137.05+22.97 137.95+32.11 0.010

180 °/sec 91.82+1529 88.14+20.43 0.190 92.61+1532 83.32+24.52 0.095

Muscle Quality ~ 46.60+10.78 41.89+9.31 0457  42.89+9.36  40.81+9.52 0.087
(MIT/MT)

MIT: maximal isokinetic torque for quadriceps

66



BoneJ Analysis of Soft Tissue

BoneJ was used to determine soft tissue characteristics of the 66% tibia and 50% femur
sites between groups. Muscle and fat measures for the 66% tibia site are reported in Table 19.
Independent t-tests were used to investigate total muscle density, total muscle area, total muscle
CSA, fat density, fat area, subcutaneous fat density, and subcutaneous fat area between Non-
Users and COC Users. Mann-Whitney U tests were used to compare intramuscular fat density
and intramuscular fat area between Non-Users and COC Users. There were no significant
differences between Non-Users or COC Users for any of the aforementioned variables. All 66%
tibia soft tissue other than total fat density, subcutaneous fat density, and total muscle density
had a medium effect size. Total fat density and subcutaneous fat density had very large effect
sizes. Total muscle density demonstrated a small effect size. There were no differences found
between Non-Users, Low Dose COC, and High Dose COC users when comparing the 66% tibia
soft tissue variables using ANOVA. Intramuscular fat density and area was not different for the
three groups when using the Kruskal Wallis non-parametric test. After comparing Non-Users,
Low Dose COC and High Dose COC users, only total muscle density, fat density, intramuscular

fat density and intramuscular fat area had a moderate effect size.
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Table 21. 66% Tibia Soft Tissue Analysis (Mean + SD)

Non-Users COC Users Cohen’sd Low Dose COC High Dose COC np?
Variables (n=13) (n=27) (n=14) (n=13)

TotMu Density 80.25+1.38 80.23 + 0.96 0.017 80.43 +1.03 80.02 + 0.86 0.017
(mg/cm®)

TotMu CSA 64.52 + 7.07 66.36 + 10.95 0.218 64.79 + 11.03 68.06 + 11.05 0.001
(cm?)

Fat Density 2.10+3.51 0.05+2.16 0.954 0.32 +2.47 -0.23+1.82 0.094
(mg/cm?)

Fat Area (cmz) 29.00 +7.93 30.75 +7.47 0.221 30.58 = 7.50 30.93+7.75 0.007
SubCut Fat D 1.56 + 3.59 -0.62+2.8 0.994 -0.34 +2.51 -0.92+1.8 0.003
(mg/cm?)

SubCut Fat A 26.45+7.80 28.14+7.30 0.217 28.00+7.34 28.28 £ 7.56 0.007
(cm?)

Intram Fat D 34.85 + 2.56 34.00+2.71 0.144 (r) 34.55%1.89 33.41+34 0.050
(mg/cm?)

Intram Fat A 0.18 £ 0.20 0.30 £0.37 0.222 () 0.26 £0.24 0.34 £0.48 0.051
(cm?)

Totmu: total muscle, CSA: cross sectional area, SubCut: subcutaneous D: density, A: area
(r) — Mann-WhitneyU r

Muscle and fat variables between groups for the 50% femur site are reported in mean £
SD as seen in Table 20. Non-parametric tests were used to determine differences between muscle
density, total fat area, intramuscular fat area and subcutaneous fat area for the 50% femur site
between groups. No significant differences were found after running an independent t-test and
Mann-Whitney U test for any of the 50% femur site variables between Non-Users and COC
Users. Additionally, no differences between Non-Users, Low Dose COC, and High Dose COC
users were discovered after testing these dependent variables with ANOVA and Kruskal Wallis
tests. All of the 50% femur soft tissue analysis variables had medium effect sizes when
comparing Non-Users to COC Users and Non-Users to Low Dose COC and High Dose COC
users. There were no significant relationships between duration of OC use and muscle or fat

variables.
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Table 22. 50% Femur Soft Tissue Analysis (Mean * SD)

Non-Users COC Users Cohen’sd Low Dose COC High Dose COC np?
Variables (n=13) (n=27) (n=14) (n=13)
TotMu Density 79.95 £ 2.05 80.20+1.14 0.062 (r) 80.47 £1.43 79.91 £0.70 0.053
(mg/cm?3)
TotMu CSA 117,22 £11.99 123.20 + 16.67 0.374 118.41 +14.04 128.36 £ 18.25 0.047
(cm?)
Fat Density -3.07£252 -3.75+2.37 0.267 -3.26 £2.23  -4.23+£249 0.017
(mg/cm?)
Fat Area (cm?) 83.05+£26.33 93.08+30.31 0.180(r) 87.81 = 29.68 08.76 £ 31.13 0.062
SubCut Fat D -3.70+255  -438%238 0270 -3.89+2.23 -4.92+250  0.016
(mg/cm?)
SubCut Fat A 78.87 +£25.77 88.82+29.53 0.176 (r) 83.49£28.94 93,94 +£30.34 0.060
(cm?)
Intram Fat D 27.15+2.32 26.22 £2.25 0.395 6.34 £ 2.69 26.09+1.76 0.033
(mg/cm?)
Intram Fat A 5.00 £ 3.72 6.32 £4.28 0.167 (r) 5.23 £3.95 7.50 £ 4.45 0.100
(cm?)

Totmu: total muscle, CSA: cross sectional area, SubCut: subcutaneous D: density, A: area
(r) — Mann-WhitneyU r

Correlations

Pearson’s correlation coefficient was used to assess the relationship between muscle

quality and soft tissue characteristics, the relationship between duration of COC use and soft

tissue density variables, and between muscle thickness and mCSA. Spearman’s correlation

coefficient was used to assess the relationships between non-parametric soft tissue variables such

as femur muscle density, total femur fat area, femur intramuscular fat area, and femur

subcutaneous fat area with duration of COC use. Spearman’s correlation coefficient was also

used to assess the relationship between non-parametric DXA bone and muscle variables such as

dominant leg fat mass, non-dominant leg lean mass, dominant leg lean mass, and non-dominant

leg lean mass with duration of COC use.
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There were no significant correlations between duration of COC use and bone, muscle,
and fat variables. Current BPAQ was significantly correlated with lumbar spine (L1-L4) aBMD
(p=0.025, r=0.358), total body fat mass (p=0.038, r=0.329), dominant leg fat mass (p=0.026,
r=0.353), and non-dominant leg fat mass (p=0.033, r=0.338). Past BPAQ was significantly
correlated with total body aBMD, total body t and z-scores, dominant and non-dominant neck
aBMD, dominant and non-dominant trochanter aBMD, total dominant and total non-dominant
hip aBMD, 4% total BMC and vBMD, 4% trabecular BMC and vBMD, 4% total BSI and
trabecular BSI, 38% cortical BMC, 38% cortical area, 38% cortical thickness, 38% iPolar, 66%
total BMC, 66% total area, 66% periosteal circumference, 66% cortical BMC, 66% cortical area,
66% SSI, 66% iPolar, 50% femur total BMC, 50% femur total area, 50% femur cortical BMC,
50% cortical thickness, and 50% periosteal circumference (p<0.05, r<0.638). Total BPAQ had
similar correlations to bone variables as past BPAQ variables.

Discussion

It is well known that the rate of muscle and bone decline increases significantly at the
time of menopause (32, 34). Decreases in bone mineral density and content increases the risk of
bone injuries which poses a significant economic burden for the United States (40). Osteoporosis
is commonly described as a chronic disease that does not manifest until the late stages of life but
result of inadequate bone mineral acquisition during early adolescence leading up until the
cessation of bone accrual during the second decade of life (53). For this reason, it is important to
determine factors that may impair bone formation during these crucial years. Additionally, it has
been shown that a decrease in serum estrogen in levels in human and rodent models may affect
body composition (5, 85, 87) and muscle function (24, 90, 97, 98). The purpose of this study was

to investigate how the decrease in serum estrogen caused by ingestion of exogenous EE from the
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use of COC affects musculoskeletal health. Statistical analysis performed for this study presented
no significant differences found in any variables between Non-Users and COC Users even after
separating them by EE dose.

Forty healthy college aged women volunteered for this study. Participants received DXA
scans to measure aBMD and body composition variables for total body, lumbar spine, and dual
femur. PQCT scans of the 50% femur, 4%, 38%, and 66% tibia sites were completed to quantify
vBMD variables. Images generated by pQCT software was then used to analyze density and area
of muscle and adipose tissue at the 50% femur and 66% tibia sites. Ultrasound was used to
measure muscle thickness from the bone-muscle interface to the muscle-subcutaneous fat
interface at the 50% femur site. This measure was used in conjunction with maximal isokinetic
torque measurements of the quadriceps to quantify muscle quality. Independent t-tests and
Mann-Whitney U tests compared Non-Users to COC Users. ANOVA and Kruskal-Wallis tests
compared Non-Users, Low Dose COC, and High Dose COC users. There were no significant
findings for bone, muscle or fat variables between Non-Users or COC Users, and no differences
were found for the same variables when comparing Non-Users, Low Dose COC, and High Dose
COC Users. This opposes the hypotheses of this study, but is confirmed by multiple studies
which will be discussed (78, 90, 98, 108, 109).

Areal Bone Mineral Density

Visual inspection of individual Z-scores was used to determine osteopenic status in this
group of premenopausal women. Osteopenia is defined as a Z-score below -2.0 for
premenopausal by the ISCD (53, 54, 110). One Non-User and COC User was osteopenic for the

lumbar spine. One COC User was osteopenic at the non-dominant neck and two COC Users
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were osteopenic and the non-dominant trochanter. None of the participants were osteoporotic
according to the WHO’s definition.

E> has been shown to positively impact bone remodeling and aBMD (22, 26, 58). Thus it
was speculated that the decrease in serum E> caused by COC use would be detrimental to bone
health. It was hypothesized that Non-Users would have greater aBMD for the total body, spine,
and dual femur compared to COC Users. This hypothesis was not supported by this study as
there were no significant differences between groups for any DXA variables. However, moderate
effect sizes between Non-Users and COC Users were noted for hip and spine aBMD variables
suggesting the lack of group differences was the result of low statistical power. These findings
contradict studies reporting that the use of COC was related to decreases or decrements to
acquisition of BMD and BMC (36, 37, 60, 111). However, these studies were performed in early
adolescent women, while the current study included young adult women who began COC use at
an average of 16.8 years of age. Adolescence is an important time of bone accrual, and is the
point in time where the rate of bone acquisition is the greatest (112). It is possible that detriments
to bone formation during this time may be augmented and may explain the differences seen
between studies looking at varying age groups.

A similar investigation done by Sherk et al. (2009), in a group of women between the
ages of 18-30 found that the use of COC had no effect on aBMD of the total body, lumbar spine
and neck (78). This is comparable to the non-significant findings for aBMD in this study
comparing Non-Users and COC Users as well as Non-Users, Low Dose COC and High Dose
COC users. In contrast, Shoepe and Snow (2005) found that 18-35 year old women taking COC
with 20-35 pg EE had a significant decrease in total body, lumbar spine, and femur aBMD (7). It

is possible that calcium intake differences between the participants in this study (Non-Users
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averaged 620.6 mg/day and COC Users averaged 699.3 mg/day) and Shoepe and Snow (Non-
Users averaged 1005 mg/day and COC Users averaged 1053 mg/day) may account for the
discrepancies in conclusions. However, it is expected that participants who ingest less calcium,
such as those in this study, would have decreased aBMD compared to those who ingested the
recommended amount (53, 113).

It is also possible that the different findings seen between Shoepe and Snow (2005) and
this study may have been due to the number of participants taking different multiphasic oral
contraceptives. Shope and Snow (2005) had an equal number of COC participants taking TOC
versus MOC while the present study had a total of 4 TOC and 23 MOC users. In the current
study, there were 8 different formulations of COC with 3 different progestins ranging from 1mg
to 3 mg. The difference between multiphasic oral contraceptives is the amount of progesterone
that is in each pill during the active pill phase. MOC maintain a higher level of synthetic
progesterone throughout the 21 day cycle averaging about 1.40 mg of a while TOC start low at
0.60 mg and increase to about 1.60 mg during the active pill phase (3). As a result, TOC users
tend to receive less progesterone over the course of the month long cycle. The effects of
progesterone on bone are still inconclusive, but there is some evidence that that it may play a role
in bone remodeling. For example, Wang et al. (2009) demonstrated that progesterone prevents
osteoblast programmed cell death, thereby prolonging bone formation which could potentially
aid increases in BMC (25).

Additionally, it was hypothesized that High Dose COC users would have greater aBMD
compared to Low Dose COC and Non-Users would have greater aBMD compared to both Low
Dose COC and High Dose COC users due to exposure to different levels of in E2. These

hypotheses were not supported by the findings of this study, however there is data in the
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literature to support this effect (78, 80). Additionally, a systematic review done by Kuohung et
al. (2000) argues that low COC may have a positive effect on BMD. This is supported by
Paoletti et al. (2000) who found that treatment with 20 pg EE and 30 pg EE in women 22-30
years of age seemed to decrease bone resorption parameters (109). This may explain the higher
mean BMD in COC users compared to Non-Users in this study based off a moderate effect size.
However, this contradicts Gersten et al. (2016), who found that bone accrual was decreased in
adolescent women taking COC formulations with 20 pg EE but not 30 ug EE. Again, the age
that participants begin using COC may account for the discrepant in findings.

Lastly, there were no significant correlations between duration of COC use and any DXA
aBMD variable. This is opposed by Scholes et al. (2010) who found that 19-30 year old young
adult OC users had a negative linear trend for total body, hip, and spine BMD with increased
duration of OC use (111). However, similar to the findings of this study, they found no
significant differences between Non-Users, OC users receiving 30-35 pg EE, and those taking <
30 pg EE for total, hip, and spine BMD.

Volumetric Bone Mineral Density

PQCT was used to measure vBMD variables at the 50% femur, 4%, 38%, and 66% tibia
sites. Independent t-tests or Mann-Whitney U tests were used to compare Non-Users to COC
Users while ANOVA or Kruskal-Wallis tests were used to compare Non-Users, Low Dose COC,
and High Dose COC Users. It was hypothesized that Non-Users would have greater vBMD
measures compared to COC Users and High Dose COC users would have greater vBMD
measures than Low Dose COC users. There was no significant difference between any of the
groups when comparing Non-Users to COC Users and Non-Users to Low Dose COC and High

Dose COC users. However, medium effect sizes with larger means in COC Users compared to
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Non-Users suggest COC effects that were not detected due to low statistical power. It is difficult
to compare the results of this study with previous studies for vBMD because few investigations
have utilized pQCT analysis when looking at the effects of COC. However many of the same
arguments related to aBMD could be made here because both are measures of bone health.

There were no significant differences between Non-Users and COC Users for any vBMD
variables in this study, which is supported by Hartard et al. (2006) (114). They recruited a group
of inactive women between the ages of 18-24 and found that there were no differences at the 4%
tibia and 38% tibia sites between Non-Users and COC Users. However, they did find significant
differences for COC Users at the tibia 14% site and 4% radius site (114). No further comparison
could be made because the 14% tibia site and the 4% radius site were not measured in the present
study.

It is possible that physical activity may explain the lack of differences. For example,
Ruffing et al. (2006) found that COC users in a group of military cadets had significantly
decreased levels of tibia BMC, cortical thickness, and periosteal circumference at the distal third
of the tibia compared to military cadets who did not use COC. It is well-documented that
resistance training and regular physical activity are beneficial to bone health in women (53, 115).
However, too much physical activity may lead to the female athlete triad which is characterized
by low estrogen levels leading to bone loss (116). Additionally, the military cadet population is
more prone to bone injury than the civilian population which may explain the differences in
study conclusions (117, 118). Participants in this study participated in a variety of activities
ranging from walking to multiple high-intensity interval classes per week. It is possible that
those that performed exercise producing large amounts of ground reaction forces had increased

vBMD compared to those who were sedentary. These people may have driven potential
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differences between groups away from significance. In fact, 18 of the 27 COC Users reported
resistance training 1-5 days a week compared to the 4 out of 13 Non-Users who reported
resistance training over the past 12 months.

The similarity between Non-Users and COC Users for the 66% tibia site and the failure
to find significance at the 66% site in the previously cited studies may be attributed to the fact
that it is not the site of greatest stress from ground reaction forces. Because of this, the 66% site
would be less responsive to mechanical loading.

Lack of significant differences between groups at the 50% femur, 4%, 38%, and 66%
tibia sites were supported by the absence of significant linear relationships on duration of COC
use and vBMD variables. Despite this, there were moderate effect sizes for many variables that
should be noted. At the 4% tibia site, mean total BMC, trabecular BMC and trabecular BSI was
greater for COC users compared to Non-Users. At the 38% site, total BMC, total vBMD, cortical
BMC, cortical vBMD, cortical area, cortical thickness, endosteal circumference, iPolar, and SSI
averages were all greater in COC users compared to Non-Users with a medium effect size. All
38% tibia variables had moderate effect sizes in the 3 group comparison, but the effects seem to
be driven be the difference in Non-Users and COC Users. Again, all 66% tibia variables except
for cortical vBMD and endosteal circumference had medium effect sizes with COC Users having
greater averages than Non-Users. Finally, all variables measured at the 50% femur site except for
endosteal circumference had medium affect sizes when comparing COC Users to Non-Users
with COC Users having greater averages for all variables compared to Non-Users. These
potential effects are contradictory to the hypotheses for this study because it was speculated that
the use of COC would have a detrimental effect on vBMD measures. It is possible that those who

begin use of COC after adolescent years may benefit from COC use (108, 109). Paoletti et al.
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(2000) found that use of COC caused a decrease in bone resorption biomarkers in a group of 22-
30 years of age. If less bone is being resorbed, more bone remains settled on the bone which
could cause increases in BMC over time. Despite this, conclusions must be made with caution as
this study was underpowered.
Soft Tissue Analysis

PQCT images of the 50% femur and 66% tibia sites were analyzed using BonelJ to
quantify muscle and fat characteristics. Many previous studies on rodents have shown that
decreases in serum estrogen and ovarian hormones caused increases in body mass as well as
muscle mass (24, 90, 98). Additionally, some of those studies also reported increases in muscle
mass with Ez supplementation (90, 98). This is contradictory to the findings of this study which
found no significant differences between Non-Users, COC Users, Low Dose COC and High
Dose COC users for body weight or any body composition variables. These discrepancies may
be due to the fact that rat and mice physiology may not directly translate to human physiology. In
fact, many of the studies investigating changes in body composition in women from the use of
COC remain largely inconclusive. For example, some studies have shown that COC may cause
increases in weight (4, 99), while others showed no significant changes in weight (1, 5, 6, 86).

To our knowledge, no studies have investigated fat density, muscle density, fat CSA and
muscle CSA between Non-Users and COC Users known to date. It was thought that increases in
body fat mass would lead to an increase in intramuscular fat infiltration which would cause an
increase in muscle CSA. This investigation found that there were no significant differences in
any of the soft tissue characteristics when comparing Non-Users and COC Users or between
Non-Users, Low Dose COC, and High Dose COC. Additionally, there were no significant

correlations between duration of COC use and soft tissue variables. This suggests that the use of
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COC and different doses of COC may not affect soft tissue characteristics for this population of
women. However, the small number of participants in this study may have limited the chance of
significance. Upon analyzing moderate effect sizes with Cohen’s d, it was found that total
muscle area and total muscle CSA means were greater in COC Users compared to Non-Users at
the 50% femur and 66% tibia sites. This supports part of the research hypothesis stating that
muscle thickness and cross sectional area would be increased in COC Users compared to Non-
Users as well as past studies on rodent models (90, 98). Additionally, average fat area,
subcutaneous fat area, and intramuscular fat area at the 50% femur and 66% tibia sites were
greater on average in COC Users compared to Non-Users. This opposes the study hypothesis
speculating that COC Users would have greater fat density compared to Non-Users, but supports
retrospective data from this lab showing that High Dose COC users had a significantly lower
subcutaneous fat density average compared to Non-Users. Further investigation is required to
explain the interactions between COC and muscle and fat metabolism to explain these potential
effects.

Muscle quality (MQ) is the quantification of muscle strength to amount of muscle present
that can be utilized. This was quantified as MIT/US muscle thickness. It was hypothesized that
COC Users would have lower MQ compared to COC Users. There were no significant
differences found between Non-Users and COC Users; however COC Users had a lower MQ
average compared to Non-Users with a moderate effect size quantified with Cohen’s d. This
supports the hypothesis as well as rodent based models investigating MQ (90, 98). MQ has been
shown to change in a rodent model in response to OV X operations. Moran et al. (2006),
demonstrated that OV X caused an increase in muscle size without an increase in contractile

protein content or force production and that these changes were eliminated with E»
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supplementation (98). However, fat composition of the muscle was not mentioned. It is unknown
whether the change in the size of the muscle was due to changes in fat composition or water
retention.

In this study, there were no significant differences in muscle quality between any groups.
A possible explanation for this finding may be because there were no significant changes in
weight, fat mass, or body fat %. Without the changes in the aforementioned variables, there
would be no reason to see infiltration of fat into muscle as seen in a study done by Goodpaster et
al. (2000) which demonstrated that obesity was related to fat infiltration into muscle (28).
Without fat infiltration into muscle, there would be no artificial increase in muscle CSA, and
therefore no change in muscle quality. It is important to note that other factors such as fiber type,
fiber size, and nervous innervation are known to affect muscle strength and therefore muscle
quality. Since COC use did not seem to affect muscle quality, COC use may not effect these
variables either.
Limitations

There are limitations to this study that must be discussed. The small sample size for this
cross-sectional study meant that this investigation was severely underpowered with only 38
degrees of freedom for independent t-test comparisons. This may have hidden potential
significant differences between groups, however some discussion could be made with the use of
effect sizes such as Cohen’s d and np?. Despite this, caution should be exercised when using
these results to come to conclusions because the lack of statistical power.

Serum estrogen levels were not tested to determine menstrual cycle stage or estrogen
concentration due to lack of money and feasibility reasons. It would have been important to

determine estrogen concentrations because ethinyl estradiol (EE) is a synthetic form of estrogen
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that is commonly used in today’s COC formulations (10). It is an agonist to the biological form
of estrogen, 17p-estradiol (E2), binding to ERa and ERp nuclear receptors to exert its effects (12,
13). The ingestion of EE causes decreases in serum E; levels and increases in SHBG (17).
Theoretically, the tight binding of E> to increased concentration of SHBG would cause decreases
in E; availability. However, EE does not bind to SHBG readily, and is therefore free to exert
biological effects. For this reason, EE is about 100 times more bioavailable than E> (12, 13). It is
possible that this could be a reason why there was no significance found in this study because
decreased serum levels of E> could be made up with adequate concentrations of EE may make up
for the decrement. Also, there is a large interindividual variability with EE serum concentrations
allowing for some women taking 35 pg EE to have the same serum concentration as another
women taking 50 pg EE (13). A larger sample size would have been needed to overcome the
interindividual variations involved with COC use.

Additionally, because the MIT measure used for analysis was performed on a separate
visit than the DXA and pQCT visit, MIT may not truly be representative of muscle thickness.
However, this was done in order to ensure that participants were no longer adapting to learning
effects which would have underestimated their MIT. Also, the third visit was completed within a
couple of weeks of the second visit thereby decreasing the chances for muscle hypertrophy.
Precision data between the testing visits suggest that changes in muscle size were small between
visits. Also, isokinetic torque was measured. It may have been better to test isometric force as it
is better for muscle fiber recruitment.

Lastly, the number of significant correlations between past and total BPAQ on bone
variables compared to the lack of significant correlations between duration of COC use suggest

the volume of ground reaction forces a person is exposed to may have a larger effect on bone
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health over COC use. It would be beneficial to further limit physical activity levels for future
research.
Summary

In summary, bone and soft tissue characteristics do not differ between Non-Users or
COC-Users in this population of women. The findings of this study were similar to some studies
done in the past (1, 6, 78, 86, 119), but contradicted others (4, 36, 60, 99). These conflicting
results indicate the need for further research. The popularity of COC as a form of contraception
makes it an important research topic which could benefit millions of people worldwide. Research
on COC should continue to strengthen the understanding of how it affects bone and muscle

health.
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Chapter 5: Conclusions
The purposes of this study were to: (1) compare areal bone mineral density (aBMD) of
the total body, lumbar spine, proximal femur, and volumetric bone mineral density (vBMD) of
the femur and tibia between COC Users and Non-Users; and (2) to compare muscle variables
such as muscle thickness, muscle cross sectional area, muscle density and muscle quality
between COC Users and Non-Users; and (3) to compare fat density and fat CSA between COC
Users and Non-Users. Additionally, bone, muscle, and fat variables will be compared between
Non-Users, Low Dose COC and High Dose COC users.
Research Hypotheses
1. It was hypothesized that COC users would have lower aBMD for total body, lumbar
spine, and dual femur compared to non-users.
This hypothesis was not supported by statistical analysis which showed no significant
difference in aBMD for any variable between COC Users and Non-Users.
2. It was hypothesized that COC users would have lower vBMD at the 50% femur, 4%,
38%, and 66% tibia sites compared to non-users.
Statistical analysis did not support this hypothesis. There were no significant differences
between COC Users and Non-Users for any of the vBMD variables.
3. It was hypothesized that COC users would have greater muscle thickness and muscle
cross sectional area, but have lower muscle density and quality compared to non-users.
Upon completion of the statistical analysis, there were no significant differences between
COC Users compared to Non-Users suggesting that the use of COC may not affect

muscle thickness, muscle CSA, muscle density, or muscle quality.
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4. 1t was hypothesized that COC users would have greater fat density and higher fat CSA
compared to non-users.

This hypothesis was not supported by the findings of this study. There were no
significant differences between COC Users and Non-Users for fat density or fat CSA.
Sub Hypotheses

1. It was hypothesized that non-users would have greater aBMD for total body, lumbar
spine, and dual femur compared to Low Dose COC and High Dose COC users.

There were no significant differences between Non-Users, Low Dose COC Users, or
High Dose COC Users for aBMD variables.

2. It was hypothesized that non-users would have greater vBMD at the 50% femur, 4%,
38%, and 66% tibia sites compared to Low Dose COC and High Dose COC users.

This sub hypothesis was not supported by the statistical analysis performed for this study.
There were no significant differences between groups for any vBMD variable.

3. It was hypothesized that non-users COC users would have greater muscle thickness, and
muscle CSA, but lower muscle density, and muscle quality compared to Low Dose COC
and High Dose COC users.

There were no significant differences between Non-Users, Low Dose COC, or High Dose
COC Users for muscle thickness, muscle CAS, muscle density or muscle quality.

4. It was hypothesized that Non-Users would have lower fat density and fat CSA compared
to Low Dose COC and High Dose COC users.

Lastly, this sub hypothesis was not supported. Statistical analysis showed that fat density

and fat CSA were not significantly different between groups.
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Clinical Significance

The current study did not find any significant differences between Non-Users and COC
Users suggesting that the use of COC does not affect bone or muscle characteristics in this
population of young adult women. Many studies have shown that initiation of COC during early
adolescence may be detrimental to bone health (36, 37, 60). Therefore, the age of initiation
should be considered when deciding when to use COC. Additionally, there were no significant
differences between Low Dose COC and High Dose COC users for any variable which could
mean that either dose could be safe for consumption without detrimental effects to
musculoskeletal health. However, it is advised that patients and practitioners take caution when
interpreting these findings due to lack of statistical power.
Suggestions for Future Research

No significant differences were found for any variable in this study. However this does
not mean that these results can act as a consensus for the effects of COC on musculoskeletal
health. The findings of this study can only be generalized to a population of healthy college aged
women living around the Norman, OK area. Future research should aim to determine whether
use of COC may affect bone and muscle variables in older premenopausal women. Investigators
who aim to study COC effects may want to consider standardizing dose, type, and periodization
of COC treatment. They may also increase the minimum time requirement on COC needed to be
included in the study. Additionally, this study is severely underpowered due to small sample
sizes and high interindividual variability. Future research should aim to and increase sample size.

Currently, the research done on the use of COC in humans has been equivocal and there
is no consensus on whether or not there are any effects on body composition, muscle strength,

and muscle quality.
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FEMALE PARTICIPANTS NEEDED

Comparison of Bone, Fat, and Muscle Characteristics Between
Combined Oral Contraceptive Users and Non-Users

To Participate
Women between 18-25 years of age with normal menstrual cycles
Weigh less than 300 Ibs and are shorter than 6 feet and 4 inches
Not pregnant or a current smoker
Not taking medications that can affect bone metabolism such as:
= Glucocorticoids, antidepressants, androgens
Not taking supplements or steroids to increase muscle mass
- Does not have a disease known to affect joint/muscle function
o Arthritis, neuromuscular diseases
« Does not have a disease known to affect bone mineral density
= Hormone disorders, bone cancer
- Does not have a joint replacement or metal implants in the spine, hip,
or legs
. Did not have a recent surgery preventing them from exercise

Required Testing (3 visits
ed consent, HIPAA and health related questionnaires,
to do the muscle strength test
2 - non-invasive bone and muscle size tests, ultrasound
;reme of quadriceps muscles, perform a muscle strength test
perform the final muscle strength test, and po@y r&h@~
one and muscle size tests “

" i

_ If you are interested, please contact Michelle Nguyen.

Department of Health and Exercise Scence
Hoang.v.nguyen-2@ou.edy, B17-404-9414
(Principal Investigator: Dr. Debra Bemben)
The University of Oklahoma is an equal opportunity institution. IRB 9671
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Mass e-mail script

We are looking for healthy women between the ages of 18-23 yvears old to participate in
our study titled, “Comparison of Bone, Fat, and Muscle Characteristics between Combined Oral
Contraceptive Users and Mon-Users™. Potential participants must have normal menstrual eycles
{10-14 cycles in 12 months), be non-smokers, weigh less than 300 Ibs and be less than 6 feet and
4 inches tall. Additionally potential participants should not be pregnant, and not be taking
medications that can affect bone density. Participants should also not be taking supplements or
steroids that may affect muscle mass. Participants will be excluded if they have artificial
knee'hip joints or other metal implants in the spine or hips. Women with recent surgeries, or
physical disabilities preventing them from performing isokinetic knee extensions will also be
excluded from this study.

This study requires 3 visits for a total time of 3 hours and 20 minutes to 4 hours and 23
minutes (visit 1 = 90 minutes; visit 2 = 103 minutes, visit 3 = 15 minutes to 85 minutes). This
study tequires exposure to a small amount of radiation by DXA and pQCT for 8 scans meant to
assess your bone and muscle health. Participants will also perform a maximal isokinetic test to
assess peak torque of the quadriceps muscles.

There are possible risks involved with participation, including risks associated with
radiation exposure and peak torque testing. There is a possibility of mild soreness due to the peak
torque test. Information regarding the results of the tests will be provided at the end of the study
upon your request. You will not be paid for your time or participation, but vou will receive a gift
card after completing the 3 visits.

If you are interested in this study, please contact Michelle Nguyen via emal { Hoang . v.nguyen-

2o edu).
Principal Investigator: Dr. Debra Bemben

The University of Oklahoma is an equal opportunity institution. IRB 9671
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Message Board Announcement

Researchers from the Department of Health and Exercise Science at the University of
Oklahoma, led by Dr. Debra Bemben, are currently recruiting participants for a study entitled,
“Comparison of Bone, Fat, and Muscle Characteristics Between Combined Oral Contraceptive
Users and Non-Users™.

We are looking for healthy women between the ages of 18-25 years old. Potential

participants must have normal menstrual eyveles (10-14 cycles in 12 months), be non-smokers,
weigh less than 300 Ibs and be less than 6 feet and 4 inches tall. Additionally potential
participants should not be pregnant, and not be taking medications that can affect bone density.
Participants should also not be taking supplements or steroids that may affect muscle mass.
Participants will be excluded if they have artificial knee'hip joints or other metal implants in the
spine or hips. Women with recent surgeries, or physical disabilities preventing them from
performing isokinetic knee extensions will also be excluded from this study.

Testing includes 3 visits to the Bone Density Lab and Neuromuscular Lab at the
University of Oklahoma. During the first visit, the participants will sign and date the informed
consent and HIPAA forms and complete the Health Status Questionnaire { HS()), menstrual
history questionnaire, Bone-specific Physical Activity Questionnaire (BPAQ), Calcium intake
questionnaire, and Physical Activity Readiness Questionnaire (PAR-Q). Trained personnel will
familiarize participants on correct techniques for performing a maximal isokinetic strength test
on the BioDex. During the second visit, participants will have their urine pregnancy test,
hydration measurement, and anthropometric measurements. Following this, participants will
have 4 dual energy x-ray absorptiometry (DXA) scans and 4 peripheral quantitative computed
tomography (pQCT) scans to assess bone and muscle health.. The bone density of the total body,
lumbar spine, and both hips will be measured by DXA. Next, pQCT will take 3 measurements on
the lower leg and 1 on the femur to assess bone, muscle and fat characteristics. After pQCT
scans, muscle thickness of the quadriceps will be measured using ultrasound. Participants will
then be accustomed to the BioDex protocol again. On the third and final visit, participants will
perform a maximal isokinetic torque test of their knee extensors. A subset of participants will be
asked to repeat DXA and pQCT scans. Visit 1 will take about 1.5 hours to complete; visit 2 will
take about 1 hour and 45 minutes to complete, and visit 3 could last from 15 minutes to an hour
and 35 minutes.

There are possible risks involved with participation, including risks associated with
radiation exposure. Additionally, there is a slight risk of mild soreness due to maximal isokinetic
torgue testing. Information regarding your results will be provided at the end of the study upon
YOUr request.

If you are interested in participating or would like more information about the study,
please contact Michelle Nguyen at Hoang v.nguyen-2i@onedu or 817-404-9414. You may also
ask questions by responded to this post

The University of Oklahoma is an equal opportunity institution. IRB 9671

IRE NUMEER: D671
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Facebook.com

We are looking for healthy women between the ages of 18-25 years old to participate in
our study titled Comparison of Bone, Fat, and Muscle Characteristics between Combined Oral
Contraceptive Users and Non-Users. Potential participants must have normal menstrual eyeles
{10-14 cycles in 12 months), be non-smokers, weigh less than 300 Ibs and be less than 6 feet and
4 inches tall. Additionally potential participants should not be pregnant, and not be taking
medications that can affect bone density. Participants should also not be taking supplements or
steronds that may affeet musele mass. Participants will be excluded if they have artificial
knee/hip joints or other metal implants in the spine or hips. Women with recent surgeries, or
physical disabilities preventing them from performing isokinetic knee extensions will also be
excluded from this study.

This study requires 3 visits for a total time of 3 hours and 20 minutes to 4 hours and 23
munutes (visit 1 = 90 minutes; visit 2 = 103 minutes, visit 3 = 15 minutes to 85 minutes). This
study requires exposure to a small amount of radiation by DXA and pQCT for 8 scans meant to
assess your bone and muscle health. Participants will also perform a maximal isokinetic test to
assess peak torgue of the quadriceps museles.

There are possible risks involved with participation, including risks associated with
radiation exposure and peak torque testing. There is a possibility of mild soreness due to the peak
torgue test. Information regarding the results of the tests will be provided at the end of the study
upon your request. You will not be paid for your time or participation, but vou will receive a gift
card after completing the 3 visits.

If you are interested in this study, please contact Michelle Nguyen via email {Hoang.v.nouyen-

2(wou.edu).
Principal Investigator: Dr. Debra Bemben
The University of Oklahoma is an equal opportunity institution. IRB 967 1.
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Screening Checklist - Controls

Comparison of Bone, Fat, and Muscle Characteristics Between Combined Oral Contraceptive

Users and Non-Lsers

Mame: Dane:

Des the participant meet the inclusion criteria for the study?

YES N0y
Female between 18-25 years old
Must have had no history with any type of hormonal contraceptive use.
Does the participant have any exclusion criteria®
YES NO
Participant has irregular menstreal cyeles (< 10 menstrual periods i 12 months)
Report regular exercise more than once per day for 5 days a week
Has a discase known to affiect BMD
s Hyperparathyroidism
»  Bone cancer
»  Hypogonadism
Taking medications known to affect bone metabolism
o Glucocorticoids
o Anptidepressants
s Apdrogens
e Other
Individuals with discases known to affect joint/muscle function
o Arthritis
o MNeuromuscular discases
Individuals taking supplements of steroids to enhance muscle mass
‘Individuals with body weights more than 300 Ibs or height over 6'4™
Joint replacement or metal implants in the spine, hip, or legs
Individwals with recent surgery preventing them from exercise
Individwals who are pregnant or planning to become pregnant
Current smokers
Is the participant qualified for the study (circle one)? YES N0
Primary Investigator approval
Dir. Debra Bemben
Signature: Dae: IR NUMEER: B671
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Appendix B
Informed Consent Form

HIPPA Form
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TOLA Consent | OUHSC IRB Version Date: M626/2018
IRB Mumber: 9671

Consent Form
University of Oklahoma Health Sciences Center (OUHSC)
University of Oklahoma - Norman Campus
Comparison of Bone, Fat, and Muscle Characteristics Between Combined Oral Contraceptive
Users and Non Users
Principal Investigator: Deébra Bemben, Ph.D.

This 15 a research study. Research studies involve only inflividuals who choose to participate. Please
take your time to make your decision. Discuss this with vour family and friends.

Why Have 1 Been Asked To Participate In This Study?
You are being asked to take part in this trial/study because vou are a woman 18-25 years of age who
is either 1) taking combined oral contraceptives or 2) not taking oral contraceptives.

Why Is This Study Being Done?

The purposes of this study are to: (1) compare areal bone mineral density (aBMD) of the total body,
lumbar spine, proximal femur, and volumetrie bone mineral density (vVBMD) of the femur and tibia
between combined oral contraceptive (COC) users and non-users; and (2) to compare muscle
variables such as muscle thickness, muscle cross sectional area, muscle density and muscle quality
berween COC users and non-users: and (3) to compare fat density and fat CSA between COC users
and non-users. Additionally, bone, muscle, and fat variables will be compared between different
types of COC users.

How Manv People Will Take Part In The Study?
About 30 control participants, 30 monophasic combined oral contraceptive users, and 30 wriphasic
combined oral contraceptive users will take part in this study.

What Is Involved In The Study?

If you take part in this study, 3 visits will be needed. The first visit consists of the following tests in
order to determine history relating to bone health and familiarize you with the physical performance
tests. This visit will last about 1.5 hours.

s Informed Consent - vou must sign and date an informed consent form (this document) stating
that you understand all procedures and your rights as a participant.

& Health Status Questionnaire - you may be excluded from the study if any answer on this
questionnaire indicates you may not be eligible for this study.

& Bone Specific Physical Activity Questionnaire - this questionnaire will be used to determine
if past and current activities may have an influence on vour current bone health and be used
to determine if you meet the physical activity inclusion criteria for this study.

s Caleium Intake Questionnaire - this questionnaire will be used to estimate the daily amount
of calcium vou ingest, which is important for bone health.

* Menstrual History Questionnaire - will determine any menstrual abnormalities that might
impact bone health.

s  Physical Activity Readiness Questionnaire - will determine if you are healthy enough to
ENEASE In eXercise.
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TOLA Consent | OUHSC IRB Version Date: 6262018
IRB Mumber: 9671

& You will be familiarized with the methods of the BioDex isokinetic dynamometer.

The second visit will consist of the following tests to determine aBMD, vBMD, muscle density,
muscle cross sectional area, fat density, and fat cross sectional area; and a second familiarization
session with the BioDex. This visit will take about 1 hour and 45 minutes.

& Urine Test - will be completed in onder to determine that you are not pregnant and determine
if your hydration status is within the normal range.

s  Height and Weight - your height and weight will be measured.

& Series of Dual energy X-ray Absorptiometry (DXA) scans - will be used to determine the
bone mineral density of the total body, lumbar spine, the right and left hips. These tests are
non-invasive and will take approximately 35 minutes tocomplete. DXA is a radiation
procedure and is for research purposes only. There are risks associated with DXA which will
be addressed below.

* Series of peripheral Quantitative Computed Tomography (pQCT) scans - these scans will
include 4 scans on your non-dominant {non-kicking) leg. The length of your upper and lower
non-dominant leg will be measured in order to determine the correet positioning on the
pCT. The pQCT utilizes radiation and is for research purposes alone. There are risks
associated with pQCT which will be addressed below. This will take approximately 35
munutes to complete.

& Ultrasound measurement - this will measure musele thickness at 50% of vour femur length.
This will take approximately 15 minutes

s BioDex familiarization - a second familiarization session will ensure that the proper protocol
is understood. This will take approximately 20 minutes.

The third visit will consist of using the BioDex to determine the maximal isokinetic torque of your
quadriceps muscle group. This will take 20 minutes.
& BioDex maximal isokinetic torque — vou will start with a short warm-up of 5 submaximal
knee extension repetitions at a speed of 60 degrees per second followed by 3 minutes of rest.
Mext, you will complete 3 maximal knee extension repetitions at 60 degrees per second
followed by 3 minutes of rest. Finally, you will perform another 3 maximal knee extensions
at 180 degrees per second.

A subset of the participants will be asked to repeat the urine pregnancy test and measures on the
DXA and pOQCT to determine the reliability of these tests. This visit can take from 20 minutes to 1.5
hours.

How Long Will I Be In The Study?

The study will span about 1 week and the total time commitment will range from 3.5 hours to 4.5
hours (for those who agree to repeat the bone scans). The first visit will take approximately 1.5 hours
and consist of the consenting process, questionnaires and a familiarization to the testing methods.
The second visit will take approximately 1 hour and 45 minutes and consist of DXA and pQCT
scans, ultrasound measurement, as well as a second familiarization session on the BioDex. The third
visit will last between 20 minutes to 1.5 hours and consist of the final BioDex measurement and
potentially a repeat measure on the DXA or pQCT.

IR WUMBER: 2671
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There may be anticipated circumstances under which your participation may be terminated by the
investigator without regard to your consent. Your participation may be terminated based on:
e medications impacting bone or muscle health
presence of metal implants
recent injury
physical activity status
a positive pregnancy test

You can stop participating in this study at any time. However, if you decide to stop participating in
the study, we encourage you to talk to the researcher first.

What Are The Risks of The Study?
While on the study. you are at risk for these side effects: however, there may also be unforeseeable
risk with participation. You should discuss these with the researcher prior to providing your consent.

e Risks and side effects related to having a pQCT and DXA scan include radiation exposure
from 4 DXA scans and 4 pQCT scans, which are types of x-ray procedures. These
procedures are for research only and not needed for your medical care. The amount of
additional radiation to which you will be exposed is approximately 1% of the amount of
radiation to which we are exposed annually from background sources such as the Earth and
Sun. For those who repeat the scans, there will be an additional radiation amount of
approximately 2%. In addition to any radiographic procedures that are being done as part of
this research, you may also be exposed to radiation from procedures that are part of your
normal care. The risk from radiation exposure increases over your lifetime as you receive
additional exposure to radiation.

e Risks and side effects related to physical performance testing include acute and delayed
muscle soreness, musculoskeletal injury. discomfort during exercise, feeling tired,
lightheaded. or faint. Researchers will make sure that you have eaten food and are hydrated
prior to exercise to help minimize these symptoms.

e If you are a female, you must not be and should not become pregnant nor breast-feed an
infant while on this study. Undergoing a particular procedure or treatment involved in this
study while you are pregnant or breastfeeding may involve risks to an embryo, fetus, or
infant, including birth defects which are currently unforeseeable. In order to reduce your risk
of pregnancy. you or your partner should use one or more of the acceptable methods of birth
control listed below, regularly and consistently, while you are in this study.

o Barrier methods (diaphragm with spermicidal gel or condoms)
o Stenlization (tubal ligation, hysterectomy or vasectomy)

Are There Benefits to Taking Part in The Study?
There are no direct benefits from participating in this study.

What Other Options Are There?
Your alternative is to not participate in this study.

What about Confidentiality?
Efforts will be made to keep your personal information confidential. You will not be identifiable by
name or description in any reports or publications about this study. We cannot guarantee absolute

IR8 NUMBER 9671
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confidentiality. Your personal information may be disclosed if required by law. You will be asked
to sign a separate authorization form for use or sharing of your protected health information.

There are organizations outside the OUHSC that may inspect and/or copy your research records for
quality assurance and data analysis. These organizations include the US Food & Drug
Administration and other regulatory agencies, and the OU Department of Health and Exercise
Seience on the Norman campus. The OUHSC Human Research Participant Program office, the
OUHSC Institutional Review Board, and the OUHSC Office of Compliance may also inspect and/or
copy your research records for these purposes.

What Are the Costs?
There is no cost to you if vou participate in this study.

Will I Be Paid For Participating in This Study?

You will not be paid for your time participating in this smudy. You will receive a $10 gift card
after the completion of this study. Those who are pregnant or drop out after completing a
portion of the study will not receive a gift card.

What if | am Injured or Become 11l while Participating in this Study?
In the case of injury o illness resulting from this study, emergency medical treatment is

available. However, you or your insurance company may be expected to pay the usual charge
for this treatment. Mo funds have been set aside by the University of Oklahoma - Norman or

the University of Oklahoma Health Sciences Center to compensate you in the event of injury.

What Are My Rights As a Participant?

Taking part in this study 1s voluntary. You may choose not to participate. Refusal to participate will
involve no penalty or loss of benefits to which vou are otherwise entitled.

If you agree to participate and then decide against it, you can withdraw for any reason and leave the
study at any time. However, at certain times during the treatment, it may be harmful for you to
withdraw, so please be sure to discuss leaving the study with the principal investigator or your
regular doctor. You may discontinue your participation at any time without penalty or loss of
benefits to which you are otherwise entitled.

We will provide vou with any significant new findings developed during the course of the research
that may affect vour health, welfare, or willingness to continue vour participation in this study.

You have the right to access the medical information that has been collected about vou as a part of
this research study. However, you may not have access to this medical information until the entire
research study has completely finished. You consent to this temporary restriction.

Whom Do 1 Call If I have Questions or Problems?

If you have questions, concerns, or complaints about the study or have a research-related injury,
contact Dr. Debra Bemben 24/7 at 405-306-3194 or dbemben(@on.edu.

IR WUMBER: 2671
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If you cannot reach the Investigator or wish to speak to someone other than the investigator, contact
the OUHSC Director, Office of Human Research Participant Protection at 405-271-2045.

For questions about your rights as a research participant, contact the OUHSC Director, Office of
Human Research Participant Protection at 405-271-2045.

Future Communications
The researcher would like to contact you again to recruit into future studies or to gather additional
information.

I give my permission for the researcher to contact me in the future.

1 do not wish to be contacted by the researcher again.
Signature:
By signing this form. you are agreeing to participate in this research study under the conditions
described. You have not given up any of your legal rights or released any individual or entity from
liability for negligence. You have been given an opportunity to ask questions. You will be given a

copy of this consent document.

I agree to participate in this study:

PARTICIPANT SIGNATURE (age =18)  Printed Name Date
SIGNATURE OF PERSON Printed Name Date
OBTAINING CONSENT
RS NUMBER: 9671
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University of Oklahoma Health Sciences CenterResearch Privacy Form 1
FHI Research Authorization

AUTHORIZATION T USE or SHARE
HEALTH INFORMATION: THAT IDENTIFIES YOU FOR RESEARCH
An Informed Consent Document for Research Participation may also be required.

Title of Research Project: Comparison of Bone, Fat, and Muscle Characteristics Between

Combined Oral Contraceptive Users and Non Users
Leader of Research Team: Debra Bemben, Ph.Db.
Address: 14001 Asp Avenue, Norman, OK, 73071

Phone Mumber: 405-325-2709

If vou decide to sign this document, University of Oklahoma Health Sciences Center (OUHSC)
researchers may use or share information that identifies you (protected health information) for their
research. Protected health information will be called PHI in this document.

PHI To Be Used or Shared. Federal law requires that researchers get your permission
{authorization) to use or share your PHL If you give permission, the researchers may use or share
with the people identified in this Authorization any PHI related to this research from your medical
records and from any test results. Information used or shared may include all information relating to
any tests, procedures, surveys, or interviews as outlined in the consent form: medical records and
charts; name, address, telephone number, date of birth, race, government-issued identification

numbers, and DXA and pOCT results.

Purposes for Using or Sharing PHI. If vou give permission, the researchers may use vour PHI to

investigate the differences in areal bone mineral density, volumetric bone mineral density, muscle
thickness, musele cross sectional area, muscle density. muscle guality, fat density, and fat CSA
between COC users and non users. Additionally, vour PHI will be used to determine the difference in

all of the above variables between monophasic. and triphasic COC users.

Other Use and Sharing of PHL. If vou give permission, the researchers may also use your PHI to
develop new procedures or commercial products. They may share your PHI with other researchers,
the research sponsor and its agents, the OUHSC Institutional Review Board, auditors and inspectors
who check the research, and government agencies such as the Food and Drug Administeation (FDA)
and the Department of Health and Human Services (HHS), and when required by law. The
researchers may also share your PHI with no one else.

Confidentiality. Although the researchers may report their findings in scientific journals or meetings,
they will not identify you in their reports. The researchers will try to keep your information

! Protected Health Information includes all identifiable information relating to any aspeet of an individual®s
health whether past, present or future, created or maintained by a Covered Entity.

RS Cffio= Use Only i o S
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University of Oklahoma Health Sciences Center Research Privacy Form 1
PHI Research Authorization

confidential, but confidentiality is not guaranteed. The law does not require everyone receiving the
information covered by this document to keep it confidential, so they could release it to others, and
federal law may no longer protect it.

YOU UNDERSTAND THAT YOUR PROTECTED HEALTH INFORMATION MAY INCLUDE
INFORMATION REGARIMNG A COMMUNICABLE OR NONCOMMUNICABLE DISEASE.

Voluntary Choice. The choice to give OUHSC researchers permission to use or share your PHI for
their research is voluntary. It is completely up to you. No one can force you to give permission.
However, you must give permission for OUHSC researchers to use or share your PHI if vou want to
participate in the research and. if you cancel your authorization, you can no longer participate in this
study.

Refusing to give permission will not affect your ability to get routine treatment or health care unrelated
to this study from OUHSC.

Canceling Permission. If vou give the OUHSC researchers permission to use or share your PHI,
you have a right to cancel your permission whenever you want. However, canceling your permission
will not apply to information that the researchers have already used, relied on, or shared or to
information necessary to maintain the reliability or integrity of this research.

End of Permission. Unless you cancel it, permission for OUHSC researchers to use or share your
PHI for their research will never end.

Contacting OUHSC: You may find out if your PHI has been shared, get a copy of your PHI, or
cancel your permission at any time by writing to:

Privacy Official or Privacy Board

University of Oklahoma Health Sciences CenterUniversity of Oklahoma Health Sciences Center
PO Box 26901

Oklahoma City, OK 73190

If you have questions, call: (405) 271-2511 or (405) 2T1-2045.

Access to Information. You have the right to access the medical information that has been collected
about you as a part of this research study. However, you may not have access to this medical
information until the entire research study is completely finished. You consent to this temporary
restriction.

Giving Permission. By signing this form, you give OUHSC and OUHSC’s researchers led by the
Research Team Leader permission to share your PHI for the research project listed at the top of this
form.

Tnly IRE NUMEER: 36T
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University of Oklahoma Health Sciences CenterResearch Privacy Form 1
FHI Research Authorization

Patient/Participant Name (Print):

Signature of Patient-Participant Date

A signed copy of this form miist be given to the Patieni-Participant or the Legal Representative al
the time this signed form is provided to the researcher or his representative.

TRE Office Use Only RN
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Appendix C
Health Status Questionnaire

PAR-Q & YOU
Calcium Intake
Bone Specific Physical Activity Questionnaire

Menstrual History Questionnaire
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Bone Density Research Laboratory

OU Department of Health and Exercise Science
Health Status Questionnaire

Complete each question accurately. All information provided is confidential.

Part 1. Information about the individual

1.
Date
2
Legal name Ethnicity
3.
Mailing address
Home phone Business/cell phone
4.Gender (circle one):  Female Male
5. Year of birth: Age

6. Number of hours worked per week:
MA [retired) Less than 20 20-40 41-60 Ower 60

If not retired, more than 25% of time spent on job (circle all that apply)

Sitting at desk Lifting or carrying loads Standing Walking Driving

Part 2. Medical history

7. Cirde any who died of heart attack before age 50:
Father Mother Brather Sister Grandparent

B.Date of: Last medical physical exam: Last physical fitness test:
Year Year

9. Circle operations you have had:

Back Heart Kidney Eyes Joint MNeck Ears Hemmia Lung Other NOME
IRE HUMBER: 9571
QJ |IRE APPROWAL DATE: 0929:208
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10. Please circle any of the following for which you have been diagnosed or treated by a health professional:

Alcohalism Diabetes Kidney problem
Anemia, sickle cell Emphysema Mental illness
Anemia, other Epilepsy Neck strain

Asthma Eye prablems Obesity

Back strain Gout Dsteoporosis
Bleeding trait Hearing loss Phlebitis

Bronchitis, chronic Heart problems Rheumataid arthritis
Cancer High blood pressure Strake

Cirrhosis, liver Hypoglycemia Thyraid prablem
Concussion Hyperlipidemia Uleer

Congenital defect Infectious mononucleosis Other MNONE

11. Circle all medicine taken in last & monthes:

12.

Asthma (list type) High-blood-pressure medication |list type)
Blood thinner Epilepsy medication Thyroid
Corticosteroids Estrogen Diuretic
Depression Heart-rhythm medication Digitalis
Diabetic pill Insulin Nitroglycerin
Other NONE

Any of these health symptoms that cocurs frequently is the basis for medical attention. Circle the number
indicating how often you have each of the fallowing:

1 = Practically never 2 = Infrequently 3 = Sometimes 4 = Fairly often 5 = Very often
a. Cough up blood d. Leg pain g- Swaollen joints
12 3 4 5 12 3 4 5 1 2 3 4 5
b. Abdominal pain e. Arm or shoulder pain h. Feel faint
12 3 45 12 3 45 1 2 3 4 5
. Low back pain f. Chest pain I. Dizziness
12 3 45 12 3 45 12 3 45
j- Breathless with slight exertion
1 2 3 45

Part 3. Health-related behavior

13

14.

15.

16.

Do you now smoke? Yes Mo

If you are a smoker, indicate number smoked per day:

Cigarettes: 40 or more  20-39 10-19 19

Cigars or pipes only: 5 or more or any inhaled Less than 5, none inhaled

Weight now: Ibs. One year ago: Ib. Age 21 |if applicable): Ib.
Do you engage in exercise or hard physical labor at least three times a week? YES MO

?

£
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=  PAR=-Q & YOU

(A Questionnaire for People Aged 15 to 69)
Regular physical activity is fun and healthy, and increasingly more pecple are starting to become mare active every dayg  Being more active is very saie for most
people. However, some peaple should check with their doctor befione they start becoming much mare physically active.
i you are planfing o become much maore pinsically active than you are now, start by answering the seven questions in the box below. If you are between the
ages of 15 and 69, the PAR-Q) will tell you if you should check with your doctor before you start. B you are over 69 years of age, and you are not used 1o being
wery active, chedk with your doctor.

Common sense is your best quide when you answer these questions. Plexse read the questions carefully and ancwer each one honestly: check YES or NO.

1. Has your doctor ever said that you have a hearl condition and that you should only do physical activity
recommended by a doctor?

2. Do you feel pain in your chest when you do physical activity?
3. In the past month, have you had chest pain when you were nol doing physical activity?
Do you lose your balance because of dizziness or do you ever lose consciousness?

Do you have a bone or joint problem (for example, back, knee or hip) that could be made worse by a
change in your physical activity?

6. Is your docter currently prescribing drugs (lor enample, water pills) for your blood pressure or heart con-
dition?

7. Do you know of any other reason why you should not do physical activity?

O O OOO0O O
O O OO0OO0O0 Os

;1
If YES to one or more questions
Talk with your docor by phone or in person BEFORE you start becoming much more physically acive or BEFORE you have a finess appraisal. Tell
““ your docior about the PAR-G) and which questions you anssered YES.
= o may be able i do any actiity you wan? — a5 long &5 you slarl slosty and buid up gradually  Or, you may need fo restrict your activities (o
a.mered thome which are sale for you. Talk with your doctor about the kinds ol adivities you wish bo participale in and follow hisiher advice

= Find oul which community programes are sale and heiphd for you.

DELAY BECOMING MUCH MORE ACTIVE:

= il you are nol leeling wel because of a temparary dimess such as
a cold or & fever — wait unfl you fed betier; or

= il you are or may be pregnant — talk to your doclor before you
starl becoming mone arie.

NO to all questions

] p..amllemdﬂﬂl'mslhl \o gl PAR-) questions, you can be reasonably sure that you canc
star | beroming much more physically active — begin slowly and build up gradualy  This is the
sl and sasies! way o go.

* |ake part in a finess appraisal — this i an exosllent may o delenmine your basic finess =0

that you cam plan the best way for wou io ve actively |t is alo highly recommended thal you

havee wour biood pressure evalualed. I your reading i over 14494, lak with your docior
befiore you star] becoming much mare: physically acfive.

PLEASE NOTE: Il your health changes 5o that you then answer YES o
any of the abows questions, el your filness or health professional.
sk whether you should change your physical activily plan.

Imioemes] U of the PAR-0: The Canadian Sodety for Exercise Pysiology. Health Canada. and their agenis asame no labiity for persons who undertaie physical acihaty and il in doubl ater completing
thiz questionnaine, consekt your doctor prior b physical actty

Mo changes permitted. You are encouraged to photocopy the PAR-Q but only if you use the entire form.

MOTE: B the PAR-Q i being given to a person before he or she participales in 2 physical acivity program of 2 finess appraisal, this sedion may be used for legal o adninsiate purpases.
"I have read, understood and completed this questionnaire. Ary questions | had were answered to my full satisfaction ”

RAME

SIMATIFE DeTE

SIEMATURE OF PRRENT WITHESS

o CLUFDUN for zarlepuants ndes the dnge of ragarly

Hote: This physical activity clearance is valid for 2 maximem of 12 months from the it is completed BET1
becomes invalid if your condition changes so that you would answer YES to any of 1Iﬂ‘iili’=:' Rﬂ AL DATE: (92902018

] Y

Health Sanie
£ Canadian Socisty for Exarrise Physisingy Suppor ted bey I*I Canada Canada conlinued an other side...
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NAME:

BONE DENSITY RESEARCH LABORATORY

UNIVERSITY OF OKLAHOMA

CALCIUM INTAKE ESTIMATION

DEPARTMENT OF HEALTH AND EXERCISE SCIENCE

TODAY'S DATE:

Complete this form (where indicated) to represent your dietary intake in the past year.

1 EAT THIS FOOD:

EVERY WEEK EVERY
DAY

Tally Score Food Type SErving size write im # wrile im &
faffice use fafice e servimgs'week servimgs'day
aniyl oyl

300 Milk- whole, 2%, skim I cup

150 Cheese food or spread laz

150 Cheese sauce 1/ cup

150 American cheese I slice

150 Cottage cheese | cup

250 Ricotin cheese lax

150 Blue cheese ¥ cup

200 Matural cheese (except cream cheese) includes I ax

cheddar, Swiss, moxrarelly, and =o forth

285 Buttermilk I cup

300 Yogurt, flavered ar plaim | cup

450 Fast Food Milkshake 120z

165 Cocoa from mix I packet

330 Eggrog ! cup

28D Chocolate milk | cup

250 Macaroni and cheese, cheese souffle, lasagna, | serving

quiche, canmellomi, pizza

] Cream soup ar chowder with milk | cup

115 Almaonds I3 cup

(k] Brocooli I cup

B3 Beet greens, spinach ¥ cup

1] Baked beans I cup

1] Figs 3 dried

140 Scalloped potaioes | cup

150 Sovheans | cup

IRE NUMEER: 9671
PLEASE TURN OVER QI t IRE APPROVAL DATE: 092972018
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£ Tafu ¥ cup

Tally Score Food Type SErving size write im # wrile im &
foffice use foffice e servimgs'week servimgs'day

aniyl oyl

i Bresd, white or whole graim I slice

1200 ‘Waffle or pancake I large

50 Muffin, bscuit, cornbread I medmm

40 Rolls, buns Y

275 Egg McMuffin ]

130 Fast food cheeseburger or hamburger ]

Lo Enchilada or bean burrito 1

125 Creamed fish and meats | cup

130 Shellfizh, cocked 4 ax

200 Canned salmon with bones ¥ cup

200 Sardines, smelts, herring ¥ cup

100 Fudgesicl: 1

125 Custard pie I slice

175 lce cream or ice milk | cup

150 Pudding with milk ¥ cup

200 Frozen yogurt | cup

Please list below any dietary supplements (single and multi-vitamins, calcium, herbal ete.) you take dailyiweekly,
including the brand name. amount {mg) per dose and total number of doses per day (or per week if not taken daily).

1.

2

121

IRB NUMEER: 3671
IRB AFPRONAL DATE: 09/2372018



Subject ID: Date:

Bone-Specific Physical Activity Questionnaire (BPAQ)

1. Please list any sports or other physical activities you have participated in regularly. Please tick the boxes to indicate
how old you were for each sportfactivity and how many years you participated.

sm“fm]“hv 1 2 3 4 5 B T B 9 50 | 11 | 1F | 43 | 34 | 15 | 16 | 47 |18 | 19 | B | 2D (22 | 23 | M4 | 25

2. Please list the sports or other physical activities (be as specific as possible) you participated in regularly in the
past 12 months and indicate the average frequency (sessions per week)? On the back of this page is a list of activities
you may use as a reference.

Activity: Frequency |per week):
Activity: Freguency (per week):
Activity: Frequency |per week):
Activity: Frequency |per week):
Activity: Frequency |per week):
Activity: Frequency |per week):
Activity: Frequency |per week):
Activity: Frequency |per week):
BONE-SPECIFIC FHYSICAL ACTIVITY QUESTIONNAIRE — |RE NUMEER: 9671
Developed by B, Weeks and 8.8, Back %ui-i-?r-.'i'u: IRE APPROVAL DATE: 0020/2018

Griffith University, OUD, Australa o ]
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Bone-Specific Physical Activity Questionnaire (BPAQ)

OU Bone Density Research Laboratory

Sport/Activity Sport/ Activity Sport/Activity
Aerobics (low impact) Resistance Training * Other Low impact
Aerobics (high impact) Rollerblading * Other Moderate Impact
Badminton Rowing * Other High Impact
Ballet Rugby

Baseball Scuba Diving

Basketball Shot Put/Discus

Cheerleading Skate Boarding

Cricket Skiing/Snowboarding

Cross-Country Soccer

Cycling Softball

Dancing Sguash

Diving Stairmaster

Field Hockey Surfing

Flag Football Swimming

Golf T-ball

Gymnastics Table tennis

Horse-Riding Tennis

lce Hockey Football

lce-Skating Track

Judo Triathlon

Jump Rope Ultimate Frisbee

Kung Fu Volleyball

Lacrosse ‘Walking/Hiking

Pickle Ball Waterskiing

Power Lifting Wind Surfing

Racquet Ball Yoga/Pilates

BONE-SPECIAC PHYSICAL ACTIVITY QUESTIONNAIRE

Developed by BK. Weeks and B.R. Beck
Griffith University, OLD, Australa
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Bone Density Research Laboratory
Department of Health and Exercise Science
University of Oklahoma

MEMSTRUAL HISTORY QUESTIONMAIRE

Participant 1D Date:

We are asking you to give us as complete a menstrual history as possible. All information is strictly confidential.

Are you pregnant (circle your response)
YES- Do not complete the rest of this form
MNO- Continue to section A.

SECTION A: CURRENT MENSTRUAL STATUS
1. Approximately how many menstrual periods have you had during the past 12 months?
(please circle what months you have had a period. This means from this time last year to the present month)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct MNov Dec

2. What is the usual length of your menstrual cycle (first day of your period to the next onset of your period }?

days. Today is day of your present menstrual cycle.
3. What was the date of the onset of your last period?
4. When do you expect you next period?

5. What is the average length (number of days) of your menstrual flow? days

How many of these days do you consider "heawy™? days
6. Do you experience cramps during menstruation (dysmenorrheal)? If yes, how many days does this last?

7. Do you experience symptoms of premenstrual syndrome (i.e., weight gain, increased eating, depression,
headaches, anxiety, breast tenderness)? If yes, please list the symptoms.

IRB NUMBER: 9671
QI 1| |RB APPROVAL DATE: 09/23721H8

124



& Do you take oral contraceptives or any other medication that includes estrogen and/or progesterone? If no, skip
to SECTION B.

If yes, how long have you been taking this medication?

‘What is the brand name and dosage of this mediation?

At what age did you begin taking oral contraceptives?

Has this medication affected your menstrual cycle (regularity, length and amount of flow)? If yes, indicate changes.

8. Have you taken oral contraceptives in the past? If no, skip to SECTION B.

If yes, what was the brand name and dosage?

At what age did you start taking the pill; for how long; and when did you stop taking it?

10. If you answered yes to 9 or 10, did you experience a weight gain and/or a change in appetite as a result of oral
contraceptive use? If so, please indicate amount of weight gained. Ibs

SECTION B: PAST MENSTRUAL HISTORY

1. At what age did you experience your first menstrual period?

2. Were your periods regular [occurring monthly) during the first two years after menstruation began? If not, at
what age did your pericd become regular?

3. Has there been any time in the past where your periods were irregular or absent? If no, skip to question 4. If
yes, did these periods coincide with unusual bouts of training, or with a period of stress?

4. If you have had an irregular period due to training please describe?

5. Have you ever consulted a doctor about menstrual problems (specifically, about irregular or missing periods)? If
no, skip to question 6.

Have you ever been diagnosed as having a shortened luteal phase (the time in between periods)?

6. Have you ever consulted a doctor about any problems relating to your hormonal system? If so, please explain.

IRB HUMEER: 3671
QI 1| |RB APPROVAL DATE: D229/ 20HE
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