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ABSTRACT

Background: The declining levels of estrogen and progesterone during the menopausal
transition predispose women to an increase in overall body mass and altered adiposity distribution
that may place them at risk for developing cardiometabolic disease. Estrogen, progesterone and
testosterone levels have been linked to changes in lipid metabolism and since these hormone
levels change during the menopausal transition they may contribute to the unfavorable alteration
in body composition. Differences in fat oxidation rates (FOR) have been observed between
ethnic groups and the hormonal modifications that occur after menopause have been speculated to
influence these differences. Only select ethnic groups have been studied, and exploring
additional groups will allow further understanding of the menopausal transition and FOR.
Purpose: The purpose of this study was to compare resting FOR, FOR during incremental
exercise and FOR,,,, hormone levels, anthropometric characteristics, physical activity (PA) levels
and cardiometabolic risk factors between Middle Eastern (ME) and W postmenopausal women.
Results: Significant differences between groups were observed are as follows; the ME women
were younger (p= 0.004), observed their first period at an earlier age (p=0.023) and had their last
menstrual cycle early in life (p=0.031). Time since first and last cycle was shorter in the ME
group (p= 0.007). ME had a higher body mass (p=0.027), a higher body mass index (p=0.32)
and a larger waist circumference (p= 0.005). W women had a higher peak aerobic capacity
(p=0.003) and higher self-reported levels of PA (p=0.017).

Discussion: The ME women did not exhibit lower FOR at rest, during incremental exercise or at
maximum exercise and ME women did not have a lower level of estrogen or have more
cardiometabolic risk factors than the W women. This study sheds light on FOR within a new
ethnic group of postmenopausal women not yet investigated. As well, data on FOR, FOR,,, and
the exercise intensity expressed as a percentage of VO, peak, at which maximal fat oxidation

occurs using a treadmill protocol and hormonal measurements for ME and W postmenopausal
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women. A treadmill protocol was created and used which provided whole-body FOR at multiple
sub-maximal PA intensities. PA levels and anthropometrics were also obtained in this study

providing detailed data on the health and fitness characteristics of the study populations.
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1.0 INTRODUCTION

The menopausal transition has been speculated to predispose women to comorbidities
that are obesity-related thereby increasing the risk of cardiometabolic diseases (Carr, 2003;
Sowers et al. 1995; Barrett-Connor 1993; Price et al. 1998). Changes in estrogen, progesterone,
testosterone and other associated hormone levels during the menopause transition have been
linked to increasing the risk of cardiometabolic diseases (Glendy et al 1937, Barrett-Connor et al.
1991, Brezinika and Padoms, 1994, Carr, 2003). Increased abdominal adiposity post menopause
is the most prominent physiological change observed (Price et al. 1998), a feature that is
speculated to promote increased cardiometabolic risk in aging women. Estrogen, progesterone
and testosterone levels have been reported to influence substrate metabolism and more
specifically fat metabolism at both rest and during exercise (Zarins et al.2010). As these hormone
levels change during the menopausal transition they may be contributing to the increase in overall
body mass and visceral adiposity distribution observed post menopause. Fat oxidation rates
(FOR) at rest and during exercise have been noted to decrease though the menopausal transition
and therefore the decrease in estrogen has been associated to decreases in FOR at rest and during
physical activity (PA) (Santa-Clara et al. 2006; Hickner et al. 2001). In addition, differences in
hormones levels (Setaiwan et al. 2006, Randolph et al. 2004) and FOR (Hall et al. 2010) have
been observed among White, African American, European and South Asian ethnic groups. Select
ethnic groups have been studied, but there are gaps in the literature. Although over 70% of
postmenopausal Iranian women are reported to be abdominally obese there have been no studies
of their hormonal and FOR characteristics during exercise. Therefore, in the present study, FOR
at rest and during exercise in Middle Eastern (ME) and White (W) postmenopausal women will

be examined.




2.0 LITERATURE REVIEW

2.1 MENOPAUSAL TRANSITION

The reproductive system of a female undergoes significant stages of change or
transitional periods or phases during the course of life, which has been speculated to influence her
physiology and risk for disease development (Glendy et al. 1937, Barrett-Connor et al. 1991,
Brezinika and Padmos, 1994, Carr, 2003). A stage of change or transitional period that occurs
late in life is called the menopausal transition (Burger et al. 2002, Nelson et al. 2005, Sherman,
2005, Burger et al. 2007), which is broken down into early and late perimenopause, menopause,
plus early and late postmenopausal stages. The normal reproductive period before the onset of
the menopausal transition is referred to as premenopause. The overall transitional period is a
result of ovarian failure and a decrease in estrogen, progesterone and testosterone levels, which
takes the woman from a state of having menses to the absence of menses (Burger et al. 2002,
Sherman, 2005, Burger et al. 2007). Each time point of the menopausal transition has its own
characteristics.

Perimenopause is the first stage in this transitional period which is characterized by the
start of irregular and shortened menstrual cycles, increases in follicular stimulating hormone
(FSH) and lutenizing hormone (LH) levels and the decline of reproductive abilities (Soules et al.
2001, Nelson et al. 2005, Sherman, 2005, Burger et al. 2007, Elavsky and McAuley 2007), these
changes continue into the late perimenopause period where these changes continue and menstrual
irregularities are greater. The time between the final menstrual cycle and up to 12 months post
the final cycle is still part of the perimenopause stage. Menopause is a point in the transition that
refers to the absence of cycles for 12 consecutive months (Soules et al. 2001). Menopause can
only be confirmed and defined after 12 months of amenorrhea following the final menstrual

period which reflects a near complete reduction of ovarian hormone secretion (Soules et al.



2001). Menopause is a natural occurrence but it can also be surgically induced through the
removal of both ovaries (Sherman, 2005). While unique to each woman, the mean age at which
the menopausal transition begins is 47.5 years and its duration is approximately 5 years (Gosden,
1985, Nelson et al. 2005). The postmenopausal stage begins after the woman has been in the
state of amenorrhea for the preceding 12 months or more (Soules et al. 2001, Carr, 2003,
Sherman, 2005) until her death. An illustration of the menopausal transition is depicted in Figure
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Figure 1. Illustration of the menopausal transition.

The symptoms of the menopausal transition include; hot flashes, night sweats, vaginal
dryness, sleep disturbance, mood symptoms, cognitive disturbances, somatic and urinary
complaints, abnormal uterine bleeding, sexual dysfunction, and perceived reduced quality of life
(Nelson et al. 2005; Sherman, 2005). John Leake (1777), a researcher from the late 18" century
commented on these symptoms as being ‘chronic conditions’ that only affect the female sex.

With little knowledge about the menopausal transition and its associated physiology, women were
-3-



unaware of the changes that were occurring and were unable to understand the process of
menopause. The physiology of menopausal transition and the associated hormonal changes have
only been noted in literature since the 1920’s (Soules et al 1982). In the nineteenth century
women did not live to reach the age of menopause, but modern day women spend a third of their
life in the postmenopausal state (Soules et al. 1982). The symptoms of the menopausal transition
can vary from woman to woman, from the specific symptoms they experience and the severity of
the symptoms. The physiological changes during the menopausal transition has only been well
described in recent years, with research now focusing on the health related implications of the

hormonal changes during the event.

2.2 MENOPAUSE TRANSITION AND PHYSICAL ACTIVITY:

Most investigations focus on the quality of life and the vasomotor symptoms associated
with menopause and overlook other physiological symptoms. Alterations in PA participation and
visceral fat accumulation, which also occur during the menopausal transition, may impact the
overall health of a woman by increasing the prevalence of chronic conditions such as
cardiovascular disease, hypertension, type 2 diabetes, osteoporosis (Sherman, 2005) and
metabolic syndrome (Mayes and Watson 2004; Carr, 2003).

The symptoms of menopause can vary from woman to woman from the specific
symptoms they experience and the severity of the symptoms. Exercise intervention studies have
shown the increases in bodily movements can decrease the severity of the menopausal symptoms
and improve over-all well being (Villaverde-Gutiérrezet et al. 2006; Elavsky and McAuley, 2007)
summary provided in Table 1. Exercise is a sub-category of PA which is bodily movement
resulting in energy expenditure (EE) varying in intensity (Caspersen et al 1985, Bouchard and
Shephard, 1994). Exercise is planned, structured and has the objective of improving physical

fitness components which require a threshold intensity to induce chronic adaptations (Caspersen
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et al 1985, Bouchard and Shephard, 1994). PA can vary in intensity, duration and frequency and

it includes; activities of daily living, incidental PA, non-exercise activity thermogenesis (NEAT)

(Levine, 2008, Trembaly et al. 2010) occupational-related activities (Bouchard and Shephard,

1994, Sheppard, 1995) as well as active transport (Salli et al. 2004). Accumulating these

differing forms of PA can benefit overall health (Sheppard, 1995, Warburton et al. 2007). By

performing frequent and short episodes of PA one can accumulate and progress to meet the

minimum global recommendations of PA, which are 150 minutes of moderate-to vigorous

intensity PA over the course of the week (Haskell et al. 2007, Warburton et al. 2007, Tremblay et

al. 2011, WHO, 2010).

Table 1. Summary of physical activity intervention studies on menopausal symptoms.

I Villavde- T

<

-12 month

i -Self-reported

[S1x]

-Sedentary, healthy -PA group had improved
Guitierrrezet | postmenopausal intervention HRQOL symptomatology
et. al (2010) women -Control group and | -Menopausal and HRQOL
-Natural PA group symptomatology -Control had worsened
menopause -PA was at 50-80% symptomatology
->70% had of max HR and HRQOL
BMI>25 2x/week
Elavsky and -Low PA or -4 month -Perceived QOL, -Improvements in
McAuley sedentary White intervention satisfaction of life, | menopausal symptoms
(2007) women -Control, Yoga and | depression, were observed across all
->80% of women walking groups menopausal groups, greatest
were transitioning | -Yoga, 2x/week for | symptoms, body fat | improvement in the
through menopause | 90-mins focused on | (DEXA), VO, walking group
or postmenopausal | strength, flexibility, | peak, PA
-Natural balance and
menopause, no meditation
HRT -Walking, 3x/week
for 1-hr was at 50-
75% of HHR

BMI - Body mass index, DEXA — Dual-energy x-ray absorptiometry, HHR — Heart rate reserve,
HRT — Hormone replacement therapy, HRQOL — Health-related quality of life, QOL — Quality of

life.

Several researchers have examined the effects of PA and its influence on menopausal

symptoms. Villaverde-Gutiérrezet et al. (2006) conducted an exercise intervention study with

sedentary postmenopausal women; the women were randomly assigned to either the experimental
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or the control group. The majority of the study participants were overweight or obese, body mass
index (BMI) of 25-30 and 30< respectively, but asymptomatic of disease. The exercise sessions
incorporated aerobic conditioning and muscular strength traininé while maintaining the intensity
of the exercises between 50-85% of age-predicted maximum heart rate (HR max). It also
included range of motion movements for the major joints (stretching) and relaxation techniques.
Initially the exercise duration was 30 minutes and progressed to 60 minutes by the end of the
intervention. The PA sessions were led by a physiotherapist and lighting, temperature and music
were used to set a relaxing environment for the participants. The self-reported health-related
quality of life (HRQOL) measurement tool was employed to examine self-reported physical,
psychological and social dimensions of functioning and well-being, social support, sexual decline
and problems in the preceding week. Given the high adherence of the participants at 90%, the
authors reported that a 12 month exercise program consisting of two sessions a week can improve
the menopausal symptoms and HRQOL of menopausal women.

Another investigation by Elavsky and McAuley (2007) evaluated the effect of moderate
aerobic exercise and Hatha style yoga for menopausal symptoms. Participants in the study were
grouped in one of the following three groups; aerobic (walking), yoga or control (no intervention)
group. Baseline measurements of menopausal symptoms, PA levels via the Aerobics Center
Longitudinal Study Physical Activity Survey, maximal aerobic power measured through direct
gas analysis, body composition via dual energy X-ray absorptiometry, depression, quality of life
and satisfaction levels. The variables were all measured again following the 4 month
intervention. The walking intervention consisted of 60 minute sessions three times a week,
working at 50% of heart rate reserve (HRR) progressing to 75% of HHR by the end of the four
months. Concurrently, the yoga group met twice a week and each 90 minute session focused on
developing musculoskeletal fitness, flexibility and balance, as well as concentration and

meditation. Both intervention groups accumulated 180 minutes of structured PA per week and
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were encouraged to incorporate PA outside of the sessions and in their daily lives. The authors
reported that walking had the greatest effect on attenuating menopausal symptoms, while yoga

had a lesser overall effect but benefitted the participants more in the sexual domain.

2.3 MENOPAUSAL TRANSITION AND DISEASE RISK

A common physiological change during the menopausal transition is a gain in centralized
adiposity also known as abdominal obesity, visceral obesity and central obesity. Alterations in
the body’s fat distribution from the more traditional gynoid (lower body fat storage) to android
(upper body storage) is a notable feature (Price et al. 1998). However, it is unclear if fat
deposition in the intra-abdominal area is a consequence of menopause alone or due to the lifestyle
habits associated with aging.

It has been reported that fasting insulin levels are elevated and the risk of impaired
glucose tolerance is greater when transitioning through menopause (Soler et al. 1989). Since
estrogen has been shown to have significant effects on carbohydrate and lipid metabolism (Zarins
et al. 2010), with the lower levels of estrogen during the menopausal transition, carbohydrates are
more readily metabolized while lipids are stored and spared, contributing to the decrease in fat
oxidation and greater fat accumulation (Zamboni et al. 1992). The menopausal transition has
been speculated to predispose women to comorbidities that are obesity-related thereby increasing
the risk of cardiometabolic diseases (Carr, 2003; Sowers et al. 1995; Barrett-Connor 1993; Price
et al. 1998). This relationship was established after adjusting for age, BMI, household income
and physical inactivity (Park et al. 2003). Cross-sectional studies have concluded that decreased
basal lipolysis and increased lipoprotein lipase (LPL) activity in adipocytes from pre to post
menopause may be a contributing factor predisposing women to gain fat mass (Ferrara et al.
2001). LPL is an enzyme responsible for hydrolysis of the triacylglycerol found in the blood and

its uptake and storage of free fatty-acids (FFA) into adipocytes and other metabolically active
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tissue (Pedersen et al. 2004, Mead et al. 2002). LPL found in adipocytes results in the storage of
FFA and LPL found in muscle results in the oxidation of FFA (Ellis et al. 1994).

Adipose tissue contains two forms of estrogen receptors; estrogen receptor-a and the
recently discovered estrogen receptor-p (Pedersen et al. 2004), which allows estrogen to bind to
the adipocyte and influence processes within. This implies that estrogen plays a role in the
regulation of the LPL gene expression (Mead et al. 2002). The study by Pedersen et al. (2004)
demonstrated that estrogen attenuates the lipolytic response in subcutaneous adipocytes through
up-regulation of the number of antilipolytic 2A-adrenergic receptor. This gene expression
regulation differs between lower versus upper body, and this difference has been observed to
change from pre to post menopause (Price et al. 1998). As a result, the lack of estrogen in
postmenopausal women augments fat accumulation and suppresses LPL gene expression in
specific areas of the body, contributing to the android fat distribution seen during the
postmenopausal term. Estrogen now is known to influence substrate metabolism and more
specifically FOR, however, the menopausal process also involves alterations in many other sex

hormones such as testosterone, progesterone, etc. which will be discussed in further detail.

2.4 FAT OXIDATION RATE

Fat oxidation refers to the metabolic process in which FFAs are metabolized to synthesize
energy for use at rest or during PA. The plasma triglycerides provide a minimum of 50% of the
FFA source and the remainder is provided by hydrolyzed intramuscular triglycerides (Stefanick
and Wood, 1994). The proportion of fat to carbohydrate oxidation differs at varying PA
intensities (Christensen and Hansen, 1939). FFAs are the primary source of energy at rest and
during prolonged sessions of light to moderate intensity PA (below 50% of maximum aerobic
power) (Stefanick and Wood, 1994), and as the intensity of the PA increases, carbohydrate

contribution increases and concurrently, fat oxidation decreases (Jeukendrup and Achten, 2001).
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Substrate oxidation can be estimated by the use of the respiratory exchange ratio (RER), which
ranges from 0.7 to 1.0 in value, with 100% fat oxidation occurring at 0.7 and 100% carbohydrate
oxidation occurring at 1.0 of the range (Lusk, 1928).

The standard method for measuring substrate metabolism is human is through indirect
calorimetry. This is performed though measuring oxygen consumption (VO,) and carbon dioxide
(VCOy,) production that provides information on the substrate type and rate of utilization in an
organism (Lusk, 1976). By measuring VO, and VCO, RER absolute FOR can be calculated.
Indirect calorimetry is non-invasive compared to other methods such as the use of radioisotopes,
blood extractions and muscle biopsies and therefore more widely used. Different protocols have
been designed to measure FOR during exercise, most of them being conducted on a cycle
ergometer, only calculating FOR at specific intensities while others have created protocols that
are incremental and measure FOR at multiple sub-maximal exercise intensities. When measuring
FOR in an incremental to maximum effort protocol it is important to havé reasonably short work
periods (2- 4 minutes) with gradually increasing exercise intensities, allowing both for steady
state gas exchange to occur but also for more data collection and therefore more FOR calculations
across a wide range of intensities before the participants becomes exhausted. The FOR at each
workload and its associated exercise intensity expressed as a percentage of maximal or peak
oxygen consumption (VO, max or VO, peak) is fitted to a polynomial curve, FOR along the y-
axis and % VO, max or VO, peak along the x-axis. This curve will provide information on the
FOR throughout the exercise, FOR,,x and the % VO2 max or VO, peak that elicited the FOR,,,,,
referred to as FATmax. Knowledge of the FOR,,,, and FATmax or the range of intensities one
can oxidize the most FFA have importance in both health-related fitness and performance-related
fitness (Jeukendrup and Achten, 2001).

Researchers have examined FOR at rest and during varying sub-maximal intensities.

They have also investigated the differences between sexes, age groups and physical fitness levels.
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The modality that an individual uses to exercise also influences substrate utilization for the same
relative intensity in both fed and fasted states (Achten et al. 2003). Researchers examined the
FOR using the treadmill and compared the FOR using the cycle ergometer (Achten et al. 2003).
They concluded that fat utilization is higher on the treadmill over a wide range of the same
relative intensities. Also, FOR, attained was greater on the treadmill but occurred at the same
FATmax as on the cycle. A rational for the higher FOR at the different intensities on the
treadmill is due to the greater muscle mass recruitment during treadmill activities and therefore a
greater release of catecholamines. Catecholamines are activators of lipid mobilization and thus
promote fat oxidation during exercise; and the release of catecholamines are relative to the
muscle mass recruitment (Davies et al. 1974), explaining the greater FOR on the treadmill than
for cycling exercise.

Another study, in which the two modalities were compared, reported that the intensity
that elicited FOR,x was higher while running than cycling (Cheneviére et al. 2010). Maximum
fat oxidation occurred at 57.2% of VO, max on the treadmill and at 44.2% of VO, max on the
cycle ergometer (Cheneviere et al. 2010). Participants had to work at a higher intensity on the
treadmill in order to reach their FOR,,,,. The researcher also concluded that FOR only differed
between the two modalities when the intensity of the exercise exceeded 70% of VO, max
(Chenevicre et al. 2010) and attributed this difference to the greater muscle recruitment during
treadmill running versus cycling. The different outcomes from these two studies could be
attributed to the different testing protocols that were used on the treadmill, while Achten et al.
(2003) used a walking protocol, Chenevicre et al. (2010) used a running protocol. Overall, both
studies concluded that FOR are greater on the treadmill and fat utilization is higher across all
workloads on the treadmill in comparison to the cycle ergometer.

Other variables known to alter fat oxidation are sex, age and maturation, and aerobic

fitness level. Researchers have shown that women utilize more FFA in comparison to men at any
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given sub-maximal intensity (D’eon and Braun, 2002). This discrepancy is attributed to the
higher levels of estrogen and progesterone which are innate to women (D’eon and Braun, 2002).
Both men and women undergo decreased efficiency of fat utilization at rest as they age,
regardless of the increase in fat mass (Rising et al. 1996). Furthermore, during exercise older
individuals oxidize less fat at the same absolute and relative intensities in comparison to young
adults (Sial et al. 1996). This change in lipid oxidation with age has been related to the decrease
in skeletal muscle metabolism and not to FFA availability (Sial et al. 1996). Endurance training
improved lipid oxidative capacities in older adults (Johnson et al. 2010, Zarins et al. 2010) similar
to levels observed in untrained young adults.

As a result of endurance training skeletal muscle mitochondrial content increases, which
in turn results in a greater muscle respiratory capacity (Sial et al. 1998). Efficiency in fat
utilization through aerobic training has also been documented in young adults (Friedlander et al.
1998, Sidossis et al. 1998). Similar adaptations occur as in the older adults. Strength training
also has its effects on improving fat utilization during rest and over a 24-hour period (Treuth et al.
1995). Factors such as sex, age and fitness level or exercise training have been documented to
alter the rate at which FFA are utilized at rest and at varying sub-maximal exercise intensities.

Table 2. summarizes the FOR studies that were discussed above.
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Table 2. Summary of studies in which the different factors that influence fat oxidation rate were

xXami

d

et al. (2010)

moderately
trained men and
women

20W every 3-mins until RER of 1.0
was attained
-Treadmill, began at 3kmeh™ at 1%

) ) Hname b
Achten et -12 healthy, -Cycle, starting stage at 95W, increase [-FOR is higher on the treadmill versus
al. (2003) moderately by 35W every 3-mins until exhaustion | cycle over a wide range of the same
trained men -Treadmill, 7.5kmeh™ at 1% incline relative intensities
-Mean age 21 yrs | and incline was increased by 2% every | -FORp. attained was greater on the
-All individuals | 3-mins until and RER of 1.0 was treadmill but occurred at the same
went through attained relative intensity as on the cycle
both protocols -FOR 2« Was attained at 59.2% of
VO, max on the treadmill and at
62.1% of VO, max on the cycle
ergometer
Cheneviére | -13 healthy and -Cycle, began at 40W and increased by | - FOR.x and FOR from 70-85% of

VO, max were higher for running
than cycling
-FOR 2« Was attained at 57.2% of

-Mean age 29 yrs incline, speed was increased by 1kmeh™ | max VO, on the treadmill and at
-All individuals 1 every 3-mins until a RER of 1.0 was 44.2% of max VO, on the cycle
went through attained ergometer
both protocols
Sial et al. -6 elderly, mean | -Cycle ergomter was used to measure | -Mean FOR was 25-35% lower in the
(1996) age 73 yrs and 6 | substrate utilization at 56% of VO, elderly group than in the young
young mean age | max, younger group was measures at adults at both the same absolute and
26 yrs, matched | the same relative and absolute relative intensities
for gender and intensities -FOR is decreased and carbohydrate
lean body mass oxidation is increased during
moderate intensity exercise in elderly
men and women
Zarins et al. | -10 healthy, -1-hr of supervised moderate-intensity | -There was a decreased carbohydrate
(2010) nonsmoking, aerobic exercise 5 days/wk for 12 and increased lipid oxidation rates at
postmenopausal | weeks (4 sessions on the cycle and 1 the same absolute, but not relative
women treadmill) exercise intensity
-Mean age 55 yrs | -Training was at 50-65% of peak HR
Friedlander | -8 healthy, -5 days a week for 1-hr each day on the | -FOR increases after endurance
et al. (1998) | nonsmoking, cycle ergometer. training at the same relative (117%)
sedentary female | -Aerobic training intensity was or absolute (58%) intensity
between the ages | gradually increased from 50% to 75%
of 18 - 35 yr of VO, peak
Treuth et al. | -13 healthy -Whole body strength training sessions | -9.1% increase in resting energy
(1995) women occurred 3days/wk for 1-hr expenditure
-Mean age 67 yrs | -2 sets of 12 reps for each exercise -93%increase in fat oxidation and

84% decrease in carbohydrate
oxidation
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2.5 FAT OXIDATION RATE AND ETHNICITY:

Until recently, the FOR in different ethnic groups had received minimal attention in the
literature. Hall et al. (2010) studied the FOR of South Asian men, an ethnic population that is at
an elevated risk for developing abdominal obesity and metabolic syndrome. Hall compared the
South Asian men with BMI-matched European men. Participants were not matched for physical
fitness levels, but habitual PA levels were measured through the self-report using International
Physical Activity Questionnaire, and daily food intake was also measured through a food diary.
PA and food intake were compared between the two groups and no significant differences were
observed. The authors concluded that the South Asian men had a reduced capacity for fat
oxidation during sub-maximal exercise in comparison to the European men, after correcting for
age, BMI and fat mass. The study findings suggest that there may be ethnic differences in FOR
despite not controlling for physical fitness level.

Ethnic differences have also been detected and documented in females. Ethnic disparities
in resting metabolic rate (RMR) and FOR at rest and during exercise (Santa-Clara et al. 2006,
Hickner et al. 2001) have also been documented between both premenopausal and
postmenopausal African-American and White women. These studies collectively suggest that the
lower RMR and FOR at rest and during exercise are linked to the weight gain observed with age
not necessarily due to the menopausal transition, in African-American females. Anthropometric
variables and physical activity levels were not matched in these studies between the groups,
although differences in RMR and FOR were detected between ethnic groups, all confounding
variables were not controlled for.

Decreased FOR at rest and during PA may have important clinical implications and can
influence one’s ability to manage weight. Furthermore, significant increases in abdominal
obesity and overall weight gain have been observed in certain ethnic populations as a function of

age. In a population-based study, Janghorbani et al (2007) looked at overweight and obesity rates
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in Iranian adults. They found that 36% of the women between ages 55-64 were overweight and
31.1% were obese class 1 using the World Health Organization (WHO) BMI cut-off points;
underweight <18.5, normal weight 18.5-24.9, overweight 25.0-29.9, obese class 1 30.0-34.9,
obese class 11 35.0-39.9 and obese class II1 >40.0 (WHO, 2000). In the same age group 73.3%
were categorized as being abdominally obese, having a waist circumference (WC) of 88 cm or
greater. The Iranian community is a group in which the majority of women above 55 years of age
are abdominally obese, overweight, or obese therefore possessing physiological characteristics
that will increase their risk for developing chronic metabolic and cardiovascular conditions (Carr,

2003).

2.6 MENOPAUSAL TRANSITION, HORMONAL CHANGES AND THEIR SUSPECTED IMPACT ON FAT

OXIDATION

As mentioned earlier, perimenopause is the term used when menstrual irregularities first
begin and this phase of the menstrual transition is broken up into early and late perimenopause.
The time frame for each of these periods is individualized to each woman. Menopause is referred
to the last menstrual cycle the woman has, this is not established until 12 months post when they
fulfill the criteria. The time from the last menstrual cycle and onward is referred to as post
menopause, where no further cycles occur. During each of these phases of menopause FSH,
estrogen, progesterone and testosterone levels shift which are discussed in detail later in the
current paper.

The underlying physiological process of the menopausal transition is linked to the
hormonal alterations. As mentioned before the hormonal changes that occur are that FSH levels
increase and estrogen, progesterone and testosterone levels drop and these collective changes are
speculated to influence disease risk as women age (Glendy et al. 1937, Barrett-Connor et al. 1991,

Brezinika and Padmos, 1994, Carr, 2003). Differences in hormone levels have been observed
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within ethnic groups when researchers examined FOR in White and African-American women
and discovered that hormonal variations among these women may be used to explain the diverse
FOR premenopause. More specifically estrogen and genetic disparities have been stipulated as
the contributing factor in determining the differences between these groups (Santa-Clara et al.
2006; Hickner et al. 2001). In the postmenopausal period, estrogen discrepancies among
ethnicities persist (Setaiwan et al. 2006) and are assumed to continue to have an influence on
FOR. Randolph et al. (2004) demonstrated that estrogen and FSH levels varied by ethnicity when
measured longitudinally over the course of the menopausal transition, indicative of ethnic specific
variations in the pituitary-ovarian relationship.

Estrogen and FSH levels also differed between age independent of menopausal status and
the influence of BMI varied by menopausal status (Randolph et al.2004). In the premenopausal
and early perimenopausal phases BMI had a negative effect on estrogen in comparison with the
transition from late perimenopause to post menopause where BMI had a positive effect on
estrogen levels (Randolph et al.2004). The number of children and the age of first birth have not
been associated with significant differences in hormone levels, whereas late age at menarche was
modestly associated with decreased estrogen concentrations post menopause (Setaiwan et al.
2006). Different variables have shown to effect hormone levels premenopause as well as through
the menopause transition, which indirectly influence FOR.

Alterations in the hormonal milieus of women continue to impact their health in the later
years of life. In brief, in a normal healthy female, estrogen concentrations drastically decrease
through the menopausal transition and FSH levels increase in response. The biological measure
of menopause occurs when FSH levels exceed 50 IU/ml (Burger et al. 1995) in addition to having
no menstrual cycles in the preceding 12 months. These modifications influence the
concentrations of other metabolism altering sex hormones such as progesterone, testosterone and

luteinizing hormone (LH); therefore making way to alterations in substrate metabolism by
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favoring fat storage and influencing woman’s overall physiology. When estrogen levels decrease
dramatically at the onset of the menopausal transition, FSH increase while LH levels stay
relatively stable, these are the two hormones that assist in follicular maturation and the production
plus release of estrogen (Soules and Bremner, 1982). The elevated FSH levels are required to
mature the follicles in the ovaries and prepare them for conception, this no longer occurs during
the menopausal transition (Soules and Bremner, 1982). FSH levels will increase as estrogen
levels decrease and inhibin, a regulator of FSH, will also increase in response to decreased levels
of FSH (Soules and Bremner, 1982, Randolph et al. 2004). During the menopausal transition the
main goal of FSH is to promote estrogen secretion and follicular maturation. The influential
effect of increased FSH levels during and after ovarian failure and its relation to the FOR is
unknown. These collective hormonal changes are the start of may other physiological changes
that occur during the menopausal transition.

There are different forms of estrogen, each one having its dominance during different
stages of life and the reproductive cycle. Estradiol is the prominent form and the most
physiologically active form in the younger years where as estrone is the most prominent form of
estrogen post menopause. Both forms of estrogen are produced from circulating steroids that are
released by the ovaries and by the adrenal glands. Steroids converted in the ovaries produce
estradiol and steroids converted in the adipocytes produce estrone (Kalyani et al. 2009) and the
transcription of estrone increases with age (Price et al. 1998). Estrogen, regardless of its form, is
still the main factor in determining women’s ability to oxidize fat (D’eon et al 2002), but with
reduced levels its role in fat oxidation is diminished. Estrogen receptors have been found on
adipocytes which indicate that estrogen plays a role in lipid metabolism (Pedersen et al. 2004). In
addition to estrogen receptors, progesterone and androgen receptors have also been found on
adipocytes (Mayes and Watson, 2004) which lead to the idea that these hormones may also have

an effect on lipid metabolism. Figure 2 summarizes how different levels of estrogen and
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progesterone affect lipid synthesis and metabolism in muscle and adipose tissue using results
from animal studies.

Progesterone is also a steroid hormone but its source of production and release is
different than estrogen; progesterone is released from the corpus luteum, placenta and adrenal
glands and it is a precursor for the production of testosterone and estrogen (D’eon and Braun,
2002). Studies observing the effects of progesterone on FOR in both human and animal studies
have observed mixed results (D’eon and Braun, 2002). Human studies that observed different
phases of the menstrual cycle when progesterone levels are elevated above estrogen levels (Toth
et al. 1987, Hackney et al. 1994), it was difficult to ascertain the effect of progesterone
independent of estrogen on FOR (D’eon and Braun, 2002). In animal studies looking at
ovariectomized rats, researchers found progesterone behaved similarly to estrogen in suppressing
carbohydrate utilization and promoting fat oxidation (Kendrick et al. 1987, Kalkhoff, 1982),
whereas others investigators found that to have a opposing effect to estrogen, FOR was reduced
(Hatta et al. 1988, Hansen et al. 1996, Campbell and Febbraio, 2001). Once again, Figure 2
briefly summarizes how estrogen and progesterone influences fat metabolism using an animal
model. Links between progesterone and testosterone (androgen) levels with lipid metabolism
have not been established in postmenopausal women. The concurrent decrease in progesterone

and testosterone levels decrease along with estrogen may have an impact on FOR.

-17 -



Muscle MUSCLE

Glycogen-
incr with E

BLOOD
CPT-1-incr
with E, decr
Glucose TG withE + P
FFA LPL-incr with E
TG MITOCHONDRIA
FFA FFA ~ \
TG Glucose \ LPL-decr with E Lipolysis- incr
-incr with P with E

Fat synthesis-
decr with E, incr
with P

Decr.

WithE — GLUT4

andE+P ADIPOSE
TISSUE

Figure 2. ‘The effects of estrogen and progesterone on pathways of carbohydrate and fat
metabolism. Mechanisms shown are derived from an integrated view of data collected in animal
models.” Modified from D’eon et al. (2002). CPT-1 caratine palmityltransferase 1, TG
triglycerides, incr increase, decr decrease, E estrogen, P progesterone.

Low amounts of ovarian estrogen result in greater amounts of inhibin and the up
regulation of FSH (Soules and Bremner, 1982, Randolph et al. 2004). FSH and LH are hormones
that are responsible for the stimulation of the ovaries to release sex hormones (estrogen,
progesterone, testosterone) and mature the follicles. The influential effect of FSH and LH on sex
hormone levels after ovarian failure is unclear and its relation to the FOR is unknown. Sex-
hormone binding globulin (SHBG) levels, a protein responsible for the transport of estrogen and
testosterone, also drop concurrently with sex hormones levels. There is a difference in the
affinity of SHBG for the different sex hormones; it has a greater affinity for testosterone than for

estrogen and therefore a greater binding and transport capacity for testosterone and reduced

capacity for estrogen (Janssen et al. 2008). This selective property of SHBG influences the
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transport of estrogen by favoring testosterone transport and therefore serves as a marker of
estrogen bioavailability (Janssen et al. 2008) which also is an indirect measure of androgenicity
(Kalyani et al. 2009), elevated testosterone levels. Therefore, the effects of testosterone on the
physiological process within women during the postmenopausal term are enhanced.

Associations have been made in a longitudinal cohort study, between elevated levels of
testosterone and suppressed levels of SHBG with overall obesity and abdominal obesity in
women independent of age, PA and other chronic health conditions (Sutton-Tyrrell et al. 2010).
In a cross-sectional study, elevated testosterone and low levels of SHBG were found to impair
fasting glucose in postmenopausal women (Kalyani et al. 2009). In men, testosterone plays an
important role in substrate metabolism (Saad and Gooren, 2011) and low levels have shown to be
negatively associated with blood pressure, fasting plasma glucose, triglycerides, body mass index
and abdominal obesity, as well as demonstrating positive correlations with HDL-cholesterol
(Marin et al. 1996). Sutton-Tyrrell et al. (2010) suggest that high levels of androgens impair
insulin action in skeletal muscle and adipose tissue, contributing to reduced whole-body insulin
sensitivity; a known physiological characteristic of menopause. With the emerging evidence of
androgen receptors being located on adipocytes the effect of testosterone on FOR in women is not
well understood and with the increased dominance of testosterone post menopause it is crucial to
understand its influences. Free testosterone can also be measured in women when SHBG and
testosterone levels are known and this value is known as a free androgen index (FAI). This is a
ratio of total testosterone to the concentration or the binding capacity of SHBG (Vankrieken,
1997). Strong relationships were established between obesity and high free FAI and low SHBG
in postmenopausal women (Sutton-Tyrrell et al. 2010). Elevated androgen levels are now
considered as a predictor of obesity in women transitioning through menopause (Sutton-Tyrrell et

al. 2010).

-19 -



Insulin is a metabolic stabilizing hormone that influences substrate utilization by
controlling the storage and breakdown of glucose (Saltiel and Kahn, 2001). It is known that
insulin greatly inhibits the breakdown of fat in adipocytes through reducing the activity of
hormone sensitive lipase (HSL) and increases lipid synthesis (Saltiel and Kahn, 2001, Bjorntorp,
1996). Insulin resistance trails the development of abdominal obesity (Janssen et al. 2008, Kohrt
et al. 1993) and in the case of insulin resistance there is an excess of insulin. As mentioned
before SHBG levels affect estrogen and testosterone activity and now it is being postulated that
insulin may inhibit SHBG secretion (Svendsen et al. 1993). Janssen et al. (2008) have inferred
strong associations between incident metabolic syndrome to higher FAI and lower SHBG levels.
Moreover, insulin does not only control lipid metabolism directly but it influences estrogen and
testosterone bioavailability through the management of SHBG secretion, which then can effect
FOR.

Cortisol is a hormone that fluctuates throughout the day in response to life’s everyday
stressors. Like insulin, cortisol promotes lipid synthesis at the adipocyte, inhibits adipose tissue
metabolism and affects fat distribution (Bjorntorp, 1996, Bjorntrop, 1997). Researchers suggest
that cortisol levels increase in response to abdominal obesity (Bjorntorp, 1996) and high cortisol
levels have been associated with a greater waist to hip ratio and abdominal obesity in
postmenopausal women (Marin et la. 1992). Paradoxically, cortisol is also linked to increases in
adipose tissue lipase enzyme expression, which would be expected to increase the capacity for
lipolysis (Peckett et al. 2011). Table 3 summarizes all the hormonal changes that take place

throughout the menopausal transition.
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Table 3. Summary of the function and production of hormones and the changes as a result of
menopausal transition.

i Estradiol

-More active form

in central fat

Estrone -Produced in ovaries l 1 lipid metabolism
-Less active form

Progesterone -Precursor to estrogen and testosterone production | | 11 unclear
-Produced in the corpus luteum, placenta and
adrenal glands

Testosterone -Produced in the ovaries l Unknown, high FAI

linked to obesity

Follicular -Released from the pituitary 1 Unknown

stimulating -Responsible to the stimulation of ovaries to release

hormone sex hormones

Luteinizing -Released from the pituitary o Unknown

hormone -Responsible to the stimulation of ovaries to release
sex hormones

Sex-hormone -Transports estrogen and testosterone Slight | Unknown, low levels

binding globulin | -Has a greater binding and transport capacity for linked to obesity
testosterone than for estrogen

Insulin -Released by the pancreas 1 as result of | 1 lipid synthesis and
-Influences substrate utilization by controlling the insulin inhibits lipid
storage and breakdown of glucose insensitivity | metabolism

Cortisol -Released by the adrenal glands 1 with an 1 11 unclear
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3.0 RATIONALE, PURPOSE AND HYPOTHESIS

Although fat oxidation and cardiometabolic disease risk have been studied in various
ethnic groups, ME women are a group for whom no information has been reported on either FOR
or the effects of the menopausal transition on disease risk. The purpose of this study was to
compare resting plus exercise FOR, FOR .y, FATmax, hormone levels, anthropometric
characteristics, PA levels and cardiometabolic risk factors between postmenopausal ME and W
women. It was hypothesized that the ME women would exhibit lower FOR at rest and at
different sub-maximal exercise intensities and have a lower FOR,,x and FATmax as well as,
lower levels of estrogen and posses higher cardiometabolic risk factors compared to the W

women.
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4.0 METHODS
4.1 PARTICIPANTS AND RECRUITMENT

Participants were recruited through friends, fellow students, advertisement posted
throughout York University, and networking through cultural community centers. Once the
recruitment process was completed the participants were grouped based on their ethnic origin ME
or W, which was determined by their birthplace. Menopausal status was based on the number of
menstrual cycles the participant reported having in the past 12 months in the pre-screen and
confirmed by their FSH level, >30 mIU/mL with the blood draw. Participants were healthy
females, undiagnosed of any major illness, not on metabolic altering medications or hormone-
replacement therapy, and had not undergone surgically induced-menopause. In order to attain
power of 0.05 for a two-tailed alpha with an effect size of 0.8, 12 participants were recruited for

each group.
4.2 PRE-SCREENING

Before the initiation of the exercise protocols, the participants were taken through an
extensive pre-screening procedure. Pre-exercise screening took place on the first experimental
day. They completed the Physical Activity Readiness Questionnaire for Everyone + (PAR-Q+)
(Warburton et al. 2011) (Appendix A) and an Informed Consent document (Appendix B). The
PAR-Q+ was used to clear the participants for exercise and to confirm the absence of any
metabolic conditions that may hinder the outcome of the research. The participants had no
contraindications or restrictions to exercise participation based on their responses on the PAR-
Q+. Participants that were not taking medications for diabetes, cholesterol or hormone
replacement therapy were accepted into the study. In addition to explaining the risks involved in
taking part in the research, the Informed Consent document outlined the purpose, importance of

the study and how it will add to the existing body of research and improve clinical practices in
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weight management and disease prevention. Pre-exercise heart rate (HR) and blood pressure
(BP) were measured using the BpTRU, electronic blood pressure monitoring device, to ensure
participants were within an acceptable range before the initiation of the exercise protocols; BP
<160/90 mmHg and free of comorbidities (Thomas et al. 2011). The participants had their blood
pressures and heart rates measured on both the right and left arms while seated in a relaxed
position, feet flat on the ground and legs uncrossed. Six measurements were taken consecutively

and averaged. The average values were obtained and used in the analysis.
4.3 PARTICIPANT CHARACTERISTICS
4.3.1 Anthropometric Characteristics

Standardized protocols were used to measure height, weight and waist circumference
(WC). Height was measured without shoes using a stadiometer (Fitness Precision, Toronto
Ontario). Body mass was measured using a digital scale (Seca Alpha, Germany) with no shoes
and light clothing. WC was measured using the National Institute of Health (NIH) protocol; the
measuring tape was placed on the skin at the level of the iliac crest. Body fat percentage was
determined through bioelectrical impedance analysis instrument (Tanita Scale, model TBF-612,
Arlington Heights, III). Skinfold measurements were taken using Harpenden fat calipers at
standard sites; bicep, tricep, subscapula, iliac crest and medial calf, as per the Canadian Physical
Activity, Fitness and Lifestyle Approach (Gledhill and Jamnik 2003). Markings were made at the
skinfold sites as well as one centimeter below, first for where the fold was made and the second
for the placement of the jaws of the fat caliper. BMI was calculated using body mass in
kilograms divided by height in meters’. BMI, WC along with skinfold sum was used to rate the

participants' Composite Body Composition Health Risk Score (Gledhill and Jamnik, 2003).
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4.3.2. Physical Activity

Participants’ PA levels were characterized through the use of omnidirectional Actical
(Respironics Inc, 2008) accelerometers and the self-reported Healthy Physical Activity
Participation Questionnaire (HPAPQ) (Gledhill and Jamnik, 2003). Both objective and subjective
forms of PA assessment tools were used to reduce associated limitations and biases. The
accelerometers allowed for 15-second epoch analysis of intensity and volume of PA, step counts
and energy expenditure (EE) (Riddoch et al. 2007), while the questionnaire provided information
on the frequency and intensity of the activity as well as perceived fitness (Gledhill and Jamnik,
2003). PA levels with the accelerometers were tracked over a 3-day period consisting of two
weekdays and one weekend. The accelerometer was worn on a waist belt located over the iliac
crest. A minimum of 600 minutes of data per day was collected for adequate analysis, 10 waking
hours out of a 24-hour day (Riddoch et al. 2007). As illustrated in Figure 3. the accelerometers’
software program provided detailed graphs for each participant where the datum was obtained.
The graphs provided activity counts, step counts for 15-second epoch periods of time and hourly
averages of EE. Activity counts are a measure of PA that considers both the intensity and
frequency of the activity. The three-day averages for each of the measurements were calculated

and used in the analysis in addition to the raw HPAQ scores.

-25 -



Figure 3. Actical accelerometer graph example.

A) Visual of 2 day collection, black line graph illustrate activity count, blue line graph illustrates
step counts, green bar graph illustsrates hourly EE without including resting metabolic rate
calculated through body surace area equation.
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4.4 BLOOD AND URINE PROFILE

Blood samples were drawn from each participant at the beginning of the second session
while in a fasted state to characterize the blood lipid, sex hormone and glucose levels. The blood
extractions were performed by a certified phlebotomist. When the blood was obtained from the
participants, the vials rested for 30 min before being spun in a centrifuge for 15 min. After the
samples were spun the plasma was transferred to storage vials to be sent out to an external

laboratory (Canadian Life Labs) for analysis.

Lipid Panel. HDL-cholesterol, LDL-cholesterol, triglycerides, total cholesterol, were measured
and the HDL-cholesterol to total cholesterol ratio was calculated to ensure normal blood lipid

levels for each participant.
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Hormone Panel. As part of the blood draw, the following hormones were analyzed; estradiol,
estrone, progesterone, testosterone, SHBG, androgen index which was calculated using the values

from the testosterone and SHBG, FSH, LH, and insulin.

Urine Sample. Urine samples were obtained to measure cortisol levels. The urine samples were
taken on the same morning as the blood draws, while in a fasted state. The sample was collected
in sterile urine cups and transferred to vials to be sent to an external laboratory (Canadian Life

Labs) along with the blood samples for analysis.

4.5 EXERCISE PROTOCOL

Open circuit spirometry, a form of indirect calorimetry was used during the graded
exercise test and the fat oxidation protocol. The details of the open circuit spirometry involved,
the participant inhaling air from the atmosphere and expiring air through a mouth-piece attached
to a two-way valve (Ewald Koegal Co, San Antonio Texas), connected to a hose and then to a
120L Tissot gasometer (Warren E Collins LTD. Braintree, Massachusetts), while wearing a nose
plug. The fractional concentration of expired oxygen (FO,) and carbon dioxide (FeCO,) and
volume of air expired, or minute ventilation (VE), were measured in the final 30 seconds of each
2 min workload and from that VO, and VCO, was calculated. Oxygen and carbon dioxide
fractional concentrations of the expired air were analyzed through rapid response gas analyzers
(Applied Electrochemistry, Model S-3A and CD-3S, Sunnyvale, California). The graded exercise
test was performed on the first day the participants arrived in the laboratory. The tests were
conducted by qualified exercise professional (Warburton et al. 2011), the first exercise day was
used to familiarize the participant to walking on a treadmill and to take them through an
incremental to maximum effort treadmill loading sequence for the determination of VO, max or
VO, peak.

Participants wore electronic heart rate monitors (Polar Electro, Kemple Findland) during
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the incremental to maximal test, the protocol for this test had 2-min work stages that increased in
intensity at every stage, the last 30-seonds of the 2-min stages were when the gas collection took
place, HR and the rating of perceived exertion (RPE) were also obtained. The participants were
instructed to remain on the treadmill until they reached volitional fatigue at which point they
received a 2-minute low-intensity active recovery. Following the recovery period, the
participants continued the test for another stage, and then were given another 2-minute break after
completing the workload. This discontinuous portion of the graded exercise test was used to
ensure that the attainment of VO, max or VO, peak. The test was terminated when the participant
was either no longer able to continue or when the criteria for attaining VO, max was reached.

The attainment of VO, max was determined by applying the following criteria; a plateau in VO,
with increasing workloads where VO, does not increase more than 1.5 mL of Oz-kg'l-min", a
respiratory exchange ratio (RER) value greater than 1.15, and no increase in heart rate with an
increase in workload (Howley et al. 1995; Heyward, 2006). The term VO, peak is being used in
this study instead of VO, max because most participants did not exhibit the criteria for attaining
VO, max, the VO, values that were obtained represented a peak.

On the second experimental day, the study participants underwent the fat oxidation
protocol following an 8-10 hour overnight fast. The fat oxidation protocol was a modified
version of Achten, Venables and Jeukendrup treadmill protocol (2003). The workloads were the
same duration in length and the increase in intensity at each new stage was consistent, but the
current protocol was walking in nature, rather than running. At the start of the protocol,
electronic heart rate monitors were strapped onto the participants around their chest on the skin in
order to measure heart rate at different workloads in addition to RPE. Resting VO, and fat
oxidation measurements were obtained with the participant seated in a chair. Expired air was
collected at rest for 5-6 minutes, a nose plug was used to prevent any air from leaking out from

the nose and to ensure that all the expired air was collected in the Tissot tanks. Expired gas was
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collected and analyzed; VE, VO, and VCO, were calculated, similar to the graded exercise test
and then used in the formula to calculate FOR. The protocol began at 1.5-1.8 mph and 1%
incline; depending on the comfort and height of the participant. Speed increased by 0.2 mph
every 3 minutes until the participant was at a brisk walking pace, 3.4-3.6 mph. Once the
maximum walking speed was attained, the incline increased by 2% every 3 minutes thereafter,
until an RER of 1.0 or greater was obtained. The last 60-30 (in the earlier workloads a longer gas
sample was obtained) seconds of the workload were used to collect the expired gases for the
calculation of FOR. At the end of each workload both HR and the participants’ RPE score were
obtained and were used to gage the participants’ work intensity. The third day was used to
perform a second trial of the fat oxidation protocol, the same starting speed and loading sequence
were used, duplication of the first trial was attempted. The FOR,.x values of the two trials were
used in the analysis.

Since walking is the more common form of movement and transportation in daily human
life, the use of a treadmill/walking protocol was used in this study to assess FOR over a range of
sub-maximal intensities. Walking is a movement familiar to all people and is a representative of
daily movements in comparison to cycling. The use of a walking protocol makes this study
unique in that walking is a weight-bearing activity which incorporates greater muscle recruitment
resulting in a greater demand for energy. While, most studies have employed a cycle ergometer

protocol as their method for measuring FOR. The study schematic is summarized in Figure 4.

Figure 4. Participant 3-day data collection schema.

*Second trial of fat

*PAR-Q+ and consent form

sAnthropometric
measurements

sAccommodate subjects to
the treadmill and
breathing apparatus

eGraded maximal exercise
test

.

eBlood and urine
samples extracted

sFirst trial of fat
oxidation protocol

oxidation protocol
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4.6 CALCULATION OF FAT OXIDATION RATE

Frayn’s (1983) equation for the calculation of FOR was employed to measure substrate
oxidation at each workload using indirect calorimetry. Urinary nitrogen excretion rate was

assumed to be negligible for the purpose of the calculations. The equation is as follows:
Fat (g'min') = 1.67*VO, (L'min") — 1.67*VCO, (L-min™)

FOR was expressed relative to fat-free mass (FFM) and by body mass for each participant at each
workload. The FOR relative to FFM were used to create the FOR curves for each participant and

the analysis of resting and FOR;,.
4.7 ETHICS APPROVAL

Ethics approval was obtained from the Human Participants Review Sub-Committees of
York University (Toronto, Ont.) before the initiation of the study. All the women provided

written Informed Consent to their voluntary participation in the study.
4.8 STATISTICAL ANALYSIS

The study participant characteristics were expressed as means and standard deviations
(X£SD). An independent t-test was used to determine differences between the ME and the W for
the anthropometrics, menstrual characteristics, resting BP and HR, PA levels, blood lipid panel,
blood hormone panel, glucose, resting VO, and VO, peak. A paired t-test was performed on the
two trials of the fat oxidation trials to determine any differences between the two occasions.
Regression analysis was performed on the all the hormones and other measured variables against
WC and FOR for each group. Statistical analysis was conducted using a standard statistical

software program, SPPS 20.0 (2012).
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5.0 RESULTS

A total of 23 participants were recruited for this study, 12 in the W and 11 in the ME

group. All were cleared during the pre-screening to participate in the study. Anthropometric,

menstrual and age measures are shown in Table 4. Significant differences between the groups

where observed at age of study participation the ME were younger (p= 0.004), ME observed their

first period at an earlier age (p= 0.023) and had their last menstrual cycle early in life (p=0.031).

Menstrual age, time since first and last cycle was shorter in the ME group (p= 0.007), ME had a

higher body mass (p= 0.027), a higher BMI (p= 0.32) and a larger WC (p= 0.005).

Table 4. Age, menstrual characteristics and body composition of the White and Middle Eastern

s * participants with t-test and | -vlues for ir tween oups. _

[57.16£33

Age of First Cycle (yrs) 122 +8.2 0.023*
Age of Last Cycle (yrs) 51.1+£2.6 46.5+5.7 0.031*
Menstrual Age (yrs) 39.0+2.2 322+5.6 0.007*
Height (cm) 161.5+4.6 162.2+5.9 0.738
Body mass (kg) 71.0+12.1 84.0+16.7 0.027*
BMI 27.0+3.8 31.8+59 0.032*
NIH Waist Circumference (cm) | 90.9+11.0 106.1 £11.2 0.005*
Sum of 5 Skinfolds (mm) 107.5+35.6 136.1 £49.3 0.146
Tanita Foot Scale Body Fat (%) |37.0+5.4 41.7+6.4 0.085

*significant difference between groups

Table 5 contains a summary of the cardiometabolic measures for both groups.

Differences between the groups were only detected in the relative VO, peak measurement (p=

0.003) which was higher in the W group. Accelerometer and self- reported measurements; step

counts, EE, activity counts and scores on the HPAPQ are summarized in Table 6. The objective

measurements from the Actical accelerometers did not show significant differences between the
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groups. The self-reported HPAPQ demonstrated that the W group had a higher perception of

their fitness and PA level (p=0.017).

Table 5. Cardiometabolic characteristics for the White and Middle Eastern study participants with

114/72 +13/9 | 0.427/0.854
(mmHg)
Resting Blood Pressure Right Arm | 11509 | 16/9 | 113/74 414710 | 0.901/0.747
(mmHg)
Resting Heart Rate (bpm) 67+72 72+ 12 0.199
Resting VO, Relative (mL.O;'min 3.63 + 1.05 3.90 + 0.83 0.527
kg of body mass)
Resting VO, Absolute (LO,-min) | 257.0 + 0.085 0.309 % 0.047 0.097
VO, peak Relative
28.16 +£5.09 21.45+3.79 0.003*
(mLO, min"*kg of body mass) 003
VO, peak Absolute (LOz'min'l) 1978.0 + 0.344 1.776 £ 0.343 0.195
Peak Heart Rate (bpm) 164+ 9 158+ 10 0.131

*significant difference between groups.

Table 6. Physical activity measurement for the White and Middle Eastern study participants with
t-test and p-values for differences between groups .
e s

J

S ———— |

 Step Count (steps)

10,205 + 5 38
Total Energy Count (kcal) 725.5+571.4) 762.0 +£578.0 0.880
Activity Count (intensity) 172 135+ 101 216 130 038 + 68 103 0.260
HPAPQ 9.3+2.1 6.2+3.5 0.017*

*significant difference between groups.

The FOR was calculated using the VO, and VCO, measured at each work load. The
calculated FOR and the corresponding % of VO, peak were used to create the curves on the
GraphPad PRISIM 5 computer software. Following standard procedures, measured resting values
were not included in the creation of the curves, because the calculated resting FOR were negative

values (Chui, 2011). A negative FOR is not biological possible, this has occurred as a result of
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hyperventilation during the resting gas collection. FOR and %VO, peak for each workload were
used to graph the curves, FOR was graphed along the y-axis and % of VO, peak along the x-axis.
Participants’ FOR,,x values and FATmax for both trials of the protocol are shown in Table 7. A
second trial of the fat oxidation protocol for one participant in the ME group was not obtained dué
to inability to complete the full protocol and therefore the final number of participants used in the
analysis was 22. Figure 5. depicts the FOR,,,x and % VO, peak for trials 1 and 2. A mean FOR,;,,
of 7.89 (gemin™ ekg of fat free mass) was attained for trial 1 and 8.53(gemin™ kg of fat free mass)
for trial 2 (not significantly different, NS). FATmax was attained at 46.2 % VO, peak for trial 1
and at 47.3 %VO, peak for trial 2 (NS). The strength of the relationship between the two trials
for FOR max is R?=0.829 (p<0.00) and %VO, peak is R*=0.333 (p=0.13). No differences were
detected between trials, when comparing FOR,x of ME and W women. Since no differences
were detected from one trial to the next, the 2 trials were then compiled and fitted to a single
curve for each participanf to allow for more data points to create a best-fit polynomial curve.

When the data were compiled from both trials, the curves were fitted to a third order
polynomial. The more commonly used second order polynomial resulted in lower R? values for
the ME women. The R represents the fit of the curve to the actual data points. Most curves from
the ME women had a R? value of less than 0.5, indicating that the points did not fit well to a
second order polynomial curve. The R? 0.5 is the accepted cut-off point that has been used in
previous studies measuring FOR and fitting them to curves (Chui, 2011). When the data points
were fit to a third order polynomial for the ME the R? values were significantly higher (p=0.048).
There were no significant differences between the second and third order polynomials R? values
for the W women (p=0.683). The associated tables and statistics are found in Appendix F.

Tﬁe FOR..x and FATmax as well as t-test scores for both groups are shown in Table 8.
To maintain consistency with previous researchers who have studied FOR, only curves that had a

R? value greater than 0.5 were included in the analysis (Chui, 2011). No significant differences
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were detected between groups for FOR;x or FATmax. FORpax, FATmax and exercise
intensities that elicited FOR at 5%, 10%, and 20% below the FOR,,x were determined for each
participant’s curve. These specific points were then averaged and plotted against the average
FOR to provide a range of exercise intensities that elicit the highest FOR for each group. Curves
were then compiled for each group and plotted to provide average: FOR,x, FOR at 5%, 10%, and
20% of FOR.xand the associated exercise intensities, as well as FATmax, along with the

variance bars for both groups (Figure 6).

Table 7. Trials 1 and 2 of FOR,,x and FATmax with paired t-test p-values for differences
betw trials. ]

[ it iy A \\-'“‘ Y T __J‘, — i
FORax (gemin™ ekg of fat free mass) | 7.89 = 3.04 8.53+3.12
FATmax (% of VO, peak) 462+ 11.6 473+11.3

Figure 5. Reproducibility of FORp,x and FATmax from trial 1 to trial 2
A) FOR .«

FOR,,.x Trial 1 vs Trial 2
17.5+
15.04
12.54
10.04

7.54

R%=0.829
° (p<0.00)

5.0
2.5+

Trial 2 FOR,.x (mg/min/kgFFM)

0-c L] ) ] J L] L} L) ]
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Trial 1 FOR,,,x (mg/min/kgFFM)
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B) FATmax

FATmax Trial 1 vs Trial 2
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Table 8. Average fat oxidation characteristics for the White and Middle Eastern women and t-test
-values for differences between groups.

]
i
i

Average Fn"ck o ft “ 0.587
mass)
Average FATmax (% VO, peak) 49.3(8.41) 44 .8 (12.56) 0.367
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Figure 6. Fat oxidation rates for White and Middle Eastern participants at FOR,,,x and at +95%,
-95%, -90%, -80% of FOR,.x with its associated % VO, peak.
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The hormonal and blood profiles are shown in Table 9 along with select laboratory
normative data (Canadian Life Labs) for postmenopausal women. A complete blood sample
was not available for 1 participant in the ME group. For some variables there is a n=11 and the
remainder have a n=10, this has been indicated in the Table. Significant differences were not
detected between the two groups, indicating that there are no hormonal variations between these
two ethnicities. Some of the laboratory test§ had low sensitivity, therefore accurate values were
not provided for estrone and progesterone, instead a range was provided. This inaccuracy of the

hormone values may have masked the ability to detect any significant disparity.

-36-




Table 9. Hormone, blood lipid results of the White and Middle Eastern participants with t-test and
p-values for differences between groups, as well as laboratory normative values for

Estradiol (pmo

184.93 +31.38 71.27 £ 4.55 0.163 <120 pmol/L
(n=11)
Estrone (pmol/L) 138.25 +£ 65.45 155.00 +£ 52.74 0.522 52-379 pmol/L
(n=10)
Progesterone (nmol/L) | 1.08 £ 0.29 1.36 £ 0.68 (n=11) | 0.224 <3 nmol/L
Testosterone (nmol/L) | 1.33 +£0.60 1.12+£ 0.63 (n=10) | 0.421 N/A
Follicular Stimulating | 85.0 +26.9 68.6 £ 28.9 (n=10) | 0.184 >351U/L
Hormone (IU/L)
Luteinizing hormone 38.8+12.3 33.4+11.2 (n=10) |0.304 40-105 TU/L
(IU/L)
Sex Hormone-binding | 45.04 + 15.96 43.84 +£21.91 0.883 18.0-144.0 nmol/L
Globulin (nmol/L) (n=1)
Androgen Index 0.213 +£0.131 0.146+£0.118 0.225 N/A
(n=10)
Cortisol (nmol/L) 715.58 £ 1436.90 | 190.09 + 100.50 0.232 N/A
(n=11)
Insulin (pmol/L) 46.08 +20.81 64.90 + 50.98 0.275 N/A
(n=11)
Glucose, fasting 5.33+0.49 5.39+0.80 (n=10) | 0.840 3.6 — 6.0 nmol/L
(nmol/L)
Total Cholesterol 553+1.32 5.08+1.21 (n=10) | 0.425 N/A
(nmol/L)
LDL (nmol/L) 342+1.15 3.12+0.78 (n=10) | 0.502 <2.0 nmol/L
HDL (nmol/L) 1.57+0.35 1.28 £ 0.57 (n=10) | 0.166 N/A
CH/LDL ratio 3.69+1.16 3.98 £1.03 (n=10) | 0.548 N/A
Triglyceride (nmol/L) | 1.21 + 0.61 1.33 £0.64 (n=10) | 0.657 <1.70 nmol/L
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6.0 DISCUSSION

The purpose of this study was to compare FOR at rest and during incremental exercise,
FOR ., FATmax, hormone levels, anthropometric characteristics, PA levels and cardiometabolic
risk factors between postmenopausal ME and W women. It was hypothesized that the ME
women would exhibit lower FOR at rest and at different sub-maximal exercise intensities and
therefore have a lower FOR,,,x and FATmax as well as, have lower levels of estrogen and posses
higher cardiometabolic risk factors compared to the W women. In contrast to the hypothesis, no
between group differences were observed between resting FOR, FOR during incremental
exercise, FOR ., FATmax, hormone levels, height, body fat%, skinfold measurements, PA
levels, resting BP, resting HR, resting VO,, exercise HR max, fasting blood glucose and fasting
blood lipid profile. If anything, FOR tended to be higher in the ME group compared to the W
group (see Figure 6). However, small differences were observed in BMI, body mass, WC, age at

first and last menstrual cycle, age at study participation and VO, peak.

6.1 ANTHROPOMETRICS AND PHYSICAL ACTIVITY

The ME women were found to be significantly younger than the W women, although all
participants in both groups were postmenopausal. The participants in the groups were essentially
a convince sample of postmenopausal women which resulted in this unplanned difference. The
ME women had their first menstrual cycle at a later age and experienced their last menstrual cycle
at an earlier age compared to the W women. These findings coincide with the epidemiological
study by Memon et al. (2002) in which they examined reproductive, hormonal characteristics and
incidence of thyroid cancer in ME women. The authors reported that ME women experienced
their first and last menstrual cycle at an average age of 13.2 years and 45.8 years respectively.
These two values provide information on menstrual age which is the time between first and last
menstrual cycle. According to the Memon et al. (2002) study their calculated menstrual age is
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32.6 years, which is very close to the findings of this current study of 32.2 years. Little has been
reported on menstrual age in the literature. This variable quantifies the length of reproductive
hormone exposure in women, since estrogen, progesterone and testosterone have all been linked
to influencing lipid metabolism this variable may be valuable in future assessments of disease risk
in menopausal \;vomen.

The results also demonstrated that the ME women were heavier, had a higher BMI and a
larger WC. As mentioned before in the review of literature, a large percentage of women in the
Iranian population between the ages 55-64 are considered either overweight, obese or
abdominally obese, as per the WHO BMI and WC guidelines (Janghorbani et al. 2007). The
findings of this study are in accordance with the results of previous studies.

PA levels were measured objectively through the use of accelerometers and were also
measured subjectively using the self-reported HPAPQ tool. The accelerometers did not detect
any significant differences between groups. Step counts were comparable as well as EE. Activity
counts, the measure of the exercise intensity, was slightly higher and more variable in the W
women compared to the ME women but not significantly different. Based upon the HPAPQ), the
W women generally took part in more intense physical activities, which may have contributed to
their healthier body mass, BMI, WC and a higher VO, peak, even though overall EE is not
different between groups. The HPAPQ asks questions about the frequency and intensity of PA
plus the respondent’s perceived fitness. Depending on the response to the questions, points are
allocated accordingly higher score is representative of a higher perceived fitness and PA levels.
The HPAPQ can be found in Appendix C. The W women scored higher on the HPAPQ and
reported to participate in higher levels of PA and at a higher intensity then the ME women. As
well, they had an elevated perception of their physical fitness. This can be related back to the
results of the accelerometer which suggested that the W women tend to participate in regular PA

for health benefits, while ME women tend to participate in PA for leisure purposes only and not
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for the attainment of health benefits. The ME women may not perceive the activities that they
participate in (household chores, walking etc.) as activities that are beneficial for their health and
as a result underestimate their PA levels.

The accelerometer data revealed that the W women participated in higher intensity
activities, even though the total step count and EE between groups were similar. The higher
activity values that were obtained represented a higher frequency and intensity of PA
participation. Upper and lower limits for what was considered low, moderate or high intensity
was not provided by the accelerometer manufacture. A simple comparison between the data has
been made which has shown that W women have a higher activity count than ME women, leading
to the conclusion that W women take part in higher intensity PA than ME women. Another
finding from this study was that ME women subjectively rated their PA and fitness levels lower
than the W women. This illustrates that ME women do not perceive themselves as being healthy
and physically fit. This may be related to the idea that ME women are aware that they do not take
part in organized PA for the purpose of improving their physical fitness.

Al-Nozha et al. (2007) measured activity levels in the Saudi population, a sub-group of
ME, and reported that 98.2-99.1 % of women between the ages of 50-70 years of age were
inactive based on minimum of 30 minutes of moderate intensity PA at least 3x week (Haskell et
al. 2007, Warburton et al. 2007, Tremblay et al. 2011, WHO, 2010). Al-Nozah et al. did not
speculate on the low PA participation. Merom et al. (2012) compared the activity levels between
Palestinian and Israeli men and women, and concluded that Palestinian women expended less
energy during moderate to vigorous PA compared to the Israeli women, therefore implying that
Palestinian women participate in lower levels of moderate to vigorous PA in comparison to Isreali
women. Palestinian women received most of their PA from household chores and light to
moderate intensity walking which was reported as their leisure-time PA (Merom et al. 2012). It

can be seen from these two studies that ME women do not expend much energy in moderate to
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vigorous intensity PA, which supports the findings from the present study. Walking and

household chores are the two most common forms of PA that ME women engage in.
6.2 CARDIOMETABOLIC CHARACTERISTICS

Resting BP, HR, VO, and exercise HR peak and VO, peak were measured for each
participant. Resting measurements were similar between the groups. No significant differences
were observed among absolute VO, peak and HR peak. Relative VO,peak was significantly
different between the two groups. The measured VO, peak values in this study are comparable
to the VO, values measured in other studies using similar study participants. Johnson et al.
(2010) measured a relative VO, peak of 25.5 mLO, min*kg in postmenopausal women, which
falls in the middle of the VO, peak values of the ME and W groups in the present study. The
values from Johnson et al. (2010) coincide with the measured values from Numao et al. (2009)
and Zarins et al. (2009) VO, peak of 25.3 mLO, min"'+kg and 25.5 mLO, min™"*kg respectively.

The peak exercise HR attained during the incremental to maximum exercise test in the
present study demonstrated that the ME women were not able to reach their calculated age-
predicted max HR whereas the W women did. The mean age of the ME women was lower and
therefore their calculated age-predicted max HR is higher. The ME group had a measured HR
peak of 158 beats per minute (bpm) while the mean calculated (220-age) HR max was 167 bpm,
the W group had a measured HR peak of 164 bpm and their estimated HR max was 163 bpm.
This demonstrates that the W group was able to tolerate higher intensity activity which is

supported by the results of the PA measurements and participation in higher intensity PA.
6.3 HORMONE AND LIPID PANEL

A wide variety of sex hormones were measured and compared in this study and no
hormonal differences were detected between groups. Studies that have measured sex hormone

levels in women pre and postmenopause have mainly been breast cancer research studies.
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Researchers that have looked at the ethnicity and breast cancer risk have measured sex hormone
levels and compared them between ethnicities. These studies that measured sex hormone levels,
observed ethnic differences in estradiol, testosterone, FSH and SHBG both pre and
postmenopausal stages (Randolph et al. 2004, Santoro et al. 2004, Setiawan et al. 2006, Sowers et
al. 2006, Sutton-Tyrell et al. 2010). Ethnic groups that had been studied include White, Hispanic,
Chinese, Japanese and African American women. ME women have not been studied and
therefore the hormone measurements that were obtained in the current study contribute new
information to the body of literature on women’s reproductive health and menopausal transition.
When comparing the hormone and lipid values of the ME and W women to that of the
laboratory normative data, all of the measurements fall within the acceptable range with the
exception of LH and LDL-CH levels. LH levels fell below the normal range; the measured
values are being compared to the normative values that Canadian Life Labs uses. The values and
ranges set by this laboratory are specific to this lab and may differ to the normative values of
other laboratory (Canadian Life Labs). HDL-CH levels are again elevated above normal for both
the ME and W groups. The normative values for the lipid panel are not just applicable to
menopausal women but these values apply to persons of all ages and sex. This study was cross-
sectional in nature, which only provided a snapshot picture of the lipid profile of the study
participants. Premenopausal values for the lipid measurement were not obtained and therefore
not available to compare current values to. This comparison would provide a better
understanding of the changes that may occur as a result of the menopausal transition on lipid

profile.

6.4 FAT OXIDATION

Contradictory to the hypothesis, differences were not observed in resting FOR, FOR at

varying sub-maximal exercise intensities or FOR,,. This study acquired data on the FOR of W
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and ME women over a wide range of exercise intensities that allowed for the data to be fit to a
curve and provide information on FOR, FOR,,. and FATmax. Once again, to our knowledge, no
other study has investigated FOR in ME postmenopausal women.

The FATmax value obtained from the current study of 49.3% VO, peak and 44.8% of
VO, peak for the W and ME women respectively do not coincide with the FATmax values that
are similar to what has been reported in other studies of sedentary W females that utilized a
treadmill protocol (reference). In younger and more fit populations, Atchen et al. (2003) had
reported a FATmax at 59.2% of VO, peak and Chenevicre et al. (2010) at 57.2% of VO, peak in
treadmill exercise. The treadmill protocols used by Atchen and Cheneviére differed slightly from
the protocol that was employed by the current study and the participants in those studies were
different. The study participants from the previous studies were healthy young men and women
that had healthy body mass and BF. As mentioned in the review of literature, age and gender are
influential factors of FOR. The FATmax from the current study with the FATmax of the previous
studies cannot be compared due to inconsistency of the protocol and study participants utilized in
the studies. FOR,.x had not been measured during incremental to maximum exercise in
postmenopausal women until the current study. Other studies (Treuth et al. 1995, Zarins et al.
2009, Johnson et al. 2010) that have examined FOR in postmenopausal women have only
measured FOR at rest or at single % VO, peak. This has made it difficult to compare the results
on FOR, F‘ORmax and FATmax of the current study to that of others thus making this study novel,

in providing detailed information on FOR in ME women.
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7.0 CONCLUSION

In summary, this study contributed to the ever-growing body of literature on fat oxidation
and women’s health by exploring an ethnic group that has not been studied previously.
Significant differences were not observed between resting FOR, sub-maximal exercise FOR,
FORmax , hormone levels, height, body fat%, skinfold measurements, HPAPQ, resting BP,
resting HR, resting VO,, HR max, fasting blood glucose and fasting blood lipid panel.
Differences were observed in BMI, body mass, WC, age at first and last menstrual cycle, age at
study participation and VO, peak. As a result of this research, new information was reported on
FOR and hormonal characteristics for ME and W postmenopausal women. The current study is
one of the few that utilized a treadmill protocol to measure and calculate FOR over a wide range
of sub-maximal exercise intensities and provide values on FOR;,, and FATmax. In addition, this
study is the first to examine FOR and FATmax in ME women and to measure the hormones that
may impact fat mobilization and oxidation during exercise

The next step in addressing the cardiometabolic risk factors that seem to linger among
ME women is by addressing preventative strategies to reduce risk development. This study did
reveal the differences in PA participation, W women participated in higher intensity activities
than ME women. Regular moderate intensity PA has been associated with health benefits and
high intensity with greater health benefits (Janssesn and LeBlanc, 2010) in body composition,
blood lipid profile and BP (Gledhill and Jamnik, 2003). Encouraging ME women to take part in
regular PA for the purpose of improving their overall physical fitness and health with allow for
improvements in risk development. Developing cultural-specific PA strategies will allow ME
women to freely participate and incorporate regular PA into their lifestyles. As mentioned before,
regular PA for the purpose of improving one’s health and physical fitness will allow for risk

reductions in cardiometabolic diseases.
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This study has some limitations that should be noted. First, the sample size was small and
this may have had an influence on the lack of significance of the results. With the results of this
study if one were to perform a power analysis, in order to attain power at the 0.05 level for a two-
tailed alpha with an effect size of 0.8, the number of participants in each group would have to be
60. Second, the participants were chosen at random and were not matched for any variables,
which could have confounded the results. And lastly, diet was not recorded or controlled for
which does have an influence in the outcomes of the fat oxidation protocol.

This research study has shed light on FOR within an ethnic group of postmenopausal
women who have not previously been investigated. As well, information was provided on FOR,
FOR2x, FATmax using a treadmill protocol and hormonal measurements for ME and W
postmenopausal women. A treadmill protocol was created and used which provided whole-body
FOR at multiple sub-maximal PA intensities. PA levels and anthropometrics were also obtained
in this study providing detailed data on the health and fitness characteristics of the study
populations. The current study was exploratory in nature and offers a concrete basis for future
research. Expansion on this study will provide a more complete picture of how the menopausal
transition affects FOR at rest and during exercise in ME and W women. Following ethnic women
longitudinally over the menopausal transition tracking FOR at sub-maximal PA intensities, sex
hormone levels, PA levels and anthropometric characteristics would provide a better
understanding of how the menopausal transition influences a women’s physiology and disease

risk.
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APPENDIX A. Physical Activity Readiness Questionnaire for Everyone.

PAR-Q+

The Physical Activity Readiness Questionnaire for Everyone
Reguiar physical activity is fun and bealthy, and mone people should become more physically active every day of the wee'k,
Being rore phyzically sctive is wery safe far MIOST people. This questionnaire will 2ell yow whethsr it is aecessary far you to
seek funhes advice from your doctor OR & qualified exerdse professional before becoming more olysicsily active.

SECTION 1 - GENERAL HEALTH

Please reed the 7 questions belaw carofully and arswer aach ans honestly: check YES or NO,
1. | Has your goctor ever said that you have s heon condition DR high blowdpresswra®
Do o feel pain in your chest at rest, during your daily adtivities of living, OR when you do physical

2 activity? ! \
3 Do you Iose balance because of diziness DR have yord lost consciousness in the last 12 months? Pleose ‘

seswrr MO if your dizziness was assodalted with oversbreathing (nchiding during vigomws exerizea).
4, | Hive you ever been disgnosed wih anathe: chronic mecical conditian

| lathar than haart dissase o highblood pressurel? - —
S. | Are you cumently taking prescibed medications for a dhronic medical condition?
Do you have 5 bone or joint prablern that coudd be rrade warse by baconing seors phydicadly active?
&. | Plasee answer NO if you hed 8 joimt problem in the paat, bt it does mot limit yeur cument ability to be
physically active. For cxample, knee, ardde, snoulder or other.

7. | Has yoir dogioe sver wnid thet weu should oaly do medically suparvised physieal astivite!

Iof O ojojo 1 |6
E“Du

1 you answered NO to all of the questions above, you are cleaned for physical activity.
o Go 1o Section 3 1o sign the form. You do not need to complete Section 2.

3 Start becoming much mare physcally active - start flowdy and build up gradually.

¥ Followthe Canadian Physical activity Guidelines for your age fwawcsep. cadguidelines),

¥ You may take part in 2 health and finess sporaizal.

¥ fyons have any further questions, contac & qualifed exercer professinnal such az 2
CSEF Certified Exencise Physiologist® {CSEF-CEP)

¥ [ you are over the age af 45 yrs. and NOT scoustomed to regular vigomus physical actidty,
please corsult 2 quslified exerdse professions! {CSEP-CEF) before engaging in rraxirial eFart
(-1 amid

0‘ H you answered YES to one of more of the questions sbove, please GO TO SECTION 2.

B, Delay becorring more active if:
W ¥ou are not fealing well beczuse of a terrporary illress suth az 2 ecld ar fevier = wait umil you

" feml better

* You are pregnant - talk to your health cae practitioner, pour physician, a qualified exendse
profemsianal, and/or complets the PARmed-X for Pregnancy before beooming more physically
sctive OF

¥ Your hea'th changes - please snmwver the cuestions on Section 2 of this decurment ardior talk 2o
your docter or qualified mxexise professional (CSEP-SEF) before cantinuing with any physizal
amctivity programme.
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SECTICN 2 - CHRONIC MEDICALCOND TIONS -
Flrgss resd the guestions below cerafully and smywer ach onn honesthy: chack YES or NQ, YES NO
L U
1 | D2 you have Anhitis, Ostecponosis, or Back Problears™ ’*;ﬂ arwer ’;":'; ot
In-1c
Co yons have d¥cuky cormroiling your corcdition with medimasions or ciher
‘s, | phyrican-peesrfond Swopies? [Anssnr MO # you oo not susmenth tefing [ Ll
medisaticre or other treatrenis|
Do you hava joint problems cwsing pan, o rocert Tracune of ieches coutod
" by cetzopovnes or concur, dimplaced wortebm (e 5. spondylalethesis), angd ] L
T or spondyohysiefpans defrct {3 orack in e bony ring on the badk of the rpinal
olumal?
1. H»ﬁnghad sbarDig injections o taken seeoid rabiees mgsdady for mare dan 3 0 0
mauthe?
2 | &0 yous have Cancer of ary kind? (Fyms. arewar | I po. go b0
quesons | queshond
-
on Dows your canos o aginoais iodude any of the ioliowng types: ivng/beonchaganic, O m
- | multipls rmloma dcancer of plaerna celal, head. and reck?
2!:. 7 Are you ournenthy mmng carcns theenpny l',au;l? agwmm?f rl{duﬁ'awﬂ? 1 ']
B ot have Hear Disesss o Cordbovascular Disasa? _ D ) O
A | This incluckas Cornery Seiary Disusag, High Blood Prossure, Hean: Faikem, Biagnosad IFyas, ardwir | 1f 50, ger s
abnarmality of I-M%v,!hm quau:-b_a-:m quastion 4
T Bn g,nu I‘m dﬂm?mm‘rdihg youw coevdtiian with medicazion ar CQ;HH' - 7 »
Ia ician-prascriban] dharaniesY O O
LAnawer NG IFyoi ank nox ctinenily takisg medicaii ons or ot Treatroeras)
ah Do you brawve an wreguetar bt ot thas nequims madics manegement? | L
= | dag. arisl brilanion, poarason vaniric e corameotion)
Ze. | Do yoi Favse chronic haean Taiure? O |
Do you kave a nestiry slood prasaire equal to or grossar thaiy TAAS0 mimsHg with or
G srhaut mandicatian 7 [Answar YES ¥ you do not o your rsting bood sresves) O N
s O you e diageosed corsrary sty (eadioveecula] disesss and have not ] ]
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APPENDIX B. Informed Consent Document.
Informed Consent

Ethnic Variations in Fat Oxidation Rates Among Postmenopausal Females at Rest and During
Exercise

Veronica Jamnik PhD, Michael Riddell PhD, Faiza Abdullah MSc Candidate
Kinesiology and Health Sciences

Contact email: afaiza@yorku.ca Office phone: 416-736-2100 ext. 77236

Purpose of the research

The purpose of the research is to characterize the fat oxidation rates at rest and during exercise in
postmenopausal females from the Middle Eastern and South Asian communities. The participants
will undergo a series of incremental to maximal effort exercise tests to determine their: VO2 max,
peak fat oxidation rates. Researchers have made the connection between a low fat oxidative
capacity plus fat mass gain and an increased predisposition to cardiovascular and metabolic (eg
diabetes) disease .We will be examining a number of hormones in an attempt to link the factors
that influence the weight gain observed in postmenopausal females. Research has been conducted
on fat oxidation rates of Caucasians and African-American females, but there is limited
information on the Middle Eastern and South Asian populations, although related research
findings suggest that these ethnic groups are likely to be anomalous and consequently at greater
health risk. We hypothesize that the postmenopausal women in these ethnic communities have a
diminished fat oxidation rates, contributing to the increase in fat mass, especially visceral fat
mass experienced with menopause.

What you will be asked to do in the research

Once pre-exercise clearance has been obtained using the well-validated Physical Activity
Readiness Questionnaire+ (PAR-Q+), the participants will attend the laboratory on 3 separate
occasions to undergo exercise tests on the treadmill. Qualified exercise professionals (Canadian
Society for Exercise Physiology-Certified Exercise Physiologist®: CSEP-CEP) will conduct the
exercise tests.

Prior to the exercise tests each participant will have their resting blood pressure and heart rate
measured. Body fat percentage will be measured on the Tanita Body Fat Scale, waist
circumference, height and weight measurements will also be taken. Also, blood samples will be
taken from the participants at the second session when they are in a fasted state by a certified
phlebotomist who has medical delegation to characterize their blood lipid profile (HDL-
cholesterol, LDL-cholesterol, triglycerides, total cholesterol, glucose) and hormone levels
(estrogen, progesterone, testosterone, follicular stimulating hormone (FSH), luteinizing hormone
(LH), insulin and cortisol).

Urine samples will also be obtained from the subject for comparison to hormone levels in the
blood. The urine samples will be collected in laboratory containers while in a fasted state.

One of the exercise tests will determine the participant’s Aerobic Power (VO,nax) and consists of
an incremental to maximal effort graded exercise test on the treadmill, during which the
participant will walk on the treadmill until she reaches volitional fatigue or until the tester asks
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her to stop. This may take anywhere from 10-20 minutes in duration. The second and third
treadmill tests are sub-maximal in nature and will be used to determine each participant’s fat
oxidation rate. The duration of the 2™ and 3™ treadmill tests is approximately 35 minutes. During
the treadmill tests each participant will breathe into a mouthpiece and heart rate will be monitored
via an electronic heart rate monitor.

Risks and discomforts

Taking part in any physical activity has some minor risks such as fatigue, soreness, or shortness
of breath. To minimize these risks, participants will be required to complete a pre-screening PAR-
Q+ and the physical activity will be supervised by exercise professionals (CSEP-CEP) who are
qualified to conduct safe exercise tests on people with and without chronic diseases.

There is a very small risk of infection with the blood collection. All blood samples will be taken
by experienced and qualified blood samplers (medical delegation) using sterile equipment and
techniques. There may also be minor discomfort and/or bruising at the needle site.

Benefits of the research and benefits to you

The participants will better understand their health and the benefits of regular physical activity on
their health. If unfamiliar, they will become accustomed to walking on a treadmill. They will be
given information on how to stay physically active and on how to adopt a healthy lifestyle.

Voluntary participation

Your participation in the study is completely voluntary and you may choose to stop participating
at any time. Your decision not to volunteer will not influence the relationship you may have with
the researchers or study staff or the nature of your relationship with York University either now,

or in the future.

Withdrawal from the study

You can stop participating in the study at any time, for any reason, if you so decide. Your
decision to stop participating, or to refuse to answer particular questions, will not affect your
relationship with the researchers, York University, or any other group associated with this project.
In the event you withdraw from the study, all associated data collected will be immediately
destroyed wherever possible.

Confidentiality

All participants will remain anonymous and the results will only be reported in aggregate format.
All hard copy data will be stored in a secure filing cabinet. All participants will be issued ID
numbers. The participant’s name and corresponding ID number will be securely store separately.
Computer based data will be stored on a secure system with identification by ID number. No
individual data will be reported in publications, and to meet scientific standards, the data will be
kept for 5 years following the publication of the study results then destroyed.

All electronic data will be password protected and only research personnel will have access. Hard
copies of the data will be destroyed using a confidential shredding agency five years after
publication of the study results. Confidentiality will be provided to the fullest extent possible by
law.
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Questions about the research?

If you have any general questions or questions about your role in this study feel free to contact the
researcher at the above email or phone number, or contact the supervisor Veronica Jamnik, PhD
at ronij@yorku.ca or at 416-736-2100 ext. 22995.

This research has been reviewed and approved by the Human Participants Review Sub-
Committee, York University’s Ethics Review Board and conforms to the standards of the
Canadian Tri-Council Research Ethics guidelines. If you have any questions about this process, or
about your rights as a participant in the study, your may contact the Senior Manager and Policy
Adpvisor for the Office of Research Ethics, Sth Floor, York Research Tower, York University,
telephone 416-736-5914 or e-mail ore@yorku.ca

Legal rights and signatures:

I, consent to participate in
Ethnic variations in fat oxidation rates among postmenopausal women at rest and during exercise
conducted by Faiza Abdullah. I have understood the nature of this project and wish to participate.
I am not waiving any of my legal rights by signing this form. My signature below indicates my
consent.

Signature Date
Participant
Signature Date

Principal Investigator
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APPENDIX C. Healthy Physical Activity Participation Questionnaire.

1 Proquimcy

Drwer 3 iyplonl sevem-day period oo seck), how snany finecs do yom copage in phsic ativity thel is seliciestly
probongeid sod kovomes s couss povting snd o repid hesm bea?

O A boat throe thawes

O moamally onos acoice

3 Rarshyor sever

2 ety

Wohen joni engage in physica sciivitg, do yom hawe e inpwession that you
CF ivindos an. intmnae effort

[l winke s modessie elfant

O3 vtk o Bigha efBaet
&3 Payorkwed Fitness
T n gremerall Rslilom, ool yex aey tht your owrrent pligeics fitwes e
O Wery Good
gw
Honge
O Pew
0 eryPoor
wqmmm
e ] e | Pemak wk]n—u e | Pemie
#1 Poraoncy . Rarely o seover bh-ﬂymlr Terice A vl Oniog S
L L L 1
02 sty Lighi affona Masdasaie: clfoct r—
A, RN IR TR
i Faashred PRosi Wiy Bsok-ac Feot Mvenige Cuad o Yy Gonll
¢ | 3] t L
Tuiid Searn »

itk Banaft Zone Totad Scoor

i Bl
Good Ao
Py I=%
Povds [mpremsmeed 0

THB CANADIAN FUTSICAL ACTIXITY, PITHESS AXD LIFPESTYLE AFFROACH - THILD souviow |[EEN

-53-



APPENDIX D. Individual fat oxidation rate curves for each participant compiled onto one graph,
separate for Middle Eastern and White women.
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APPENDIX E. Raw data measurements for each participant.

Participant Age Age of first men | Age of last men | Height BM BMI WC
(years) cycle (years) cycle (years) (cm) (kg) (cm)
White01 66 12 52 154 68.4 28.8 86
White02 57 11 50 150 51.6 22.9 86
White03 58 11.5 55 158.5 68.4 27.2 91.5
White04 52 11 50 159 68.1 26.9 86
White05 56 11 46 158 65 26.0 94.5
White06 56 13 52 170 63.9 22.1 81
White07 62 12 53 159 52.6 20.8 77
White08 56 13 53 168 99.6 353 114.5
White09 54 13 49 161 71.1 27.4 84
Whitel0 55 13 52 163.5 76.1 28.5 97.5
Whitell 60 12 49 162.5 76 28.8 83.5
Participant Age Age of first men | Age of last men | Height BM BMI wC
(years) cycle (years) cycle (years) (cm) (kg) (cm)
MEO1 52 12 38 168 85.9 30.4 106
MEOQ2 57 14 54 176 99.1 32.0 113
MEO3 53 14 46 162 76.1 29.0 100.5
ME04 54 12 51 154 72 30.4 101.5
MEO05 51 42 164 82.7 30.7 105.5
MEO06 47 15 45 162 109.2 41.6 122
MEQ7 49 13 37 161 101 39.0 118
MEO8 55 14 53 158.6 94.2 374 117
ME09 53 14 50 162.6 68.1 25.8 94
ME10 54 12.5 50 156 51.3 21.1 84
MEl11 54 11.5 45.5 160.5 84.2 32.7 106

55



Resting BP | Resting BP | Resting BP | Resting BP | Resting BP | Resting BP | Resting BP | Resting BP
Auto LA Auto LA Auto RA Auto RA | Manual LA | Manual LA | Manual RA | Manual RA
Participant | Systolic Diastolic Systolic Diastolic Systolic Diastolic Systolic Diastolic
(mmHg) (mmHg) (mmHg) (mmHg) (mmHg) (mmHg) (mmHg) (mmHg)
White01 119 73 115 70 104 74 102 72
White02 157 83 143 77 136 86 140 82
White03 102 69 113 74 108 68 104 64
White04 110 75 115 73 110 64 106 62
White05 98 53 99 59 96 58 100 60
White06 141 91 146 91 140 78 150 80
White07 101 59 97 58 92 52 90 58
White08 110 75 113 81 110 74 110 70
White09 105 72 103 72 110 62 102 68
Whitel0 102 68 105 73 102 68 98 60
Whitel1 113 74 121 72 104 62 112 64
White12 111 79 118 84 120 72 110 74
Participant | Bicep Tricep Subcap Illica Medial | Total SF | CPAFLA CPAFLA Body
SF SF (mm) | SF (mm) | CrestSF | Calf SF (mm) Score Rating Fat %
(mm) (mm) (mm)
MEOQ1 21.1 253 23.1 25.2 30.1 124.8 0.8 | Fair 43.5
MEOQ2 18.3 25.2 37.3 283 22.5 131.6 0.8 | Fair 45.8
MEO03 9.7 22.7 21.2 30 18.9 102.5 1.8 | Good 39.4
ME04 8 21.5 21.4 15.2 17.8 83.9 1.2 | Fair 373
MEO0S5 15.8 30.9 19.4 30.6 30.4 127.1 0.8 | Fair 45.1
ME06 38.8 28.4 49.4 453 45.6 207.5 0 [NI 47.2
ME07 28.4 37.8 39.8 47.1 42.7 195.8 0 | NI 47.7
ME08 23.7 37 30.9 56.4 54.9 202.9 0 NI 473
MEQ09 13.6 24.7 26.1 23.5 18.9 106.8 1.8 | Good 34.7
MEI10 7.5 15.1 13.5 14 9.5 59.6 3.4 | Very Good 27.4
ME11 14.7 26 37.7 41.8 34.6 154.8 0.4 | NI 43.1
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Participant Bicep Tricep Subcap Illica Medial Total SF | CPAFLA | CPAFLA | Body Fat %
SF SF (mm) | SF (mm) | Crest SF Calf SF (mm) Score Rating
(mm) (mm) (mm)
White01 10.4 16.4 22 19.8 17.4 86 3 | Very Good 36.7
White(2 6.6 15.3 19.6 23.5 153 80.3 3.4 | Very Good 313
White03 12 24.2 30 20.5 18.5 105.2 1.8 | Good 374
White04 12.6 16.7 21.5 21.7 23 95.5 3 | Very Good 353
White05 16.1 24.9 23 229 22.9 109.8 1.8 | Good 353
White06 6.7 11.1 16 13.9 11.4 59.1 3.4 | Very Good 31.2
White07 7.8 153 8.6 133 13.8 58.8 4 | Excellent 27.5
Need

White08 26.1 33.5 49.1 35.7 40.3 184.7 0 | Improvement 46.9
White09 31 29.9 22.8 19 15.3 118 2.6 | Very Good 38.9
Whitel0 13.8 31.6 26.4 25.8 222 119.8 1.4 | Fair 36.4
Whitel 1 10.5 20.1 223 273 20.5 100.7 3 | Very Good 39.1
White12 14.3 18.5 38 27.6 24.6 123 1.4 | Fair 41.7
Participant | Resting BP | Resting BP |Resting BP | Resting BP | Resting BP | Resting BP Resting BP | Resting BP

Auto LA Auto LA Auto RA Auto RA | Manual LA | Manual LA | Manual RA | Manual RA

Systolic Diastolic Systolic Diastolic Systolic Diastolic Systolic Diastolic

(mmHg) | (mmHg) | (mmHg) | (mmHg) | (mmHg) | (mmHg) | (mmHg) | (mmHg)
MEOQ1 103 65 112 69 110 70 112 72
MEQ02 117 74 122 79 130 78 130 80
MEOQ3 102 69 101 66 96 62 108 60
ME04 104 69 106 68 110 70 118 68
MEO0S 117 68 106 65 118 74 116 72
MEO06 130 83 126 81 138 78 136 80
MEQ7 141 92 151 92 144 102 154 98
MEO08 121 66 122 70 124 70 126 60
MEQ09 112 75 106 74 92 68 98 68
ME10 97 63 96 63 90 64 92 60
ME11 108 71 104 69 98 62 104 68
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Participant | HPAPQ | HPAPQ | Resting | Resting VO, | Resting VO, VO, peak VO, peak HR Age RPE
Score Rating HR relative absolute relative absolute max Predicted at
(mLO; ' min (LO;'min™) (mLO;'min" | (mLO;'min" | (bpm) Max HR max
lekg of BM) 'kg of BM) 5 (bpm)
White01 7 | Very Good 61 3.48 242 20.90 1.44 156 154 20
White02 11 | Excellent 62 2.87 148 29.31 1.50 161 163 20
White03 9 | Excellent 62 3.12 215 26.80 1.83 168 162 14
White04 6 | Very Good 60 3.67 250 25.77 1.75 171 168 20
White05 11 | Excellent 57 3.29 210 26.05 1.69 152 164 16
White06 11 | Excellent 65 5.59 357 40.40 2.58 170 164 17
White07 10 | Excellent 81 4.08 213 29.17 1.53 147 158 18
White08 9 | Excellent 75 3.98 395 22.40 2.23 162 164 NA
White09 11 | Excellent 70 3.76 266 31.70 2.30 172 166 NA
Whitel0 5 | Good 62 3.44 262 28.15 2.14 169 165 19
Whitel1 10 | Excellent 67 4.08 310 28.00 2.12 160 160 19
Whitel2 11 | Excellent 64 3.29 228 23.18 1.61 175 158 11
Participant | HPAPQ | HPAPQ Resting | Resting VO, | Resting VO, VO, peak VO, peak HR Age RPE
Score Rating HR relative absolute relative absolute max Predicted at
(mLOymin" | (LOymin™) | (mLOymin’ | (mLO;'min™) | (bpm) | MaxHR | max
lekg of BM) lekg of BM) (bpm)
MEOQ1 10 | Excellent 68 4.06 349 22.90 1.97 165 168 20
ME02 11 | Excellent 92 4.00 396 20.68 2.05 160 163 15
MEOQ3 8 | Very Good 66 4.20 322 28.01 2.13 165 167 12
ME04 10 | Excellent 54 3.56 258 26.77 1.92 155 166 18
MEOQ5 3 | Fair 72 3.50 291 19.51 1.61 146 169 20
MEO06 2 | Fair 60 2.63 287 16.52 1.80 137 173 20
MEOQ7 2 | Fair 66 2.92 298 20.17 2.06 154 171 19
MEO08 2 | Fair 78 3.26 307 15.84 1.49 161 165 20
ME09 7 | Very Good 78 5.03 244 21.29 1.45 158 167 13
ME10 6 | Very Good 72 5.28 271 20.15 1.03 158 166 15
ME11 7 | Very Good 91 4.45 374 24.06 2.03 177 166 16
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Participant | FOR.. Trial 1 Fatmax Trial1 | FOR,,,, Trial 2 Fatmax Trial 2 | Total Step Total EE | Total Activity

(geminekg of (% VO, peak) | (gemin’ekg of fat | (% VO, peak) | Count (kcal) Counts

fat free mass) free mass) (steps)
White01 8.35 45.33 7.018 48.88 9779 435.15 117583
White02 4.385 32.75 6.082 48.74 17527 472.58 280304
White03 7.451 49.07 7.404 37.11 7365 524.20 106604
White04 6.439 54.83 4613 33.33 6593 387.17 92607
White05 8.248 55.51 9.494 49.35 9515 480 159175
White06 17.097 63.19 16.455 62.65 23358 1183 704131
White07 7.688 57.46 5.425 57.18 12357 472.72 260620
White08 8.826 36.8 11.167 62.79 6177 643.47 94315
White09 8.724 54.96 9.12 49.96 7203 581.59 142773
Whitel0 6.88 35.23 9.21 31.88 10862 692.72 188386.67
Whitel1 7.403 48.85 8.879 52.99 7044 423.89 125482.67
White12 5.247 44.6 6.516 54.6 4674 2409.37 78220.66

FORak Trial 1 Fatmax Trial1 | FOR,, Trial 2 Fatmax Trial 2 | Total Step | Total EE Total Activity
Participant | (geminekg of fat | (% VO, peak) | (geminekg of (% VO, peak) | Count (kcal) Counts

free mass) fat free mass) (steps)
MEO1 7.798 31.71 8.256 28.64 7261 409.93 64343
MEO02 NA NA 14.363 43.27 8057 756.45 153845.33
MEO03 5.909 22.01 5.722 36 8701 518.95 203751
ME04 12.973 57.57 11.33 62.75 15657 1063 284893
MEO5 8.23 52.67 8.878 66.27 2663 140.08 26785
ME06 12.772 39.2 12.368 38.19 9362 835.94 135056
MEQ7 8.364 42.1 9.665 38.63 4215 2357.79 58457
MEO08 7.197 61.85 7.662 56.09 9952 524.87 89259
MEQ9 7.477 61.88 5.658 37.16 4245 380.67 120665
MEI10 3.095 34.36 3.183 45.62 4624 256.49 72626
MEI11 7.985 52.97 13.464 40.7 5917 521.73 93680
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Participant | Estradiol | Estrone | Progesterone | Lutropin | FSH | Testosterone | SHBG Androgen | Insulin Glucose
(pmol/L) | (pmol/L) | (nmol/L) du/L) (IU/L) | (nmoV/L) (nmol/L) | Index (pmol/L) | (noml/L)
White01 <70 208 1 37 54 2.6 57.7 0.520 47 4.9
White02 <70 117 1 47 103 0.9 0.000 40 6.1
White03 125 72 1 25 75 0.9 26 0.081 49 5.1
White04 96 150 <1 36 77 1.8 50.1 0313 22 5
White05 169 95 1 58 101 1 47.1 0.163 47 5.8
White06 <70 241 <1 45 136 1.6 60.7 0.337 39 4.8
White(7 <70 254 2 49 115 1.5 29.5 0.153 15 5.2
White08 <70 152 1 32 57 1.3 333 0.150 97 54
White09 <70 94 <1 27 50 0.9 60.1 0.188 42 5.4
White10 <70 50 <1 57 93 0.69 40.5 0.097 60 6.2
Whitel 1 <70 102 <1 21 62 0.69 25 0.060 60 5.4
White12 <70 124 1 31 97 2.1 36.9 0.269 35 4.7
Participant | Estradiol | Estrone | Progesterone | Lutropin | FSH | Testosterone | SHBG Androgen | Insulin | Glucose
(pmol/L) | (pmol/L) | (nmol/L) (IU/L) (IU/L) | (nmol/L) (nmol/L) | Index (pmol/L) | (noml/L)
MEO1 85 213 3 30 51 1 35.1 0.122 27 5.7
ME02 <70 104 <1 34 64 1.1 38.7 0.148 56 4.9
MEO3 <70 <1 33 76 1.1 49.3 0.188 26 5.1
ME04 <70 112 1 49 78 0.08 0.000 <14 4.8
MEO5 <70 186 2 36 61 1.3 24.1 0.109 87 7.3
MEO06 <70 225 2 19 37 1.8 22 0.137 128 5.4
MEQ7 <70 135 1 15 35 1.9 32 0.211 183 5.6
MEO8 <70 NA <1 NA NA NA NA NA 58 NA
MEQ9 <70 126 | 31 75 1.6 77.7 0.431 39 4.6
MEI10 <70 81 1 51 138 0.08 71.7 0.020 30 4.7
ME11 <70 176 <l 36 71 1.2 18.8 0.078 56 5.8
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Participant | Cortisol | Cholesterol | LDL-CH | HDL-CH | CH/HDL | Triglycerides
(nmol/L) | (nmol/L) (rmol/L) (nmol/L) | ratio (nmol/L)
MEO1 335 5.53 3.49 1.69 33 0.77
MEQ2 124 7.15 4.56 1.63 4.4 2.12
MEO03 222 4.73 2.78 1.53 3.1 0.93
ME04 71 4.56 2.53 1.79 2.5 0.53
MEO05 213 5.02 2.92 1.08 4.6 2.24
MEQ06 166 5.18 3.47 0.88 5.9 1.83
ME07 76 4.42 2.96 0.91 4.9 1.2
MEO08 129 NA NA NA NA NA
MEQ09 269 6.95 4.1 2 3.5 1.86
MEI10 119 3.31 231 0.075 4.4 0.55
MEI11 367 3.98 2.1 1.23 3.2 1.24
Participant | Cortisol | Cholesterol | LDL-CH | HDL-CH | CH/HDL | Triglycerides
(nmol/L)) | (nmol/L) (nmol/L) | (nmol/L) | ratio (nmol/L)

White01 66 9.35 6.71 1.49 6.4 2.6
White(02 198 6.04 3.52 2.1 2.9 0.92
White03 335 4.66 3.08 1.2 3.9 0.83
White04 104 6.01 3.99 1.4 4.3 1.36
White05 429 5.13 2.95 1.86 2.8 0.71
White06 256 5.97 3.94 1.5 4 1.16
White07 1108 4.87 2.64 1.92 2.5 0.68
White08 84 4.87 2.79 1.55 3.1 1.16
White09 340 4.84 2.42 2.08 23 0.75
White10 5194 4.49 2.86 1.33 34 0.67
Whitel 1 223 4.78 2.75 1.28 3.7 1.64
White12 250 531 3.33 1.07 5 2
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APPENDIX F. Data tables for the comparison of the 2™ order to the 3™ order polynomial graphs.

Middle Eastern White
2nd order R | 3rd order R 2nd order | 3rd order
Participant | values values Participants R values R values
1 0.6821 0.7876 1 0.718 0.727
2 0.249 0.6401 2 0.8477 0.5955
3 0.4906 0.4915 3 0.6628 0.6641
4 0.7129 0.7734 4 0.2055 0.2061
5 0.2591 0.3422 5 0.7693 0.779
6 0.7808 0.8568 6 0.7493 0.9039
7 0.8462 0.8647 7 0.6562 0.6689
8 0.6071 0.667 8 0.1926 0.2434
9 0.3178 0.3233 9 0.6123 0.6731
10 0.6887 0.7124 10 0.4354 0.4945
11 0.6116 0.6132 11 0.6086 0.6137
12 0.4963 0.5211
Paired Samples Test For Middle Eastern Women
Sig.
Paired Differences t df | 2-tailed)
95% Confidence
Std. Std. Error | Interval of the
Mean Deviation | Mean Difference
Lower Upper
Second Order —
Third Order -0.0751 | 0.1108543 | 0.0334238 -0.149591 | -0.00064 | -2.247 | 10 0.048
Paired Samples Test For White Women
Sig.
Paired Differences t df (Z-gtailed)
95% Confidence
Std. Std. Error | Interval of the
Mean Deviation | Mean Difference
Lower Upper
Second Order-
Third Order -0.01135 | 0.0937634 | 0.0270672 | -0.070932 | 0.0482161 -042 | 11 0.683
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