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ABSTRACT

Background

Little is known about physical activity (PA) patterns in pregnancy. Previous epidemiological
research suggests that most women do not participate in regular PA during pregnancy. How-
ever, these estimates are often based on the use of crude measures that are not validated and
may be prone to error. Furthermore, given the limited research using objective, comprehensive
and validated methods, there is currently no commonly accepted measurement tool used to as-

sess PA during pregnancy.

Aim
The aim of this study was to assess the validity of accelerometer devices in measuring physical

activity energy expenditure (PAEE) during pregnancy.

Methods

Pregnant women (n = 22) in their first trimester (<14 weeks, longitudinal) between the ages of
18- 40, were invited to participate. In addition, women in their 2nd and 3rd trimesters were
invited for a once off testing (cross-sectional). All participants completed a 60-minutes sub-
maximal walking protocol with different intensities, each having a 5-min duration. Participants
wore one ActiGraph, Axivity and GENEActiv on the left wrist, and one ActiGraph on the waist.
Energy expenditure was measured using the Oxycon. Physical activity for pregnant and non-
pregnant women, at each stage of the walking protocol, was compared using the Wilcoxon rank-
sum test. The relationships between accelerometers, placement positions, and criterion validity

were assessed using Pairwise correlation.

Results

Significant differences in energy expenditure estimates were observed when using the hip-worn
ActiGraph (p=0.03) and GENEActiv (p=0.05) accelerometers between the pregnant and non-
pregnant participants. In the pregnant participants, moderate significant correlations were found
between the Axivity and GENEActiv accelerometers (r =0.43) at 15 minutes rest, and the Acti-
Graph-wrist and GENEActiv accelerometers (r =0.39) at 5km/h. When comparing placement
position for the pregnant sample, significant relationships were observed between the Acti-
Graph worn on the hip versus the waist, but only during rest (r =0.56), 3km/hr (r =0.41) and
5km/hr (r =0.76). None of the accelerometers showed consistent correlation with the Oxycon

for measuring energy expenditure during this protocol.
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Conclusion

Although there were some relationships found between the pregnant and non-pregnant partici-
pants when measuring PA using ActiGraph-hip and GENEActiv accelerometers during the
walking test protocol, and when comparing placement position of the hip versus the waist using
ActiGraph accelerometers, in general, these accelerometers did not provide consistent correla-
tions between each other or the Oxycon for both the pregnant and non-pregnant participants.
As a result a clear pattern for measuring EE during PA was not observed, and further research

is needed to confirm this data and provide an accurate tool for measuring PA during pregnancy.
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Chapter 1

1.1 Introduction

Physical activity (PA) is a significant contributor in enhancing one’s health. Moreover, PA is
known to be positively related to a lowered risk of diabetes, obesity, hypertension, and cardio-
vascular diseases (Harrison et al., 2011, Melzer et al., 2010). In addition, regular PA can posi-
tively impact pregnant women, as benefits may include improved emotional well-being, low-
ered risk of gestational diabetes mellitus (GDM), preeclampsia, excessive maternal weight gain
and may prevent difficulties during labour (Harrison et al., 2011, da Silva et al., 2016). The
occurrence of gestational hypertensive disorders, GDM, foetal growth restriction and premature
birth, are closely related to the increased risk of cardiovascular disease and mortality in adult-
hood, therefore, the prevention of these pregnancy related complications becomes necessary
(Rich-Edwards et al., 2014). In addition, maternal physical activity has been found to be closely
linked with a decreased incidence of preterm birth and obesity in adult life (da Silva et al.,
2016).

Levels of physical activity are regularly monitored to assess population health behaviours and
are associated with health status including morbidity and mortality rates. In order to identify
changes and current physical activity levels within a population, accurate assessment is also
required. Further, PA is also used to examine the usefulness of interventions designed to in-
crease activity levels and to determine its relationship with health outcomes, as well as dose-

response relationships and behaviour surveillance (Prince et al., 2008, Wareham et al., 1998).

Understanding each of the above aspects is important for effective public health interventions
and relies heavily on accurate measurement instruments. Epidemiological research that has
been carried out in previous years shows that around 50-60% of pregnant women do not engage
in regular PA (Zhang & Savitz, 1996, Evenson et al, 2004). However, these estimates are often
based on the use of invalidated measures or measures that may be prone to error (Evenson et
al., 2004, Poudevigne et al., 2006). Therefore, validating an instrument is a process that in large

focuses on reducing error in the measurement process (Kimberlin et al., 2008).

However, because of the limited research that has been done using objective and validated

methods, there is presently no commonly accepted measurement tool used to assess PA during
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pregnancy (Harrison et al., 2011). Activity monitors such as accelerometers have made objec-
tive measurement of PA easier and they are mostly used because of their validity for quantifying
duration and intensity of PA, their high degree of reproducibility and the fact that they correlate
with energy expenditure (EE) in different populations and settings (McParlin et al., 2010, Bell
etal., 2013).

Furthermore, the majority of instrument validation studies have been conducted in a healthy
adult populations and few have addressed specific populations such as pregnancy; where choos-
ing the right instrument remains a challenge (Van Remoortel et al., 2012). Pregnancy is associ-
ated with various physical, cardiovascular, hormonal, respiratory and metabolic changes, which
in turn affect the expectant mother’s response to exercise (Lumbers, 2002, Ezmerli, 2000). In-
creases in cardiac output, heart rate and maternal resting oxygen consumption (VO2) make
physical activity measurement unique during the gestational period (Lumbars, 2002; Ezmerli,
2000).

The relative placement and position of the accelerometer on the body is another important issue
to consider when measuring PA. Godhe et al. (2013) presented a moderate correlation (r = 0.47)
for estimating EE from aerobic PA when the accelerometer is worn on the hip and a weak
correlation (r = 0.34) when worn on the wrist. However, when combined with body mass, a
strong correlation was found between accelerometer data for the hip and EE (r= 0.73). Trost et
al. (2005) and Warren et al., (2010) recommend that the choice of instrument and placement
position be suited to the aim of the research.

Many studies have assessed the validity of self-report measures of physical activity during preg-
nancy (Bell et al., 2013, Haakstad et al., 2010, Chasan-Taber et al., 2004), whilst other studies
have assessed pedometers versus accelerometers (Harrison et al., 2011). Further research is
needed on alternative accelerometer devices, as well as positional placement in pregnant
woman. The assessment of physical activity is essential to design interventions to increase
physical activity and track adherence to recommendations, and assess outcome measures (Ber-
lin et al., 2006). If epidemiological studies are to confirm the role of physical activity in the
treatment and prevention of disease during pregnancy, improved methods of quantifying phys-

ical activity are necessary.
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1.2 Problem Statement
Although accelerometers have been validated in the general population, currently there is very

little known information about physical activity patterns in pregnancy with previous estimates
mostly based on subjective assessment measures that are prone to error (Harrison et al., 2011).
Only a few pregnancy specific studies (Lindseth & Vari, 2005, Stein et al., 2003, Harrison et
al., 2011) have been done to validate accelerometers and placement position during pregnancy.
Given the importance of physical activity in pregnancy, validated PA measurement tools are
necessary to estimate energy expenditure (EE) in pregnant women. This is in order to determine
physical activity levels and assess the role of physical activity and health outcomes in an accu-

rate, yet feasible, manner.

1.3 Study Aim
The primary aim of this study was to assess the validity of accelerometer devices in measuring

physical activity energy expenditure (PAEE) during pregnancy using the Oxycon mobile as a

metabolic assessment tool.

1.3.1 Study Objectives
a) To describe energy expenditure during a walking protocol in pregnant woman and

control participants.

b) To compare energy expenditure at each stage of the walking protocol between preg-
nant and control participants.

c) To compare energy expenditure between different accelerometers and placement
position.

d) To compare the accelerometers energy expenditure against the Oxycon.
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Chapter 2: Literature Review

Pregnant women who engage in regular PA benefit the same way as non-pregnant women,
however, measuring PA levels during pregnancy still poses a challenge due to the many
biomechanical and physiological factors that effect PA testing. Therefore, in order to promote
PA effectively and quantify the effects of interventions for pregnant women, PA measurement

during pregnancy needs to be more accurate.

2.1 Physical activity patterns and prevalance of overweight and obesity
Previous research has shown that the fourth leading risk factor for mortality is physical

inactivity, which accounts for 6% of deaths, whilst overweight and obesity are known causes
of 5% of global mortality (WHO, 2009). Globally, in 2010 about 23% of adults aged 18 and
above were not engaging in enough PA (men 20% and women 27%) (WHO, 2017).
Furthermore, it was also observed that 81% of adolescents between the ages of 11-17 years
were also not active enough (WHO, 2017). Adolescent girls appear to be more inactive (84%)
than adolescent boys (78%) (WHO, 2017). In addition, adult women appear to be particularly
more prone to low PA levels. For example, the South Africa Demographic and Health Survey
(SADHS) reported in 2003 that 63% of adult women are inactive. Similary, the Transition and
Health during Urbanisation in South Africa (THUSA) study, measuring PA in black South
Africans in the Northwest Province, found that 35.5% of black women were inactive and only

31.7% were moderately active (Voster et al, 2005).

The impact of physical activity and diet during pregnancy on health is complex and multi-
faceted (Health Committee, 2015). In the general public, activity patterns and diets are evidently
changing in the United States (US) and by the 1980s it was observed that physical activity was
on a decline and dietary quality in the US was getting worse, coupled with increasing obesity
rates across the United States and Europe (Popkin, Adair & Ng, 2011). In 2008, overweight and
obesity were estimated to affect nearly 1.5 billion adults worldwide (Popkin, Adair & Ng,
2011). Furthermore, between the 1990-2010 period repeated surveys conducted in over 40
countries using the same methods reported data that shows trends which suggests that more
than 2 billion people are possibly already overweight or obese today (Nguyen et al., 2009).
There appears to be a greater burden for much of Asia, Latin America, the Middle East, and
Africa. This is due to differences in fat patterning and the negative cardio metabolic health

effects of a body mass index (BMI) at levels far below the standard BMI cut off of 25kg/m? for

18



overweight (Nguyen et al., 2009, WHO, 2004). The prevalence of overweight and obesity grew
for all countries in Asia, the Middle East, Africa, and Latin America at about 0.7 percentage
points per year. Furthemore, an estimated 19% of rural women and 37.2% of urban women are
overweight or obese (Popkin, Adair & Ng, 2011).

In South Africa (SA), as more economic development occurs and HIV/AIDS mortality rates
come under control, non-communicable diseases (NCDs) are increasingly becoming a major
healthcare burden (Mayosi et al., 2009). In particular, recent health statistics report that the
obesity epidemic has been increasing and about 61% of SAs population is reportedly
overweight or obese, with the prevalence being higher in adult women over the age of 55 years
(Baleta & Mitchell, 2014). Similarly, statistics from the National Department of Health, (2016)
also reported a rapid increase of obesity rates with almost 70% of women and 40% of men in
South Africa that are 15 years or older either overweight or obese. Furthermore, the South
African National Health and Nutrition Survey (SANHANES-1), found that the percentage of
general obesity based on body mass index (BMI) was significantly higher in women as
compared to men. It was shown that about 24.8% of women were overweight and 39.2% being
obese (Shisana et al., 2014).

In accordance with these results, about 68.2% of the women had a waist circumference that puts
them at an increased risk for metabolic disorders, such as type 2 diabetes and hypertension
(Shisana et al., 2014). Reports also show that one in five boys and one in four girls between the
ages of 2 and 14 years are overweight or obese. Additionally, 43% of deaths in South Africa
are caused by obesity-related diseases which includes heart diseases, type 2 diabetes, stroke and
some cancers (National Department of Health, 2016). Although globalisation and urbanisation
are considered to be major drivers of the emerging epidemic, the etiology of obesity is complex
(Yumuk et al., 2014). In addition to the biology of individuals, there are behavioural
determinants, along with economic, environmental and socio-cultural factors that play a role in
the development of this condition (Yako, 2012, Griera et al., 2007, Steynn & Mchiza, 2014,
Puoane & Tsolekile, 2008). Obesity is among the top five risk factors for an early death,
however, despite the demonstrated contribution of PA to the overall health and obesity
management and prevention, few individuals are sufficiently active (Health Committee, 2015).

Although research has demostrated that physical activity plays a pivotal role in weight

management, optimising body composition and improving overall health, globally the
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prevalance of obesity is still very high especially in women. Further, obesity has been closely
associated health complications during pregnancy and childbirth, therefore, interventions that
are focused on promoting a more active lifestyle during pregnancy and preventing excessive

weight gain are warrented.

2.2 Physiological adaptations during pregnancy
Pregnancy is a time in a woman’s life that is related to considerable anatomical, physiological

and psychological changes which may encourage low levels of PA, or sedentary behaviour
(Downs et al., 2012). It causes various hormonal, immunologic, and metabolic alterations that
may act as a “stress test” on a woman’s body (Motosko et al., 2017). The changed levels of
circulating hormones, increased blood volume, and metabolic adaptions underlie the important
physiological changes that are fundamental for the development of the foetus (Motosko et al.,
2017) and are essential for both the mother and foetus to cope with the demands of child
birth(Tan & Tan, 2013).

2.2.1 Cardiovascular changes

Pregnant women undergo profound cardiovascular system adaptations like an increase in heart
rate during submaximal exertion and while at rest, increased blood volume, respiratory volume,
and resting cardiac output, a drop in uteroplacental blood flow and venous return to the heart
(Skow et al., 2017). The cardiovascular system changes that occur during pregnancy are quite
extreme and begin in early pregnancy. It is known that by eight weeks of gestation, the cardiac
output has increased by 20% (Soma-Pillay et al., 2016), and will continue to rise by 30-50%
througout pregnancy (Soma-Pillay et al., 2016; San-Frutos et al., 2011). The blood flow to the
uterus and placenta, which is fundamental for the growth of the foetus, contributes to 25% of
the cardiac output (Soma-Pillay et al., 2016). Cardiac output is the product of stroke volume
and heart rate. In pregnancy, the blood volume increases, and as a result there is a rise in the
quantity of blood returning to the heart (preload). The afterload is then decreased because of
maternal vasodilation, resulting in the stroke volume increasing by 20-30% throughout

pregnancy (Soma-Pillay et al., 2016; San-Frutos et al., 2011).

Systemic vascular resistance also decreases throughout pregnancy and get to its lowest around
20 weeks of gestation followed by a slow increase until term (Carbillon, Uzan & Uzan, 2005).

The diastolic blood pressure decreases to its lowest at 28 weeks before increasing again towards
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term, whilst systolic blood pressure remains stable (Melchiorre, Sharma & Thilaganathan,
2012). The decrease of plasma colloid osmotic pressure by 10-15% accompanies an increase in
plasma volume (Tan & Tan, 2013). Pregnant women may also be more susceptible to
pulmonary oedema, as a result of the 30% decrease in pulmonary capillary wedge pressure (Tan
& Tan, 2013).

On the contrary, maternal resting heart rate increases in early pregnancy, peaking at 12-20 beats
per minute higher than pre-pregnancy (Soma-Pillay et al., 2016; San-Frutos et al., 2011). The
heart rate peaks and plateaus in the third trimester, which helps to preserve the increased cardiac
output even when the stroke volume declines towards term (Soma-Pillay et al., 2016).

2.2.2 Respiratory changes

During pregnancy, the upper respiratory airway anatomy is subjected to various changes and
there is also a significant rise in oxygen demand (lzci et al., 2006, Soma-Pillay et al., 2016).
This is caused by a 15% rise in metabolic rate and a 20% increase in oxygen intake (Soma-
Pillay, et al., 2016). There is also a rise in minute ventilation, mostly due to a rise in tidal volume

rather than the respiratory rate (Soma-Pillay, et al., 2016).

The growing uterus and the rise in abdominal pressure elevates the diaphragm by 4 cm during
pregnancy (Soma-Pillay, et al., 2016; Hegewald & Crapo, 2011). Despite pregnant women
having a larger chest circumference, the chest wall compliance is reduced, and with an elevated
diaphragm, total lung capacity, and functional residual capacity decreases (Soma-Pillay, et al.,
2016). In early pregnancy, the inspiratory reserve volume is lowered, as a result of the rise in
tidal volume (Soma-Pillay, et al., 2016). The lower functional residual capacity and the increase
in maternal oxygen consumption shows that oxygen reserves for pregnant women is much

lower and therefore, they are at a higher risk of becoming hypoxic (Tan & Tan, 2013).

2.2.3 Endocrine changes

During pregnancy, in order to meet the rise in metabolic requirements of the mother and foetus,
the endocrine system undergoes some adaptations. The hypothalamic pituitary axis which is
crucial for controling various key metabolic activities, increases the level of hypothalamic

releasing hormones (Tan & Tan, 2013). As a result, there is a rise in the making of thyroxine-
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binding globulin by the liver, which also increases the levels of thyroxine and tri-iodothyronine
(Soma-Pillay et al., 2016).

Similarly, oestrogen concentrations in the maternal circulation increase with increasing
gestational age (Weiss, 2000). Oestrogens play a key role in uterine contractility and is also
important for development and function of the uterus. Progesterone is also one of the main
pregnancy hormones that rise exponentially in early pregnancy (Andersson et al., 2008). This
hormone is known to sustain the pregnancy state and therefore too much or too little may lead
to miscarriage (Soma-Pillay et al., 2016; Byrns, 2014). Meaning that during pregnancy, there
has to be a fine balance between progesterone and oestrogen in order to control uterine activity
(Mesiano & Welsh, 2007).

2.2.4 Musculoskeletal changes

The musculoskeletal system is also affected by the anatomical and biomechanical changes that
occur during pregnancy (Artal & O’Toole, 2003). During pregnancy, the uterus enlarges
because of the growing foetus resulting in weight gain. Furthermore, there is a shift forward
and downward of the centre of mass, which results in gait changes such as a decrease in single-

support time and stride length (Gilleard, 2013).

Moreover, in the third trimestster, pregnant women experience an increase in abdominal
volume, which may result in lowering the trunk’s range of motion (Foti et al., 2000). The weight
gain may also cause an increase in joint forces around the hips and knees by as much as 100%,
while engaging in weight bearing exercises such as running (Tan & Tan, 2013). As a result,
these large forces may cause discomfort and increase damage to arthritic or previously unstable
joints (Artal & O’Toole, 2003).

Additionally, there is a 50% prevalance of lower back pain during pregnancy which is mainly
caused by an increase in lumbar lordosis (Artal & O’Toole, 2003). The changes in posture may
affect balance, therefore putting the pregnant women at a higher risk of losing balance and an
increased risk of falling (Artal & O’Toole, 2003). There is also an increase in laxity of ligaments
which is influenced by the rise in levels of ooestrogen and relaxin, which increases pregnant

women’s susceptibility to strains and sprains (Tan & Tan, 2013).
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2.3 Physical activity guidelines
Many individuals have sedentary lifestyles and do not meet the minimum recommendations for

physical activity (Hsieh et al., 2015). The WHO recommends that adults aged from 18 and
above years should engage in moderate physical activity to the total of at least 150 minutes
throughout the week (in bouts of at least 10 minutes), or they can engage in vigorous physical
activity that amounts to at least 75 minutes throughout the week. Alternatively, they can engage
in an equivalent amount of both moderate and vigorous-intensity activity (WHO, 2012). Re-
sistance exercise involving major muscle groups is recommended, and it is to be done on two
or more days a week (WHO, 2012). These guidelines also apply during pregnancy; however,
pregnant women may need to be extra cautious and should get medical advice before embarking
on an exercise program (WHO, 2012). Additionally, women without any complications during
their pregnancies should be advised to participate in cardiovascular and resistance exercises
before, during, and after pregnancy (ACOG, 2015).

2.4 Benefits of regular physical activity (PA)
Although there is an enormous amount of evidence to encourage participation in physical

activity in order to prevent and manage chronic diseases, only a limited number of research
seems to exists for the pregnant population, more especially in low and middle-income
countries (LMICs) (Evenson, Savitz & Huston, 2004). Regular engagement in moderate to
high-intensity physical activity impacts positively on physical and mental health in the general
population (ACOG, 2015), with research supporting the same rewards of engaging in physical
activity throughout pregnancy for both mother and baby (Gaston et al., 2012). Furthermore,
research has proven that the benefits of PA far outweigh the harm, and include, but are not
limited to, improved cardiovascular and respiratory fitness, as well as a lowered risk of chronic
diseases such as hypertension, coronary heart disease, stroke and diabetes. PA has also be
associated with a lowered risk of falling and fractures mostly in the elderly population, and the
ability to control weight gain (Darren et al., 2006, WHO, 2017). Additionally, PA also promotes
the development and stengthening of bones (Spengler & Woll, 2013), provides psychological
benefits such as improved self-confidence and self-image (Davies et al., 2011), and it also helps

prevent breast and colon cancer (WHO, 2017).
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2.4.1 Maternal benefits of PA
A large number of women discontinue exercising or decrease their PA levels after they discover

they are pregnant (Melzer, 2010). Living a sedentary lifestyle while pregnant may contribute to
some disorders such as hypertension, maternal obesity, gestational diabetes, pre-eclampsia, loss
of muscular and cardiovascular fitness, development of varicose veins and an increased risk of
physical complaints, for example dyspnea, pain of the lower back and insufficient
psychological adjustment (Melzer, 2010, Royal College of Obstetricians and Gynaecologists,
2006). Whilst an upper level of safe activity is yet to be confirmed, the rewards of continuing
to engage in physical activity throughout pregnancy are shown to outweigh any possible risks
(Brown, 2002). Research has continued to prove that PA throughout pregnancy is safe with the
results supporting that exercising while pregnant is rewarding for both the mother and foetus,
with the benefits going further for the child until he or she reaches adulthood (Moyer et al.,
2016).

Furthermore, regardless of socioeconomic status, mothers who are physically active during
their pregnancy are more likely to have less complicated and shorter deliveries, full-term child
birth, less signs of foetal distress, reduced chances of caesarian section, faster recovery period
and less neonatal complications and normal child birthweight as compared to women who are
not active (Van Oort, 2014, Moyer, 2016, Beckman & Beckman, 1990, Downs, 2012). Encour-
agingly, some evidence shows that the first stage of labour is shorter in exercising women and

that exercise during the pregnancy may lower the rate of caesarean section (Davies, 2016).

Physical activity (PA) is also a possible intervention that might be effective for prevention and
treatment of GDM, as it’s already known to effectively prevent and help in the treatment of
type 2 diabetes (van Poppel, 2014). Glucose metabolism is strongly associated with PA
(Warehm et al., 2005), and maternal glucose homeostasis in pregnancy plays an important role
in the programming of the endocrine pancreas (Hales & Barker, 2001). Physical activity initi-
ated before and/or while pregnant lowers the risk and incidence of GDM, in part this is achieved
by reducing excess gestational weight gained and stimulate a more advanced control of glucose
metabolism (Moyer, 2016, van Poppel, 2014). Physical activity interventions have been found
to be useful at improving glycaemic control in women who have developed GDM already (van
Poppel, 2014). Previous studies that have been done found that training of the large muscle
groups throughout pregnancy results in better insulin sensitivity and glucose utilization, and
consequent normalization of blood glucose levels (van Poppel, 2014). In addition, women who
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develop gestational diabetes while pregnant can use PA as an added therapy and are able to
lower their insulin therapy and therefore have better metabolic control when compared to preg-

nant women who are sedentary (Hopkins et al., 2010).

Research also shows that reoccurring events of PA carried out over a longer period of time
causes adaptations in the respiratory, cardiovascular, neuromuscular systems. Additionally, it
also improves overall aerobic capacity, therefore women who are aerobically fit and continue
with aerobic exercise throughout pregnancy possess a greater oxygen uptake, a low resting HR
and an increased stroke volume than their non-active counterparts (Melzer et al., 2010). More-
over, continued participation in PA is likely to have important rewards in terms of mental health
and emotional well-being (particularly self-esteem) while pregnant and after child birth (Dia-
betes care, 2002).

Nonetheless, there are still concerns about exercise while pregnant, with medical advice previ-
ously known to discourage women from continuing or starting regular exercise programmes
(Clapp, 2001). On the other hand, recent research has also demonstrated that physical activity
is not related to an increase in negative incidences (such as miscarriage, premature labour,
premature rupture of the membranes, significant growth restriction or maternal injury) during
pregnancy (Clapp, 2001). However, it may be important to reduce high impact exercise for
women planning to become pregnant and to refrain from heavy lifting during the first trimester

as some evidence suggests a high risk of miscarriage (Bo et al., 2016).

2.4.2 Effects of PA on heart rate variability during pregnancy
Heart rate variability (HRV) is a non-harmful measure and a proxy to determine the overall

health of the foetus and the foetal autonomic nervous system development (Dietz et al., 2016).
Maternal physical activity has being shown to have an impact on foetal HRV depending on the
mother’s fitness level. May et al. (2012) found that PA throughout pregnancy is related to the
lower foetal heart rate (HR) and the increase in foetal HR variability that persists post birth with
a dose-response association with maternal exercise intensity and time (DiPietro et al., 2007).
As found in other studies children with slow heart rate and a high variability are related to
positive psychomotor and language developmental outcomes at 8 to 12 months, 2 years, and 3

years of age. Their reaction time is faster and they also have a high attention span during a task
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than children of similar age, which supports findings that PA during pregnancy may be benefi-
cial for cardiac and neuromotor development of offspring (Fox & Porges, 1985). Additionally,
taking into consideration how the HRV is influenced by being overweight and obese, a high
BMI has been linked with a lowered HRV and high sympathetic and low parasympathetic ac-
tivity (Felber Dietrich et al., 2006). Sympathetic control changes as gestation progresses be-
cause of physiological changes of the maternal body in healthy pregnant women, which results

in altered HRV when compared to healthy non-pregnant women (Stein et al., 1999).

The American College of Obstetricians and Gynaecologists (ACOG) guidelines supports any
approach that is wide-ranging as they have no heart rate limitation (American College of Ob-
stetricians and Gynaecologists, 2002). A meta-analysis study of pregnancy and exercise found
that exercise intensities of 81% of the maximum heart rate, did not have any unfavorable or
significant changes on the foetus or mother (Ostgaard, 1996). Similary, Bo et al., (2016) re-
search also demonstrated that there is little risk of abnormal foetal heart rate response when
active women exercise at <90% of their maximal heart rates in the second and third trimesters
(Bo et al., 2016). However, current exercise guidelines recommend that pregnant women per-
form exercises that reduce hypoxic stress and the risk of abdominal injury, and should maintain
a heart rate that is between 55% and 70% of the projected maximum or a perceived exertion of
between 12 and 14 (‘somewhat hard’) (Barsky et al., 2012).

2.4.3 Impact of PA on obesity during pregnancy
Evidence from previous original research suggests that encouraging pregnant women to en-

hance their fitness and maintain it afterwards can result as a fundamental contribution to public
health through reduction of the burden of disease caused by overweight and obesity (Brown,
2002). This is important since evidence has shown that pregnancy may be an initiator for ges-
tational and long term obesity. In fact, women who have given birth have a 3.5 times increased
chance of being obese over the next 5 years in comparison to women who have never given
birth (Davis et al. 2009).

In a systematic review of African studies, by Onubi et al. (2015) they found that maternal obe-
sity prevalence to be from 6.5% from the Democratic Republic of Congo antenatal bookings
and 50.7% during the third trimester in Nigeria. In South Africa, this prevalence appears to be

around 44% (Basu et al., 2010). This is of great concern, because maternal overweight and
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obesity are strongly associated with unfavourable pregnancy outcomes, such as infant mortality
and maternal morbidity (Black et al., 2013). In the same African review, mothers who were
obese had a 1.8 times increased risk of having a macrosomic baby, and at a 1.6 times chance to
having their new-born admitted into special or intensive care (Onubi et al., 2015). Additionally,
obesity was also found to increase the risk of hypertension, pre-eclampsia, GDM, perinatal
mortality, macrosomia and delivery complications (Galtier-Dereure, Boegner & Bringer, 2000).
Furthermore, women who are overweight or obese before their pregnancy have an increased
risk of miscarriage when compared to those with a normal BMI (Galtier-Dereure et al., 2000),
and their risk for delivering via caesarean section may also be high (Guelinckx et al., 2008). As
a consequence, women who fall pregnant when they are overweight or obese have longer stays
in the hospital and sustain heavy financial costs when it’s their time to deliver and with con-

finement and post-delivery (Galtier-Dereure, Boegner & Bringer, 2000).

Not only is absolute weight a concern during this period, but uncontrollable GWG is related
with unfavourable outcomes. The US Institute of Medicine (I0OM) has provided recommenda-
tions for gaining weight through pregnancy indexed to pre-pregnancy BMI: 12.5-18.0kg for
underweight women; 11.5-16.0kg for normal weight women; 7.0-11.5 kg for overweight
women and 5.0-9.0kg for obese women (IOM, 2009). Weight gain further than these guide-
lines, or excessive gestational weight gain (GWG), appears to be predictive of unfavorable ma-
ternal outcomes (Siega-Riz et al., 2009). Additionally, the consequences for insufficient gain
include a higher risk for lower birth weight and preterm birth, whilst too much weight gain
presents an increased risk for, caesarean delivery, large birthweight babies, as well as postpar-
tum weight retention and long term childhood obesity (Nehring et al., 2013, Siega-Riz et al.,
2009, Starling et al., 2015, Viswanathan et al., 2008, Heery et al., 2016). Furthermore, uncon-
trolled GWG is also related to maternal hypertension and pre-eclampsia development
(Guelinckx et al., 2008).

In addition, uncontrolled weight gain through pregnancy or women who fall pregnant being
overweight or obese, have a higher chance of developing gestational diabetes mellitus (Galtier-
Dereure et al., 2000). A study done by Watson et al. (2015) outlined a prevalence of over-
weight/obesity at 69.3% in a cohort of black South African women, which was a 40% higher
prevalence in comparison to results reported from US studies. The prevalence of overweight or
obesity was related to socio-economic status (SES) (Watson et al., 2015). These findings are

similar to those reported by Chasen-Taber et al. (2007), who discovered an overweight/obesity
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rate of 49.1% in pregnant Latina women. However, the findings by Watson et al. (2017) outline
the positive effects of physical activity at 29-33 weeks and excessive GWG, which provides

evidence for PA as a tool in managing GWG during pregnancy.

According to SANHANES data, an increase in waist circumference, as well as overweight and
obesity, happens in the middle of 15 and 35 years of age (Shisana, 2013). Since this period
appears to be the childbearing age, it may be an opportune time to intervene to improve health
behaviours (Lawlor & Chaturvedi, 2006), and contribute to achieving World Health Organiza-
tions Millennium goals of improving maternal health. In addition, it can also be declared that a
good time to encourage women to be more active is during pregnancy as it is a period when
fitness is naturally improved, and at that time women are more likely to be open-minded to

health messages (Downs, 2012).

There is little data about physical activity patterns in pregnant South African women; however,
black SA women may be at an increased risk of uncontrollable GWG (Pearson et al., 2015,
Voster et al., 2005). Previous epidemiological research suggests that as little as 40 — 56% of
women engage in recreational activity through pregnancy, while data from the NHANES re-
ports that an estimated 54.3% of pregnant women in the United States (US) reported moderate
to vigorous household activities (Evenson & Wen, 2010). In a longitudinal study done by Wat-
son et al. (2016), 52% of the pregnant women residing in Soweto were grouped as being active
in their second trimester, however, only a notable small amount of women continued to engage
in physical activity in the third trimester, and their total physical activity notably dropped by

43.4% as the pregnancy proceeded in the third trimester.

The fundamental benefit for women who continue with exercise throughout their pregnancy is
maintaining or improving fitness. Women of various socio-economic status (SES) and body
mass index (BMI) can choose to embark on healthy lifestyle behaviours that can positively
influence their health after child birth and lower their babies risk of developing chronic diseases

such as obesity, diabetes and cardiovascular diseases (CVD) (Moyer, 2016).

2.5 Assessment and Validation of PA measurement tools during pregnancy
Viable and dependable measures of PA are needed to record physical activity in specific popu-

lations; assess the total amount of individuals meeting health recommendations; evaluate the
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impact of different physical activity intensities on certain health parameters; and make compar-
isons between different cultures and examine the impact of interventions (Warehan, 1998).
Physical activity measurement can be classified into self-report methods (questionnaires and
diaries) and objective assessment (accelerometers, pedometers and heart rate monitors). Addi-
tionally, based on previous epidemiological research findings, 50-60% of pregnant women do
not regularly engage in physical activity (Zhang & Savitz, 1996, Evenson et al., 2004). How-
ever, invalidated and simple measures, that may be prone to error, are often used to find these
estimates (Poudevigne et al., 2006). A review emphasized the shortage of sufficient previous
research in assessing PA through pregnancy, with most studies mainly making use of subjective
methods, which is self-recall of activities and without any published proof of their reliability or
validity (Poudevigne et al., 2006).

2.5.1 Subjective measures of physical activity (Activity recall and activity logs)
Subjective measures, such as PA recall questionnaires, are commonly utilized in epidemiolog-

ical studies. They are cheap in cost and easy to administer when evaluating levels and patterns
of physical activity in larger samples (Chasan-Taber et al., 2004, Strath et al., 2013, Shepherd,
2003). Recalling activities includes memory recall of the duration, frequency and intensity of
different activities done over given times and are generally questionnaires whilst activity logs

are in diary formats (Chasan-Taber et al., 2004).

However, the present number of questionnaires implies that their majority does not produce
neither reliable or, valid nor comparable results (Shepherd, 2003). The absence of reliability is
sometimes caused by seasonal and temporal variations in patterns of PA, however, failure of
human memory to recall is also an essential complication. Further, even if one year activity
patterns are re-evaluated in a period of a few days, the responses from questionnaires will al-
ways show a 50% or more difference (Shepherd, 2003). The reliability and validity of ques-
tionnaires to assess physical activity has been questioned (Shepherd, 2003), and only a few
seem to relate properly with the more objective measures of physical activity, for instance ac-

celerometry (Jacobs et al., 1993).
There are several questionnaires validated among pregnant women such as the Pregnancy Phys-

ical Activity Questionnaire (PPAQ), and the Kaiser Physical Activity Survey in pregnant
women (Chasan-Taber et al., 2004, Schmidt et al., 2006). Chasen-Taber et al. (2004) developed
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the Pregnancy Physical Activity Questionnaire (PPAQ), which has been found to have moder-
ate reliability in measuring of physical activity throughout pregnancy. The association between
the PPAQ and cut off points for accelerometers has varied between 0.08-0.58 for total PA,
0.20-0.49 for moderate intensity PA and 0.25-0.39 for vigorous intensity physical activity (Ci-
rak et al., 2015, Channdonet, 2012). The International Physical Activity Questionnaire short-
form (IPAQ-SF) is mostly used to evaluate PA levels in the general adult population also con-
sidering pregnant women. The IPAQ has also been previously validated using the ActiGraph
accelerometer for predicting physical activity in non-pregnant and pregnant woman, however,
the reliability and validity of the questionnaire was very poor in pregnancy (Craig et al., 2003,
Sanda et al., 2017).

In a validation study done by Craig et al. (2003) (n = 2721), a reasonable association between
the IPAQ and accelerometer was confirmed (r = 0.33), however no evaluation of absolute agree-
ment was done between measures. Harrison et al. (2011) has found the IPAQ to have a low
relationship and poor absolute agreement with accelerometry throughout pregnancy. Further-
more, outcomes from a study done by Watson et al. (2017), found a poor agreement between
GPAQ and accelerometry for both physical activity and sedentary behaviour (SB), the GRPAQ
over estimated physical activity by 14.8 minutes a day in early pregnancy and by 15.8 minutes
a day later in gestation. It also underestimated sedentary behaviour by 127.5 minutes a day at
14-18 weeks and 89.2 minutes a day at 29-33 weeks of gestation. Comparably, Oostdam et al.
(2012) found a very low relationship between Activity Questionnaire for Adults and Adoles-
cents (AQUAA) and accelerometry, which happen to have overestimated levels of physical ac-
tivity through pregnancy. Previous research has also highlighted concerns over self-recalled
guestionnaires in pregnancy, as they may be insensitive in recording activities with lower in-

tensities such as walking (Evenson et al., 2004).

2.5.2 Objective measures of physical activity
Objective measures are not dependent on any given information by the participant, instead they

assess and record biomechanical or physiological responses of carrying out physical activity as
it occurs. Furthermore, objective measures are not susceptible to the recalling problems or the
reporting bias related with self-report methods (Trost & O’neil, 2013). With the assessment of
PA becoming more regular in clinical practice, it is fundamental that healthcare professionals
become more informed about the different methods and techniques to objectively assess peo-
ples PA’s behaviour (Trost & O’neil, 2013).
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2.5.2.1 Accelerometers

Accelerometers are electronic movement sensors that respond to continuous acceleration, for
example gravity, and are not reliant on an outside power source to function (Bouten et al., 1997).
No supply of power is needed, despite needing storage for data, which results in the device been
considerably reduced in size and weight. Uniaxial accelerometers regularly measure in the ver-
tical plane and only in one direction, whereas triaxial accelerometers measure accelerations in

the anteroposterior, mediolateral, and vertical direction.

Whether they are worn on the hip or wrist, accelerometers normally sample the acceleration of
the body in all axes at a rate of 10-30 times/s (Trost, 2007). Additionally, with a frequency
band between 0.3 to 3.5 Hz and an amplitude range of —6g to 64, this should be enough to
capture daily PA. Accelerations during activities of low intensity, such as walking or sedentary
time, as well as high-intensity activities, such as jogging and jumping, can be assessed (Bouten
et al, 1997). Given the different available activities an individual can carry out, triaxial accel-
erometers give more details and display a better correlation to activity energy expenditure
(AEE) than uniaxial accelerometers (Bouten et al., 1994). The signal of acceleration is normally
filtered, adjusted and integrated to give a common measure of activity intensity called ‘counts’
(Trost, 2007).

Regardless of how counts are calculated, it has been described that activity counts have a strong
association with energy expenditure or work rate, and can give evidence of physical activity
intensity (Trost, 2007). Many accelerometers have been evaluated through standardized activi-
ties in laboratory conditions. For example, accelerometers displayed a good to very good rela-
tionship (r = 0.74 to 0.95) while measuring energy expenditure during walking and running on
a treadmill against portable calorimeters in the field settings, or in a controlled room environ-
ment (Nicolas et al., 2000, Levine et al., 2001). Body-worn accelerometers are able to measure
step counts, time, how often and how hard the activity is, and as a result they give information
that is accurate on physical activity under free-living conditions (Plasqui et al., 2007). Accel-
erometers summarises raw data into proprietary ‘counts’ and provide continuous acceleration
data from which measures of physical activity can be obtained utilizing published algorithms
which then improves methodological clarity and make it possible to compare data across studies
(Arnardottir et al., 2013, Hildebrand et al., 2014, Sabia et al., 2014).
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Most of the studies done recently have used accelerometers to predict the period spent in SBs
and PA levels and their related energy cost; however, the accuracy of accelerometers in as-
sessing behaviours on the lower end of the intensity spectrum is unclear (Florez-Pregonero et
al., 2017). Although objective measurement with accelerometers has appeared to overcome the
biasness of self-reporting, many problems coincide with their use (Healy et al., 2011, Lyden et
al., 2011).

Accelerometers do not have the ability to report on the increased energy cost related with walk-
ing up the stairs or an incline and they cannot accurately assess activities such as cycling, lifting
or carrying objects, which means they may underestimate the total physical activity energy ex-
penditure (Trost, 2007). Additionally, in this current time, the presentation and interpretation
of the data acquired from accelerometers still remains as a limitation (Ward et al., 2005). Fur-
thermore, majority of the obtainable accelerometers have been evaluated to a large extent for
their accuracy in predicting MVVPA and not sedentary or light-intensity physical activity (LPA)
(Freedson et al., 2012).

Currently, very few pregnancy-specific studies have measured PA objectively by using devices
such as accelerometers (Lindseth & Vari 2005, Ogita et al., 1989, Stein et al., 2010). Accel-
erometers are non-invasive and are fitting to use in pregnancy. They provide insight in addition
to self-report measures as they minimize responder and recall bias, providing a more tangible
estimate of frequency, duration, and intensity of pregnant women's physical activity (da Silva,
2016). However, with the lack of research using objective, comprehensive and validated meth-
ods, there is currently no common measurement tool used to measure physical activity during

pregnancy that is accepted (Harrison et al., 2011).

2.5.2.2 Doubly labelled water (DLW) method

In non-pregnant women, the doubly labelled water (DLW) method is used as the gold standard
to measure energy expenditure of free-living conditions, at the same time it can also be used to
predict activity related energy expenditure (Plasqui & Westerterp, 2007). However, the cost,
amount of time it consumes, and requirement of an experienced operator make it prohibitive
and as a result, other tools that are more practical are normally utilized to predict PAEE in

population studies (Plasqui & Westerterp, 2007). Additionally, though this method gives an
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accurate assessment of total energy expenditure (TEE), no details on physical activity patterns
with regards to frequency, duration, and intensity is obtainable (Plasqui & Westerterp, 2007).

2.5.2.3 Direct and Indirect calorimetry

Direct calorimetry requires positioning the patient inside a compact chamber that is protected
from the environment in order to predict EE by assessing the heat coming out of the body
(Keeny, Notley & Daniel, 2017). It assesses the total heat of anaerobic and aerobic metabolisms.
Additionally, although this method relies on easy principles of measuring PA it is not the most
suitable for quantifying energy expenditure (Keeny, Notley & Daniel, 2017). Furthermore, di-
rect calorimetry is known to have a more delayed response in assessing the heat released by the
oxidative processes, which can be quickly measured by indirect calorimetry (Kenny & Jay,
2013).

Indirect calorimetry measures the distinction in carbon dioxide and oxygen contents between
exhaled and inhaled air, which, along with minute ventilation, enables the measurement of ox-
ygen consumption, and carbon dioxide production (Keeny, Notley & Daniel, 2017). Oxygen
consumption and carbon dioxide production are regularly utilized to quantify the respiratory
exchange ratio, and the prediction of substrate utilization. This enables the quantification of
energy expenditure using the caloric equivalents for macronutrients (Keeny, Notley & Daniel,
2017). However, indirect calorimetry only predicts energy expenditure and it is unable to esti-
mate metabolic heat production which makes it a limitation. Metabolic heat production repre-
sents the volume of energy that is freed as heat during the metabolic processes, which is not
directed to conduct external work. Furthermore, while at rest, energy expenditure is equivalent
to metabolic heat manufacturing as no outside work is done (Whipp & Wasserman 1969), which

means indirect calorimetry is unable to accurately measure this energy expenditure.

2.5.2.4 Heart rate monitoring

Heart rate (HR) monitors are relatively inexpensive and have a storage capacity that can cover
a few days (for minute-by-minute heart rate). They have made ongoing heart rate monitoring a
more practical technique for measuring PA (Trost & O’Neil, 2013). Furthermore, because of

the direct proportion between heart rate and energy expenditure while performing constant ex-
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ercise, heart rate monitoring remains a useful technique to evaluating physical activity. How-
ever, this method has several problems associated with it, components such as body size, age,
emotional stress, amount of muscle mass used and cardiorespiratory fitness impacts the heart

rate-oxygen consumption (VOz) relationship (Trost & O’Neil, 2013).

The HRs reaction is likely to be delayed temporarily behind alterations in movement and fre-
quently remains raised after the termination of the movement. Additionally, HR monitoring
may also be of restricted use in evaluating total daily physical activity, for instance, in a case
were a patients large percentage of the day is spent in relatively inactive pursuits such as sitting
behind a desk (Livingstone et al., 1992). However, it is essential to take into account that various
methods have been established to address some of these restrictions, for example, utilizing heart
rate indices that control for individual distinctions in resting HR, the calibration of HR and

work rate on an individual basis (Livingstone et al., 1992, Trost, 2001).

2.6 Accelerometers vs DLW method, and indirect calorimetry
Gold-standard measures of energy expenditure such as indirect calorimetry from respiratory

gas analysis and the doubly-labelled water (DLW) method have been used in a number of pre-
vious studies to validate wrist acceleration data (van Hees et al., 2011, Esliger et al., 2011).
These techniques have their own limitations, which include the cost of conducting studies on
large population samples, as well as its use in collecting PA intensity or PA in free living con-
ditions. Although there have been many laboratory studies to clarify the relationship between
these techniques and accelerometers, they cannot begin to assess all the diverse range of human
activities that makes up the complex issue of physical activity (White et al., 2016). On the other
hand, accelerometers are user-friendly and display few hassles to the participants (no chest
straps or electrodes) and they have the capability to identify incidental physical activity and

activity patterns under free living conditions (Trost, 2007).

Although there are many known tools to assess PA, the question of their accuracy to assess PA
during pregnancy still remains. The physiological changes that occurs during pregnancy do
come as a challenge for assessing PA during this time, however, due to the burden of obesity
and the benefits that comes with being physically active during pregnancy, a valid and reliable

measurement tool is needed.
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Chapter 3: Methodology

3.1 Study design
The associations between the energy expenditure (EE) estimates from the Oxycon and ac-

celerometers (ActiGraph-wrist, ActiGraph-hip, Axivity and GENEActiv), placement posi-
tion (wrist and hip) of the ActiGraph accelerometer and EE estimates of the three different
wrist-worn accelerometers (ActiGraph, Axivity and GENEActiv) were assessed using a
combination of a cross-sectional and longitudinal, observational design on pregnant and

non-pregnant woman living in the Johannesburg area.

3.2 Site of study
The study was conducted at the Centre for Exercise Science and Sports Medicine, located

at the University of Witwatersrand, Parktown, Johannesburg, Gauteng Province of South
Africa.

3.3 Study population
A purposive convenience sample of thirty five female participants (22 pregnant and 13 non-

pregnant women) volunteered to participate in this study. The testing procedure was ex-
plained and an information sheet (appendix D) was provided to the participant by the re-
searcher. Data analysis was performed on 32 participants (22 pregnant and 10 non-pregnant
women), after three did not complete the test due to bad weather and/or missing data. Preg-
nant women in their first trimester (<14 weeks, longitudinal) between the ages of 18- 40
years, residing within a 50 km radius of Parktown, Johannesburg were recruited in their
early stage of pregnancy (<14 weeks gestation) to participate in the study until the third
trimester (longitudinal). In addition, women in their 2nd and 3rd trimesters were invited for

a once off testing (cross-sectional).

3.4 Selection and recruitment of participants
Healthy pregnant women were recruited through word of mouth or with an advert (appendix

F) at local clinics around the Johannesburg area, doctor’s rooms and antenatal classes. In
addition, healthy non-pregnant women were recruited through word of mouth.

3.4.1 Inclusion and Exclusion Criteria for the study
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Table 1: Inclusion and Exclusion criteria for pregnant woman

Participant exclusion criteria

Participant inclusion criteria

At-risk pregnancy i.e.

Haemodynamically significant heart dis-
ease

Restrictive lung disease, heavy smoker
Incompetent cervix/cerclage

Multiple gestation at risk for premature
labour

Persistent second or third trimester bleed-
ing

Placenta praevia after 26 weeks gestation
Premature labour during the current preg-
nancy

Ruptured membranes, severe anaemia
Pregnancy induced hypertension
Unevaluated maternal cardiac arrhythmia
Chronic bronchitis, Orthopaedic limita-
tions

Poorly controlled type | diabetes, Ex-
treme morbid obesity

Extreme underweight (BMI <12)
History of extremely sedentary lifestyle,
Intrauterine growth restriction in current
pregnancy

Poorly controlled seizure disorder, thy-
roid disease & hypertension/pre-eclamp-
sia

Any kind of clinical diagnosis, e.g. de-
pression, cardiovascular diseases, and di-

abetes mellitus

Willing to participate from the 1%, 2"d and

3" trimester of pregnancy.

Participants will be included if they re-
ceived clearance for exercise testing from

a medical doctor.

Participants willing to do a walking pro-
tocol test.
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Table 2: Inclusion and exclusion criteria for non-pregnant women

Participant exclusion criteria Participant inclusion criteria
o Participants with any orthopaedic e Willing to participate in the study
injuries e Willing to complete the walking
« Participants with any known or di- protocol test
agnosed coronary artery diseases or o Clearance to exercise using a PAR-
cardiovascular disease Q

o Participants who have had previous
revascularization
o Participants with unstable angina

o Participants using pacemakers

3.5 Measuring tools or instruments

Testing procedure:

The total protocol including time, intensity and rest parameters of the walking test is detailed
in Appendix A. Each of the participants were instructed not to consume a heavy meal, drink
any caffeinated drinks, or use any nicotine substances within two hours prior to their test ses-
sion. They were instructed not to participate in any exercise training 24 hours before the testing
procedure. The entire test procedure was explained to the participants and they were informed
that they can abort the test at any time without having to explain why. The objectives of the
study were explained, an information sheet was provided (Appendix D) and a written informed
consent (Appendix E) was signed by all, ensuring that there is no injury or other health issue
preventing them from participating. The resting heart rate (one minute sitting down) was meas-
ured using the RS800 Polar Electro, USA. The participants performed an outdoor submaximal
walking test on a running track wearing four accelerometers, on the wrist (1 ActiGraph, GE-
NEactive and Axivity) and hip (1 ActiGraph) on the participant’s dominant side using an ad-
justable belt. The same accelerometers were always placed at the same site on all participants.
The facemask for VO- collection was fitted before warm-up and tested to make sure there was
no air leakage. A medical doctor was onsite in case of emergencies and doctor’s clearance to

participate in physical activity was obtained for every participant beforehand.

Measurements:
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e PAR-Q for clearance to participate in physical activity during pregnancy
(http://www.csep.ca/cmfiles/publications/parg/parmed-xpreg.pdf) (Appendix B)

e Accelerometers: 3 different accelerometer devices were used: ActiGraph (1 worn
on the hip and 1 worn on the wrist); GENEActive (worn on the wrist) and the Ax-
ivity (worn on the wrist). The outcome measure used in this study across all accel-
erometers was vector magnitude (vm).

e Spirometry (gold standard to measure PAEE) was used to validate the different ac-
celerometer devices using an OxyconTM mobile device (Intra medic, Jaeger Oxy-
con Pro, 2013). The outcome measure used for the Oxycon was VO2/kg/ml/min/kg

e Heart frequency and heart rate variability (RS800, Polar Electro) was measured us-
ing beats/min

e Borg Scale (Borg, 1982) —rating of Perceived Exertion (every single work load step)
was measured on a scale from 14-20.

e Anthropometrics - weight (kg), height (m), BMI (kg/m?) were measured before the
walking test.

e Sociodemographic data (age, education, marital status, work status, parity) and the
DALLI study questionnaire (Jelsma et al., 2013) were used (Appendix C).

Accelerometers

Accelerometers function by determining acceleration across a given axis, using different tech-
nologies such as piezo—electric, micro-mechanical springs, and changes in capacitance (Welk,
2002). Several axis measurements can also be packed into a single monitor, which allows move-
ment to be captured in multiple planes. The main purpose of accelerometers is that the sensor
transform movements into electrical signals that are proportional to the muscular force produc-
ing motion (Melanson & Freedson, 1996). These signals are summed over a specified period of
time (epoch) and stored. In this study participants wore three types of accelerometers on the
non-dominant hand and hip i.e. ActiGraph (wrist & hip), GENEActiv (wrist) and the Axivity
(wrist) until the end of the testing procedure. All accelerometers were initialised with a meas-
urement frequency set at (100 Hz) and a measurement period of 3 hours. The recorded data was
downloaded at (10 seconds epochs) and the raw accelerometry data (vector magnitude) for all

accelerometers was used for the comparisons during the analysis.

Oxycon™ mobile device
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In this study the Oxycon Mobile (OM), (Jager, Wirzburg, Germany) was used as the criterion
method to validate accelerometers. The OM is the portable version of the Jaeger Oxycon Pro
(CareFusion GmbH, Hoechberg Germany) which is a PC-based system for measurement of
oxygen uptake (VOy), carbon dioxide production (VCO>) and ventilation (VE). OM is a rela-
tively light weight (950g) spirometric device that utilizes electrochemical sensors and sends the
data to a host computer via telemetry (Intra medic, Jaeger Oxycon Pro, 2013). The portable
system is held in place by straps, which are slipped over the participant’s shoulders and securely

clipped into place without limiting movement.

Calibration of the gas analysers, volume sensor and turbine were done as stated by manufactur-
ers before each test. Gas exchange variables (oxygen uptake (VO2); carbon dioxide production
(VCO:y»); and ventilation, (VE) were assessed without interruption on a breath-by-breath basis.
The facemask used in the study was the model 7600 V2 (Hans Rudolph inc, Canada). The VO>
data was collected on-line by a personal computer laptop using the PC software (JLAB 4.61.1,
CareFusion GmbH, Hoechberg Germany). Collection sample was set to use 10 second intervals
with each data point as a mean value of the interval. Steady state oxygen consumption

(VO2/kg/ml/min/kg) was used to work out oxygen consumption for each speed/walking test.

Walking test

Participants were invited to participate in the test at three-time points in pregnancy: in early
pregnancy (14-15 weeks), second trimester (24-28 weeks), and third trimester (35 weeks). The
different devices (four accelerometers, heart rate monitor and spirometry) were placed on the
participants. They would get a 15 minutes rest sitting on a chair. A walking incremental test
would start with the participant moving at a speed of 3 km/h while increasing a speed of 0.5
km/h at each 50 m /10 m beep. A 400-m meter track was marked by cones distanced 10 m apart
and a red cone was used as an indication that 50 m has been reached. An audio recording was
used to alert the participant by a beep at each 10 m to increase speed every 50 m. The partici-
pants would increase their walking speed to reach 8 km/h, or when they asked to discontinue
or stop and then complete 10 minutes active cool down. After the cool down participants would
walk at different speeds lasting 5 minutes each. They would start by a speed of 3 km/h, 5 km/h
and then end with free speed fast walking. Each 5-minute speed was followed by a 3 minutes

active cool down (Appendix A).
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3.6 Ethics
The Human Research Ethics Committee (HREC) of the University of the Witwatersrand Ethical

gave ethics approval for the study (M160532) (Appendix G). Safety measures and sufficient
professional supervision were provided during the testing; this was to ensure a non-hazardous
environment where the participant feels safe to perform exercise. Confidentiality of the pa-
tient’s medical history, data collection and any other personal or health related information was
maintained at all times. This was achieved by allocating a numerical code to each participant.
Each participant received a participant information document (see Appendix D) that explained
exactly what is expected from each participant throughout the duration of the study, including
how long they needed to exercise for, and what type of exercise they were required to do. This
document was to notify the participants of any potential risks and benefits associated with par-
ticipation in the study. In addition, after being informed a consent form (see Appendix E) was

signed by each participant prior to the start of the study.

3.7 Analysis
Stata/SE 15.1 was used for data analysis. Descriptive statistics for all variables were calculated

to describe characteristics of the pregnant and non-pregnant participants and energy expenditure
values for each accelerometer and Oxycon outputs during the walking protocol. Histograms
and Shapiro-Wilk tests indicated non-normality for 51 of 55 continuous physical activity vari-
ables, as a result, non-parametric tests were used for the analysis. The non-normally distributed
continuous variables were presented as medians and interquartile range (IQR) and the categor-
ical variables as frequencies and percentages. The level of significance was set at p < 0.05 for
all analyses.

For the comparison between accelerometers and the Oxycon, average Vector Magnitudes (VM)
for each accelerometer (ActiGraph-hip, ActiGraph-wrist, Axivity and GENEActiv) which are
a proxy to METs and Oxygen consumption (VO2/kg) for the Oxycon were calculated for the
complete walking protocol test and at each stage. Fifty five outcome variables were taken into
account for the analysis, namely TEE Oxycon (VO./kg), TEE ActiGraph-wrist (VM), TEE
ActiGraph-hip (VM), TEE Axivity (SVM), GENEActiv (SVM), 15 min rest Oxycon (VO2/Kkg),
15 min rest ActiGraph-wrist (VM), 15 min rest ActiGraph-hip (VM), 15 min rest Axivity
(SVM), 15 min rest GENEActiv (SVM), 3 min rest Oxycon (VO2/kg), 3 min rest ActiGraph-
wrist (VM), 3 min rest ActiGraph-hip (VM), 3 min rest Axivity (SVM), 3 min rest GENEActiv
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(SVM), Incremental test Oxycon (VO2/kg), Incremental test ActiGraph-wrist (VM), Incremen-
tal test ActiGraph-hip (VM), Incremental test Axivity (SVM), Incremental test GENEActiv
(SVM), 10 min rest Oxycon (VO2/kg), 10 min rest ActiGraph-wrist (VM), 10 min rest Acti-
Graph-hip (VM), 10 min rest Axivity (SVM), 10 min rest GENEActiv (SVM), 3km/h Oxycon
(VO2/kg), 3km/h ActiGraph-wrist (VM), 3km/h ActiGraph-hip (VM), 3km/h Axivity (SVM),
3km/h GENEActiv (SVM), 3 min rest Oxycon (VO2/kg), 3 min rest ActiGraph-wrist (VM), 3
min rest ActiGraph-hip (VM), 3 min rest Axivity (SVM), 3 min rest GENEActiv (SVM), 5km/h
Oxycon (VO2/kg), 5km/h ActiGraph-wrist (VM), 5km/h ActiGraph-hip (VM), 5km/h Axivity
(SVM), 5km/h GENEActiv (SVM), 3 min rest Oxycon (VO2/kg), 3 min rest ActiGraph-wrist
(VM), 3 min rest ActiGraph-hip (VM), 3 min rest Axivity (SVM), 3 min rest GENEActiv
(SVM), free-speed Oxycon (VO2/kg), free-speed ActiGraph-wrist (VM), free-speed Acti-
Graph-hip (VM), free-speed Axivity (SVM), free-speed GENEActiv (SVM), 3 min rest Oxy-
con (VO2/kg), 3 min rest ActiGraph-wrist (VM), 3 min rest ActiGraph-hip (VM), 3 min rest
Axivity (SVM), 3 min rest GENEActiv (SVM).

Convergent validity or the association between the Oxycon and accelerometers was assessed
by four different methods: summary statistics were used to describe EE estimates by the Oxy-
con and accelerometers at each stage of the walking protocol; Energy expenditure at each stage
of the walking protocol for the pregnant and non-pregnant participants was compared using the
Wilcoxon rank-sum test. Pairwise correlation was used to compare placement position (wrist
and hip) of the accelerometers and comparison of PAEE values of the Oxycon and accelerom-
eters during the walking protocol test. In addition, box plots and Pairwise correlations were
used to demonstrate the total energy expenditure differences of the whole walking protocol
between the Oxycon and accelerometers. In this study, Pairwise correlations were considered
as small from 0 to less than 0.30, as moderate from 0.30 to less than 0.40, and greater than 0.5,
as a strong correlation (Cohen, 1988), however, numerous results in this study were in the 0.4-
0.5 range.
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Chapter 4: Results

4.1 Demographics of the participants

Participant’s demographics are presented in Table 3 below. Prior to analysis, 3 participants
were excluded from the recruited sample of 35 participants because they had incomplete data.
Thirty two female participants (22 pregnant and 10 non-pregnant) completed the walking pro-
tocol test and were included in the final analysis. From the 22 pregnant participants only 2 were
followed up until the third trimester (longitudinal), 9 of them participated during their second
trimester and 7 during the third trimester of pregnancy (cross-sectional). The median age for
the pregnant participants was 28 years (range 27-33 years) and 24 years (range 21-25 years) for
the non-pregnant women. The median BMI for the pregnant participants was 27.1 kg/m? (range
23.3-30.2 kg/m?) and 23.4 kg/m? for the non-pregnant participants (range 21-27.6 kg/m?) re-
spectively. Three pregnant participants (13.64%) reported to be current smokers. The pregnant
participants also reported that they had at least four days without enough sleep in the previous
month. Furthermore 31.8% of the pregnant participants were unemployed, with 36.4% of them

been single and 54.6% of them were having at least one child.

Table 3: Participants demographics for pregnant and non-pregnant women

Pregnant woman Non-pregnant woman p-value
median (IQR)/ %  median (IQR)/ %

(n=22) (n=10)

Age (yrs.) 28 (27-33) 24 (23-25) 0.014
Height (cm) 160 (155-162.5) 160 (157.5-165) 0.463
Weight (kg) 67.3 (60-73.7) 61.7 (55.5-70.9) 0.309
BMI (kgm) 27.1 (23.3-30.2) 23.4 (21-27.6) 0.160
Smoking 3 (13.6%) 0%
sleeping hours 8 (8-9) 7.5 (7-8) 0.021
Days without enough sleep 4 (0-5) 5 (3-6) 0.320
Level of education

Secondary 9 (40.9%) 1 (10%)

Technical 3 (13.6%) 3 (30%)

University 10 (45.5%) 6 (60%)
Occupation
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Full-time 11 (50%) 6 (60%)

Part-time 1 (4.6%)

Student 3 (13.6%) 3 (30%)

Unemployed 7 (31.8%) 1 (10%)
Marital status

Married 13 (59.1%) 1 (10%)

Cohabiting 1 (4.6%)

Single 8 (36.4%) 9 (90%)
Number of children

None 12 (55.56%) 10 (100%)

One 5 (27.3%)

> One 5 (27.3%)

Values are presented as median and Inter-Quartile Range; frequencies and percentages.
Significant results are presented in bold (p<0.05)

4.2 Summary statistics of total energy expenditure for the Oxycon and accelerometers
during the walking protocol test

Table 4 shows summary statistics of the Oxycon and accelerometers used to estimate the total
energy expenditure (EE) and a comparison between the pregnant and non-pregnant participants
for the whole walking protocol. No significant differences were observed during the compari-
son of the total energy expenditure estimates between the pregnant and non-pregnant partici-
pants while measuring physical activity using the Oxycon, ActiGraph-wrist worn, and Axivity
accelerometers after completing the whole walking protocol test. However, there were signifi-
cant differences observed when comparing the total energy expenditure estimates between the
pregnant and non-pregnant participants while using the hip worn ActiGraph and GENEActiv
accelerometers (p<0.05). In addition, figure 1 shows the differences in total energy expenditure
measured by the Oxycon, and accelerometers for both pregnant and non-pregnant participants

during the walking protocol test.
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Table 4: Total energy expenditure comparison between the pregnant and non-pregnant partic-
ipants for the complete walking protocol test.

Pregnant woman Non-pregnant woman

median (IQR) median (IQR) p-value
TEE Oxycon (VO2/kg) 70.1 (64.3-78.2) 80.4 (49.6-85.6) 0.371
TEE ActiGraph-wrist (vm) 506.1 (339.4-586.3)  532.8 (392.8-618.5) 0.515
TEE ActiGraph-hip (vm) 272.6 (186.9-329.7) 330 (309.8-373.9) 0.025
TEE Axivity (svm) 0.7 (0.6-0.8) 0.8 (0.6-0.9) 0.393
TEE GENEACctiv (svm) 304.4 (278.9-346.7)  366.7 (336.6-441.6) 0.051

Significant results are presented in bold (p < 0.05), TEE: total energy expenditure, VO2/kg:

oxygen consumption, vm: vector magnitude, svm: support vector machine.
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Figure 1: Differences in total energy expenditure between the Oxycon and accelerometers for

pregnant and non-pregnant participants.
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Table 5 and 6 are summary descriptive statistics of energy expenditure estimates by the Oxycon,
ActiGraph-wrist, ActiGraph-hip, Axivity and GENEActiv used in this study. The summaries
are of each stage of the walking protocol test for the pregnant and non-pregnant participants.
Estimates of energy expenditure varied across the different accelerometer devices and the Ox-
ycon for both the pregnant and non-pregnant participants. Estimates of energy expenditure
ranged from 8.6-11.3 VO2/kg during the incremental test, 6.6-7.9 VO./kg at 3km/h, 8.8-11.9
VOo/kg at 5km/h and 9.7-17.1 VO2/kg at free speed for the Oxycon when measuring the preg-
nant participants. For the non-pregnant participants EE estimates ranged from 10-11.9 VO2/kg
during the incremental test, 7-9.7 VO2/kg at 3km/h, and 7.2-12.8 VO./kg at 5km/h and at free
speed 12-18.7 VO2/kg respectively. There were no significant differences observed between
the pregnant and non-pregnant participants at the different stages of the walking protocol test

while using the Oxycon mobile.

Using the ActiGraph-wrist-worn accelerometer, EE estimates ranged from 40.4-90 VM for the
pregnant participants while performing the incremental test, 26.1-140.9 VM when walking at
3km/h, 75.6-100.9 VM at 5km/h and 63.1-106.2 VM at free speed during pregnancy. However,
for the non-pregnant participants estimates ranged from 72.8-100.1 VM during the incremental
test, 44.2-108.8 VM at 3km/h, 41.1-111.6 VM at 5km/h and 19.9-83.9 VM during the free speed
test. Additionally, there was also no significant differences observed between the pregnant and
non-pregnant participants at the different stages of the walking protocol test while using this

device.

Estimates from the hip-worn-ActiGraph accelerometer ranged from 17.2-67.2 VM during the
incremental test, 26.1-140.9 VM at 3km/h, and 9.6-55.3 VM while walking at 5km/h and 18.4-
65.4 VM at free speed from the pregnant participants. Across the non-pregnant participants
estimates ranged from 40.4-64.4 VM when performing the incremental test, 40.1-74.9 VM at 3
km/h, 15.4-70.9 VM at 5km/h and 17.1-69.4 VM during the free speed test. Furthermore, we
observed significant differences of EE estimates between the pregnant and non-pregnant par-
ticipants during the 10 minutes resting period of the incremental test (p =0.050), while com-
pleting 3km/h walking test (p =0.036) and at 3 minutes rest after completing the 5km/h walking
test (p =0.031).

The Axivity accelerometer estimates ranged from 0.05-0.13 SVM during the incremental test,
0.11-0.15 SVM at 3km/h, 0.13-0.17 SVM at 5km/h and 0.11-0.16 SVM at free speed amongst

the pregnant participants. Similarly, for the non-pregnant participants, estimates ranged from
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0.04-0.08 SVM when performing the incremental test, 0.13-0.17 SVM at 3km/h, from 0.11-
0.17 SVM at 5km/h, and ranged from 0.17-0.28 SVM at free speed. When comparing EE esti-
mates for the Axivity accelerometer we found significant differences during the 3km/h walking
test (p =0.017) and the free speed walking test (p =0.005) between the pregnant and non-preg-
nant participants.

When measuring PA using the GENEActiv accelerometer, estimates ranged from 21.8-76.1
SVM for the incremental test, 11.6-25.3 SVM at 3km/h, 15.1-35.1 at 5km/h and 14-41.9 SVM
at free speed from the pregnant participants. EE estimates ranged from 72.8-103.2 SVM for the
incremental test, 13-14.9 SVM at 3km/h, 18.3-34.2 SVM at 5km/h and 31.5-60.9 SVM at free
speed for the non-pregnant participants. We observed significant differences of the GENEActiv
energy EE estimates between the pregnant and non-pregnant participants during the incremental
test (p =0.010) and free speed walking test (p = 0.016).
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Table 5: Summary statistics of energy expenditure by the Oxycon and accelerometers for the pregnant participants at each stage of the walking

protocol test

Oxycon (VO2/kg) ActiGraph wrist (vm)  ActiGraph hip (vm)  Axivity (svm) GENEACctiv (svm)

median (IQR) median (IQR) median (IQR) median (IQR) median (IQR)
15 min rest 3.4 (3.2-3.9) 23.6 (10.8-31.8) 1.7 (7.9-22) 0.03(0.01-0.08)  25.9 (13-59.7)
3 min rest 4.6 (3.4-5.6) 29.6 (14.5-58.2) 6.5 (0.21.8) 0.02 (0.01-0.09)  20.1 (12.6-34.4)
Incremental test 9.6 (8.6-11.3) 54.4 (40.4-90) 43.3 (17.2-67.2) 0.75(0.05-0.13) 50.9 (21.8-76.1)
10 min rest 4.7 (4-5.7) 20.6 (10.9-57.2) 11.9 (3-22.6) 0.02 (0.01-0.02)  25.3 (19.5-33.6)
3km/h 7.4 (6.6-7.9) 65.1 (26.1-140.9) 39.9 (27.8-52.6) 0.12 (0.11-0.15)  17.2 (11.6-25.3)
3 min rest 4.7 (3.9-5.4) 13.2 (5.7-21.7) 5.7 (1.7-16.4) 0.02 (0.01-0.03)  21.9 (7.5-26.3)
5km/h 10.5(8.8-11.9)  90.1 (75.6-100.9) 32.9 (9.6-55.3) 0.14 (0.13-0.17)  20.1 (15.1-35.1)
3 min rest 5.5 (4.8-6.3) 15.4(10.7-25.9) 5.9 (2.3-13.9) 0.03 (0.02-0.05)  20.9 (7.1-39.7)
Free-speed 12.1(9.7-17.1) 89.1 (63.1-106.2) 32.6(18.4-65.4) 0.15(0.11-0.16)  21.6 (14-41.9)
3 min rest 6.1 (5-7.8) 27.4 (11.3-41.3) 15.3 (2.2-36.6) 0.04 (0.02-0.07)  23.5 (11.6-34.4)

VO2/kg: oxygen consumption, vm: vector magnitude, svm: support vector machine, IQR: interquartile range.
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Table 6: Summary statistics of energy expenditure estimates by the Oxycon and accelerometers for the non-pregnant participants during each stage

of the walking protocol test

Oxycon (VO2/kg) ActiGraph wrist (vm) ActiGraph hip (vm) Axivity (vm)

GENEActiv (vm)

median (IQR) median (IQR) median (IQR) median (IQR) median (IQR)
15 min rest 3.9 (3.3-4.4) 36.2 (14-17.1) 19.5 (13.4-24.8) 0.07 (0.04-0.08) 43.5(10.5-69.3)
3 min rest 4.7 (4.3-5.2) 57.1(26.4-77.2) 20.3 (12.8-54.4) 0.03 (0.01-0.04) 27.7 (16.3-43.3)

Incremental test
10 min rest
3km/h

3 min rest
5km/h

3 min rest
Free-speed

3 min rest

10.6 (10-11.9)
4.5 (3.4-5.6)
8.10 (7-9.7)
4.9 (3.5-5.2)
11.7 (7.2-12.8)
5.5 (3.7-6.5)
17.7 (12-18.7)

70.1 (4.4-7.7)

89.3 (72.8-100.1)
38.3 (10.2-74.4)
59.3 (44.2-108.8)
17 (7.26-22.1)
52.4 (41.1-111.6)
15.7 (14.2-27.2)
43.1 (19.9-83.9)

20.5 (14.8-48.5)

45.5 (40.4-64.4)
27.3 (10.9-49.7)
58.6 (40.1-74.9)
9.9 (5.4-19.4)

62.3 (15.4-70.9)
21 (10.9-33.8)

47.3 (17.1-69.4)

19 (6.7-23.9)

0.07 (0.04-0.08)
0.01 (0.01-0.02)
0.15 (0.13-0.17)
0.02 (0.01-0.03)
0.15 (0.11-0.17)
0.02 (0.01-0.03)
0.20 (0.17-0.28)

0.03 (0.02-0.04)

84.9 (72.8-103.2)
22.7 (21.9-34.2)
13.7 (13-14.9)
20.9 (18.3-34.2)
18.8 (16.2-20.4)
29 (20.3-58.5)
38.7 (31.5-60.9)

28.7 (24.4-41.1)

VO2/kg: oxygen consumption, vm: vector magnitude, svm: support vector machine, IQR: interquartile range.
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4.3 Comparison between placement positions of accelerometers for pregnant and non-
pregnant participants

4.3.1 Relationship between wrist accelerometers in measuring PA

When comparing the three wrist worn accelerometers used to measure PA of the pregnant par-
ticipants (Table 7), the findings show a moderate significant correlation between the Axivity
and GENEActiv accelerometers (r =0.428) at 15 minutes rest. Furthermore, while completing
the 5km/h walking test, moderate significant correlations were found between the ActiGraph-
wrist and GENEActiv accelerometers (r =0.394). No any other significant correlations were
observed in the pregnant participants during the other stages of the walking protocol.

For the non-pregnant participants (Table 8), our study results indicated a strong significant cor-
relation between the ActiGraph wrist and the Axivity accelerometer (r =0.659), and between
the ActiGraph wrist and GENEActiv accelerometer (r =0.617) at 3 minutes rest after complet-
ing the 5km/h walking test. Additionally, at 3 minutes rest after completing the free speed walk-
ing test, we also found strong significant correlations between the ActiGraph wrist and Axivity
(r =0.727), and between the GENEActiv and Axivity accelerometers (r =0.809) in the non-

pregnant participants respectively.

Table 7: Pairwise correlations between wrist worn accelerometers for pregnant participants at
each stage of the walking protocol test

ActiGraph-wrist (vm) Axivity (svm)
R-value R-value
15 minutes rest
Axivity (svm) -0.249
GENEActiv (svm) -0.264 0.428
3 minutes rest
Axivity (svm) -0.026
GENEActiv (svm) -0.229 0.079
Incremental test
Axivity (svm) -0.154
GENEACctiv (svm) -0.054 0.021

10 minutes rest
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Axivity (svm) 0.032

GENEActiv (svm) 0.281 0.182
3km/h

AXxivity (svm) 0.229

GENEACctiv (svm) -0.214 -0.044
3 minutes rest

Axivity (svm) -0.251

GENEACctiv (svm) -0.019 -0.000
5km/h

Axivity (svm) -0.037

GENEActiv (svm) 0.394 0.184
3 minutes rest

AXivity (svm) -0.018

GENEACctiv (svm) 0.235 0.141
Free speed

AXivity (svm) -0.009

GENEACctiv (svm) 0.230 0.336
3 minutes rest

AXxivity (svm) 0.160

GENEACctiv (svm) -0.246 -0.283

Significant results are presented in bold (p < 0.05), vm: vector magnitude, svm: support vector
machine, R-value: correlation.

Table 8: Pairwise correlations between wrist worn accelerometers for non-pregnant woman at
each stage of the walking protocol

ActiGraph-wrist (vm) Axivity (svm)
R-value R-value

15 minutes rest

Axivity (svm) -0.340

GENEActiv (svm) 0.457 -0.049

3 minutes rest

AXxivity (svm) -0.600

GENEACctiv (svm) -0.472 0.599

Incremental test
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Axivity (svm) -0.297

GENEActiv (svm) -0.228 -0.033
10 minutes rest

AXxivity (svm) 0.032

GENEACctiv (svm) 0.281 0.182
3km/h

Axivity (svm) -0.080

GENEACctiv (svm) -0.233 0.498
3 minutes rest

Axivity (svm) 0.000

GENEActiv (svm) 0.022 0.221
5km/h

AXivity (svm) -0.240

GENEActiv (svm) -0.037 0.198
3 minutes rest

AXxivity (svm) 0.659

GENEActiv (svm) 0.617 0.450
Free speed

AXxivity (svm) -0.299

GENEACctiv (svm) 0.334 -0.031
3 minutes rest

Axivity (svm) 0.727

GENEActiv (svm) 0.944 0.809

Significant results are presented in bold (p < 0.05), vm: vector magnitude, svm: support vec-
tor machine, R-value: correlation.

4.3.2 Relationship between measuring PA on the hip and wrist
When comparing the wrist-worn and hip-worn-ActiGraph accelerometer (Table 9) between the

pregnant and non-pregnant women, strong significant correlations were found during the 10
minutes rest (r =0.557) for the pregnant participants and a moderate correlation while walking
at 3km/h (r =0.406) followed by strong significant correlation during the 3 minutes rest after
completing the 3km/h walking test (r =0.626). In addition, strong significant correlations where
observed when participants were completing the 5km/h walking test (r =0.763). However, only

moderate correlations were observed from the non-pregnant participants when performing the
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5km/h walking test (r =0.441), no correlations were observed during the other stages of the

walking protocol test.

Table 9: Pairwise correlations between the hip and wrist worn accelerometers at each stage of
the walking protocol for the pregnant and non-pregnant participants

Pregnant woman Non-pregnant woman
ActiGraph-wrist (vm) ActiGraph-wrist (vm)
R-value R-value
15 minutes rest
ActiGraph-hip (vm) -0.065 0.258
3 minutes rest
ActiGraph-hip (vm) 0.216 0.247
Incremental test
ActiGraph-hip (vm) -0.029 -0.080
10 minutes rest
ActiGraph-hip (vm) 0.557 0.030
3km/h
ActiGraph-hip (vm) 0.406 -0.240
3 minutes rest
ActiGraph-hip (vm) 0.626 -0.195
5km/h
ActiGraph-hip (vm) 0.763 0.441
3 minutes rest
ActiGraph-hip (vm) 0.173 -0.087
Free speed
ActiGraph-hip (vm) 0341 0.344

3 minutes rest
ActiGraph-hip (vm) 0.305 0.134

Significant results are presented in bold (p < 0.05), vm: vector magnitude, svm: support vec-
tor machine, R-value: correlation.

4.4 Relationship between the Oxycon and accelerometers when measuring PA for preg-
nant and non-pregnant participants
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4.4.1 Associations when measuring the pregnant participants
The relationship between measuring physical activity using the Oxycon and accelerometers

during the different stages of the walking protocol test was measured. Negative moderate and
significant correlations (r = -0.445) between the Oxycon and the ActiGraph-hip accelerometer
during the 3 minutes rest before commencing with the walking protocol were found (see table
11). Furthermore, moderate significant correlations were found between the Oxycon and Acti-
Graph-wrist accelerometer (r = 0.410) at 10 minutes rest after completing the Incremental test
(see table 13). No correlations were observed for tables 10, 12, 14, 15, 16, 17, 18, 19, 20, 21,
22, 23, 24, 25 and 28 for both pregnant and non-pregnant participants.

Table 10: Correlations at 15 minutes rest between the Oxycon and accelerometers of the walk-
ing protocol test for pregnant participants

Accelerometers Oxycon (VO2/kg)
R-value

ActiGraph-wrist (vm) 0.158

ActiGraph-hip (vm) 0.255

AXxivity (svm) 0.262

GENEACctiv (svm) 0.151

VO2/kg: oxygen consumption, vm: vector magnitude, svm: support vector machine, R-value:
correlation.

Table 11: Oxycon and accelerometers correlations at 3 minutes rest of the walking protocol
test for pregnant participants

Accelerometers Oxycon (VO2/kg)
R-value

ActiGraph-wrist (vm) 0.112

ActiGraph-hip (vm) -0.445

Axivity (svm) -0.370

GENEACctiv (svm) 0.100

Significant results are presented in bold (p < 0.05), VO2/kg: oxygen consumption, vm: vector
magnitude, svm: support vector machine, R-value: correlation.
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Table 12: Incremental test correlations between the Oxycon and accelerometers for pregnant

participants

Accelerometers

Oxycon (VO2/kg)

R-value
ActiGraph-Wrist (vm) 0.070
ActiGraph-hip (vm) -0.173
Axivity (svm) 0.195
GENEACctiv (svm) 0.234

VO2/kg: oxygen consumption, vm: vector magnitude, svm: support vector machine, R-value:

correlation.

Table 13: 10 minutes standing rest after the incremental walking test correlations between
Oxycon and accelerometers for pregnant participants

Accelerometers

Oxycon (VO2/kg)

R-value
ActiGraph-wrist (vm) 0.410
ActiGraph-hip (vm) 0.308
Axivity (svm) -0.342
GENEACctiv (svm) 0.223

Significant results are presented in bold (p < 0.05), VO./kg: oxygen consumption, vm: vector
magnitude, svm: support vector machine, R-value: correlation.

Table 14: 3km/h walking test correlations between the Oxycon and accelerometers for preg-

nant participants

Accelerometers

Oxycon (VO2/kg)

R-value
ActiGraph-wrist (vm) 0.228
ActiGraph-hip (vm) -0.059
AXxivity (svm) 0.144
GENEActiv (svm) -0.133

VO>/kg: oxygen consumption, vm: vector magnitude, svm: support vector machine, R-value:

correlation.



Table 15: 3 minutes standing rest after the 3km/h walking test correlations between the
Oxycon and accelerometers for pregnant participants

Accelerometers

Oxycon (VO2/kg)

R-value
ActiGraph-wrist (vm) 0.321
ActiGraph-hip (vm) 0.198
Axivity (svm) -0.157
GENEACctiv (svm) -0.043

VO2/kg: oxygen consumption, vm: vector magnitude, svm: support vector machine, R-value:

correlation.

Table 16: 5km/h walking test correlations between the Oxycon and accelerometers for preg-

nant participants

Accelerometers

Oxycon (VO2/kg)

R-value
ActiGraph-wrist (vm) 0.261
ActiGraph-hip (vm) 0.150
AXivity (svm) 0.292
GENEACctiv (svm) 0.124

VO2/kg: oxygen consumption, vm: vector magnitude, svm: support vector machine, R-value:

correlation.

Table 17: 3 minutes standing rest after the 5km/h walking test correlations between Oxycon

and accelerometers for pregnant participants

Accelerometers

Oxycon (VO2/kg)

R-value
ActiGraph-wrist (vm) 0.378
ActiGraph-hip (vm) 0.000
AXxivity (svm) -0.209
GENEACctiv (svm) -0.181

VO/kg: oxygen consumption, vm: vector magnitude, svm: support vector machine, R-value:

correlation.
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Table 18: Free speed walking test correlations between the Oxycon and accelerometers for
pregnant participants

Accelerometers Oxycon (VO2/kg)
R-value

ActiGraph-wrist (vm) 0.355

ActiGraph-hip (vm) 0.129

Axivity (svm) 0.149

GENEACctiv (svm) 0.384

VO2/kg: oxygen consumption, vm: vector magnitude, svm: support vector machine, R-value:
correlation.

Table 19: 3 minutes standing rest after the free speed walking test correlations between the
Oxycon and accelerometers for pregnant participants

Accelerometers Oxycon (VO2/kg)
R-value

ActiGraph-wrist (vm) -0.001

ActiGraph-hip (vm) -0.054

AXivity (svm) 0.109

GENEACctiv (svm) 0.084

VO2/kg: oxygen consumption, vm: vector magnitude, svm: support vector machine, R-value:

correlation.

4.4.2 Associations when measuring the non-pregnant participants
The relationship between the Oxycon and accelerometers of measuring PA was also assessed

from the non-pregnant participants and our results show a significant and strong negative cor-
relation between the Oxycon and GENEActiv accelerometer (r = -0.714) when the participants
were completing the 5km/h walking test (Table 26). Similarly, strong and significant correla-
tions were found at the 3 minutes resting period (Table 27) after completing the 5km/h walking
test between the Oxycon and GENEActiv (r = 0.667). In addition, when comparing EE esti-
mates between the Oxycon and Axivity accelerometer our studies results show a strong signif-

icant correlation during the 3 minutes resting period of the free speed walking test (r = 0.627),
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we also found strong significant correlations between the Oxycon and GENEActiv accelerom-
eter (r = 0.627) during the same stage (Table 29).

Table 20: Correlations between the Oxycon and accelerometers at 15 minutes rest of the walk-

ing protocol for non-pregnant participants

Accelerometers

Oxycon (VO2/kg)

R-value
ActiGraph-wrist (vm) -0.184
ActiGraph-hip (vm) 0.257
AXxivity (svm) -0.032
GENEActiv (svm) -0.525

VO2/kg: oxygen consumption, vm: vector magnitude, svm: support vector machine, R-value:

correlation.

Table 21: 3 minutes rest correlations between the Oxycon and accelerometers for the non-

pregnant participants

Accelerometers

Oxycon (VO2/kg)

R-value
ActiGraph-wrist (vm) -0.258
ActiGraph-hip (vm) -0.420
AXivity (svm) 0.114
GENEACctiv (svm) 0.077

VO2/kg: oxygen consumption, vm: vector magnitude, svm: support vector machine, R-value:

correlation.

Table 22: Incremental test correlations between the Oxycon and accelerometers for the non-

pregnant participants

Accelerometers

Oxycon (VO2/kg)

R-value
ActiGraph-wrist (vm) 0.238
ActiGraph-hip (vm) -0.146
AXxivity (svm) -0.467
GENEACctiv (svm) 0.292

VO2/kg: oxygen consumption, vm: vector magnitude, svm: support vector machine, R-value:

correlation.



Table 23: Correlations at 10 minutes rest of the Incremental test between the Oxycon and
accelerometers for the non-pregnant participants

Accelerometers Oxycon (VO2/kg)
R-value

ActiGraph-wrist (vm) -0.431

ActiGraph-hip (vm) -0.158

Axivity (svm) -0.354

GENEACctiv (svm) 0.547

VO2/kg: oxygen consumption, vm: vector magnitude, svm: support vector machine, R-value:
correlation.

Table 24: 3km/h walking test correlations between the Oxycon and accelerometers for the
non-pregnant participants

Accelerometers Oxycon (VO2/kg)
R-value

ActiGraph-wrist (vm) -0.539

ActiGraph-hip (vm) 0.341

AXivity (svm) 0.506

GENEACctiv (svm) 0.091

VO2/kg: oxygen consumption, vm: vector magnitude, svm: support vector machine, R-value:
correlation.

Table 25: 3 minutes rest of the 3km/h walking test correlations between the Oxycon and
accelerometers for the non-pregnant participants

Accelerometers Oxycon (VO2/kg)
R-value

ActiGraph-wrist (vm) 0.073

ActiGraph-hip (vm) 0.399

Axivity (svm) 0.305

GENEActiv (svm) 0.271

VO,/kg: oxygen consumption, vm: vector magnitude, svm: support vector machine, R-value:
correlation.
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Table 26: 5km/h walking test correlations between the Oxycon and accelerometers for the
non-pregnant participants

Accelerometers Oxycon (VO2/kg)
R-value

ActiGraph-wrist (vm) 0.295

ActiGraph-hip (vm) -0.390

Axivity (svm) 0.083

GENEActiv (svm) -0.714

Significant results are presented in bold (p < 0.05), VO./kg: oxygen consumption, vm: vector
magnitude, svm: support vector machine, R-value: correlation.

Table 27: Correlations at 3 minutes rest of the 5km/h walking test between the Oxycon and
accelerometers for the non-pregnant participants

Accelerometers Oxycon (VO2/kg)
R-value

ActiGraph-wrist (vm) 0.311

ActiGraph-hip (vm) 0.296

AXxivity (svm) 0.130

GENEActiv (svm) 0.667

Significant results are presented in bold (p < 0.05), VO./kg: oxygen consumption, vm: vector
magnitude, svm: support vector machine, R-value: correlation.

Table 28: Free speed walking test correlations between the Oxycon and accelerometers for
the non-pregnant participants

Accelerometers Oxycon (VO2/kg)
R-value

ActiGraph-wrist (vm) -0.157

ActiGraph-hip (vm) -0.051

Axivity (svm) 0.498

GENEACctiv (svm) 0.048

VO>/kg: oxygen consumption, vm: vector magnitude, svm: support vector machine, R-value:
correlation.
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Table 29: Correlations at 3 minutes rest of the free speed walking test between the Oxycon
and accelerometers for the non-pregnant participants

Accelerometers Oxycon (VO2/kg)
R-value

ActiGraph-wrist (vm) 0.597

ActiGraph-hip (vm) 0.312

Axivity (svm) 0.672

GENEACctiv (svm) 0.642

Significant results are presented in bold (p < 0.05), VO2/kg: oxygen consumption, vm: vector
magnitude, svm: support vector machine, R-value: correlation.
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Chapter 5: Discussion

5.1 Introduction
The present study is the first of its kind to investigate and report on the validity of accelerome-

ter’s ability to measure PA during pregnancy while performing a field walking protocol test in
South Africa. Very little evidence is available regarding physical activity measurement during
pregnancy, and no regular measurement tool is currently accepted and being used to assess PA

throughout pregnancy (Harrison et al., 2011).

Measuring physical activity in an accurate way especially during the pregnancy period is a
multi-faceted concern and explaining the issues of validity is complex (Kelly et al., 2016). The
method to examining and describing validity of physical activity measurements has been ad-
dressed in a study done by Kelly et al. (2016), this was done so that clarity can be ensured, and
that there is accuracy and comparability between different validation studies of PA. In the pre-
sent study, convergent validity was examined by use of four various methods, and the results
indicate a poor validity of the accelerometers when compared to the Oxycon for measuring PA
at each stage of the walking protocol test for pregnant and non-pregnant participants. For in-
stance, the ActiGraph-wrist, ActiGraph-hip and GENEActiv overestimated the total energy ex-
penditure of the whole walking test protocol for both the pregnant and non-pregnant participants
when compared to the Oxycon. Furthermore, the Axivity accelerometer underestimated the to-
tal energy expenditure of both the pregnant and non-pregnant participants during the walking

protocol test.

5.2 Description of the participants
Very few pregnancy PA measurement tool validation studies have looked at black or African

pregnant participants from low-income households (Hesketh et al., 2018, Watson et al., 2017,
Welch at al., 2014). However, in this current study ethnicity and level of income was not con-
sidered for exclusion to participate. The pregnant participants in this study were 27 years or
above, with the majority of them having some tertiary education which signifies that they may

read and understand the benefits of PA during pregnancy.

Despite the wealth of evidence of published research discouraging smoking during pregnancy
(Meghea, 2010), this study found that 13.6% of our pregnant participants were still smoking
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which is an indication of a poor and destructive lifestyle behaviour that poses various health
risks for both the mother and the baby. Similarly, Meghea et al. (2012) who assessed the prev-
alence and the relationship of smoking during pregnancy reported that 15% of the women in
their study carried on smoking throughout their pregnancy. Smoking cigarettes during preg-
nancy has been linked with a number of risks such as placental abruption, placenta praevia, low
birth weight and premature birth, which result in a significant high rate of morbidity and mor-
tality in babies (Toriola et al., 2011). Smoking has also been associated with behavioural prob-
lems and respiratory diseases during infancy and into childhood (Robinson et al., 2010). Addi-
tionally, it was also reported that although signs of depression and stress were not related with
smoking during pregnancy, women who did not have any social support had higher odds of
continuing to smoke when compared to the non-smoking (Meghea et al., 2012). In this study,
36.4% of the pregnant participants were single; therefore not getting enough support throughout

the pregnancy may have been a contributing factor to their continued smoking.

5.3 Description of energy expenditure estimates during the walking protocol test between
the pregnant and non-pregnant participants
Due to the physiological changes during pregnancy, it is known that energy expended during

PA is different when comparing the pregnant and non-pregnant women; therefore, assessing
the differences of total energy expended during PA for pregnant and non-pregnant women is
important. It has been shown by previous research that as a result of the increase in tissue mass
(Butte and King, 2005), and the physiological changes that occur during pregnancy there is an
increase of energy expenditure at rest and during exercise (Fernandes & Takito, 2015). How-
ever, accelerometry results from a study done by van Hees et al. (2011), indicated quite the
opposite as the non-pregnant participants expended 24% more of PAEE compared to 11% of
PAEE expended by the pregnant participants, but this difference was not significant. Similarly,
although not significant, this study also found that non-pregnant participants expended more
energy based on estimates from the criterion measure (Oxycon) as compared to the pregnant
participants.

Energy expenditure is known to increase during pregnancy with an increase in gestation under
resting conditions, resulting in an increase of about 16-32 % above non-pregnant controls (Lot-
gering et al., 1985, Lumbers, 2002). Overall, in this study some devices such as the ActiGraph-
hip-worn accelerometer at 10 minutes rest of the incremental walking test and at 3 minutes rest

of the 5km/h walking test, the Axivity at the 3km/h and free-speed walking test were able to
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detect the differences of the energy expended during PA. Lastly, the GENEActiv accelerometer
was also able to detect the difference in PAEE during the incremental and free-speed walking
test. However, there was very little significant differences of total energy expenditure at each
stage of the walking protocol between the pregnant and non-pregnant participants while meas-
uring PA with the ActiGraph-hip worn, Axivity and the GENEActiv accelerometer. All in all,
this study did not find any consistently different patterns of energy expended between the preg-
nant and non-pregnant participants which may indicate that the differences are negligible, or

perhaps the accelerometers are not sensitive enough to pick up on the changes that do occur.

5.4 Relationship between different devices worn on the wrist
Wrist worn accelerometers are becoming increasingly more popular, and have been studied in

different clinical and research settings (Vanhelst et al., 2012, Manini et al., 2013, Hildebrand et
al., 2014, Rowlands et al., 2014, Ellis et al., 2014, Tudor-Locke et al., 2015, Vanhelst et al.,
2012, Mannini et al., 2013, Ellis et al., 2014, Hildebrand et al., 2014, Rowlands et al., 2014,
Tudor-Locke et al., 2015, Dieu et al., 2017), making it an important issue to determine whether

measuring on the wrist is suitable placement area.

In a study done by Rowlands et al. (2017), which looked at the correlations between three com-
monly used accelerometer brands, namely GENEActiv, Axivity AX3 and ActiGraph GT9X,
they found that the GENEActiv and Axivity accelerometers were considered equivalent, but
acceleration measured by the ActiGraph was lower. Similarly, findings in the current study
showed a moderate significant correlation at rest between the GENEActiv and Axivity accel-
erometer and no correlation to the ActiGraph-wrist worn accelerometer when measuring PA of
the pregnant participants. Furthermore, Rowlands et al. (2017) also found a good agreement
when comparing GENEActiv or Axivity to the ActiGraph accelerometer, based on time spent
within intensity cut-points. However, since we did not use cut-points in this study, we were

unable to detect overall differences of the GENEActiv and Axivity accelerometer.

Nonetheless, there was strong significant correlations between the three wrist worn accelerom-
eters (ActiGraph, Axivity and GENEActiv) when we measured PA of the non-pregnant partic-
ipants, although this was only during the resting period of the walking protocol test. These
findings suggest that perhaps accelerometer devices are more sensitive to detect sedentary or

recovery periods than they are for moderate to vigorous activity in this group. Similarly,
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Zinkhan et al. (2014) found that wrist-worn accelerometers performed better in assessing total

sedentary time and sleep estimates parameters than the hip-worn accelerometers.

Results from a study done by van Hees et al. (2011), suggests that wrist-worn accelerometers
are feasible for measurement of physical activity and may be preferable for pregnant women in
terms of comfort and compliance. Although previous research has indicated that wrist-worn
accelerometers may be more likely to provide consistency across measurement time points as
they remain in the same attachment place regardless of changes during pregnancy (Hesketh et
al., 2018). Findings in the current study are not strong enough to confirm this, which warrants
more studies looking at the consistency of different wrist-worn accelerometer brands during

pregnancy.

5.5 Relationship between the hip and wrist worn ActiGraph accelerometers
Earlier studies indicate that most accelerometers are worn on the waist, hip or lower back, which

is closer to the centre of gravity (Westerterp, 1999). However, studies that are more recent have
demonstrated that accelerometers worn around the waist or at the hip have lower wear time
compliance, in cases such as sleep and water activities, which results in selection bias and mis-
classification of physical activity (Vanhelst et al., 2012). The positioning of activity monitors

on the body is an important consideration for physical activity researchers.

Our study assessed the relationship between the hip-and-wrist-worn ActiGraph accelerometers
and the findings indicated that there were strong and significant correlations between the hip-
and-wrist-worn ActiGraph accelerometers at 10 minutes rest after completing the incremental
test and at 3 minutes rest after completing the 3 km/h walking test during PA participation for
the pregnant women. Furthermore, the results also indicated strong significant correlations be-
tween the hip-and-wrist-worn ActiGraph accelerometers during the 5km/h walking test while
measuring PA for the pregnant women. However, our results did not show any significant cor-
relations when we measured PA of the non-pregnant women. On the contrary, van Hees et al.
(2011) observed high correlations between the wrist-and-hip accelerometers when looking at
estimations of total daily energy expenditure using a tri-axial accelerometer for both pregnant
and non-pregnant participants. Furthermore, results from the study also show that the side of
the body to which the accelerometers were placed contributed significantly to the explained
differences in PAEE in pregnant women but not in the non-pregnant women (van Hees et al,

2011). These results support our current study findings where differences were only observed
64



when measuring the PAEE of the pregnant participants and not of the non-pregnant using the
hip-and-wrist worn accelerometers. However, our findings were not consistent throughout the
various stages of the walking protocol and therefore more research should be done to provide

evidence for the use of hip versus wrist placement during pregnancy.

5.6 Relationship between the Oxycon, ActiGraph wrist, ActiGraph hip, Axivity and GE-
NEActiv accelerometers
Measuring PA during pregnancy still poses as a challenge, with very few pregnancy specific

studies done in African populations. The use of accelerometer devices to assess PA levels has
increased and very few of them have looked at the validity of these devices during pregnancy.
However, validity of these devices in normal or general adult populations has being previously
assessed. In a study done by Welch et al. (2014), which cross-validated a waist worn accel-
erometer in 139 adults reported strong correlations between the GENEActiv and the Oxycon
mobile, however, the accelerometer had had a low overall accuracy rate for classifying inten-
sity. In contrast, the main findings of this study indicate moderate significant correlations be-
tween the Oxycon and ActiGraph-hip at 3 minutes rest before completing the incremental walk-
ing test and between the Oxycon and ActiGraph-wrist accelerometers at 10 minutes rest after
completing the incremental walking test for the pregnant participants. When measuring PA of
the non-pregnant participants, our findings indicate strong and significant correlations between
the Oxycon and GENEACctiv at the 3 minutes rest after completing the 5km/h and during the
free-speed walking test. Furthermore, our results also indicated strong significant correlations
at 3 minutes rest after completing the free-speed walking test between the Oxycon and Axivity

accelerometer.

Further analysis of the results also indicates a strong significant correlation between the Oxycon
and GENEActiv during the 5km/h walking test when measuring PA of the non-pregnant par-
ticipants. The GENEActiv accelerometer was the one, which consistently correlated with the
Oxycon in more than one stage of the walking test protocol. However, overall, very little cor-
relations existed between Oxycon and the accelerometers when measuring PA in the study for
both pregnant and non-pregnant participants. Furthermore, the wrist-worn accelerometers
strongly correlated with the Oxycon during the resting periods of the walking protocol, which
further confirms that wrist-worn accelerometers were more sensitive to detect low intensity
activities or sedentary time in this study. Similarly, a study done by Zinkhan et al. (2014) found

that wrist-worn accelerometers performed better in assessing total sedentary time than the hip-
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worn accelerometers when compared with the criterion measure. Additionally, these studies
results are similar to those of a study by Hesketh et al. (2018), where the results indicated that
wrist-worn accelerometers provided higher compliance in comparison to the hip-worn accel-
erometers throughout the measurement period. Furthermore, these findings can be an indication
that perhaps wrist-worn accelerometers may be better alternatives in terms of assessing PAEE
during pregnancy. However, since our sample size was small more wrist-worn accelerometer

validation studies with a larger sample are warranted so that a clear conclusion can be reached.

5.7 Strengths and limitations
This is the first study of its kind using both cross-sectional and longitudinal design to assess the

validity of accelerometers in measuring PA during pregnancy in an African population analyz-
ing raw data rather than counts. Since the main aim of this study was to assess the validity of
accelerometers in measuring PA during pregnancy in a small sample, the results found may

only be applicable for this group and may not be easily generalized to other populations.

During pregnancy, each trimester has unique biomechanical and physiological changes. For
example, cardiac output increases by 20% in the first 8 weeks, and then by another 10-30% by
the end of gestation (Soma-Pillay, 2016). Blood pressure declines in the first and second tri-
mesters and then rises to non-pregnant levels in the third trimester. Furthermore, while still
early in pregnancy, the inspiratory reserve volume is reduced, but it then goes up again in the
third trimester (Soma-Pillay, 2016). Therefore, in this study, since not all the pregnant partici-
pants were in the same trimester, there may be variation in energy expenditure and response to
exercise that we did not elicit, since we were unable to compare the differences in measuring

PA by trimesters.

The small sample size and the fact that that only pregnant women living in the Johannesburg
area participated in the study is also a limitation. Johannesburg is a large middle-to-high-income
metropolitan area with an urban lifestyle. Therefore, population groups from smaller cities, ru-
ral towns or villages may present with different findings. However, recruitment of the study
participants in the Johannesburg area was more convenient as they were closer to the testing
site and had easy access to transportation.

Furthermore, there are various ways of validating PA using accelerometers such as using METS
or counts (Jette et al., 1990, Schutz et al., 2001, Kim et al., 2012), in this study the raw Vector

Magnitude data was chosen for comparisons of PAEE between the pregnant and non-pregnant
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women as it was more convenient as no conversion to METSs was required. However, our results
may be slightly different if a different outcome measure was used. Moreover, in a study done
by Lumbers (2002), maternal exercise to the level of 82% was shown to correlate with an in-
crease in heart rate (HR), therefore future studies should address differences in HR as well as
acceleration. Additionally, since the walking protocol was a staged exercise, future studies as-
sessing the cut points from each of the accelerometer devices, and whether they correspond
with the Oxycon device are warranted.

5.8 Key take home messages

e This study found no clear differences in energy expenditure patterns between pregnant
and non-pregnant women, and therefore assessing PA during pregnancy may be al-
lowed to follow the analysis / guidelines used in the general population.

e In this study wrist-worn accelerometer devices were more sensitive to detect resting
periods between walking bouts, therefore, they may be more suitable for assessing or
measuring recovery time.

e More studies looking at the consistency of measuring physical activity using wrist-
worn accelerometers during pregnancy are needed.

e Measuring PA using wrist-worn accelerometers may be most suitable for pregnant
women, since placement position is not affected by the physiological changes that oc-
cur during pregnancy.

e More field test research with larger samples using accelerometer devices are needed
especially in South Africa so that we are able to accurately assess PA and inform clini-
cians, communities and policy makers on the best PA recommendations in pregnancy.

5.5 Conclusion
In conclusion, accelerometers overestimated TEE and had low correlations to the Oxycon when

measuring PA for both the pregnant and non-pregnant women. The wrist-worn accelerometers
had a higher accuracy in measuring PA at rest when compared to the Oxycon. However, some
of the accelerometer devices were only sensitive enough to detect very low activity or sedentary
time. Of all the accelerometer devices, the GENEActiv had the strongest correlations to the
Oxycon. There is not enough evidence from this study to say that accelerometers are suitable
to assess PAEE during pregnancy, however, taking into consideration the higher accuracy of
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wrist-worn accelerometers, larger cohorts are needed to confirm if devices with this placement

area can accurately estimate PA’s energy expenditure during pregnancy.

68



References

1.

10.

11.

12.

ACOG. (2015). Physical activity and exercise during pregnancy and the postpartum pe-
riod. Committee opinion no. 650. Obstetrics & Gynecology, 126, pp. e135-e142.

Ainslie, P., Reilly, T. and Westerterp, K. (2003). Estimating human energy expendi-
ture: a review of techniques with particular reference to doubly labelled water. Sports
Medicine, 33(9): 683-98.

Andersson, S., Minjarez, D., Yost, N.P. and Word, R.A. (2008). Oestrogen and proges-

terone metabolism in the cervix during pregnancy and parturition. Journal of Clinical
Endocrinology and Metabolism, 93, pp 2366-2374.

Annibale, C. and Candy, D. (2015). Obesity trends and risk factors in the South African
adult population. BMC Obesity, 2: 42.

American College of Obstetricians and Gynaecologists. (2002). ACOG Committee
Opinion No. 267. Obstetrics & Gynecology, 99:171-173.

American Diabetes Association. (2002). Diabetes Mellitus and Exercise. Diabetes Care,
s64-s64. https://doi.org/10.2337/diacare.25.2007.564

Arnardottir, N.Y., Annemarie, K., Van Domelen, D.R., Brychta, R.J., Caserotti, P.,

Eiriksdottir, G., Sverrisdottir, J.E., Launer, L.J., Gudnason, V., Johannsson, E., Harris,
T.N., Chen, K.Y. and Sveinsson, T. (2013). Objective measurements of daily physical
activity patterns and sedentary behaviour in older adults: age, gene/environment sus-
ceptibility-Reykjavik study. 42: 222-9.

Artal, R. and O’Toole, M. (2003). Guidelines of the American College of Obstetricians
and Gynecologists for exercise during pregnancy and the postpartum period. British
Journal of Sports Medicine, 37: 6-12.

Australia’s Physical Activity and Sedentary Behaviour Guidelines for adults. (2014).

http://www.health.gov.au/internet/main/publishing.nsf/content/health-pubhlth-strateg-

phys-act-guidelines

Baleta, A. and Mitchell, F. (2014). Country in Focus: diabetes and obesity in South
Africa. Lancet Diabetes & Endocrinology, 2(9): 687-688.
http://dx.doi.org/10.1016/S2213-8587(14)70091-9

Barsky, E., Smith, T., Patricios, J., Collins, R., Branfield, A. and Ramagole, M. (2012).
South African Sports Medicine Association Position Statement on Exercise in Preg-

nancy. South African Journal of Sports Medicine, 24 (2).

Bauman, A.E., Reis, R.S., Sallis, J.F., Wells, J.C., Loos, R.J. and Martin, B.W. (2012).
Correlates of physical activity: why are some people physically active and others not?
The Lancet, 380(9838): 258-271.

69


https://doi.org/10.2337/diacare.25.2007.S64
http://www.health.gov.au/internet/main/publishing.nsf/content/health-pubhlth-strateg-phys-act-guidelines
http://www.health.gov.au/internet/main/publishing.nsf/content/health-pubhlth-strateg-phys-act-guidelines
http://dx.doi.org/10.1016/S2213-8587(14)70091-9

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Basu, J.K., Jeketera, C.M. and Basu, D. (2010). Obesity and its outcomes among preg-
nant South African women. International Journal of Gynecology & Obstetrics, 110(2):
101-4.

Black, R.E., Victora, C.G., Walker, S.P., Bhutta, Z.A., Christian, P., De Onis, M., Ez-
zati, M., Grantham-McGregor, S., Katz, J., Martorell, R. and Uauy, R. (2013). Maternal
and child undernutrition and overweight in low-income and middle-income countries.
The Lancet, 382(9890): 427-51.

Beckman C.R. and Beckman C.A. (1990). Effect of a structured antepartum exercise
program on pregnancy and labor outcome in primiparas. Journal of Reproductive Med-
icine, 35: 704- 709

Bell, R., Tennant, P. W., McParlin, C., Pearce, M. S., Adamson, A. J., Rankin, J. and
Robson, S. C. (2013). Measuring physical activity in pregnancy: a comparison of accel-
erometry and self-completion questionnaires in overweight and obese women.
European Journal of Obstetrics & Gynecology and Reproductive Biology, 170(1), 90-
95.

Blair, S.N., Kohl, H. and Gordon, N.F. (1992). How much physical activity is good for
health? Annual Review. Public Health, 13:99-126.

Brown, W.J. (2002). The benefits of physical activity during pregnancy. Journal of
Science and Medicine in Sport, 5(1): 37-45.

Bg, K., Artal, R., Barakat, R., Brown, W., Dooley, M., Evenson, K.R., Haakstad,
L.A.H., Larsen, K., Kayser, B., Kinnunen, T., Mottola, M.F., Nygaard, I., van Poppel,
M., Stuge, B., Davies, G.A.L. and IOC Medical Commission. (2016). Exercise and
pregnancy in recreational and elite athletes: 2016 evidence summary from the 10C ex-
pert group meeting, Lausanne. Part 2—the effect of exercise on the foetus, labour and
birth. British Journal of Sports Medicine, 50: 1297-1305.

Borg, G. (1998). Borg’s Perceived Exertion and Pan Scales. Champaign, IL: Human
Kinetics.

Bouten, C. V., Koekkoek, K. T., Verduin, M., Kodde, R. and Janssen, J.D. (1997). A
triaxial accelerometer and portable data processing unit for the assessment of daily
physical activity. IEEE Transactions on Biomedical Engineering, 44: 136-147.
Bouten, C. V., Westerterp, K. R., Verduin, M. and Janssen, J.D. (1994). Assessment of
energy expenditure for physical activity using a triaxial accelerometer. Medicine &
Science in Sports & Exercise, 26: 1516-1523.

70


http://www.environment-health.ac.uk/biblio?f%5Bauthor%5D=1215
http://www.environment-health.ac.uk/biblio?f%5Bauthor%5D=1215
http://www.environment-health.ac.uk/biblio?f%5Bauthor%5D=6687
http://www.environment-health.ac.uk/biblio?f%5Bauthor%5D=6688
http://www.environment-health.ac.uk/biblio?f%5Bauthor%5D=6689
http://www.environment-health.ac.uk/biblio?f%5Bauthor%5D=6690

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Butte, N.F., Ekelund, U. and Westerterp, K.R. (2012). Assessing physical activity using
wearable monitors: measures of physical activity. Medicine & Science in Sports & Ex-
ercise, 44: S5-S12.

Byrns, M.C. (2014). Regulation of progesterone signaling during pregnancy:
implications for the use of progestins for the prevention of preterm birth. The Journal
of Steroid Biochemistry and Molecular Biology, 139, pp 173-181.

Calguneri, M., Bird, H.A. and Wright, V. (1982). Changes in joint laxity occurring
during pregnancy. Annals of the Rheumatic Diseases, 41:126-8.

Carbillon, L. And Uzan, M. (2000). Pregnancy, vascular tone, and maternal
haemodynanmics: a crucial adaptation. Obstetrical & Gynecological Survey, 55(9):
574-81.

Chasan-Taber, L., Schmidt, M.D., Roberts, D.E., Hosmer, D., Markenson, G. and
Freedson, P.S. (2004). Development and validation of a Pregnancy Physical Activity
Questionnaire. Validation of the Kaiser Physical Activity Survey in pregnant women.
Medicine & Science in Sports & Exercise, 38(1): 42-50.

Chasan-Taber, L., Schmidt, M.D., Pekow, P., Sternfeld, B., Manson, J.A. and Marken-
son, G. (2007). Correlates of physical activity in pregnancy among Latina women. Ma-
ternal and Child Health Journal, 11(4): 353-63.

Chandonnet, N., Saey, D., Almeras, N. and Marc, I. (2012). French Pregnancy Physical
Activity Questionnaire compared with an accelerometer cut point to classify physical
activity among pregnant obese women. PLoS One, 7 (6): e38818.
https://doi.org/10.1371/journal.pone.0038818 PMID: 22701717

Crrak, Y., Yilmaz, G.D., Demir, Y.P., Dalkilinc, M. and Yaman, S. (2015). Pregnancy

physical activity questionnaire (PPAQ): reliability and validity of Turkish version. Jour-
nal of Physical Therapy Science, 27 (12): 3703-9. https://doi. org/10.1589/jpts.27.3703
PMID: 26834336

Clapp, J.F. (2001). Recommending exercise during pregnancy. Contemporary Obstet-
rics and Gynecology, 46 (1):30-53.

Craig, C., Marshall, A.L., Sja-Stra-M, M., Bauman, A.E., Booth, M.L. and Ainsowrth,
B.E. (2003). International Physical Activity Questionnaire: 12-Country Reliability and
Validity. Medicine & Science in Sports & Exercise, 35: 1381-1395.

Cohen, J. (1988). Statistical Power Analysis for the Behavioural Sciences, 2nd ed. Hills-
dale, NJ: Erlbaum.

71


https://doi.org/10.1371/journal.pone.0038818%20PMID:%2022701717

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

da Silva, S.G., Ricardo, L.I., Evenson, K.R., Hallal, P.C. (2016). Leisure-time physical
activity in pregnancy and maternal-child health: a systematic review and meta-analysis
of randomized controlled trials and cohort studies. Journal of Sports Medicine.
http://dx.doi.org/10. 1007/s40279-016-0565-2.

Davis, E.M., Zyzanski, S.J., Olson, C.M., Stange, K.C. and Horwitz, R.I. (2009). Racial,
ethnic, and socioeconomic differences in the incidence of obesity related to childbirth.
American Journal of Public Health, 99(2): 294-9.

Davies, G. (2016). IOC Consensus Statement concludes little evidence of negative out-

comes associated with strenuous exercise in pregnancy. British Journal of Sports Med-

icineicineicineicine. http://bjsm.bmj.com/content/50/10/571

Dzieciolowska-Baran, E., Teul-Swiniarska, 1., Gawlikowska-Sroka, A., Poziomkow-
ska-Gesicka, . and Zietek, Z. (2013). Rhinitis as a cause of respiratory disorders during
pregnancy. Advances in Experimental Medicine and Biology, 755: 213-20. PMID:
22826069 DOI: 10.1007/978-94-007-4546-9 27

Department of Health of the Republic of South Africa. (2016). World Obesity Day.
http://www.health.gov.za/index.php/gf-tb-program/323-world-obesity-day-2016

De Vos, J.C.W. Du Toit, D. and Coetzee, D. (2016). The types and levels of physical
activity and sedentary behaviour of Senior Phase learners in Potchefstroom. Health SA
Gesondheid, 21: 372-380. https://doi.org/10.1016/j.hsag.2016.06.005

Dietz, P., Watson, E,D., Sattler, M,C., Ruf, W., Titze, S. and van Poppel, M. (2016).

The influence of physical activity during pregnancy on maternal, foetal or infant heart

rate variability: a systematic review. BMC Pregnancy and Childbirth, 16: 326.
DiNallo, J. M., LeMasurier, G. C. and Downs, D. S. (2012). Objectively Assessing
Treadmill Walking During the Second and Third Pregnancy Trimesters. Journal of
Physical Activity and Health, 9, 21 -28.

Dieu, O., Mikulovic, J., Fardy, P.S., Bui-Xuan, G., Béghin, L. and Vanhelst, J. (2017).
Physical activity using wrist-worn accelerometers: comparison of dominant and non-
dominant wrist. Clinical Physiology and Functional Imaging, 37(5): 525-529.

Downs, D.S., Chasen-Taber, L., Evenson, K.R., Leiferman, J. and Yeo, S. (2012) Phys-
ical Activity and Pregnancy: Past and Present Evidence and Future Recommendations.
Research Quarterly for Exercise and Sport, 83(4): 485-502.

Eslinger, D.W., Rowlands, A.V., Hurst, T.L., Catt, M., Murray, P. and Eston, R.G.
(2011). Validtion of the GENEactiv Accelerometer. Medicine & Science in Sports &
Exercise, 43: 1085-93.

72


http://dx.doi.org/10.%201007/s40279-016-0565-2.
http://bjsm.bmj.com/content/50/10/571
pmid:%2022826069%20DOI:%2010.1007/978-94-007-4546-9_27
pmid:%2022826069%20DOI:%2010.1007/978-94-007-4546-9_27
http://www.health.gov.za/index.php/gf-tb-program/323-world-obesity-day-2016
https://doi.org/10.1016/j.hsag.2016.06.005

45.

46.

47.

48.

49,

50.

51.

52.

53.

54.

55.

56.

Evenson, K.R., Savitz, A. and Huston, S.L. (2004). Leisure-time physical activity
among pregnant women in the US. Paediatric and Perinatal Epidemiology, 18: 400-407.
Evenson, K.R. and Wen, F. (2010). National trends in self-reported physical activity
and sedentary behaviours among pregnant women: NHANES 1999-2006. Preventative
Medicine, 50(3): 123-8.

Evenson, K.R., Herring, A.H. and Wen, F. (2012). Self-reported and objectively meas-
ured physical activity among a cohort of postpartum women: the PIN postpartum study.
Journal of Physical Activity and Health, 9, pp 5-20.

Ezmerli, N. M. (2000). Exercise in pregnancy. Primary care update for Obstetrics or
Gynecology, 7(6), 260-265.

Fairclough, S.J., Noonan, R., Rowlands, A.V., van Hees, V., Knowles, Z. and Boddy,
L.M. (2015). Wear compliance and activity in children wearing wrist and hip-mounted
accelerometers. Medicine & Science in Sports & Exercise, 3, pp 245-253.

Felber Dietrich, D., Ackermann-Liebrich, U., Schindler, C., Barthelemy, JC., Brandli,
0., Gold, D.R., , Gaspoz, J.M., Ackermann-Liebrich, U., and SAPALDIA Team.
(2006). Effect of physical activity on heart rate variability in normal weight, overweight
and obese subjects: results from the SAPALDIA study. European Journal of Applied
Physiology, 8;104: 557—65.

Florez-Pregonero, A., Meckes, N., Buman, M. and Barbara, E.A. (2017). Wearable
monitors criterion validity for energy expenditure in sedentary and light activities. Jour-
nal of Sport and Health Science, 6(1), pp 103-110.

Foti, T., Davids, J.R. and Bagley A. (2000). A biomechanical analysis of gait during
pregnancy. Journal of Bone and Joint Surgery, 82 (5), pp 625-632.

Freedson, P., Bowles, H.R., Troiano, R. and Haskell, W. (2012). Assessment of physical
activity using wearable monitors: recommendations for monitor calibration and use in
the field. Medicine & Science in Sports & Exercise, 44 (Suppl. 1), pp. S1-4.
Galtier-Dereure, F., Boegner, C. and Bringer, J. (2000). Obesity and pregnancy: com-
plications and cost. The American Journal of Clinical Nutrition, 71(5): 1242s-8s.
Gilleard, W.L. (2013). Trunk motion and gait characteristics of pregnant women when
walking: report of a longitudinal study with a control group. BMC Pregnancy Child-
birth, 13, p. 71.

Godhe, M. and Stoltz, V. (2014). Validity of accelerometry in high intensity complex
movements. The Swedish School of Sport and Health Sciences. www.diva-por-
tal.org/smash/get/diva2:707754/FULLTEXT02

73


http://www.diva-portal.org/smash/get/diva2:707754/FULLTEXT02
http://www.diva-portal.org/smash/get/diva2:707754/FULLTEXT02

S7.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.
68.

Golubic, R., Wijndaele, K., Sharp, S.J., Simmons, R., Griffin, S., Wareham, N., Ekelun,
N. and Brage, S. (2015). Physical activity, sedentary time and gain in overall and central
body fat: 7-year follow-up of the ProActive trial cohort. International Journal of Obe-
sity, 39(1): 142-8.

Griera, J.L., Manzanares, J.M., Barbany, M., Contreras, J., Amigd, P. and Salas-Sal-
vadd, J. (2007). Physical activity, energy balance and obesity. Public Health Nutrition,
10(10A): 1194-9. http://www.ncbi.nlm.nih.gov/pubmed/17903330

Guelinckx, 1., Devlieger, R., Beckers, K. and Vansant, G. (2008). Maternal obesity:

pregnancy complications, gestational weight gain and nutrition. Obesity Reviews, 9(2):
140-50.

Haakstad, L. A., Gundersen, I. and Bg, K. (2010). Self-reporting compared to motion
monitor in the measurement of physical activity during pregnancy. Acta obstetricia et
gynecologica Scandinavica, 89(6), 749-756.

Harrison, C. L., Thompson, R. G., Teede, H. J. and Lombard, C. B. (2011). Measuring
physical activity during pregnancy. Journal of Behavioural Nutrition and Physical ac-
tivity, 8:19.

Healy, G.N., Clark, B.K., Winkler, E.A., Gardiner, P.A., Brown, W.J. and Matthews.
C.E. (2011). Measurement of adults' sedentary time in population-based studies. Amer-
ican Journal of Preventative Medicine, 41, pp. 216-227.

Health Committee. (2015). Impact of physical activity and diet on health: Sixth Report
of Session 2014-15. House of Commons.

Hegewald, M.J. and Crapo, R.O. (2011). Respiratory physiology in pregnancy. Clinics
in Chest Medicine, 32(1): 1-13 vii.

Heery, E., Wall, P.G., Kelleher, C.C. and Mcauliffe, F.M. (2016). Effects of dietary
restraint and weight gain attitudes on gestational weight gain. Appetite, 107, pp 501-
510. https://doi.org/10.1016/j.appet.2016.08.103

Hsieh, K., Heller, T., Bershadsky, J. and Taub, S. (2015). Impact of adulthood stage and

social-environmental context on body mass index and physical activity of individuals

with intellectual disability.
Intellectual and Developmental Disabilities. (2015). 53 (2), pp. 100-113.

Hildebrand, M., VAN Hees, V.T., Hansen, B.H. and Ekelund, U. (2014). Age-group
comparability of raw accelerometer output from wrist- and hip-worn monitors. Medi-
cine & Science in Sports & Exercise, 46: 1570-1577.

74


http://www.ncbi.nlm.nih.gov/pubmed/17903330
https://doi.org/10.1016/j.appet.2016.08.103

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Hopkins, S.A., Baldi, J.C., Cutfield, W.S., McCowan, L. and Hofman, P.L. (2010). Ex-
ercise training in pregnancy reduces offspring size without changes in maternal insulin
sensitivity. The Journal of Clinical Endocrinology and Metabolism, 95(5): 2080—2088.
Institute of Medicine. (2009). Weight gain during Pregnancy: Reexamining the guide-
lines. The National Academies Press. Washington DC.

Izci, B., Vennelle, M., Liston, W.A., Dundas, K.C., Calder, A.A. and Douglas, N.J.
(2006). Sleep-disordered breathing and upper airway size in pregnancy and post-par-
tum. European Respiratory Journal, 27(2): 321-7.

Jacobs, D.R Jr., Ainsworth, B.E., Hartman, T.J. and Leon, A.S. (1993). A simultaneous
evaluation of 10 commonly used physical activity questionnaires Medicine & Science
in Sports & Exercise, 25 (1): 81-91.

Diabetes & Metabolic Syndrome: Clinical Research & Reviews, 11(2): pp S1017-
S1023.

Jahan, N. and Shenoy, S. (2017). Relation of pedometer steps count & self-reported
physical activity with health indices in middle aged adults.

Jette, M., Sidney, K. and Blumchen, G. (1990). Metabolic equivalents (METS) in exer-
cise testing, exercise prescription, and evaluation of functional capacity. Clinical Car-
diology, 13(8): 555-65.

Kimberlin, C.L. and Winterstein, A.G. (2008). Validity and reliability of measurement
instruments used in research. American Journal of Health-System Pharmacy, 65: 2276-
84.

Kima, Y., Beets, M.W. and Welk, G.J. (2012). Everything you wanted to know about
selecting the “right” Actigraph accelerometer cut-points for youth, but. . .: A systematic
review. Journal of Science and Medicine in Sport, 15: 311-321.

Kenny, G.P. and Jay, O. (2013). Thermometry, calorimetry, and mean body temperature
during heat stress. Comprehensive Physiology, 3:1-31.

Lawlor, D.A. and Chaturvedi, N. (2006). Treatment and prevention of obesity—are
there critical periods for intervention? International Journal of Epidemiology, 35(1): 3-
9.

Levine, J. A., Baukol, P. A. and Westerterp, K.R. (2001) Validation of the Tracmor
triaxial accelerometer system for walking. Medicine & Science in Sports & Exercise,
33: 1593-1597.

Lindseth, G. and Vari, P. (2005). Measuring physical activity during pregnancy. West-
ern Journal of Nursing Research, 27: 722-734.

75



82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

Livingstone, M.B., Coward, W.A., Prentice, A.M., Davies, P.S., Strain, J.J., McKenna,
P.G., Mahoney, C.A., White, J.A., Stewart, C.M. and Kerr, M.J. (1992). Daily energy
expenditure in free-living children: comparison of heart-rate monitoring with the doubly
labelled water method. The American Journal of Clinical Nutrition, 56: 343-52.
Lumbers, E. R. (2002). Exercise in pregnancy: physiological basis of exercise prescrip-
tion for the pregnant woman. Journal of Science and Medicine in Sport, 5(1), 20-31.
Lyden, K., Kozey, S.L., Staudenmeyer, J.W. and Freedson, P.S. (2011). A comprehen-
sive evaluation of commonly used accelerometer energy expenditure and MET predic-
tion equations. The American Journal of Clinical Nutrition, 111, pp. 187-201.

May, L.E. (2012). Physiology of Prenatal Exercise and Foetal Development. Springer
Briefs in Physiology.

May, L.E., Glaros, A., Yeh, H.W., Clapp, J.F 3rd. and Gustafson, K.M. (2010). Aerobic
exercise during pregnancy influences foetal cardiac autonomic control of heart rate and
heart rate variability. Early Human Development, 86(4): 213-7.

Mayosi, B.M., Flisher, A.J. and Lalloo, U.G. (2009). The burden of non-communicable
diseases in South Africa. Lancet, 374(9693): 934-947.
http://dx.doi.org/10.1016/S0140-6736(09)61087-4

McParlin, C., Robson, S.C., Tennant, P.W.G., Besson, H., Rankin, J., Adamson, A.J.,
Pearce, M.S. and Bell, R. (2010). Objectively measured physical activity during preg-

nancy: a study in obese and overweight women. BMC Pregnancy and Childbirth, 10:76.
Melanson Jr, E. L. and Freedson, P. S. (1995). Validity of the Computer Science and
Applications, Inc. (CSA) activity monitor. Medicine and Science in Sports and Exercise,
27(6), 934-940.

Melchiorre, K., Sharma, R. and Thaliganathan, B. (2012). Cardiac structure and func-
tion in normal pregnancy. Current Opinion in Obstetrics & Gynecology, 24(6): 413-21.
Melzer, K., Schutz, Y., Boulvain, M. and Kayser, B. (2010). Physical activity and preg-
nancy: cardiovascular adaptations, recommendations and pregnancy outcomes. Sports
Medicine, 40(6): 493-507.

Meghea, C.1., Rus, D., Rus, I.A., Holtrop, S.J., and Roman, L. (2012). Smoking during
pregnancy and associated risk factors in a sample of Romanian women. European Jour-
nal of Public Health, 22(2): 229-233. https://doi.org/10.1093/eurpub/ckq189

Mesiano, S. and Welsh, T.N. (2007). Steroid hormone control of myometrial contractil-

ity and parturition. Seminars in Cell and Developmental Biology, 18, pp 321-331.

76


http://dx.doi.org/10.1016/S0140-6736(09)61087-4
http://dx.doi.org/10.1016/S0140-6736(09)61087-4
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
https://doi.org/10.1093/eurpub/ckq189

94. Motosko, C.C., Bieber, A.K., Pomeranz, M.K., Stein, J.A. and Martires, K.J. (2017).
Physiologic changes of pregnancy: A review of the literature. International Journal of
Women's Dermatology. vol 3, 4: 219-224.

95. Moyer, C., Reoyo, O.R. and May, L. (2016). The Influence of Prenatal Exercise on
Offspring Health: A Review. Clinical Medicine Insights Womens Health, 9: 37-42.
96. Muzigaba, M., Kolbe-Alexander, T.L. and Wong, F. (2014). The perceived role and

influencers of physical activity among pregnant women from low socioeconomic status
communities in South Africa. Journal of Physical Activity and Health, 11: 1276-83.
97. National Department of Health. (2016). World Obesity Day. www.health.gov.za/in-

dex.php/gf-th-program/323-world-obesity-day-2016
98. Ness, A.R. (2004). The Avon Longitudinal Study of Parents and Children (ALSPAC) —

a resource for the study of the environmental determinants of childhood obesity. Euro-

pean Journal of Endocrinology.

99. Nehring, 1., Lehmann, S. and von Kries. R. (2013). Gestational weight gain in accord-
ance to the IOM/NRC criteria and the risk for childhood overweight: A meta-analysis.
Pediatric Obesity. 8 pp. 218-224.

100. Nguyen, T.T., Adair, L.S., Suchindran, C.M., He, K. and Popkin, B.M. (2009).
The association between body mass index and hypertension is different between East
and Southeast Asians. The American Journal of Clinical Nutrition, 89: 1905-1912.

101. Nichols, J. F., Morgan, C. G., Chabot, L. E., Sallis, J. F. and Calfas, KJ. (2000).
Assessment of physical activity with the Computer Science and Applications, Inc., ac-
celerometer: laboratory versus field validation. Research Quarterly for Exercise and
Sport, 71: 36-43.

102. Onubi, 0O.J., Marais, D., Aucott, L., Okonofua, F., and Poobalan, A.S. (2015).
Maternal obesity in Africa: a systematic review and meta-analysis. Journal of Public
Health.

103. Ostgaard, H.C. (1996). Assessment and treatment of low back pain in working
pregnant women. Semin Perinatol, 20(1): 61-609.

104. Oostdam, N., van Mechelen, W. and van Poppel, M. (2012). Validation and re-
sponsiveness of the AQUAA for measuring physical activity in overweight and obese
pregnant women. Journal of Science and Medicine in Sport, 16 (5): 412-416.
https://doi.org/10.1016/j.jsams.2012.09.001 PMID: 23063355

105. Pearson, J.T., Watson, E.D., Lambert, E.V. and Micklesfield, L.K. (2015). The

role of physical activity during pregnancy in determining maternal and foetal outcomes.

77


http://www.health.gov.za/index.php/gf-tb-program/323-world-obesity-day-2016
http://www.health.gov.za/index.php/gf-tb-program/323-world-obesity-day-2016
https://doi.org/10.1016/j.jsams.2012.09.001%20PMID:%2023063355

SA Journal of Sports Medicine, vol 27. http://dx.doi.org/10.17159/2078-
516x/2015/v27i4a440
106. Plasqui, G., & Westerterp, K.R. (2007). Physical Activity Assessment With Ac-

celerometers: An Evaluation Against Doubly Labeled Water. Obesity (Silver Spring),
15: 2371-2379.

107. Prince, S.A., Adamo, K.B., Hamel, M.E., Hardt, J., Connor, G.S. and Tremblay,
M. (2008). A comparison of direct versus self-report measures for assessing physical
activity in adults: a systematic review. The international journal of behavioural nutrition
and physical activity, 6;5:56.

108. Popkin, B.M., Adair, L.S. and Ng, S.W. (2011). Global nutrition transition and
the pandemic of obesity in developing countries. Nutrition Reviews, 70(1): 3-21.

109. Poudevigne, M.S. and O'Connor P.J. (2006). A review of physical activity pat-
terns in pregnant women and their relationship to psychological health. Sports Medi-
cine, 36: 19-38.

110. Puoane, T. and Tsolekile, L. (2008). Chapter 1: Challenges Faced by the Urban
Black South Africans in the Prevention of Non-Communicable Diseases. Health and
Nutritional Problems of Indigenous Populations (Ed, Kaushik Bose). Tribes and Tribals,
Special volume (2): 9-14.

111. Rich-Edwards, J.W., Fraser, A., Lawlor, D.A. and Catov J.M. (2014). Pregnancy
characteristics and women's future cardiovascular health: an underused opportunity to
improve women's health? Epidemiologic Review, 36:57-70.

112. Royal College of Obstetricians and Gynaecologists. (2006). Exercise in Preg-
nancy. Statement No. 4. http://www.rcog.org.uk/womens-health/clinical-guidance/ ex-

ercise-pregnancy

113. Robinson, M., N.J. McLean, W.H. Oddy, et al. Smoking cessation in pregnancy
and the risk of child behavioural problems: a longitudinal prospective cohort study

114. Journal of Epidemiology and Community Health, 64 (7) (2010), pp. 622-629

115. Sabia, S., van Hees, V.T., Shipley, M.J., Trenell, M.1., Johnson, G.H., Elbaz, A.,

Kivimaki, M., and Manoux, A.S. (2014). Association between questionnaire- and ac-
celerometer-assessed physical activity: the role of sociodemographic factors. American
Journal of Epidemiology, 179: 781-90.

78


http://dx.doi.org/10.17159/2078-516x/2015/v27i4a440
http://dx.doi.org/10.17159/2078-516x/2015/v27i4a440
http://www.rcog.org.uk/womens-health/clinical-guidance/%20exercise-pregnancy
http://www.rcog.org.uk/womens-health/clinical-guidance/%20exercise-pregnancy

116. Sanda, B., Vistad, I., Haakstad, L.A.H., Berntsen, S., Sagedal, L.R., Lohne-
Seiler, H. and Torstveit, M.K. (2017). Reliability and concurrent validity of the Interna-
tional Physical Activity Questionnaire short form among pregnant women. BMC BMC
Sports Science, Medicine and Rehabilitation, 9: 7.

117. San-Frutos, L., Engels, V., Zapardiel, 1., Perez-Medina, T., Almagro-Martinez,
J., Fernandez, R. and Bajo-Arenas, J.M. (2011). Hemodynamic changes during preg-
nancy and postpartum: a prospective study using thoracic electrical bioimpedance. The
journal of Maternal-foetal & Neonatal Medicine: The Official Journal of The European
Association of Perinatal Medicine, The Federation of Asia and Oceania Perinatal Soci-
eties, The International Society of Perinatal Obstetricians, 24(11): 1333-40.

118. Sandercock, G.R.H., Bromley, P.D., Brodie, D.A. (2005). Effects of exercise on
heart rate variability: inferences from meta-analysis. Medicine & Science in Sports &
Exercise, 37: 433-9.

119. Siega-Riz, A.M., Viswanathan, M., Moos, M.K., Deierlein, A., Mumford, S.,
Knaack, J., Thieda, P., Lux L.J. and Lohr, K.N. (2009). A systematic review of out-
comes of maternal weight gain according to the Institute of Medicine recommendations:
birthweight, foetal growth, and postpartum weight retention. American Journal of Ob-
stetrics and Gynecology, 201(4):339.

120. Shephard, R.J. and Aoyagi, Y. (2012). Measurement of human energy expendi-
ture, with particular reference to field studies: an historical perspective. The American
Journal of Clinical Nutrition, 112(8):2785-815.

121. Shephard, R.J. (2003). Limits to the measurement of habitual physical activity
by questionnaires. BJSM, 37(3): 197-206. https://doi.org/10.1136/bjsm.37.3.197
PMID: 12782543

122. Shisana, O. (2013). The South African National Health and Nutrition Examina-
tion Survey: SANHANES-1: HSRC Press.
123. Shisana, O., Labadarios, D., Rehle, T., Simbayi, L., Zuma, K., Dhansay, A.,

Reddy, P., Parker, W., Hoosain, E., Naidoo, P., Hongoro, C., Mchiza, Z., Steyn, NP.,
Dwane, N., Makoae, M., Maluleke, T., Ramlagan, S., Zungu, N., Evans, MG., Jacobs,
L., Faber, M. and the SANHANES-1 Team. (2014). South African National Health and
Nutrition Examination Survey (SANHANES-1): 2014 Edition. Cape Town. HSRC

Press.

79


https://doi.org/10.1136/bjsm.37.3.197%20PMID:%2012782543
https://doi.org/10.1136/bjsm.37.3.197%20PMID:%2012782543

124, Skreden, M., @verby, N.C., Sagedal, L.R., Vistad, I., Torstveit, M.K., Lohne-
Seiler, H. and Bere, E. (2016). Change in active transportation and weight gain in preg-
nancy. International Journal of Behavioural Nutrition and Physical Activity, 13(1):1-9.

125. Skow, R.J., King, E.C., Steinback, C.D. and Davenport, M.H. (2017). The influ-
ence of prenatal exercise and pre-eclampsia on maternal vascular function. Clinical Sci-
ence, 131 2223-2240.

126. Schutz, Y., Weinsier, R.L. and Hunter, G.R. (2001). Assessment of free-living
physical activity in humans: an overview of currently available and proposed new
measures. Obesity Research, 9(6): 368-379.

127. Soma-Pillay, P., Nelson-Piercy, C., Tlppanen, H. and Mebazaa, A. (2016). Phys-
iological changes in pregnancy. Cardiovascular Journal of Africa, 27(2): 89-94.

128. South Africa Demographic and Health survey. (2003). [FR206] https://dhspro-
gram.com/pubs/pdf/FR206/FR206.pdf
129. Starling, A.P., Brinton, J..T., Glueck, D.H., Shapiro, A.L., Harrod, C.S., Lynch,

A.M,, Siega-Riz, A.M. and Dabelea, D. (2015). Associations of maternal BMI and ges-
tational weight gain with neonatal adiposity in the Healthy Start study. The American
Journal of Clinical Nutrition, 10, pp. 302-3009.

130. Stein, A.D., Rivera, J.M. and Pivarnik, J.M. (2003). Measuring energy expendi-
ture in habitually active and sedentary pregnant women. Medicine & Science in Sports
& Exercise, 35: 1441-1446.

131. Stein, P.K., Hagley, M.T., Cole, P.L., Domitrovich, P.P., Kleiger, R.E., Rott-
man, J.N. (1999). Changes in 24-hour heart rate variability during normal pregnancy.
American Journal of Obstetrics and Gynecology, 180: 978-85.

132. Steyn, N.P. and Mchiza, Z.J. (2014). Obesity and the nutrition transition in Sub-
Saharan Africa. American Journal of Obstetrics and Gynecology, 1311:88-101.
133. Strath, S.J., Kaminsky, L.A., Ainsworth, B.E., Ekelund, U., Freedson, P.S.,

Gary, R.A., Richardson, C.R., Smith, D.T. and Swartz, A.M. (2013). Guide to the as-
sessment of physical activity: Clinical and research applications A scientific statement
from the American heart association. Circulation, 128 (20): 2259-79.
https://doi.org/10.1161/01.cir.0000435708.67487.da PMID: 24126387

134. Sorensen, T.K., Williams, M.A., Lee, I.M., Dashow, E.E, Thompson, M.L. and
Luthy, D.A. (2003). Recreational Physical Activity During Pregnancy and Risk of

Preeclampsia. Hypertension, 41:1273-1280.

80


https://dhsprogram.com/pubs/pdf/FR206/FR206.pdf
https://dhsprogram.com/pubs/pdf/FR206/FR206.pdf
https://doi.org/10.1161/01.cir.0000435708.67487.da%20PMID:%2024126387

135. Tan, E.K. and Tan, E.L. (2013). Alterations in physiology and anatomy during
pregnancy. Best Practice & Research Clinical Obstetrics and Gynaecology, 27: 791-
802.

136. Toriola, A.T, Véaéarasméki, M., Lehtinen, M/, Zeleniuch-Jacquotte, A., Lundin,
E., Rodgers, K.G., Lakso, H.A., Chen, T., Schock, H., Hallmans, G., Pukkala, E., Toni-
olo, P., Grankvist, K., Surcel, H.M. and Lukanova, A. (2011). Determinants of maternal
sex steroids during the first half of pregnancy. Obstetrics & Gynecology, 118 (5): 186—
87.

137. Troiano, R.P., McClain, J.J., Brychta, R.J. and Chen, K. (2014). Evolution of
accelerometer methods for physical activity research. British Journal of Sports Medi-
cine, 48, pp1019-1023.

138. Trost, S.G. (2001). Objective measurement of physical activity in youth: current
issues, future directions. Exercise and Sport Sciences Reviews, 29: 32-6.

139. Trost, S. G., Mclver, K. L. and Pate, R. R. (2005). Conducting accelerometer-
based activity assessments in field-based research. Medicine and science in sports and
exercise, 37(11), S531.

140. Trost, S.G. and O’Neil, M. (2013). Clinical use of objective measures of physi-
cal activity. British Journal of Sports Medicine, 48: 178-181. doi:10.1136/bjsports-
2013-093173

141. Van Hees, V.T., Pias, M., Taherian, S., Ekelund, U. and Brage, S. (2010). A
method to compare new and traditional accelerometry data in physical activity monitor-
ing. In World of Wireless Mobile and Multimedia Networks (WoWMoM). IEEE Inter-
national Symposium.

142. Van Hees, V. T., Renstrom, F., Wright, A., Gradmark, A., Catt, M., Chen, K. Y.

and Franks, P. (2011). Estimation of daily energy expenditure in pregnant and non-

pregnant women using a wrist-worn tri-axial accelerometer. PloS one, 6(7),
https://doi.org/10.1371/journal.pone.0022922.

143. Van Remoortel, H., Giavedoni, S., Raste, Y., Burtin, C., Louvaris, Z., Gimeno-
Santos, E., & PROactive consortium. (2012). Validity of activity monitors in health and
chronic disease: a systematic review. International Journal of Behavioral Nutrition and
Physical Activity, 9(1), 84.

144, Van Oort, A.F. (2014). The relationship between habitual physical activity pat-
terns of pregnant women and foetal growth parameters: a longitudinal study. North-

West University.

81


doi:10.1136/bjsports-2013-093173
doi:10.1136/bjsports-2013-093173

145, Van Poppel, N.M., Ruchat, S. and Mottola, M.F. (2014). Physical Activity and
Gestational Diabetes Mellitus. Med Sport Sci. vol 60, pp 104-112. DOLl:
10.1159/000357340

146. Vannuccini, S., Bocchi, C., Severi, F.M., Challis, J.R. and Petraglia, F. (2016).
Endocrinology of human parturition. Annales d'Endocrinologie, vol 77(2), pp 105-113.
147. Viswanathan, M., Siega-Riz, A.M., Moos, M.K,, Deierlein, A., Mumford,

S., Knaack, J., Thieda, P., Lux, L.J. and Lohr, K.N. (2008). Outcomes of maternal
weight gain. Evidence Report/Technology Assessment, 168, pp 1-223.

148. Vorster, H.H., Venter, C.S., Wissing, M.P., and Margetts, B.M. (2005) The nu-
trition and health transition in the North-West Province of South Africa: a review of the
THUSA (Transition and Health during Urbanisation of South Africans) study. Public
Health Nutrition, 8(5): 480-90.

149. Warehan, N.J. and Rennie K.L. (1998). The assessment of physical activity in
individuals and populations: why try to be more precise about how physical activity is
assessed? International journal of obesity and related metabolic disorders.

150. Warburton, D.E.R., Nicol, C.W. and Bredin, S.S.D. (2017). Health benefits of
physical activity: the evidence. CMAJ WHO | Physical activity - World Health Organ-
ization, 174(6): 801-809.

151. Warren, J. M., Ekelund, U., Besson, H., Mezzani, A., Geladas, N. and Vanhees,

L. (2010). Assessment of physical activity—a review of methodologies with reference to
epidemiological research: a report of the exercise physiology section of the European
Association of Cardiovascular Prevention and Rehabilitation. European Journal of Car-
diovascular Prevention & Rehabilitation, 17(2), 127-139.

152. Watson, E.D, Oddie, B. and Constantinou, D. (2015) Exercise During Preg-
nancy: Knowledge And Beliefs Of Medical Practitioners In South Africa: A Survey
Study. BMC Pregnancy and Childbirth 15(1): 245.

153. Watson, E.D., Micklesfield, L.K., van Poppel, M.N.M., Norris, S.A., Sattler,
M.C. and Dietz, P. (2017). Validity and responsiveness of the Global Physical Activity
Questionnaire (GPAQ) in assessing physical activity during pregnancy. PLoS ONE 12

(5).

154, Whipp, B.J. and Wasserman, K. (1969). Efciency of muscular work. Journal of
Applied Physiology 26(5): 644-648.

155. Weiss, G. (2000). Endocrinology of parturition. The Journal of Clinical Endo-

crinology & Metabolism, 85: pp. 4421-4425.

82


doi:%2010.1159/000357340
doi:%2010.1159/000357340

156. Welk, G.J. (2002). Use of accelerometry-based activity monitors to assess phys-
ical activity. In G. J. Welk (Ed.), Physical Activity Assessments in Health-Related Re-
search. Champaign, IL: Human Kinetics, pp. 125-141.

157. Welk, G. J., Blair, S. N., Wood, K., Jones, S. and Thompson, R. W. (2000). A
comparative evaluation of three accelerometry-based physical activity monitors. Medi-
cine and science in sports and exercise, 32(9; SUPP/1), S489-S497.

158. World Health Organization. (2012). Global Strategy on Diet, Physical Activity

and Health. https://www.who.int/dietphysicalactivity/factsheet recommendations/en/

159. WHO Expert Consultation. (2004). Appropriate body-mass index for Asian pop-
ulations and its implications for policy and intervention strategies. Lance, 363: 157—
163.

160. Ward, D.S., Evenson, K.R., Vaughn, A., Rodgers, A.B. and Troiano. R.P.
(2005). Accelerometer use in physical activity: best practices and research recommen-
dations. Medicine & Science in Sports & Exercise, 37 (11), pp. S582-8.

161. Yumuk, V., Frihbeck, G., Oppert, J.M., Woodward, E., and Toplak, H. (2014)
An EASO Position Statement on Multidisciplinary Obesity Management in Adults.
Obesity Facts, 7:96-101. http://easo.org/wp-content/uploads/2014/03/Multidiscipli-

nary-Obesity-Management-in-Adults.pdf

162. Zhang, J. and Savitz, D.A. (1996). Exercise during pregnancy among US
women. Annals of Epidemiology, 6: 53-59.

163. Zinkhan, M., Berger, K., Hense, S., Nagel, M., Obst, A., Koch. B., Penzel, T.,
Fietze, 1., Ahrens, W., Young, P., Happe, S., Kantelhardt, J.W., Kluttig, A., Schmidt-
Pokrzywniak, A., Pillmann, F. and Stang, A. (2014). Agreement of different methods
for assessing sleep characteristics: a comparison of two actigraphs, wrist and hip place-

ment, and self-report with polysomnography. Sleep Medicine, 15(9): 1107-14.

83


https://www.who.int/dietphysicalactivity/factsheet_recommendations/en/
http://easo.org/wp-content/uploads/2014/03/Multidisciplinary-Obesity-Management-in-Adults.pdf
http://easo.org/wp-content/uploads/2014/03/Multidisciplinary-Obesity-Management-in-Adults.pdf

APPENDIX A: Study protocol

Preparation for test Resting period Walking test period

* Anamnesis resting metabolic rate

+ Introduction + Lying position Incremental test ~ Rest ~ Walking at different speeds
— Borg Scale | * All devices * Up to 11 steps 10 min.  * 3 blocks

* Placement of devices » Starting with 3 km/h moving 5 minutes each
— Accler OIGE * Increase 0.5 km/h around  * 3 km/h, § km/h, free fast walking
= HR monitor * Each 50 m /10 m beep * 3 minutes rest between blocks
— Spirometry * End with 8 km/h * 3 minutes rest after last block

* Pacer

» Track preparation / 1 i .. |E

20-30 minutes (Sminutes | X e L

Physiology Laboratory 400 meter track

Institute of Sports Science, Mozartgasse 14 Institute of Sports Science, USZ
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Data collection Form: Validation_Accelerometers Pregnancy

START DATE

ENDE HEIGHT cm
CODE WEIGHT

NAME BMI kg/m?
BIRTHDAY TEMPERATURE

STUDY: accelerometer validation pregnancy

Walking-Tests

Period Time km/h Borg 6-20 | Comments:
Preparation 20-30 min
Resting 15 min ---
Incremental test | 3 min rest 0
3
3,5
4
4,5
5
5,5
6
6,5
7
7,5
8
Resting 10 min rest
Walking 5 min 3
3 min rest 0
5 min 5
3 min rest 0
5 min free speed distance (m): speed (km/h):
Cool down 3 min CD
HR measurement (five seconds intervals) with POLAR No.
HRV measurement (beat-to-beat measurement) with POLAR No.
Actigraph hip No.
Actigraph wrist No.
Times of disconnecting accelerometers:
ActiGraph hip: _/ [ ; side of placement: O left O right
ActiGraph wrist: /[ ; side of placement: O left O right
GENEActive: [ | ; side of placement: O left O right
AX3: | | ; side of placement: O left O right

Order of accelerometers on wrist:

ActiGraph --- GENEActive --- AX3
ActiGraph --- AX3 --- GENEActive
AX3 --- GENEActive --- ActiGraph
AX3 --- ActiGraph --- GENEActive
GENEActive --- AX3 --- ActiGraph
GENEActive --- ActiGraph --- AX3

000000

(o]
(¥,




APPENDIX B: PAR-Q FOR PREGNANCY

Healthy women with uncomplicated pregnancies can integrate physical activity into their daily liv-
ing and can participate without significant risks either to themselves or to their unborn child. Postu-
lated benefits of such programs include improved aerobic and muscular fitness, promotion of ap-
propriate weight gain, and facilitation of labour. Regular exercise may also help to prevent gesta-
tional glucose intolerance and pregnancy induced hypertension. The safety of prenatal exercise pro-
grams depends on an adequate level of maternal-foetal physiological reserve. PARmed-X for
PREGNANCY is a convenient checklist and prescription for use by health care providers to evaluate
pregnant patients who want to enter a prenatal fitness program and for ongoing medical surveillance

of exercising pregnant patients.
SECTION A: PATIENT INFORMATION

Participant ID:

Date of birth:

Name of clinic/gynecologist:

Date of last medical check:

SECTION B: PRE-EXERCISE CHECKLIST

PRE-EXERCISE HEALTH CHECKLIST

PART 1: GENERAL HEALTH STATUS

In the past, have you experienced: Y N

1 Miscarmage in an earlier pregnacy?
Z Other pregnancy complications?
3 | have completed a PAR-O within the last 30 days.

If you answered YES to question 1 or 2, please explain:

Mumber of previous pregnancies:

PART 2: STATUS OF CURRENT PREGNANCY
Due Date: ! !
During this prenancy, have you expenenced: Y N

Marked fatigue?

Z Bleeding from the vagina ("spotting™)?

3 Unexplained faintness or dizziness?

Unexplained abdominal pain?

w

Sudden swelling of ankles, hands or face?
Persistent headaches or problems with headaches?
Swelling, pain or redness in the calf of one lag?

Absence of fetal movement after 4" month?

Rl - - S

Failure to gain weight after 5" month?

If you answered YES to any of the above questions, please explain:

86

PART 3: ACTIVITY HABITS DURING THE PAST MONTH

1 List only regular fitness/recreational activities:

INTEMSITY

FREQUEMCY {times/wee

1-2 2.4 4+

TIME (minutess/day)

<20 20-40 40+

k)

Heawy
Medium
Light

2 Does your regular occupation (job/home) activity involve: Y M
Heawy lifting? ] O
Frequent walking/stair climbing?
Occasional walking (> oncefhr)?
Prolonged standing?

Mainly sitting?
Maormal daily activity?
3 Do you currently smoke tobacco?

4 Do you consume alcohol?®

PART 4: PHYSICAL ACTIVITY INTENTIONS
‘What physical activity do you intend to do?
| MO

Is this a change from what you currently do? [] ves

*Ware: Pregrant women are strongly advised ot to smoke of
cansume aleahal duning pregnancy and during lactation.




CONTRAINDICATIONS TO EXERCISE 7o be completed by your health care provider

ABSOLUTE CONTRAINDICATIONS RELATIVE CONTRAINDICATIONS

Does the patient have: Does the patient have:

1 Ruptured membranes, premature labour? 1 History of spontanecus abortion or premature labour

in previous pregnancies

O0=
O0O=

2 Persistent second or third trimester bleeding/
placenta previa? 2 Mild/moderate cardiovascular or respiratory disease

oooo g g=
oooo O QO=

" H i ?
3 Pregnancy-induced hypertension or pre-eclampsia? OO &g, chronic hypertension, ssthms]?
4 Incompetent cervid? 00 3 Anemia or iron defidency? (Hb < 100 g/L)?
5 Evidence of intrauterine growth restriction? 101 4 Malnutrition or eating disorder (anorexia, bulimia)?
. i 7
¢ High-order pregnancy (e.g., triplats)? oo 3 Tin pragramcy aiter Mth week]
- . i
7 Uncontrolled Type | diabetes, hypertension or thyroid OO & Ether 5|gn|f.n:zfm medical condition’
disease, other serious cardiovascular, respiratory or e specy-
systemic disorder?
Nete: Risk may exceed benefits of regular physical activity. The decision to
be physically active or not should be made with qualified medical sdvice.
PHYSICAL ACTIVITY RECOMMENDATION [[] Recommended/Approved [[] Contraindicated

I, [please print patient’s name), have discussed my plans to participate in physical activity during

my current pregnancy with my health care provider and | have obtained his/her approval to begin participation.

PATIENTS SIGNATURE DATE
MAME OF
HEALTH CARE PROVIDER HEALTH CARE PROVIDER'S COMMENTS:
ADDRESS
PHOME

Date: Signature:
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APPENDIX C: Sociodemographic questionnaire (according to the DALI study)

11.

1. ParticipantID e
2. Date of birth [

3. Date of your last mentrual period I

4. Pre-pregnancy weight. How much did you weigh just before this pregnancy?

5. Do you currently smoke (cigarettes, cigars, pipe) or use any other tobacco products?
o No, I have never smoked (Go to Q5)
o No, I used to smoke but I have stopped
o Yes, | currently smoke

6. If you used to smoke, when did you quit?
o Less than one year ago, exactly months ago
o Between 1 and 5 years ago
o More than 5 years ago

7. If you currently smoke, how many cigarettes/cigars/pipes do you smoke per day
_____perday

8. How many hours on average do you sleep per day? hours per day

9. How many days in the past month did you feel you have not slept enough?
days per month

10. Does your work/studies involve shift work
o Yes
o No

What is your highest educational level?
No formal qualification
Primary School

Secondary school
Technical/proffessional training
University

O O O O O

12. What is your occupation?

Full-time employed

Part-time employed

Student

Housewife/stay at home mom
Unemployed

Other:

o

O O O OO0

13. Who lives in your house?

No one — | live alone
Husband/partner

One child

Someone else’s children
Parents

Other adult relatives

O

O O O O O
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Other adults that are not related

14. What is your marital status?

O

o
o
o
o

Married/living together

In a relationship but living apart
Seperated/divorced

Single

Widowed

15. Have you been pregnant before?

O

O

No
Yes, _ times

16. How many children do you have?

o
o

None
Yes, __ children
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Appendix D: Participant Information Sheet

Good day, my name is Gudani Mukoma, and | am a Registered Biokineticist and a Masters student at the
Centre of Exercise Science and Sports Medicineicineicineicine (CSSM) at the University of Witwatersrand.
Together with my masters supervisor Estelle Watson would like to invite you to consider participating in
our research study, entitled “Accelerometer use to assess physical activity in pregnancy — a validation
study ”. Before you decide to take part, it is important for you to understand why the research is being done
and what it will involve. The information leaflet is to help you decide if you would like to participate.
Please take time to read the following information carefully and discuss it with others if you wish. Please
ask questions if there is anything that is not clear or if you would like more information. Take time to
decide whether or not you wish to take part. Thank you for reading this.

Study title: Accelerometer use to assess physical activity in pregnancy — a validation study
Invitation paragraph

It is well known that participating in regular physical activity leads to many health benefits. For example,
it is helpful for preventing and treating diseases such as cardiovascular disease and diabetes, and is an
essential tool in maintaining a healthy body weight. There are also health benefits for pregnant women. If
you have an uncomplicated pregnancy, moderate exercise may help to reduce the risk of conditions such as
gestational (pregnancy-related) diabetes, and pre-eclampsia. It can help to prevent excessive weight gain
during pregnancy. It may also provide a protective effect against giving birth prematurely or having a low
birth weight baby. Being physically active during pregnancy may also reduce the risk of obesity in your
child in the future. The risks and benefits, however, depend upon the type and amount of physical activity
that is done.

Where will the research be conducted?

The research will take place at the Centre for Exercise Science and Sports Medicineicineicineicine
(CESSM), WITS Education Campus, Parktown. | will be assisted by my masters supervisor (Estelle
Watson) and a Sport Scientist/Exercise Physiologist. We will compensate you for any travel costs incurred
with coming to CESSM.

What is the purpose of the research?

The aim of this study is to assess the best way to measure physical activity during pregnancy. Because we
know how important physical activity is for both the health of you, the mother, and your unborn child, it is
important to public health that we can measure and assess physical activity accurately. As you know, your
body undergoes many physiological changes during pregnancy. We would like to assess the effects of these
changes on measuring physical activity, namely through indirect caliromtery (a way to measure how much
oxygen you use during exercise) and accelerometers (a small device that measures your movement and
speed of movement). This study is being done in South Africa, and Eurpoe, and will provide much needed
information on the best way to measure activity during pregnancy.
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Patient selection

If you are pregnant (any trimester) and are healthy (not been told by your doctor that you have any
conditions that would prevent you from exercising) then you are eligable to participate in the study.

Do I have to take part?

Your participation is voluntary. We would like you to consent to participate in this study as we believe that
you can make an important contribution to the research. If you decide to take part you are still free to
withdraw at any time. Your withdrawal will not affect your access to other medical care.

What would I be asked to do if I took part?

If you are happy to participate in the research we will ask you to read this information sheet and sign the
consent form. You will then be asked to come in for one assessment, which should take between 90-120
minutes. First, we will start by filling out some questionnaires. Then we will place the accelerometers on
you (two on the wrist and one on the hip). You will also be asked to wear a heart rate monitor and the
oxygen-mask. The assessment will consist of walking around the track at a light to moderate pace. The
fastest you will be asked to walk is a speed that is comfortable for you.

Risks or side effects

There are no side effects for taking part in this study. You may experience some tiredness from walking,
but this would not be more than your usually walking fatigue, and there is no risk to you or your baby.

Benefits

There are no direct benefits to participating in this research project. We will provide you feedback on your
fitness levels after the assessment, as well as a guide on what exercises are safe to do during pregnancy.

What happens to the data collected?

All information you provide to us will be kept confidential. Only members of the research team will have
access to it. Information gained during the research will be used as part of a larger sample, and will remain
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anonymous. The outcomes of the research will be available in one or more of the following sources:
scientific papers in peer reviewed academic journals, presentations at a regional conference, local seminars.

Ethical approval

This clinical study protocol has been submitted to the University of the Witwatersrand, Human Research
Ethics Committee (HREC) and written approval has been granted by that committee. For further
information regarding this, contact the HREC chairman Professor Peter Cleaton-Jones on 011 717 2635 or
email peter.cleaton-jones@wits.ac.za

Doctor notification

Please indicate below, whether you want me to notify your personal doctor or your specialist of your
participation in this study:

O YES, I want you to inform my personal doctor / specialist of my participation in this study.
O NO, I do not want you to inform my personal doctor / specialist of my participation in this study.
O 1 do not have a personal doctor / specialist

Who to contact?

If you have any questions, you may ask them now or later, even after the study has started. If you wish to
ask any questions, you may contact the following persons

Gudani Mukoma
(Cell) 079 9037 819 (Email) mukomagudani@gmail.com

Estelle Watson
(tel) 011 717 3227 (fax) 011 717 3379 (Email) estelle.watson@wits.ac.za

Did the participant raise any questions? OYES / O NO If YES — What where they:
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Appendix E: Participant Informed Consent

e | hereby confirm that | have been informed by the researchers, Gudani Mukoma and Estelle Watson
about the nature, conduct, benefits and risks of the study called “ Accelerometer use to assess
physical activity in pregnancy — a validation study”

o | have also received, read and understood the above written information (Participant Information
Leaflet and Informed Consent) regarding the clinical study.

o | am aware that the results of the study, including personal details regarding my sex, age, date of
birth, initials and diagnosis will be anonymously processed into a study report.

o In view of the requirements of research, | agree that the data collected during this study can be
processed in a computerised system by Gudani Mukoma and Estelle Watson or on their behalf.

e | may, at any stage, without prejudice, withdraw my consent and participation in the study.

o | have had sufficient opportunity to ask questions and (of my own free will) declare myself prepared
to participate in the study.

PARTICIPANT:

Printed Name Signature / Mark or Thumbprint Date and Time

RESEARCHER:

1, , herewith confirm that the above participant has
been fully informed about the nature, conduct and risks of the above study.

Printed Name Signature Date and Time

WITNESS (If applicable):

Printed Name Signature Date and Time
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Appendix F: Advert Example

(2

Attention ladies !

Are you pregnant or do you know
Someone who is?

We are recruiting pregnant women to participate in our research study looking
at how to best measure physical activity during pregnancy. In return of
participating we will provide you with exercise and healthy eating guidelines

during pregnancy.
Who can take part?

All women in the first to third trimester of pregnancy, aged 18 to 40, living in
Johannesburg are invited in our study. We will only need about 60-90 minutes
of your time to do a walking assessment (only as fast as you can go). We will

measure your breathing, heart rate and movement during this walking test. ©
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Appendix G: Ethics Certificate

R
BN 0 lS1TT% €O
TWATI SRANIT
2iIANNPMYS UM C

R14/49 Dr E Watson, Mr G Mukoma, et al

HUMAN RESEARCH ETHICS COMMITTEE (MEDICAL)
CLEARANCE CERTIFICATE NO. M160532

NAME: Dr E Watson, Mr G Mukoma, et al

(Principal Investigator)

DEPARTMENT: School of Therapeutic Sciences
Centre for Exercise Science and Sports Medicine
Faculty of Health Sciences
University

PROJECT TITLE: Accelerometer use to assess physical activity in
pregnancy - a validation study

DATE CONSIDERED: 27/05/2016 !
DECISION:

CONDITIONS: Re-issued on 14/11/2018 to include named
co-investigator (Mr Mukoma)

SUPERVISOR: Not a@
APPROVED BY: = /}K [ ny

Dr CB Penn rson, HREC (Medical)
DATE OF APPROVAL: 08/0 =

This clearance certificate is valid for 5 years from date of approval. Extension may be applied for.

DECLARATION OF INVESTIGATORS

To be completed in duplicate and ONE COPY returned to the Research Office Secretary on 3rd floor, Phillip V Tobias
Building, Parktown, University of the Witwatersrand, Johannesburg.

'we fully understand the conditions under which | amiwe are authorised to carry out the above-mentioned research and liwe
undertake to ensure compliance with these conditions. Should any departure be contemplated from the research protocol as
approved, l/we undertake to resubmit to the Committee. | agree to subm When a funder requires
annual re-certification, the application date will be one year after the date of the meeti ng when the study was initially reviewed.
In this case, the study was initially reviewed in May and will therefore reports and re-certification will be due early in the month

of May each year. Unreported changes to the application may invalidate the clearance given by the HREC (Medical).
7 = - 1 ti1] 2k
Prn vestigator Signature Date

PLEASE QUOTE THE PROTOCOL NUMBER IN ALL ENQUIRIES

95



Appendix H: Turnitin report

1299954 :Turnitin  GG_Mukoma.docx

ORIGINALITY REPORT

1 5% 4, 124 5%

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

Estelle D. Watson, Lisa K. Micklesfield, Mireille 1 o
N. M. van Poppel, Shane A. Norris, Matteo C. ©
Sattler, Pavel Dietz. "Validity and

responsiveness of the Global Physical Activity
Questionnaire (GPAQ) in assessing physical

activity during pregnancy”, PLOS ONE, 2017

Publication

Stewart G Trost, Margaret O'Neil. "Clinical use 1 o
of objective measures of physical activity", °
British Journal of Sports Medicine, 2014

Publication

Cheryce L Harrison. "Measuring physical 1 o
activity during pregnancy"”, International ?
Journal of Behavioral Nutrition and Physical
Activity, 2011
Publication

n Submitted to University of Witwatersrand 1 <
Student Paper /o

96



Olivier Dieu, Jacques Mikulovic, Paul S. Fardy,
Gilles Bui-Xuan, Laurent Beghin, Jérémy

Vanhelst. "Physical activity using wrist-worn
accelerometers: comparison of dominant and
non-dominant wrist", Clinical Physiology and
Functional Imaging, 2017

Publication

ﬂ &NA:, . "Abst D-FreeCommPosters :", Medicine <1 .
& Science in Sports & Exercise, 2012. o
Publication
Kathryn R. Hesketh, Kelly R. Evenson, Marissa <1 .
Stroo, Shayna M. Clancy, Truls @stbye, Sara E. o
Benjamin-Neelon. "Physical activity and
sedentary behavior during pregnancy and
postpartum, measured using hip and wrist-
worn accelerometers”, Preventive Medicine
Reports, 2018
Publication
www.nature.com < 5
Internet Source ﬂ’,'ﬁ
onlinelibrary.wiley.com 4
Internet Source y Y < ﬂ’,'ﬁ
Submitted to Arkansas State University, Beebe <
Student Paper nfﬁ

97



Wei Shen, Bin Zhang, Shuyun Liu, Hongling <1 o
Wu, Xue Gu, Lingzhi Qin, Ping Tian, Yun Zeng, °
Linxiang Ye, Zemin Ni, Qi Wang. "Association
of Blood Lead Levels with
Methylenetetrahydrofolate Reductase
Polymorphisms among Chinese Pregnant
Women in Wuhan City", PLOS ONE, 2015
Publication

Eng Kien Tan, Eng Loy Tan. "Alterations in <1 "
physiology and anatomy during pregnancy”, °
Best Practice & Research Clinical Obstetrics &
Gynaecology, 2013
Publication
Submitted to 9561

Student Paper <1 nfﬁ
Submitted to Flinders Universit

Student Paper y <1 ufﬁ

m Lawrence D. Longo. "The Rise of Fetal and <1 o
Neonatal Physiology”, Springer Nature, 2018 °
Publication

"Maternal Obesity and Pregnancy”, Springer <1 %
Nature America, Inc, 2012
Publication

Submitted to University of Bradford <1 %

Student Paper

98



Katarina Melzer. "Physical Activity and <1 .
Pregnancy : Cardiovascular Adaptations, /o
Recommendations and Pregnancy Outcomes”,

Sports Medicine, 06/2010
Publication

Fuller-Tyszkiewicz, Matthew, Helen Skouteris, <1 .
Brittany Watson, and Briony Hill. "Body image /o
during pregnancy: an evaluation of the
suitability of the body attitudes questionnaire”,

BMC Pregnancy and Childbirth, 2012.
Publication
link.springer.com 5

Internet Suurm? < %
Submitted to Curtin University of Technolo g

Student Paper / & < %

E Barskey. "South African Sports Medicine <1,
Association Position Statement on Exercise in o
Pregnancy”, South African Journal of Sports
Medicine, 2016
Publication

Exercise and SPortlng Activity During <1 %
Pregnancy"”, Springer Nature, 2019
Publication

Kelly R. Evenson, Ruben Barakat, Wendy J. <1 %

Brown, Patricia Dargent-Molina et al.
"Guidelines for Physical Activity During

99



Snjezana Schuster. "MEASURING PHYSICAL <1 %
ACTIVITY IN PREGNANCY USING
QUESTIONNAIRES: A META-ANALYSIS", Acta
Clinica Croatica, 2016

Publication

Submitted to University of Glamorgan <1 %

Student Paper

ALEX V. ROWLANDS, EVGENY M. MIRKES, <1 o
TOM YATES, STACEY CLEMES, MELANIE °
DAVIES, KAMLESH KHUNTI, CHARLOTTE L.
EDWARDSON. "Accelerometer-assessed
Physical Activity in Epidemiology"”, Medicine &

Science in Sports & Exercise, 2018

Publication

S. G. Trost. "State of the Art Reviews: <1 "y
Measurement of Physical Activity in Children °
and Adolescents", American Journal of
Lifestyle Medicine, 08/01/2007

Publication

Submitted to Kaplan International Colleges <1 %

Student Paper

Silvia Vannuccini, Caterina Bocchi, Filiberto M. <1 "
Severi, John R. Challis, Felice Petraglia. °
"Endocrinology of human parturition”, Annales

100



Yvonne Hopkinson, Denise M. Hill, Lindsey <1 "
Fellows, Simon Fryer. "Midwives understanding °
of physical activity guidelines during
pregnancy”, Midwifery, 2018
Publication
Submitted to University of the Western Cape 4

Student Paper < ufﬁ
www.metabolic-programming.or 4

Internet Source P g g g < ufﬂ'
Submitted to University of Queensland .

Student Paper y < ufﬁ
Submitted to University of Sydney .

Student Paper < %
thescipub.com 4

Internet SEurce < ufﬂ'

Submitted to University of Southern <1,
Queensland o
Student Paper
Submitted to University of Durham

Student Paper g <1 ufl}
Submitted to Cardiff University
m Student Paper <1 %

101



Tom White, Kate Westgate, Nicholas J. <1 o
Wareham, Soren Brage. "Estimation of °
Physical Activity Energy Expenditure during
Free-Living from Wrist Accelerometry in UK
Adults", PLOS ONE, 2016
Publication
Submitted to The Robert Gordon Universit 4

Student Paper y < nf’ﬂ
Submitted to University of Ulster 4

Student Paper y < njﬂ
Submitted to Middlesbrough College

Student Paper g g <1 %
nutritionsocietyindia.or 4

Internet Source y g < nf’ﬂ
Submitted to University of New South Wales 5

Student Paper < %

P www.scilit.net <1..

"10th World Congress 15-18 October 2017 <1 .
Rotterdam, The Netherlands", Journal of o
Developmental Origins of Health and Disease,

2017
Publication
"Obesity During Pregnancy in Clinical Practice",
m y g g Yy <‘| %

Springer Nature America, Inc, 2014

102



chd.region.waterloo.on.ca

m Internet Source < %
article.sapub.or o
Internet Snurcep J < %
Klaas R. Westerterp. "Physical Activity <1,
Assessment With Accelerometers: An o
Evaluation Against Doubly Labeled Water**",
Obesity, 10/2007
Publication
Submitted to University of Sunderland 5
Student Paper y < nfﬂ
Submitted to Queen Mary and Westfield < %
College
Student Paper
Alex V Rowlands, Evgeny M Mirkes, Tom <1 o
Yates, Stacey Clemes, Melanie Davies, °
Kamlesh Khunti, Charlotte L Edwardson.
"Accelerometer-assessed Physical Activity in
Epidemiology”, Medicine & Science in Sports &
Exercise, 2017
Publication
"Handbook of Nutrition and Pregnancy", <1 %

Springer Nature America, Inc, 2008

Publication

Submitted to Nottingham Trent University

103



H
-.“l

Student Paper

-
<1%

www.science.gov 4
Internet Source J < %

www.fatherhoodinstitute.org .a
Internet Source < ufl}

Hester H Vorster. "The nutritional status of

o
asymptomatic HIV-infected Africans: directions &
for dietary intervention?”, Public Health
Nutrition, 12/2004
Publication

Stewart G. Trost. "State of the Art Reviews: <1 "
Measurement of Physical Activity in Children °
and Adolescents”, American Journal of
Lifestyle Medicine, 2016
Publication
journals.sagepub.com 4

lllnternet Source g p < ufﬂ
hal.archives-ouvertes.fr &

Internet Source < ujﬂ
eiic.cz 5

Internet Source < nfﬂ
heart.bomj.com .

E Internet Sourci < U/O

104



Submitted to Cork Institute of Technology

Student Paper

= <14
Submitted to University of Wollongon 5
Student Paper y g g < nfﬁ
Submitted to King's College .
m Student Paper g g < ufﬁ
E "Exercise and Human Reproduction”, Springer < 1. y
Nature America, Inc, 2016 °
Publication
citeseerx.ist.psu.edu 4
Internet Source P < ofﬂ'
collections.mun.ca 5
Internet Source < nfﬁ
Ayres, JosA® Ricardo de Carvalho Mesquita. < 4 Y
"Risco e imponderabilidade: superaA§A£o ou °
radicalizaA§A£o da sociedade disciplinar?”,
Cadernos de SaA°de PA°blica, 2001.
Publication
"Tuberculosis”, Springer Nature America, Inc,
2004 o <1
Publication
www.fetalmedicine.com
Internet Source <1 ﬂ’fﬁ

105



P smj.org.sa <1 %

Internet Source

Tarja | Kinnunen. "Agreement between <1 %
pedometer and accelerometer in measuring °
physical activity in overweight and obese
pregnant women", BMC Public Health, 2011
Publication

Pamela Wadsworth. "The Benefits of Exercise <1 o
in Pregnancy”, The Journal for Nurse %
Practitioners, 2007
Publication

S Carmichael. "The pattern of maternal weight <1 o
gain in women with good pregnancy %
outcomes.", American Journal of Public Health,

12/1997
Publication

TARRAH MITCHELL, KELSEY BORNER, <1 %
JONATHAN FINCH, JACQUELINE KERR, ?
JORDAN A. CARLSON. "Using Activity
Monitors to Measure Sit-to-Stand Transitions in
Overweight/Obese Youth", Medicine & Science
in Sports & Exercise, 2017
Publication
dr.library.brocku.ca

m Internet SOH«E < 1 0!"0

Yin, T.T.. "Hypertension, fetal growth restriction <1 %

and obstructive sleep apnoea in pregnancy”,
European Journal of Obstetrics and
Gynecology, 200811

106



Marla V. Anderson, M.D. Rutherford. <1 o
"Recognition of Novel Faces after Single °
Exposure is Enhanced during Pregnancy”,

Evolutionary Psychology, 2011
Publication
www.tuelassen.blogspot.fr

Internet Source < 1 ufﬂ'
www.ncbi.nlm.nih.gov

Internet Source <1 0/0

E DiPietro, J.A.. "Physiological blunting during <1 o
pregnancy extends to induced relaxation”, °
Biological Psychology, 201201
Publication

m www.scribd.com <1 o
Internet Source Yo
researchonline.jcu.edu.au

Internet Source <1 0/0'

Tina Napso, Hannah E. J. Yong, Jorge Lopez- <1 o
Tello, Amanda N. Sferruzzi-Perri. "The Role of %
Placental Hormones in Mediating Maternal
Adaptations to Support Pregnancy and
Lactation”, Frontiers in Physiology, 2018
Publication

E Chantal Dube, Celine Aguer, Kristi Adamo, <1

%

Shannon Bainbridge. "A role for maternally

107



derived myokines to optimize placental
function and fetal growth across gestation”,
Applied Physiology, Nutrition, and Metabolism,
2017

Publication

Submitted to North West Universit
m Student Paper y <1 ufo
Lin Lin, Kui Peng, Rui Du, Xiaolin Huang et al. <1 o
"High glomerular filtration rate is associated o
with arterial stiffness in Chinese population”,
Journal of Hypertension, 2017
Publication
Speakman, John R., and Catherine Hambly. <1 %

"Using doubly-labelled water to measure free-
living energy expenditure: Some old things to
remember and some new things to consider”,
Comparative Biochemistry and Physiology Part
A Molecular & Integrative Physiology, 2016.

Publication

Ensenauer, R, A Chmitorz, C Riedel, N Fenske, <1 %
H Hauner, U Nennstiel-Ratzel, and R von Kries. ©
"Effects of suboptimal or excessive gestational

weight gain on childhood overweight and

abdominal adiposity: results from a

retrospective cohort study"”, International

Journal of Obesity, 2013.

Publication

108



04 Onubi, Ojochenemi J., Debbi Marais, Lorna
Aucott, Friday Okonofua, and Amudha S.
Poobalan. "Maternal obesity in Africa: a
systematic review and meta-analysis", Journal
of Public Health, 2015.

Publication

<19

Kinnunen, H, M Tanskanen, H KyrAf[lAzinen,
and K R Westerterp. "Wrist-worn
accelerometers in assessment of energy
expenditure during intensive training”,
Physiological Measurement, 2012.

Publication

<19

m Laura S. Bleker, Tessa J. Roseboom, Tanja G.
Vrijkotte, Rebecca M. Reynolds, Susanne R. de
Rooij. "Determinants of cortisol during
pregnancy — The ABCD cohort",
Psychoneuroendocrinology, 2017

Publication

<19

Anca Gaston. "Leisure-Time Physical Activity
Patterns and Correlates Among Pregnant
Women in Ontario, Canada", Maternal and
Child Health Journal, 04/10/2012

Publication

Exclude quotes On Exclude matches Off
Exclude bibliography On

109



