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Abstract
Introduction

The national prevalence of obesity and cardiovascular diseases is on the increase.
Regular physical activity has been recommended as a preventive or curative option
for weight loss and the reduction of the risks of cardiovascular diseases and
inflammatory factors associated with them. Obesity has consistently been associated
with the risk of cardiovascular diseases with an increase in proinflammatory
cytokines such as interleukin 6 and tumour necrotic factor having been identified as
intermediaries to the development of these diseases. The current study sought to
evaluate physical activity among obese and overweight Ghanaians and whether or
not there were any concurrent associated changes in proinflammatory cytokines IL-6
and TNF- a.

Materials and Methods

Seventy four obese and overweight participants from an ongoing international study
of obesity, hypertension, and physical activity were contacted, of which sixty agreed
to take part in the study. Measurements taken for all participants included blood
pressure using a blood pressure monitor height and weight measurements using a
stadiometer and a standard balance, waist circumference and hip circumference
using a tape measure, fasting blood sugar by Accucheck, and body water and fat
composition by bioelectrical impedance analysis. Blood samples were obtained for
the measurement of plasma IL-6 and TNF-a with high sensitive ELISAs (R&D
systems, USA and MABTECH, AB Sweden respectively). Physical activity was
measured using actical accelerometers.

Results

Of the 60 participants that were recruited for the study 51 (85%) were females and 9
(15%) were males. On the basis of physical activity (PA) 37 (61.7%) participants
were categorized as ‘active’, while 23 (38.3%) participants were classified as
‘sedentary’. Participants had an average physical activity of 121.9 &+ 53.0 activity
counts per minute (AvgAC), and this fell within the category of light activity (100 —
1353 counts/min). Females (124.6 + 56.2 AvgAC) were more active than males
(100.6 + 25.8 AvgAC). Participants in the sedentary group also recorded
insignificant (p=0.2) but higher measurements of IL-6 (4.2 + 4.2pg/ml) than
participants in the active group (3.5 + 2.2pg/ml). Sedentary participants also
recorded a higher TNF-a plasma concentration (2.0 + 1.6pg/ml) than active ones (1.8
+ 1.1pg/ml) but this difference was not significant (p=0.3). The distribution of IL-6
was only marginally associated with physical activity, but this correlation was not
significant (0.8). TNF-a correlated negatively (coefficient of correlation = -0.7) with
physical activity. This relationship was however not significant (p=0.6).

Conclusion

Obese and overweight participants have high circulating levels of IL-6 and TNF-a.
However, due to non-compliance to physical activity recommendations, there is little
reduction in the levels of these pro-inflammatory cytokines among obese and

rweigh aians.
overweight Ghan/__,,_
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CHAPTER ONE

INTRODUCTION

1.1. Background

Populations all over the world are experiencing rapid increases in the prevalence of
obesity (Low et al., 2009). Professional institutions and governments have issued
obesity control and prevention guidelines, all of which include recommendations on
physical activity (Fletcher, 1996, Pate, 1995). However, if fully implemented, it 1s
not clear if the current recommendations on physical activity would significantly

impact the trend in age-related weight gain and its associated health risks.

The energy budget is defined by the direct relationship between energy intake and
expenditure. Obesity usually results from an excess of calories consumed as food
over calories expended as physical activity. Increases in expenditure would normally
be accompanied by increases in intake, and excess intake can be stimulated
independently by high caloric density of food, changes in food availability, and
eating patterns. As demonstrated repeatedly by investigators in this field, the
regulation of energy stores and body composition must be seen as a complex,
dynamic process influenced by the interplay of factors that modify both intake and
physical activity. An individual ultimately uses both biological stimuli, via the
hormones that control saWal cues to achieve energy balance. Whether

variations in patterns of activity observed in modern, free-living populations plays a
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key role in this process or not is unknown. Since recommendations to increase
activity energy expenditure to reduce weight gain are at the core of current public

health policy this issue d&ﬂerv; careful study.



Under experimental conditions, increases in activity with control of energy intake
will lead to weight loss. However, more relevant to prevention and control efforts at
the population level is the question of whether variations in day-to-day activities
mitigate the tendency to gain weight. By far, the largest number of studies has
employed questionnaires. In most analyses, categories of sedentary activities (e.g.,
hours of TV watching) or leisure time sports have been used as the measures of
exposure. Questionnaires are both insensitive and potentially biased instruments. The
challenge in this field is clearly t? move toward objective measurement tools such as
accelerometers. Previous studies fLavoie et al, 2010; Harris et al, 2004) have

demonstrated little effect of physical acﬁwty on interleukin 6 and tumor necrotic

factor although their studies emplowd exm:ise mta'ventlons or did not use objective
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1.3, Justification

Physical activity has consistently been associated with lower plasma levels of pro-
inflammatory cytokines such as intericukin-6 (IL-6) and Tumour Necrotic Factor -
Alpha (TNF-a) (Jankord and Jemiolo, 2004; Pahor ef al 2004). However, there is
little information on whether or not regular physical activity significantly lowers
levels of inflammatory markers of obese and overweight individuals. In addition,
studies that have measured inflammatory cytokines of obese individuals in relation to
mndvhyhawdﬂnhagumwwﬁdmﬁud.zoll:

Pakiz er al. 2011) which are deliberate, repetitive, and limited, or use physical
activity questionnaires (Colbert ef al, 2004; Jankord and Jemiolo, 2004), which are
not very reliable and objective methods to assess physical activity. The current study




3) To evaluate any relationships between physical activity and BMI

4) To evaluate any relationships between physical activity and concentrations of
pro-inflammatory cytokines (TNF-a and IL-6) of sedentary and active
participants

5) To evaluate the compliance by overweight and obese individuals to physical

activity recommendations
1.6. Hypothesis

I/ NII ICT
The current study proposes thj"hgtiv}ﬁow @B oarerweight, individuals have

lower concentrations of inflammatory markers than those of sedentary, obese, and

 otetwelghtyindividuals. : N’f }u‘%
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CHAFTER TWO

LITERATURE REVIEW

1.1. Classification of Obesity

Body mass index (BMI) is defined as the weight of an individual, measured in
kilograms, divided by the algebraic square of that individual’s height, measured in
metres (WHO, 2003). It is a commonly used benchmark indicator that provides a faur
identification and assessment of body fat. Based on results for calculations of BMI,
individuals are commonly classified a8 underweight (<18.5 kg/m’), normal (18.5
kg/m’ - 249 kg/m’), overweight (> 25 kg/m’), or obese (230 kg/m’). Grades of
classification further exist between these principal classifications, as shown in Table
2.1. T
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2.2. Trends in Obesity

The World Health Organization (2009) estimated in 2005, that 1.6 billion adults (=15
years old) were overweight, and that at least 400 million of them were obese. Current
data indicates that average adult BMI among Africans and Asians ranges from 22
kg/m” to 23 kg/m®, while the average range for adults in North America, Europe, and
in some Latin American, North African, and Pacific Island countries ranges from 235

kg/m* to 27 kg/m* (WHO, 2003).

Globally, the prevalence of obesity has increased. There has been an increase in the
average annual prevalence of obesity in both developed and developing countries. In

developed countries, this increase has been as low as 0.2% in Italy between 1983 and

2004, to as thh as 18.5% in New : dbeen 1997 and 2004 (Low et al,

ncreas snmlarly has been as low as 0.1% in
W‘ ;:" _-'hl_' ‘,’“——4’1 _.1'

: 35 3%’ JfLS_aud1 Arabia between 1992

bemty, Wang and Beydoun

evidence of the increase in




WHO projections to 2015 indicate that approximately 2.3 bilhion adults will be

overweight, and more than 700 million of them will be obese (WHO, 2009).

Currently, global obesity prevalence range from less than 5% in China, Japan, and
some African countries, 1o more than 75% in urban parts of Samoa (WHO, 2003).
Low et al (2009) have reported that in developing countries, the prevalence of
obesity is generally higher among females than among males. In contrast to this
distribution in developing countries, Low ef al. (2009) have also reported that there
are no obvious gender differences in adult obesity in developed countries.

2.3. Causes of Obesity

Various factors account for the global distribution of obesity and the increasing
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these genes with the environment (changing pattemns of social activities and

nutritional transition) is responsible for the global nature of obesity.

Table 2.2: Some genes that have been suggested to play roles in obesity, Source

O 'Rahilly and Faroogqi (2006)
locus  population design trait LOD score/pvalue  candidate genes
2p Mexican American  extended pedigrees  leptin, fat mass 7.5 POMC
French Caucasian sib pairs leptin 2.7 POMC
African American nucicar famibies leptn p=0.008
US Caucasian nucicar famibes adiponecun 2.7
3 Pima Indian sib pairs lepun 20 Glut2
African American nucicar families BMI 1.8 P13 kinase
French Caucasian sib pairs BMI 39
US Caucasian nucicar families BMI 33
Indo-Mauritmn nuclcar familics CHD 3l
4p US Caucasian exwended pedigrees  BMI 6.1 PPARGC1 CCKAR
Mexican American  extended pedigrees  BMI 45
Scen-q French Caucasian b pairs leptin 29 CART
African American nucicar famibes RMI 19
US Caucasian nuclear families adiponectn 4.1
6q French Caucasian extended pedigrees  BMI 4.0 SIM1, MCHR2 and PC-1
8p Mexican American  extended pedigrees  leptin, BMI 3.1 bem3
US Caucasian nucicar familics 20
10p Pima Indian sib pairs 28 none
Pima Indian sib pairs 3.6 none

4.9
19
23

19
2.2

- i 2
B .*._'r S

= I

. .:.: H. .|_- ' .q:' f."r- ‘F-:i-.l-" -' _E‘__; .'::,.
g é met o i T
N w.

T |

‘r - I

) e

E 1 &

l.:.:..-l;l_:;.I ":._1_-._ criairn C ._ : -: . Y . '-L 1_'-
Hlﬁ I_I‘ :r..ql::_‘_EH:l:'j* i

-
L Ji

|
[N
; = L sy Ty
- o m
3 o r..:r!r _-.-*'..;!—r:,‘J wandc ._T"-:-.L.’ 2 A



classifications have been used by many researchers, and partly because the presence
of many medical conditions or co-morbidities may be vaguely associated with the

medical consequences of obesity.

Obesity accounts for much less severe medical conditions (in terms of mortality)
such as chronic musculoskeletal disorders, skin disorders, infertility, and respiratory
difficulties, than other medical conditions of much more severity such as
cardiovascular disorders, conditions associated with insulin resistance (e.g. type 2
diabetes), and some cancers (WHO, 2003). Approximately 85% of diabetes patients
have type 2, and of this percentage majority of them (90%) are either obese or
overweight (WHO, 2003). Higher BMIs also account for cancers of body organs
such as breasts, colon, prostate,

ibutes to ostq;m-ﬂf:ltis @0 ﬁB) In association with smoking,

,ﬁL -
increasing BMIs (>20 kg/m’)

im, kidney, and gall bladder, and also
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educational status accounted for more obese individuals. Their findings also
demonstrated a general pattern of gradual decline in the regional prevalence of
obesity from the south (16.1% in Greater Accra) to northern Ghana (2.2% in Upper
West). According to Biritwum ef al, (2005), Ga-Adangbe (14.6%), Ewes (6.6%),

and Akans (6%) constitute ethnic groups with the highest prevalence of obesity.

A majority of obesity and other obesity-related studies in Ghana have been
conducted in Accra. Examples of such studies include those by Duda ef al., (2007),
and Amoah (2003). Briefly, Duda et al, (2007) investigated the prevalence of
obesity among women living in Accra, while Amoah’s related studies in 2003
evaluated the overall prevalence of overweight and obesity among adults (=25 years

old) living in Accra.

Amoah (2003) has reported the prevalence of overweight and obesity in Accra to be
23.4% and 14.1% respectively. In support of his work, Biritwum et al., (2005) have
also reported the prevalence of overweight and obesity in Accra to be 26.6% and
16.1% respectively. Amoah’s observed sex-adjusted prevalence for overweight
(27.1%: 17.5%) and obesity (20.2 %; 4.6%) were higher among females than males.
He also observed that obesity increased with age until 64 years. Urban, more affluent
residents mostly accounted for overweight and obesity. Obesity was highest among
the Gas and Akans, and a relatively small prevalence was reported among the Ewes.
The prcva]é;c; of obesitymoﬂed by Amoah (2003) to have increased with
increased levels of education and sedentary jobs. Duda ef al. (2007) have reported a
high prevalence of overweight (27.6%) and obesity (34.7%) among 1237 adult
females (>18 years old) living in Accra. This prevalence was discordant with the
self-reported assessments of BMI by female participants. This disparity in observed

and perceived prevalence of overweight and obesity is critical and of great concern,

10



and they have subsequently suggested the noed to structure and implement programs
to improve the health of women in Accra. In contrast to Amoah’s (2003) findings,
Duda ef al (2007) observed a higher mean BMI (27.9 kg'm2 compared to 22.6
kg/m2). There is however no evidence to suggest a significant nutritional and
physical activity transition between 2003 and 2007 which may have accounted for
hd’iﬁmwmnmﬁmofmm)inwﬂm&m
particular interest was the observation by Duda er al (2007) that overweight and
obesity did not have any correlation with measures of affluence, in contrast to socio-

economic status-related observations by Amoah (2003).




Greater Accra Region (Hill et al, 2007). His review however suggests that the overall
prevalence of hypertension in Ghana is approximately 29%. Urban populations had
higher prevalence than rural ones. Factors associated with hypertension include older

age group, over-nutrition, and alcohol consumption.

The percentage (11.1%) of stroke-related deaths has not changed since 1981 (Wiredu
and Nyame, 2001). In their study, Wiredu and Nyame (2001) also observed that

hypertension accounted (either as a cause or contributor) for the majority (76.7%) of

stroke-related deaths.

2.6.3. Dyslipidaemia

In their study of obesity and cardlmas r risk factors in Kumasi, Owiredu ef al,

(2008) observed that apart from d es a '+ h; Vp

enrolled in his s&ﬁq




Aecrobic activity is classified as either light, moderate, or vigorous. The level of
intensity depends on the effort used for that activity. Thus, what is light-intensity

activity for one person may be moderate-intensity for another.

2.7.2.1. Light and Moderate Intensity Activities
Light-intensity activities are common daily tasks that don't require much effort.
Moderate-intensity activities cause noticeable increases in breathing and heart rate.
As a rule-of-thumb moderate-intensity activity is that activity that allows one to talk

but not sing.

2.7.2.2. Vigorous Intensity Activities
Vigorous-intensity activities produce larger increases in heart and breathing rate. As
a rule-of-thumb, wmus-mtmslmﬂﬂtyim that can't permit one to say more

—
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is recommended. Another option involves a combination of both. For even more
health benefits, 300 minutes (5 hours) of moderate-intensity aerobic activity or 150
minutes (2 hours and 30 minutes) of vigorous-intensity activity each week (or a
combination of both) is recommended. All activity must be conducted in bouts of 10
minutes. Muscle-strengthening activities that are moderate or vigorous intensity
should be included two or more days a week. These activities should work all of the
major muscle groups (legs, hips, back, chest, abdomen, shoulders, and arms).

Examples include lifting weights.
2.8. Measurement of Physical Activity

2.8.1. Questionnaires

Self-report methods are the most convenient and cheapest way to collect physical
activity data from a large number of people in a short time. Physical activity
questionnaires (PAQs) are the most widely used self-report instrument to assess
physical activity and have been used extensively in research. Self-report measures
include self or interviewer administered (Matthews ef al, 2002). These include
activity diaries or logs, recall questionnaires, quantitative history, and global self
report questionnaires. These questionnaires all vary greatly in their detail. Self report
instruments may be completed on paper and mailed back or completed on the
internet. Interviews may be conducted either face-to-face or via phone.

There 1s a ;E;thora of PMN&. These include Baecke Physical Activity
Questionnaire, Godin Shepard Leisure Time Questionnaire, Paffenbarger Physical
Activity Questionnaire, Bouchard’s Activity Diary, and the Previous Day Recall

(PDR), the GPAQ, and IPAQ. -

14



28.2. Pedometers
These are low-cost motion sensors which are typically wom on a belt or waistband
and respond to vertical accelerations of the hip during gait cycles (Welk er al, 2000).
Pedometers provide data on steps taken, and therefore, really measure walking
activity only. Due to this, they will not capture activities such as cycling, swimming,
walking on an incline or weight lifting. Walking however is one of the most common
forms of physical activity and pedometers readily measure this.

2.8.3. Accelerometry
Accelerometry is a direct measure of acceleration of the body or segments of the
body. Accelerometry is the most common objective method used to measure

madivlty;tthnbamuﬂMhﬁddmmwmmmwmy
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rate as it can improve compliance, but is sometimes considered less feasible for

individuals.

2.8.5. Direct Observation
Direct observation has been used in children as a criterion method to assess physical
activity. The main strength of this method is the detailed contextual information 1t
provides but its subjective nature does not allow intensity or energy expenditure to be
assessed. Considerable time and effort is required to conduct observation studies but
advances in technology have increased the potential of this method to assess physical
activity. The increasing interest in th;a determiﬁants of physical activity and the social
environmental influences of activity in young people has also caused an increase in

). Typically an observer will watch the
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2.8.7. Indirect Calorimetry
Indirect calorimetry provides an estimation of energy expenditure. The experimental
protocol used determines which components of energy expenditure are captured,
which also depends upon the definition of these components. Basal Metabolic Rate
(BMR) is the largest component of total energy expenditure (TEE), typically 60-75%
when measured over 24 hours and the thermic effect of food is the smallest at 10%.
The remaining component of TEE is energy expenditure due to physical activity
(physical activity energy expenditure) and this' component is the most variable
between individuals but typically constitutes 15-30% of TEE when measured over 24

hours (Johnson and Schoeller, 2001).
2.9. Chronic Inflammation

Chronic inflammation is considered to be inflammation of prolonged duration if the
stimulus persists. The presence of macrophages is a sign of chronic inflammation. In
addition, lymphocyte accumulation, blood vessel proliferation, tissue fibrosis and
necrosis are seen in chronic inflammation (Kumar et al. 2005). During chronic
: inflammation, cytokine interactions promote monocyte chemotaxis towards the site
of inflammation. Subsequently, macrophage activating factors such as IFN-y, MCP-1
h and other molecules activate the macrophages while migration inhibition factors,

such as GM-CSF and IFN- v, retain them at the inflammatory site. The macrophages

contribute to E;inﬂmnmamy chronically emitting low levels of IL-1 and
TNE-a- (Park et al, 2005). IL-6 is also secreted by macrophages and participates in
the humoral response during chronic inflammation. The presence of these factors can
modulate the local immune response and therefore, it is possible that an exogenous

source of cytokines may amplify the process.
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2.9.1. Interleukin 6 (IL-6)
The IL-6 cytokine and its soluble receptor are released from adipose tissue. Secretion
of IL-6 is greatest from visceral fat stores with serum levels positively correlated to
impaired glucose tolerance, insulin resistance and obesity. In experimental models,
the administration of IL-6 leads to hyperlipidaemia, hyperglycaemia and insulin
resistance. This occurs through alterations of the insulin receptor (Fernandez-Real
and Ricart, 2003). IL-6 decreases adiponectin secretion and inhibits adipogenesis.
These actions, along with the other peripheral effects of IL-6, are thought to
contribute to obesity and insulin resistance (Kershaw and Flier 2004). Animal studies
examining the IL-6 gene suggest that the effect of IL-6 differs between the peripheral
and the central nervous system. Centrally, the IL-6 levels are negatively associated
with fat mass. Here, there appears to be the prevention of the deleterious effects of
raised levels of IL-6 through increased energy expenditure and inhibition of feeding
(Wallenius et al, 2002). This action supports the role of IL-6 as a central paracrine
hormone which prevents additional fat accumulation. The IL-6 cytokine arises from
many sources including adipose tissue, fibroblasts, endothelial cells and monocytes.
The level of IL-6 is also known to correlate with increasing BMI (Khaodhiar et al.
2004). IL-6 may also contribute to the secretion of hepatic triglycerides (very low
density lipoprotein) and has been implicated in insulin resistance (Bastard et al.
2002), however, these mechanisms are not clear (Antuna-Puente et al. 2008). More
recently, it was suggested that IL-6 played a role in stimulating lipolysis in white

adfgb;e tissue after detecting its release from muscle tissue (Pedersen ez al. 2004).

2.9.2. Tumour Necrotic Factor-a (TNF-a)
TNF-a is a pro-inflammatory cytokine whose expression and circulating levels are

increased with obesity and decreased with weight loss (Maury and Brichard, 2010).
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TNF-a has numerous effects in adipose tissue, including the regulation of apoptosis,
adipogenesis, lipid metabolism, and insulin signalling (Galic et al, 2010; Prins et al,
1997). The primary cell-type responsible for the production of TNF-a are
macrophages (Trayhurn and Wood, 2004). 1t is hypothesized that TNF-a is produced
by macrophages in response to chemo-attractant signals released by dying
adipocytes. Evidence suggests that TNF-a triggers a signalling cascade that induces
cell apoptosis, which may be one mechanism by which TNF-a regulates adipose
tissue mass (Cawthorn et al, 2007, Prins et al, 1997). Another TNF-o. mediated
mechanism that may work in parallel to regulate adiposity involves the regulation of
key transcription factors (PPAR-y2 and C/EBPa) controlling adipo genesis (Cawthorn
et al, 2007). While such effects suggest that increases in TNF-o may be beneficial,
TNF-0. has also been shown to induce inflammatory pathways and contribute to
obesity-related insulin resistance. An increase in TNF-o. promotes the secretion of
other pro-inflammatory cytokines and reduces anti-inflammatory cytokines; resulting
in an overall pro-inflammatory state. For example, a study conducted by Wang and
Trayhurn (2006) found that treating human adipocytes with TNF-a for 24hrs led to
significant decreases in adiponectin expression and increases in IL-6 and TNF-a
expression. TNF-a has also been found to increase the production of plasminogen
activator inhibitor-1, an adipokine linked to cardiovascular disease (Cawthorn and
Sethi, 2008). Taken together, these examples demonstrate that TNF-o is a powerful
regulator of inflammatory molecules, favouring an overall inflammatory state (Wang
aﬁd#'-I'-;ayhum, 2006). Increased TNF-a also promotes insulin resistance via the
inhibition of the insulin receptor substrate 1 (IRS-1) signalling pathway. It is
believed that TNF-a interferes with insulin signalling by deregulating protein

kinases, which subsequently affects the phosphorylation status of IRS-1, leading to
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an inability of IRS-1 to associate with the insulin receptor (Hotamisligil ez al, 1996;
Kanety et al, 1995). Antibody neutralization studies with TNF-o resulted in a
significant increase in glucose uptake in response to insulin (Hotamisligil et al,
1993). Moreover, whole-body deletions of TNF-a or its receptors were found to
increase insulin sensitivity and glucose tolerance (Uysal et al, 1997). Taken together,

these works demonstrate a critical role for TNF-a in the regulation of obesity-related

pathways.




CHAPTER THREE

MATERIALS AND METHODS
3.1. Sampling Frame and Study Design

This study was a nested case-control study and an ancillary to “Modelling the
Epidemiologic Transition Study” (METS), an ongoing study of energy expenditure,
hypertension, and diabetes in Ghana, South Africa, J amaica, Seychelles, and
Maywood in the USA. In Ghana, METS was undertaken at Nkwantakese, a peri-
urban community, located in the Ashanti region of Ghana. Data collected from
METS included demographic and anthropometric data (including, height and weight
measurements, blood pressures, fasting blood sugar concentration, and blood and
urine samples), activity data and dietary recalls. Participants were eligible to
participate if they were aged 25 — 45 years. Individuals with obvious chronic or
infectious diseases (including active malaria), pregnant or lactating women, and HIV

positive individuals were excluded from the study.

Of a total of 246 METS participants 30% (74) were obese and overweight. From this
population, a random sample of 60 obese and overweight participants (confidence =
95%, error margin = 0.05) were recruited for the subsequent study. Participants were
categorized into two activity intensity groups as either sedentary (<100 activity
counts/min) or active (=100 activity counts/min) based on raw accelerometer activity

count data.

e

e
—

Data obtained for this study included plasma concentrations of interleukin 6 (IL-6)

and tumour necrotic factor (TNF-alpha), and activity data by accelerometry.

Data was collected over a period of one month.
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3.2. Physical Activity by Accelerometer

Physical activity (PA) was measured using the Actical activity monitor (Respironics
/Mini-Mitter, Bend, OR). Previous studies have shown that accelerometer-based
activity monitors can discriminate different intensities of activity, making it possible
to adequately characterize each of the study participants with regard to overall
intensity of PA. Physical activity data was recorded as activity counts per minute
(cpm). The activity monitor recorded the intensity, duration and frequency of
physical motion through the use of an accelerometer which produced a variable
electrical current based on the combination of the amplitude and frequency of
motion. Accelerometers are omnidirectional motion sensors that count the vertical
and horizontal acceleration of the user. This information was stored within the
instrument as activity counts per epoch, or specified subunit of time, €.g., per minute.
As the intensity of the activity increased, so did the number of activity counts per
epoch. The Actical monitor is lightweight, waterproof and is worn on the wrist,
waist or ankle. For this study, the monitor was worn at the waist. Consistent

placement of the activity monitor ensured comparability of data.
3.3. Blood Sampling and Processing

Blood samples for plasma were collected by a trained phlebotomist into 6mL

vacutainers w_igf;ﬁDTA additive ‘Biosciences, San Diego, CA, USA). They
.‘-"""-'-—# 2
were centrifuged for 15 minutes at 1000xg within 30 minutes of collection. Plasma

g

i

was immediately aliquoted into 2mL cryovials and stored at -80°C.
3.4. Immunochemical Assays

All biochemical assays for IL-6 and TNF-alpha were developed and analysed at the

Kumasi Centre for Collaborative Research into Tropical Medicine (KCCR), Kumasi.
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[L-6 was measured with a highly sensitive ELISA (R&D systems, Minneapolis, MN,
USA) as described by the manufacturer. TNF-alpha was measured with a highly
sensitive ELISA (MABTECH AB, Sweden) as described by the manufacturer.
Briefly, all reagents and working standards were prepared as directed by the
manufacturer for IL-6 ELISA. Any excess microplate strips were removed from the
plate frame and returned to the foil pouch that contained the desiccant pack and
resealed. 100 pL of Assay Diluent RD1W was then added to each well. Subsequently
100 pL of Standard, sample, or control was added per well and covered with
adhesive strip provided. The plate was then incubated for 2 hours at room
temperature. After this, each well was aspirated and washed three times with wash
buffer (400uL) for a total of four washes. 20uL of IL-6 conjugate was then added to
each well, covered with a new adhesive strip, and incubated for 2 hours at room
temperature. The aspiration and washing step was then repeated. 200uL of substrate
solution was added to each well and incubated for 20 minutes at room temperature
and protected from light. Subsequently 50pL of Stop Solution was added to each
well and any colour changes observed were noted. The optical density of each well
was evaluated within 30 minutes, using a microplate reader set to 540 nm with

wavelength correction.

For TNF-alpha a thh protein binding ELISA plate was coated with mAb TNF3/4 which was
diluted to 2[.lgfﬂfﬂ—;lllﬁPBS at pWﬁﬁg 100pL per well and incubated overnight at 4-8
degrees Celsius. The plates were washed twice with 200uL of PBS the next day, blocked
witl??[‘ ;ican 20 containing 0.1% BSA and incubated for one hour at room temperature. After
incubation the plates were subsequently washed five times with PBS that had 0.05% Tween.
The TNF standard was prepared ‘by reconstituting contents in vial 4 in lml PBS to a
concentration of 1pg/ml and left at room temperature for 15 minutes and then vortexed.

Later 100pl/well of samples and standards were added and incubated for 2 hours at room
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temperature. The plates were washed with PBS containing 0.05% Tween after this step.
After this 100ul of mAb TNF5-biotin at 1ug/ml in incubation buffer was added to each well
and incubated for one hour at room temperature. The washing step then repeated.
Subsequently 100uL of Streptavidin-HRP diluted 1:1000 in incubation buffer was added to
each well and incubated at room temperature for one hour and the washing step repeated
immediately after. Finally, 100puL of substrate solution was added to each well and the

optical densities were read in an ELISA reader.

3.5. Additional METS Measurements

5 1

3.5.1. Body Mass Index (BMI)

At the initial clinic visit, the height and weight of all participants were measured.

@@g and were asked to remove their

w Weights of participants

ﬁEnI balﬁc@ﬂ (Health-o-meter,
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and the blood was transferred onto Accucheck strips by capillary action. The strips

were placed in the Accucheck reader which calculated the glucose level of the

participant in mg/dl.

3.5.4. Body Composition by Bioelectrical Impedance Analysis (BIA)
Body composition was assessed in all participants using BIA. BIA measured the
impedance to the flow of an applied mild alternating current by body tissues. The
measured impedance of body tissues was used to calculate total body water, from
which fat-free mass and fat mass were in turn calculated. Briefly, participants were
placed in the supine position with their limbs abducted. Current-supplying
electrodes were placed on the dorsal surfaces of the right hand and foot at the
metacarpals and metatarsals, respectively. Detection electrodes were placed at the
pisiform prominence of the right wrist and the anterior surface of the true ankle joint.
The single-frequency instrument (BIA Quantum, RJL Systems, Clinton Township,
MI) was then attached to electrodes and a generated excitation current of 800 pA at
50kHz was passed through them. The resulting resistance and reactance
measurements were recorded and existing BIA equations were used to calculate total

body water, fat free mass, fat mass and percent body fat.

3.6. Statistical Analyses

Two statistical packages wer/eag@fo;mﬁvaﬁatc and multivariate analysis; STATA

(version 12) and GraphPad Prism (version 4). Summary statistics were presented as

i S

L —

mea;lé_i)lus or minus standard deviation (SD), together with minimum and maximum
measurements. Concentrations of IL-6 and TNF for both groups of sedentary and

active obese and overweight participants were compared using the Students’ t-Test.
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Simple and multiple regression analyses were also used to evaluate any relationships
betwoen physical activity, BMI, and IL-6 and TNF-a.




CHAPTER FOUR

RESULTS

4.1. Demographics (Sex and Age)

Of the 60 participants that were recruited for the study 51 (85%) were females and 9 (15%)

were males. On the basis of physical activity (PA) 37 (61.7%) participants were categonized
as ‘active’, while 23 (38.3%) participants were classified as ‘sedentary’. Participants’ ages
ranged from 26 years to 47 years with an average age of 38.0 + 5.7. Males were slightly

older (38.2 £ 6.6) than females (37.6 % 5';6)*'Sah1ilry'ptiﬁcipmls were also slightly older

| '\ I NS .J
(39.2 £ 5.9) than their active study os-panicipuus (37.2 = 5.5). However, no significant

differences were identified between sexes (p=0.4) or physical activity groups (p=0.09) with

respect 1o age.
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e study group was 30.0 £ 5.1 kg/m’.
oLy

weight’ (25.1 kg/m’) to obese class 11 (49.3 kg/m’),
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readings of males (123.3 = 15.0 mmHg) were significantly higher (p=0.0011) than those of
females (108.9 = 11.9 mmHg). Participants in the sedentary group (113.1 + 14.6 mmHg) also
had higher SBP measurements than those in the active group (109.9 + 12.5mmHg). There

was no significant difference (p=0.2) between the two physical activity groups.

4.2.2.2. Diastolic Blood Pressure (DBP)

For all study participants, diastolic blood pressure (DBP) readings averaged 68.3 + 10.7
mmHg, which were just within the normal range of 70 mmHg to 85mmHg. Diastolic blood
pressure measurements ranged from 49.5 mmHg among female active participants to 97.3
mmHg among males active participants. Males (76.0 £ 15.1 mmHg) had significantly higher
(p=0.0088) DBP readings than females (66.9 £ 9.3 mmHg). Sedentary participants had
slightly higher (70.1 + 9.7 mmHg) but insignificant (p=0.1) diastolic blood pressure

measurements than active participants.

4.2.3. Body Composition by Bioelectrical Impedance Analysis (Body

Water and Fat Composition)

Results of all participants were within the average normal ranges of total body water (TBW),

fat mass (FM), fat free mass (FFM) and percent body fat mass (PBFM).

4.2.3.1. Total Body Water (TBW)

Total body water values ranged from 25.3 litres to 45.2 litres with an average of 33.4 + 5.1
litres. Males (40.4 + 3.4 litres) had significantly higher (p=0.0000) TBW than females (32.1
+ 4.2 litres). However, sedentary (33.7 + 5.7 litres) and active (33.2 + 4.8 litres) participants

did not differ significantly (p=0.4) in TBW.

—

——

4.2.3.2. Fat-Free Mass (FFM)
The average FFM was 45.7 + 7.0 kg. Males (55.4 + 4.7 kg) had significantly higher
(p=0.0000) FFM than females (44.0 + 5.8 kg). Although sedentary participants demonstrated
higher FFM (46.1 + 7.8 kg) than active ones (45.4 + 6.5 kg), there was no significant
difference (p=0.4) between the two physical activity groups.
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4.2.3.3. Fat Mass (FM)
Mean fat mass for the study participants was 26.5 + 10.0 kg. Females (28.3 = 9.6 kg) had
significantly higher (p=0.0003) FM than males (16.4 + 5.8 kg). Sedentary participants (27.7
+ 10.4 kg) had higher FM than active participants (25.8 + 9.9 kg). There was no significant

difference in FM between the two physical activity groups.

4.2.3.4. Percent Body Fat Mass (PBFM)

PBFM measurements ranged from 16.4% in males, and sedentary participants to 54.1% in
females, and sedentary participants. 'Females (38.4 + 5.8%) had significantly higher
(p=0.0000) PBFM values than males (22.4 + 5.4). Although sedentary participants had
higher PBFM (36.8 £ 8.2%) than active participants (35.5 + 8.1%), there was no significant

difference (p=0.3) between the two activity groups.
4.3. Physical Activity (PA)

Participants had an average physical activity of 121.9 £ 53.0 activity counts per minute
(AvgAC), and this fell within the category of light activity (100 — 1353 counts/min). Females
(124.6 + 56.2 AvgAC) were more active than males (100.6 = 25.8 AvgAC). There was
however no significant difference in physical activity with regards to sex. Active participants
had an average of 151.14 + 46.2 AvgAC, with a range of PA values from 100.5 AvgAC to
306.3 AvgAC. Sedentary participants had an average of 74.8 % 17.1 AvgAC, with a range of

PA values from 33.8 AvgAC to 98.0 AvgAC.

4.4. Blood Infimunochemist |

-~ 44.1. IL-6
Plasma concentration of IL-6 was generally elevated among all study participants (3.8 +
3.1pg/ml). There were higher 1L-6_ Blasma concentrations among females (3.8 + 3.3pg/ml)
than males (3.5 + 1.3pg/ml). Participants in the sedentary group also recorded higher

measurements of IL-6 (4.2 + 4.2pg/ml) than participants in the active group (3.5 = 2.2pg/ml).
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There was however no significant differences among sexes (p=0.4) and physical activity

groups (p=0.2).
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Table 4.1 Summary Characteristics of Study groups

Mean Anthropometric, Demographic and Immunochemical Profile of Physical
Activity Groups
Active Sedentary p-Value Significant?
Body Mass Index (kg/m2) 29.6 + 4.7 30.7+5.8 0.21 No
Systolic Blood Pressure
109.9+125 113.1+146  0.18 No
(mmHg)
Diastolic Blood Pressure 1/ NI C 1
671112 1\ 70.1£9.7 0.5 No
(mn‘) . - . Wizt
- 2 151.1£462 p‘lfaﬁ%l?.l <0.00 Yes
~ (counts/min) RS I




4.5. Associations between Body Mass Index (BMI), IL-6, TNF-a, and

Physical Activity

Physical activity and BMI were inversely related (coefficient of correlation= -1.9),
i.e., the higher the BMI, the lower the physical activity (Fig 4.3). This association
was however not significant (p=0.2). The distribution of IL-6 against physical
activity was flat and was slightly positively associated (coefficient of correlation =
0.002) (Fig 4.4). This relationship was however not significant (0.8). TNF-a did not
exhibit a different distribution with pi{m%l@‘%nﬂtias:as }wth BMLI, i.e. the higher
the physical activity, the lower the plasma}%\lF-u concentrations (coefficient of

correlation = -0.7) (Fig 4.5). This relationsﬁ;li’é{a}%;sg not significant (p=0.6).
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CHAPTER FIVE: DISCUSSIONS
5.1. Demographics

Sex and age distribution of the participants for this study was as expected; most participants
who participated in the study were females. It has been demonstrated in many studies (Jumah
and Duda, 2007; Biritwum, 2005; Amoah, 2003) that women are more likely to be obese
than their male counterparts, especially in low and middle income countries (WHO, 2013)
and this fact is exemplified once again in this study. Likely reasons why this may happen
among Ghanaian women in particular have been identified. These include age, being
married, and parity of two or more (Benkeser et al, 2012). Feinale participants in the current
study can strongly identify with these reasons, and this corroborates the findings of sex

distribution in this study. Also few numbers of males were employed in the study.
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5.3. Physical Activity

Overall, participants did not meet current recommendations for physical activity. The only
attributable reason for this anomaly may be the use of different tools for measurement of
physical activity. However, the use of accelerometers rather than conventional and
traditional questionnaires provides a more detailed, reliable, and more objective method of
assessing physical activity.

Another interesting finding from the study was that women were heavier, but more active
than men. The most plausible reason for this is that obese and-overweight men were engaged
in more sedentary jobs such as driving or sitting at work, while women engaged in more
active occupations such as sweeping, bathing the children, cooking and cleaning. However,
although these activities involve some movement and considerable physical activity they fell

within the category of “light activity™.
5.4. Blood Immunochemistry (IL-6, TNF-a, and FBS)

Plasma concentrations of IL-6 and TNF were elevated as expected, because high plasma
concentrations of these cytokines have repeatedly been associated with high adiposity
(Bahceci ef al, 2007; Park et al, 2005). Findings from the current study suggest that although
some participants were active and had high plasmé concentrations of both inflammatory
cytokines the amount of physical activity they were engaged in was not enough to
significantly reduce the concentrations of IL-6 and TNF-o. This also suggests that
compliance to phyg_ical activity recommendations to reduce the concentrations of these
cytokines may bﬂsefﬁi. It iﬁ;tive to conduct further studies to show that
compli_gmc to these recommendations proves useful and can be incorporated into national
health policies. It is also not surprising that women had higher levels of these inflammatory
cytokines than men. This can be agEounted for because women had higher measures of
adiposity and these cytokines are djrr;:ctly associated, in part, with the degree of adiposity.

The insignificant differences between the two physical activity groups with respect to plasma
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concentrations of IL-6 and TNF correlates to the insignificant differences in their fat mass
and percent body fat mass. High fasting blood sugar levels recorded by males may also be
accounted for by lifestyle factors such as irregular eating times and large dietary portion

sizes. However, these assumptions may have to be verified in future studies.
5.5. Associations of Physical Activity and BMI with IL-6 and TNF-a

A striking finding was that there was no association between BMI and plasma concentrations

of TNF-a, which is in support of a burgeoning theory that TNF-o. concentration in plasma

does not necessarily match with adipo%[v of "BMI %ecq;use of thc presence of its soluble
i ‘EL e’ o? |

receptor that is concurrently secreted by adipose tissue into blood (Lavoie et al, 2010; Harris

et al, 2004). This perhaps makes it less access,iﬁl'é. f@he detected all the TNF-a in plasma.

T Y AT ) _— i :
active participants, no assoc r ==y




CHAPTER SIX
CONCLUSIONS AND RECOMMENDATIONS

The current study concludes on the following

1) Obese and overweight participants in the current study have high circulating
concentrations of pro-inflammatory cytokines (IL-6 and TNF-o) |
2) Participants who were classified as being active engage primarily in light activities,

rather than moderate and/or vigorou a'?@nw;f,tyi- ' e ‘3

. !

peltiea =

3) Sedentary and active obese and érvaclgl}t Ghanaians do not differ significantly in

plasma concentrations of IL-6 and TNF-o.

H—i i =
4) Among active and sedentary obesmﬁnf overweight G
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Statistics/Data Rnalyéia

User: Albert Lawrence Kwansa

name: <unnamed>

. log: C:\Users\METS\Desktop\thesis log 2013.smcl
log type: smcl
opened on: 5 Jan 2013, 21:04:52

. . sSum age

-

Variable J Obs Mean Std. Dev. Min Max
age ! 60 37.95 5.699911 26

47
. bysort sex: sum age

=2 58X = iale I\\\I l ] ;
L=t il RTINS e e T L L IR e = = ¥

Variable Obs Mean Std. Dev. Min Max

&@E=t 9 38.22222 26 47

e

-> sex = female

Variable Obs Mean Min Max
age 47
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name: <unnamed> C
- log: C:\Users\METS\Desktop\th :

en:; 5 Jan 2013, 21:0
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s01) Fage o
9 . sum age
Variable Obs Mearn Std. Devw. Min Max
age 60 37.9% 5.699%511 26 &7
0 . bysort sex: sum age
-> sex = male
ok haLlE Obs Mean  Std. Dev. Min Max
age | 4 38.22222 6.629061 26 47
=>» gex ~ lemale
Variable i Obs Mean Std. Dev. Min Max
age ‘ 51 37.90196 5. 593764 27 &

. rename sedentary physicalactivity

. rename physicalactivity pa

13 . bysort pa: sum age

~ => pa = Active Flaa

Variable E
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« ttest age, by (sex)
Two-sample t test with equal variances
Grour Obs Mean Std. Err. Sta. Dev. {958 Conf. Interval)
male 9 38.22222 2.209607 6.629061 33 1324640 a3.NnNmM
female 51 37.90196 7832836 5$.5937¢4 36 32069 3% .4752)
combined 60 37.95% .735055) S.65511 36.4775%4 3% 4224
diff .3202614 2.0790M «3. 83548 e 47557
| diff ~ mean (male) - mean(feaale) L 0.15%412
Ho: diff - 0 degrees of (reedom = L1
Ha: diff < 0 Ha: aiff '= 0 Ha: diff > 0
Pr(T < t) = 0.5%610 PECiT) > L)) = 08701 Pr(T > t) = 0.4

7 . ttest age, by (pa)

Two-sample t test with equal variances

1 Group | Obs Mean Std. Err. Std. Dev. [95% Conf. Interval)
~ Active | 37 37.18919  .9061338 5.511795  35.35147  39.02691
~ Sedentar 23 39.1739 1.231427 . 5.90571S  36.62009  41.727%4
| ~ combined ' 60 37.95 73858553  5.699911  36.47786  39.42244
' dife | -1.984724 1.504069 E ~4.995445 1.025997

r | LA
diff = lllntantiv-l - mean (Sedentar) s t = =1.3196
Ho: diff = 0 e @ - 58
1 t;:. |
R aitf € 0 \ '”.f*f‘ - ) < Ha: diff > 0
*f r(T < t) = 0.0961 : T Pr(T > t) = 0.903
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Page 4
. bysort sex:sum bmi
—>-séx = mgle
Variable Obs Mean Std. Dev. Min Max
i bmi 9 27.05905 1.932922 25.16554 31.17031
r S S T LN — L) Sl
-> sex = female
[ Variable Obs Mean Std. Dev. Min Max
T ﬂ-ﬁﬁi 1. 51 30.55334 5.361898 25.0677?m i9.3§14‘
71 . ttest bmi, by (sex)
Two-sample t test with equal variancés
| Group Obs Mean Qﬁg.irgﬂ St@. Dev [95% Conf. Interval)
male é' 9 27.05905 16443072 1.932822 ' 25.57327 28.54482
‘ female : 51 30.55384 .7508158 5.361898 29.04578 32.06189
:;@bmbihéd 60 30.02962 .6640103 5.143402 28.70094 31.3583
E:;h diff : -3.494788 1816856 50 W -7.135031 .1454546
'l*, diff ;-mEan(nala} - mean{famala,ﬁf_. ! 3 g t = =1.9217
Ho: diff = 0 i grees of freedom = 58
& Ha: diff < 0 | Ha: diff > 0
~ Pr(T < t) = 0.0298 T > t) = 0.9702

22 . bysort pa:sum bmi




IL-6 TNF-alpha work Monday February 25 15:26:42 2013

| Page 5
23 . ttest bmi, by (pa)
Two-sample t test with equal variances

| Group Obs Mean Std. Ekrr. Std. Dev. (95% Conf. Interval)
| Active 37 29.60636 .7729043 4.701393 28.03884 31.17388
| Sedentar 23 30.71051 1.215689 5.83024 28.189%32 33.23169
‘ combined | 60 30.02962 .6640103 5.143402 28.70094 31.3583
| |
{ diff -1.104145 1.369791 -3.846079 1.637789
| dit. = mean(Active) - mean(Sedentar) t = -0.8061
# Ho: diff = 0 degrees of freedom = 58
I Ha: diff < 0 Ha: diff !'= 0 Ha: diff > 0

Pr(T < t) = 0.2117 Pr(|IT| > |t|) = 0.4235 Pr(T > t) = 0.7883

24 . log off
i name: <unnamed>
log: (C: \Usars\HETS\Dawﬁﬁpp&thgalg hug,2313 .smcl
log type: smcl
h- paused on: 5 Jan 2013, 21:54:16
I f
: - £ Ay
- name: <unnamed> I
i log: C:\Users\METS\Desktop)
log type: smcl

resumed on: 5 Jan 2013, 22:04:
: ;ﬁf@ sum avgac

Variable e

avgac .79 306.26




fa % PO o.pne e i s Poh o |

r " ; Saas 2
& TR svaa. e e
b I — .
L o vug .. A S L | - e .nd B TR
- . Lee W ® &iine M ‘s e “asan SN s -
Tee - B he mvam B LB - A R as *hE -
R L] R A L . Parowe t e " e LR B
L LA 8 reras LY = - st L A B ]
Bl v e sase - e g se ' - . e
e Ry - g mns of | oot - .
- e ' e v e s » 2
LA TR WY PR & M « B s A hL BRI PR W
" [ S P e
N _ B
L i = .. " . _ " .. b

e " (¥ TR M e .- -




IL-6 TNF-alpha work Monday February 25 15:26:42 2013

Page 7
0 . sum il6
Variable i Obs Mean Std. Dev. Min Max
110 . 60 3.780314 3.108336 1.196883 19.4747
3 . r Ll ] L]
-> sSex = male
Variable Obs Mean Std. Dev. Min Max
=F A | i E
ile | 9 3.471367 1.343259 1.409465 6.402382
-> sex = fémale
Variable Obs Mean Std. Dev. Min Max
ilé 51 3.834834 3.33046 1.196883 19.4747
| - | "y .
III
32 . ttest il6, by (sex)
| Two-sample t test with equal variances
i [ ; \r l
~ Group | Obs Mean Std. %Frth_ﬁtd. Dev. [95% Conf. Interval)
i .ar " S P
male 9 3.471367 ~ 1.343259 2.438847 4.503887
; female 51 3.834834 ‘ .33046 2.898127 4.771541
| combined 60 3.780314  .4012 08336 2.977345 4.583282
| dif ; . . 1. 132463 1.903404
h diff -_““th‘%%?iE:-'ﬁ' 9¢(
diff = mean (male) mean (fe ‘ t = -0.3210
"Ho: diff =0 | ; of freedom = 58

~ Ha: diff < 0 Ha: diff > 0

Pr(T > t) = 0.6253
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34 . ttest il6, by (pa)

Two-sample t test with equal variances

_Grcup i Obs Mean std. RBrr. Std. Dev. [95% Conf. Interval]
Active ; 37 3.492285 ~3991418 2.184574 2.763912 4.220659
Sedentar 23 4.243664 -8781841 4.211623 2.422421 6.064906
combined - 60 3.780314 .4012845 3.108336 2.977345 4.583282
diff =751 3785 .B265687 -2.405935 .9031785
di [ - mean(Active) - mear (Sedentar) t = =0.9090
Ho: diff = 0 degrees of freedom = 58
Hai diff < 0 Haz ddaEE t="10 Hai diff > @
Pr(T < t) = 0.1835 BEIR] =00E]) = 036711 Pr(T > t) = 0.8165
3505 sum tnf Af tnf<=7
| Variable Obs Mean %, 'Std. Devw, Min Max
i + tnf A5  1.8513b8 1.307062° .4568827  6.10553
kY
l 36 . bysort sex:sum tnfl if Lnfe<=7
| => sex = male - 5. 3 s
I e : " ,' ."J‘;-
<u = ) Bt :
I Variable Obs : Min Max
tnf .4568827  3.006058
" Bk ool s

} - -> sex = female

2 Vﬂtiﬂh le :
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P39 . ttest tnf if tnf<=7, by (sex)
Two-sample t test with equal variances
Group Obs Mean Std. Err. Std. Dev. [95% Conf. Interval]
! <
male ' 7 1.199594 .3192853 .B447496 .4183312 1.980857
female : 38 1.971431 .2188926 1.349344 1.527913 2.414949
- 1
combined % 45 1.851368 .1948453 1.307062 1.458683 2.244052
diff | -.7718367 .5309274 -1.842554 .2988804
e !
| - diff = mean(male) - mean (female) t = =1.4538
[ Ho:‘diff =0 degrees of freedom = 43
| % .
| 'Ha: diff < 0 Ha: diff != 0 Ha: diff > 0
m Pr(T < t) = 0.0766 Bz P SaE | S =raisn 3 Pr(T > t) = 0.9234
- 40 . bysort pa:sum tnf if tnf<=7
% SR 11 D /7 ™™
| —— e i ———— e . i j 1: '! i | L | . - e am e ———
: -> pa = Active v RY § - |
| NN J.J | :
|" | | L B e e =
I Variable Obs Mean Std. Dev. Min Max
|. tnf 27 1.782781  1.127407  .4568827 5.218607
B e £ A
| - -> pa = Sedentary A ~}'.
|
V Variable | Obs Min Max
f re |
] ' R | 6.10553

. 6943536
: o

M0 EEest tnf if trif:
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2 . sum tbw

Variable Obs Mean Std. Dev. Min Max
tbw 60 33.35963 5.085593 25.32639 45.20186
L:.a. : - | ol o -y

-> sex = male

Variable Obs Mean Std. Dev. Min Max

tbw 9 40.44606 3.396622 35.07706 45.20186

| -> Qex = female

Variable Obs Mean Std. Dev. Min Max
J $3! tew | -l 32.10909y 4.24717 25.32639 42.29527
|
44 . ttest tbw, by (sex)

| Two-sample t test with equal variances

| b 1

Group ' Obs Mean Stgﬁ'ﬁ;ri‘L Std. Dev. [95% Conf. Interval]
| male 9  40.44606 W 'ag.aassszz 37.83518  43.05693
| female 51 32.10909 B . 24717 30.91455 33.30362

=X ; - 3
el 33.35963 ~  .6565473  5.085593  32.04589  34.67338
I 4
1 ) diff 1l %“ 1 [

Pr(T < t) = 1.0000 /

' 5.340572 11.33336
il - - {S e age s e

r t = 5.5694
degrees of freedom = 58

Ha: diff > 0
Pr(T > t) = 0.0000

i n , = - ' : : 1
B ol R . -— . I S
bysort pa:sum tbw . — ¥ | P Sl
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46 . ttest tbw, by (pa)
Two-sample £ test with equal variances
et ol
Group ' Obs Mean Std. Err. Std. Dev. [95% Conf. Interval)
Active 37 33.16374 .7829453 4.76247 31 .57585 34.75163
Sedentar 23 33.67477 1.180966 5.663712 31.2255%9 36.12394
combined 60 33.35963 .6565473 5.085593 32.04589 34.67338
| e
diff l -.5110269 1.360306 -3.233976  2.211922
diff = mean(Active) - mean(Sedentar) t = =0.3757
Ho: diff = 0 degrees of freedom = 58
Haz diff < 0 Ha: diff !'= 0 "Ha: diff > 0
Pr(T < t) = 0.3543 PriGLTl = €l =100 708S Pr(T > t) = 0.6457
LQT . save "C:\Users\METS\Desktop\MPhil Thesis dataset.dta", replace
file C:\Users\METS\Desktop\MPhil Thesis dataset.dta saved
48 ., sum ffm
Hériable 1 Obs Mean Std. Dev. Min Max
ffm 60 45.69813 6.966566 34.69368 61.92035
| 49 . bysort sex:sum ffm
Variable | = Obs . Min Max
= 1 {_‘1“"-4; h ™ . )
75— 4.652907  48.05076 61.92035
- N
i Obs salean std. Dev. M Max
f : ' 57.93872

[95% Conf. In
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bysort pa:sum ffm
-> pa = Active
Variable ! Obs Mean Std. Dew. Min Max
J _ffé-: | 37 45.42978 6.523932 35.63055 61.92035
-> pa = Sedentary
Variable Obs Mean Std. Dev. Min Max
| £fm | 23 46 12982  7.758509  34.69368  60.10366
E . ttest ffm, by (pa) ’ 5
Two-sample t test with equal variances
, Group Obs Mean -SE&.%E:r% ) Sfﬂ;fﬂhv L (95% Conf. Interval]
h Active ' 37 45.42978 - :g?ésﬁﬁ \ E523%@25 43.25459 47.60453
Sedentar ! 53  46.12082  1.617761 758500 42.77479  49.48485
cambined i 60 45.69813 .sggavgaéfi 6.966566 43.89847 47.49778
M?"diff-! -.7000365 s BE%ﬁa;} g ¥ -4.430104 3.030031
meﬂnthctiva) = mean{SedB%T] = -0.3757

58

T fen D Ha: def > 0
0 7085 > t) = 0.6457
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rfage 1)
‘5 - ttest f», by (sex)
' Two-sample ¢ test with *qual variances
i Group Cbs Mean 9. Err Sta. Dev [958 Conf. Intervell
na.e ] 16.37222 LRIy S 75820 A a0 a0 T
fenale L )| a8 279458 1.33%018 # Ss2awm % S%0as 3 s
comb { ned 60 26 45354 1 2%3y% 10 . 0184) 2) %% 4% omie2
aiff =11.%07%4) 3. o1y 180 51402 5. 2000
{ d'ttt ¥ meanisale) - mean(fesale) Lt e «3.600)
Ho: diff - 0 degrees of freedom = bl
! Ha: diff < 0 Ha: aifr '= 0 Ha: aift » 0
Pr(iT < t) = 0.0003 PriTi > 1t1) = 0.0006 FEiT > t) = 0.9,
*l . bysort pa:sum fm
> pa = Active
Variable Obs Mean Std. Dev. Min Man
; fm 3 25.76401 9.870708  12.57965  55_40299
- -

=2 pa = Sedentary
Variable
fm
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{ . sum pbim
variable Obs Mean Std. Dev. Min Max
| obfm 60  35.99158  ©.081982 16.36331  $4.073%7
| .
§ . bysort sex:sum pbfm
I i = MAS i 2 g R e
variable Obs Mean Std. Dev. Min Max
I .
pbfm 9 22.39994 5.429539 16.36331 31.932M4
- 'P'l = female
u
variable l Obs Mean Std. Dev. Min Max
.-.—--lﬁ'l.:- e 1 3
51 38.3901 | N ‘. .t = 07397
| pbfm 1 %;fﬁwfas?" 2660015, 54.073
‘ NINU S
E - i - I_‘g" E..;;

60 . ttest pbfm, by (sex)
b
Two-sample t test with equal variances ﬁ”‘
T 2 )

}
“?}f“wﬂ Obs Mean Std. Errjiﬂf td. Dev.

9 22.39994 1.809846  5.429
51 38,3901 807309  5.7653
——

[95% Conf. Interval)

18.22643 26.57346
36.76858 40.01163

33.90378  38.07938
-20.12999  ~11.85033
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12 . ttest pbfm, by (pa)
Two-sample t test with equal variances
Group Obs Mean Srd. Err. Std. Dev. [95% Conf. Interval]
Active 37 35.50406 1.330548 8.093407 32.80559 38.20254
Sedentar 23 36.77585 1.706029 8.181827 33.23776 40.3139%4
combined 60 35.99158 1.043379 8.081982 33.90378 38.07938
diff | -1.271787 2.157964 -5.591421 3.047848
diff = mean(Active) - mean(Sedentar) t = =0.5893
Ho: diff = 0 degrees of freedom = 58
Ha: diff < 0 Ha: diff != 0 Ha: diff > 0
Pr(T < t) = 0.2790 Pr(ITI > |t]) = 0.5579 Pr(T > t) = 0.7210

63 . sum msbp

Variable Obs

l Mean / Std. Dev. Min Max
[f —— IN ENLE 1D
msbp 60 111.0798 \ BadzogrJ ) e}.5 145.75
\
‘64 . bysort sex:sum msbp
L r';";r
-> sex = male o N .
! R
- Ty W 5 ’ﬁ’: . .
Variable ! Obs Mean  Std. Dev. Min Max -
st ! _‘7'-.. "
" msbp 9  123.3056 1 102.75 145.75

-> sex = female

variable Max
msbp 140

. jf*-“igiéﬁﬁg;grw:'"

'5.007941
1.666282

15.02382
E "!r"-?-' ar
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6 . bysort pa:sum msbp

-> pa = Active

Variable Obs Mean Std. Dev. Min Max

msbp 37 109.8514 12.48992 87.5 145.75

ik ]

e

-> pa = Sedentary

Variable | Obs Mean Std. Dew. Min Max
; ! ,
msbp-i 23 113.0543 14.62737 88.5 145.75

67 . ttest msbp, by (pa)

Two-sample t test with egual variances

Group : Obs Mean Stdéiﬁrr@ij@é?. Beviwy @95% Conf. Interval]
Active | 37  109.8514 205333 12.48992  105.687  114.0157
Sedentar i 23 113.0543 3.050018 14.62737 106.729 119.3797
combined 60 111.0792 1.719657i55?;é@@2041 107.6381 114.5202
“_n“éiéf { -3.202996 : :ﬁl- " -10.29393 B.Héﬁgiﬁ

diff -

ff = mean(Active) - mean(Sedentar)
Ho: diff = 0

0

nn

t = -0.9042
S of freecom — 58

Ha: diff < 0

- Ha: diff > 0
Pr(T < t) = 0.1848 T St

= 0.8152

68 . sum mdbp




IL-6 TNF-alpha work Monday February 25 15:26:42 2013

Page 17
ttest mdbp, by (sex)
Two- sample t test with equal variances
Grgup : 6bs _ Mean Std. Err. Std. Dev. -[QS% Conf. Inﬁerﬁgir |
hﬂ-—;;IE 9 fE 5.019926 15.05978 64.42403 87.57597 |
female 51 66.92157 1.299236 9.278401 64.31198 69.53116 |
combined 60 68.28333 1.380791 10.69556 65.52038 71.04629
diff 9.078431 3.713546 1.644961 16.5119 |
_ éiff = mean (male) - mean (female) t = 2.4447 |
Ho: diff = 0 degrees of freedom = 58
_ H;: (= b o - o Has Jilk 1= 0 Ha: dift > 0
Pr(T < L) = 0.9912 2 ol 6 i 6] (e S v B TS 8o s i 0 Pr(T > t) = 0.0088
bysort pa:sum mdbp
-> pa = Active E*;I 1 \l i ;; o
Vafiable' Obs Mean Std.'De; ”gin Max
mdbp 37 67.14189 11 2.%;9__“??:"',;' . - 19.5 97.25
. o= . B i 2’y
-> pa = Sedentary i o 28
vaziabla,i Obs Mean £ in Max
" - mdbp L 235 - 70.11957

FhpsE ks,

et !
Li il

B

"!?\_:;?\_ ko

Twc-sample t test Wlth equal varx”;ﬁ,m

-.l’.--— h——-—l -.-_.,.l.......

6mura i %s Me-a-n;
wtiﬂe L= 3\? :_“‘ﬁ'? .14189
Sedentar 23 70.11957
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sum glucrslt
Variable Obs Mean Sta. Devw. Min Max
glucrslt 60 99 .36667 10.13797 76 123
bysért sex:sum glucrslt
-> sex = male
Variable Obs Mean Std. Dev. Min Max
glucrslt 9 101.3333 8.602325 86 113
> sex = female
Viklable Obs Mean Std. Dev. Min Max
— i
giucrslr 51 99.01961 10.42207 © ¢ 776 123
R | 3 Uy
e Y y & | | I il
! : . = . 1 :*!EL ""_' Er " -_— ﬁ::.-'.fi;
ttest glucrslt, by (sex) \
= -...:n---'f‘-'-'h s {.h*e-l_‘gl-.‘ A e W ;'E'Llui-l.u II'D-L J-d'n[..t‘fb hes et “-_:H;:'
Group Obs Mean Std. Err. gﬂxd% BE? [95% Conf. Interval]
male 9 101.3333 2.867442  8.602325 94,721 107.9457
fﬂmalﬂ' 51 99.01961 1 . 459 38 2"y '~ 96.08835 101.9509
A& = ;
“ombined | 60 99.36667 1.308807 96.74775 101.9856

-
-&

diff = maan(mala)
1o: diff = 0

Has i fE < Q)
?r{m € o) %_ﬂ.%ﬁﬁﬁ’

- mean [fen

-5.061305
4061305

t)

9.688756

~"j_ Ha; diff > 0

—_—

v ﬁraﬁsa v,

L3
g My .1—'.. r_f
v

-

,J‘-'II-I‘J
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17 . ttest glucrslt, by (pa)

Two-samplie t test with equal variances

Group Obs Mean StV Err. Std. Dev. [95% Conf. Interval]
Active 37 99.48649 1.646555 10.0156 96.14712 102.8259
Sedentar 23 99.17391 2.201017 10.55571 94.60928 103.7385
combined . 60 99.36667 1.308807 10.13797 96.74775 101.9856
e e S L R ) == s, WA T Sy s
diff | .3125734 2.714716 -5.121521 5. 145655
dlff = mean{Actlve) - mean (Sedentar) t = 0.115])

Ho: diff = 0 degrees of freedom = 58
Ha: diff < 0 Haz digE =0 ' Hat diff > 0t
Pr(T < t) = 0.5456 P SN 0L 9087 Pr{T > t) .= Db.4544

18 . save "C:\Users\METS\besktop\MPhil '1'lfﬁe L"E{atasét d'g:a“f =Eace
file C: \UEEIEEHETS\DesktopHMPhll Thesﬁaﬁda aae% @tax‘a?%ﬂ )

MWW S
19 . log close

‘name: <unnamed>

log: C:\Users\METS\Desktop\thesis log %ﬁﬂB smcl
log type: smcl a1

L
closed on: 5 Jan 2013, 22:57:56 ' Sl EL'
8 77

Nene:  <unnamed>

log: C:\Users\METS\Desktop\STA! gﬁﬁfTEfﬁﬁﬁ;ggnhaets\thasls log 2013.smcl
log type: -smcl e S
opened cn: 19 Jan Eﬁiﬁ- 18:05:18

80 . twoway 1fit avgac bmi |

il Thesis dataset.dta", replace
Thesis dataset. ﬁta saved



