Physical activity, body composition and
handgrip strength among South African
adults: the PURE study

S. Shozi
orcid.org/0000-0001-5057-4780

Dissertation submitted in fulfillment of the requirements for the
degree Magister of Arts in Sport Science at the North-West

University
Supervisor: Prof MA Monyeki
Co-supervisor: Prof SJ Moss
Assistant co-supervisor: Prof C Pienaar
Examination: November 2018

Student number: 27358844



DECLARATION

Prof. MA Monyeki (supervisor), Prof. SJ Moss (co-supervisor), and Prof. C Pienaar
(assistant co-supervisor), and the co-authors of the two articles in this dissertation, hereby
give permission to the candidate, Sindisiwe Shozi, to include these articles as part of her

Master’s dissertation.

Prof M Andries Monyeki

Supervisor and co-author

Prof SJ Moss

Co-supervisor and co-author

Prof C Pienaar

Assistant co-supervisor and co-author



ACKNOWLEDGEMENTS

If it has not been for the Lord who is always by my side, | would have not obtained yet
another degree. All the glory and honour belongs to the Heavenly Father who gave me

strength and wisdom throughout my work.

My sincerest gratitude goes to the following people and organisations for the

encouragement, support and assistance given to me.

My family and specifically my late, mother Mrs AJ Shozi. Thank you for your boundless
love, sacrifices, prayers and wishes that have carried me. | will forever be grateful, my
angel. My sisters Bonakele, Bongiwe, Nomusa, and Nokwanda — thank you for your

continual love and support.

Prof. Andries Monyeki who acted as my supervisor. He believes in my capabilities. Thank

you so much for your endless encouragement and support throughout this project.
Prof Hanlie Moss, for the opportunity and support you offered me.

Cindy Pienaar, for improving my foundation and the support you gave me — no matter

what.
Mari Grobler, for language editing my dissertation.

To all the women and men who participated in this study from Potchefstroom and

Ganyesa in the North West Province.

To the National Research Foundation (NRF) and the North-West University for financial

support.



DEDICATION

This dissertation is dedicated to my late mother Mrs Agnes Jabulile Shozi.



ABSTRACT

There is a consistent and progressive trend concerning a decrease in handgrip strength
and physical activity with increased age that have significant implications for public health.
It has been revealed that poor muscle strength is associated with lower levels of physical
activity that can increase the likelihood of falls resulting in injuries. Handgrip strength is a
marker of muscle quality. Regular participation in physical activity is, therefore, a useful
intervention to improve handgrip strength and lower other health risk factors associated
with increased age in an attempt to prolong the life. However, there are limited studies in
South Africa (especially in the North West) that investigated physical activity, body
composition and handgrip strength among young and middle adults. Two manuscripts
were prepared from this study. In 2015, a cross-study of 910 participants (men=198;
women=490) between the ages of 35-70 years formed part of a multidisciplinary
Prospective Urban and Rural Epidemiological (PURE) in the North West of South Africa.
Physical activity information was gathered by the use of a self-reported international
physical activity questionnaire-short form. Handgrip strength was measured by a hand-
held model (T.K.K.54010 Takei) dynamometer; while anthropometric indicators of height,
body mass, and waist circumference were measured using the standard procedures

described by the International Society for the Advancement of Kinanthropometry.

The first article focuses on physical activity and handgrip strength in relation to body mass
index among adults in the North West. The result showed that 29% and 22% of the men
and women were underweight, respectively; while 22% of the women were overweight
and 26% of the men were reported as obese (p<0.001). The men were more physically
active, taller and underweight compared to the women in all age groups. The women
reported high mean values for triceps, subscapular and waist circumference compared to
the men. Regardless of age and gender, the underweight and normal weight groups
reported higher physical activity levels and handgrip strength compared to the overweight
and obese groups. The handgrip strength according to age groups was significantly
(p<0.05) better men compared to women (p<0.05) 42-49 age group: men 34.81 + 11.13
kg versus women 26.29 + 7.72 kg; 50-59 age group: men 34.05 £ 9.19 kg versus women
25.12 £ 6.67 kg; 60-70 age group: men 30.28 £ 8.69 kg versus women 23.27 + 6.44 kg.
The overweight and obese men performed poor during the minute spent in moderate-

vigorous physical activity per week.



The second article focuses on the relationship between physical activity, body
composition, and handgrip strength among adults in the North West. About 60% of the
participants reported sufficient physical activity per week. Seventeen percent (17%) of
the men and 27% of the women were physically inactive per week. The handgrip strength
performance significantly (p<0.05) differed according to age. In general, the handgrip
strength of the participants in the study was poor when compared to the available
handgrip strength norms. The participants younger than 50 years outperformed the older
groups with men being stronger than the women are. The men and women who were
sufficiently active per week significantly (p<0.05) performed better than the other groups.
A positive correlation was found between handgrip strength and body mass index. A
negative correlation was found between moderate to vigorous physical activity (r=-0.12;
p=0.001) and age. Handgrip strength in both the men (r=-0.23; p= 0.001) and women (r=
-0.18; p<0.001) correlated negatively with age. Given the health implications of the
current findings, strategic interventions aiming at the reduction of obesity and physical
inactivity are needed. As such, the study recommends an urgent strategic physical

intervention in older men and women to improve their quality of life.

Keywords: body composition, body mass index, handgrip strength, obesity, overweight,

physical activity, physical inactivity



OPSOMMING

Daar is 'n konsekwente en progressiewe tendens met betrekking tot 'n afname in
handgreepsterkte en fisieke aktiwiteit met veroudering wat beduidende implikasies vir
publieke gesondheid inhou. Dit het aan die lig gekom dat swak spierkrag geassosieer
word met laer vlakke van fisieke aktiwiteit wat die waarskynlikheid van beserings tydens
'n val verhoog. Handgreepsterkte word in navorsing as 'n merker van spierkwaliteit
aangedui. Gereelde deelname in fisieke aktiwiteit is dus 'n waardevolle hulpmiddel om
handgreepsterkte te verbeter en om gesondheidsrisiko’s wat geassosieer word met
ouderdom te verminder om sodoende die lewensduur van volwassenes te verleng. Daar
is egter beperkte studies in Suid-Afrika beskikbaar (veral in die Noordwes) wat die fisieke
aktiwiteit, liggaamsamestelling en handgreepsterkte van jong en middeljarige
volwassenes ondersoek. Twee manuskripte is vir hierdie studie voorberei. In 2015, het’n
totaal van 910 deelnemers (mans=198; vroue=490) tussen die ouderdom van 35-70 jaar
aan 'n kruis-A studie wat deelgeneem wat deel gevorm het van die multidissiplinére
Prospective Urban and Rural Epidemiological (PURE) kruisdeursnee studie wat in die
Noordwes, Suid-Afrika, plaasgevind het. Die analises vir die studie het slegs plaasgevind
met deelnemers met 'n volledige datastel oor die veranderlikes van belang. Inligting oor
fisieke aktiwiteit is versamel deur middel van die gebruik van 'n self-report international
physical activity questionnaire-short form. Handgreepsterkte is gemeet deur gebruik te
maak van 'n handmodel (T.K.K.54010 Takei) dinamometer. Antropometriese aanwysers
van lengte, liggaamsmassa en middellyfomtrek is gemeet deur van metings gebruik te
maak wat deur die International Society for the Advancement of Kinanthropometry

voorgeskryf word.

Die eerste artikel fokus op fisieke aktiwiteit en handgreepsterkte in verhouding tot die
liggaamsmassa-indeks van volwassenes in die Noordwes. Die bevindings dui aan dat
29% van die mans en 22% van die vroue ondergewig was terwyl 22% van die vroue
oorgewig en 26% van die mans vetsugtig was (p<0.001). Die mans was meer aktief,
langer en ondergewig as die vroue in al die ouderdomsgroepe. Vir die vroue is daar hoér
gemiddeldes gerapporteer vir triceps, subscapular en middellyfomtrek in vergelyking met
die mans. Ongeag ouderdom en geslag, het die ondergewig- en normale gewig-groepe
hoér vlakke van fisieke aktiwiteit en handgreepsterkte getoon in vergelyking met die

oorgewig en vetsugtige groepe. Die handgreepsterkte van die mans volgens die

vi



ouderdomsgroepe was beduidend beter (p<0.05) in vergelyking met die vroue (p<0.05);
42-49 ouderdomsgroep: mans 34.81 + 11.13 kg teenoor vroue 26.29 = 7.72 kg; 50-59
ouderdomsgroep: mans 34.05 + 9.19 kg teenoor vroue 25.12 + 6.67 kg; 60-70
ouderdomsgroep: mans 30.28 * 8.69 kg teenoor vroue 23.27 + 6.44 kg. Die oorgewig en
vetsugtige mans het swak gevaar tydens een minuut se matige tot vinnige fisieke

aktiwiteit per week.

Die tweede artikel fokus op die verhouding tussen fisieke aktiwiteit, liggaamsmassa, en
handgreepsterkte van volwassenes in die Noordwes. Ongeveer 60% van die deelnemers
het voldoende fisieke aktiwiteit per week gerapporteer. Sewentien persent (17%) van die
mans en 27% van die vroue was onaktief. Handgreepsterkte het beduidend (p<0.05)
verskil ten opsigte van ouderdom. In die algemeen was die handgreepsterkte van die
deelnemers swak in vergelyking met die beskikbare norme vir handgreepsterkte. Die
deelnemers jonger as 50 jaar het beter gevaar as die ouer groepe en die mans was
sterker as die vroue. Die mans en vroue wat voldoende aktief was per week het
beduidend beter gevaar (p<0.05) as die ander groepe. Daar was 'n positiewe korrelasie
tussen handgreepsterkte en liggaamsmassa-indeks. 'n Negatiewe korrelasie het bestaan
tussen matige en vinnige fisieke aktiwiteit (r= -0.12; p=0.001) en ouderdom. Daar was 'n
negatiewe korrelasie tussen die handgreepsterkte van beide die mans (r= -0.23; p=
0.001) en vroue (r=-0.18; p<0.001) en ouderdom. Gegewe die gesondheidsimplikasies
van die huidige bevindings, is strategiese intervensie van kardinale belang om
vetsugtigheid en onaktiwiteit aan te spreek. Hierdie studie beveel dus 'n dringende
strategiese fisieke-intervensie aan wat moet fokus op ouer mans en dames om hulle

lewenskwaliteit te verbeter.

Sleutelterme:  liggaamsmassa-indeks, liggaamsamestelling,  handgreepsterkte,

vetsugtigheid, oorgewig, fisieke aktiwiteit, fisieke onaktiwiteit
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ABBREVIATIONS AND ACRONYMS

BC

BMI

cm

HGS

Kg

Kg/m2

LTPA

MET

MVPA

Body composition

Body mass index

Centimetres

Handgrip strength

Kilogrammes

Kilogrammes per metre squared

Levels of leisure time physical activity

Metabolic equivalents

Moderate to vigorous physical activity per week.

Mean value

Non-communicable diseases

Significance level
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PA

PURE

SA

SD

wcC

WHO

WtHR

Physical activity

Prospective Urban Rural Epidemiology

Correlation coefficient

South Africa

Standard deviation

Waist circumference
World Health Organization

Hip-to-waist ratio
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CHAPTER 1
INTRODUCTION

1.1 Introduction

Poor muscle strength among the elderly has a significant impact on public health (Den
Ouden et al., 2011:208), as it has the potential to limit physical activities in their daily
lives (Den Ouden et al., 2011:208; Vermeulen et al., 2011). Poor muscle strength also
increases the likelihood of falls that can result in injuries (Cooper et al., 2010; Sayer et
al., 2006:663). Regular physical activity has a positive relation with general muscle
strength (Rantanen et al., 1997:1439; Sternang et al., 2015:270); and handgrip strength
is one of the most common indicators of measuring muscle strength (Roberts et al.,
2011:423). Handgrip strength decreases due to age-related physiological changes and
changes in biological functioning (Bohannon, 2008a:3). In a comparative study focusing
on body composition, handgrip strength, functional capacity and physical activity among
elderly Koreans and Korean immigrants, Sin et al. (2009:25) reported that older men
measured stronger handgrip strength values than their female counterparts.
Furthermore, females who are more physically active when they are older, exhibit better
handgrip strength than male counterparts who are less physically active (Sterndng et
al., 2015:44). According to other studies (Kohl et al., 2012; Wagner & Brath; 2012: S39),
non-communicable diseases (NCD) account for more than 63% of death globally. In
South Africa, black women have the highest level of physical inactivity and obesity,
placing at a greater risk in developing chronic diseases when compared to men (Van
der Merwe & Pepper, 2006:318-319).

1.2 Problem statement

Maintaining a healthy body weight/body mass throughout life would prevent a decline in
muscular strength (Yancey et al., 2004). Physical activity also plays a very important
role in maintaining muscular strength and cardiovascular health by reducing the risk of
conditions characterised by being either overweight or obese (Blair & Brodney, 1999;
Gill & Malkova, 2006:409). Moreover, overweight or obesity would contribute to the
deterioration of joints (Blair & Brodney, 1999). Becoming overweight or obese in early

life can result in a reduced level of physical activity, to contribute significantly to a




decrease in muscle strength (Stenholm et al., 2011:345). Fogelholm (2010:202) found
that a high body mass index (BMI) and physical inactivity are associated with an
increased risk of ailments, such as Type 2 diabetes and cardiovascular disease (Cooper
et al., 2011:20; Artero et al., 2012:357).

Regular physical activity is associated with improved physical fithess and physical
function, and plays an important role in the prevention of NCD due to lifestyle (Xiaoxing
& Baker, 2004:1572). Physical activity and the absence of diseases are influential
factors in maintaining both muscle mass and muscle strength, and crucial in maintaining
functional independency and daily activity among adults (Guo & Chumlea, 1999).
Furthermore, encouraging physical activity and developing effective exercise
programmes to strengthen muscles among older adults are some of the strategies for
maintaining and improving physical health. These programmes are beneficial to people

whose health is at risk by the effect of ageing (Sin et al., 2009:2).

Some other physical health strategies include increasing the time spent on low-intensity
physical activities, because low-intensity physical activities are associated with a lower
BMI and stronger handgrip strength values (Bann et al., 2015). Individuals who are
inactive and who have a high percentage of body fat, a high BMI and a large waist
circumference are at a greater risk of developing walking limitations in comparison with
those who are physically active and have normal body compositions (Yancey et al.,
2004:151; Stenholm et al., 2008:462). Consequently, programmes aiming to promote
health should target people of all ages, as the risk of suffering from chronic diseases
starts in childhood and increases with age (Warburton et al., 2006:807).

Deurenberg et al. (1998:45), Gallagher et al. (1996:235), and Ranasinghe et al.
(2013:801), has provided evidence of a positive relationship between BMI and body fat
percentage across gender and age groups. BMI can be an important means of
determining the body fat percentage of individuals and it can be significant indicator of
body composition (Meeuwsen et al., 2010:565; Ranasinghe et al.,, 2013:804). Body
mass index, body weight and body height are relatively easy to measure. The skinfold
callipers technique is widely used to estimate subcutaneous fatness at various anatomic
sites and provides a more acceptable estimate of health risk factors associated with
NCD (Revick & Isreael, 1986:994). According to Janssen et al. (2002:2099), high waist



circumference (WC) independently predicts NCD related to obesity. In addition to BMI

and a skinfold measures, WC is also used to predict obesity-related diseases.

Non-communication diseases related to obesity are found to be extremely high among
women in Sub-Saharan Africa (e.g., South Africa, Botswana, Namibia and Zimbabwe)
(Walker et al., 2001:368). In a survey conducted by Kruger et al. (1999:160) focusing
on transitional African communities in the North West (South Africa), it was found that
inactivity and an independency on the degree of urbanisation are associated with high
obesity levels (p= 0.0007). A better understanding of the medical hazards of obesity
should act as a motivator to prevent excessive weight gain (Kruger et al., 2001:739).
Muscle strength is found to be one of the most dominant factors to reduce the
probabilities of physical and functional limitations in the elderly who are obese (Leong
et al., 2016; Germain et al., 2016:4).

Muscle strength appears to be a critical component in maintaining physical function,
mobility and vitality in older adults. It is, therefore, important to identify factors that
contribute to the loss of muscular strength in elderly persons (Goodpaster et al.,
2006:1059). Age and gender significantly influence handgrip strength (Budziareck et al.,
2008:357). Age and gender differences in handgrip strength with men exhibiting greater
handgrip strength in comparison to females in each age category (Kallman et al., 1990;
Syddall et al., 2003:652-653; Kerr, 2006; Ramlagan et al., 2014:6). Nevertheless, the
expected handgrip strength measurement of individuals from any given age group or
gender group varies according to their geographic regions and/or ethnicity (Leong et al.,
2016:9).

A handgrip strength measurement is a visible, easy-to-use, portable, affordable and the
most frequently used tool in clinical settings to indicate overall health (Boissey et al.,
1999; Massey-Westrop et al., 2004; Bohannon, 2008b:9). Handgrip strength increases
with age from early childhood through puberty and begins to decline by the age of 45
years (Smith et al., 1999:1459). Therefore, a low handgrip strength maybe an early non-
cognitive marker of physical decline (Alfaro-Acha et al., 2006:864). Grip strength is
required to carry out many daily activities, owing to the vast range of daily activities that
involve grip movements (Nicolay et al., 2005:606). Hanten et al. (1999:198) conducted

a study to determine the maximum grip strength of normal subjects between the ages



of 20 and 64, and the results of both men and women between the ages of 55-64 years
were significantly lower than that of men and women between the ages of 20-54 years.
It was reported that older participants (=265 years) make significantly slower movements
than younger and middle aged adults between 20-40 years and 40-65 years (Smith et
al., 1999:1459; Frederiksen et al., 2006). Dodds et al. (2013:796) indicated that
increased levels of leisure time physical activity (LTPA) across midlife were associated
with stronger handgrip strength between the ages of 60-64 years in both men and
women. However, there is scanty data on the relationship between physical activity,
body composition and handgrip strength among young and middle adults (Alrashdan et
al., 2016).

Measurements of physical performance may be used to identify elderly people who have
functional limitations (Studenski et al.,, 2003:321). According to Rikli and Jones
(1997:257), a decline in physical activity later in life can easily result in physical
limitations that can cause various problems with respect to disability. As such, the
treatment of physical impairments should constitute a crucial step towards either
preventing or slowing a progression towards functional limitation, disability and
dependency (Rikli & Jones, 1997:257). The global recommendation on physical activity
of the World Health Organization (WHO) suggests that adults between the ages of 18-
64 years should accumulate at least 150 minutes of moderate intensity physical activity
per week for durations of at least ten consecutive minutes (World Health Organization,
2016:31). Moderate physical activity are physical activity that get you moving fast
enough or strenuously enough to burn off three to six times as much energy per minute
as you do when you are sitting quietly, or exercises that clock in at 3 to 6 METs done
on a scale relative to an individual’'s personal capacity (World Health Organization,
2016:31).

Most of the studies that compared physical activity, body composition and handgrip
strength were conducted in the urban areas of developed Western countries (Yancey et
al., 2004; Stenholm et al., 2008; Fogelholm, 2010). A limited amount of studies has
focused on the role of physical activity in body composition and handgrip strength
among adults of the North West in South Africa. It is, therefore, of great importance that
a comparison is made between the physical activity, body composition and handgrip

strength of adults from the North West in South Africa. In light of the relative scarcity of



information available pertaining to the North West in South Africa, this research study

endeavoured to answer the following research question:

e What is the relationship between physical activity, body composition and handgrip
strength among South African young and middle adults living in the North West?

The above-mentioned research question provided valuable information in terms of
recorded results and indicated a correlation between physical activity, handgrip strength
and body composition among elderly in the North West. Moreover, the adult participants
in the study experienced an added benefit — they became aware of their level of physical
fitness in terms of their handgrip strength, their physical activity and body composition.
Professionals in the field of Biokinetics and in the public health sector can make use of
the results of this study when policies are formulated or intervention strategies are

designed to improve the health of adults in the North West, South Africa.
1.3 Objectives

The objectives of the study were:

e To compare physical activity and handgrip strength in relation to BMI among male
and female young and middle adults from the North West, South Africa.

e Todetermine a correlation between physical activity, body composition and handgrip
strength among young and middle adults from the North West, South Africa.

1.4 Hypotheses

This study was based on the following hypotheses:

e Significant differences will exist between males and females when physical activity
and handgrip strength are compared with the BMI of young and middle adults in the
North West, South Africa.

e A significant positive correlation will exists between high levels of physical activity,
low body composition and a greater handgrip strength among young and middle
adults in the North West, South Africa.



In answering the research question, a cross-sectional study design was followed.
Secondary data concerning physical activity, body composition, handgrip strength and
their relationships were used, and were obtained during a Prospective Urban Rural
Epidemiology (PURE) study done in the North West in 2015. Briefly, PURE was a large
scale epidemiological study comprised of participants from low-income, middle-income
and high-income countries around the world (Teo et al., 2009). The two main objectives
of PURE were to examine the relationship between societal influences; and the
prevalence of risk factors and chronic NCD measured at baseline. Societal determinants
were measured by an index of measures from each of the four domains of interest: built
environment, food and nutrition policy, psychological/socioeconomic factors, and
tobacco. The relationship between societal determinants and the incidence of chronic
NCD events and on changes in rates of selected risk factors (e.g. smoking) were

measured in the cohort component of the study.
1.5 Chapters of the dissertation

The dissertation will be submitted in article format, as approved by the North-West
University Senate:

Chapters
Chapter 1 Introduction
Chapter 2 Literature review: physical activity, body composition and handgrip

strength among young and middle adults.

Chapter 3 Article 1: Differences in physical activity and handgrip strength in
relation to body mass index in young and middle adults in the North
West, South Africa. The paper was prepared in accordance to the
requirements of the African Journal of Primary Health Care and
Primary Medicine.

Chapter 4 Article 2: The relationships between physical activity, body
composition, and handgrip strength among young and middle adults
in the North West of South Africa. The paper was prepared in
accordance with the requirements of the African Journal of Primary
Health Care and Primary Medicine.

Chapter 5 Summary, conclusions, limitations, and recommendations.

The next chapter (Chapter 2) presents a literature review on physical activity, body
composition and handgrip strength among young and middle adults. The reviewed



literature served as the foundation for the two articles (Chapters 3 and 4) included in

this dissertation.
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CHAPTER 2
LITERATURE REVIEW: PHYSICAL ACTIVITY, BODY COMPOSITION
AND HANDGRIP STRENGTH AMONG YOUNG AND MIDDLE ADULTS

2.1 Introduction

Studies show consistent and progressive trends with regard to a decrease in physical
activity with age (Rejeski & Mihalko, 2001:32; Leong et al., 2016:539), and elderly
individuals are the most affected (Miller et al., 2000). Most elderly individuals tend to
view physical activity or exercise as a recreational pursuit instead of medical therapy
(Schutzer & Graves, 2004:1056). However, adults who are attempting to adopt and
maintain a physical active lifestyle are persistently challenged by barriers that are often
inescapable, such as aging, environmental conditions, disabilities (Seefeldt et al.,
2002:148) and a poor functional capacity (Silva et al., 2013:134). The consequences of
physical inactivity expose the elderly to high morbidity and mortality risk factors
(Bannerman et al., 2002:660; Silva et al., 2013:133) as compared to the benefits
associated with regular participation in physical activity (Warburton et al., 2016: 807).
According to Trost et al. (2002:1102), all older adults should be physically active,
because regular physical activity — including aerobic activities and muscle strength
activities — are essential for healthy aging. Participating in both aerobic activities and
muscle strength activities also plays a role in the process of prevention and/or treatment
of some diseases and disablements (Nelson, 2007:1098). A lifestyle characterised by
moderate physical activity on a regular basis is important to the health and well-being
of adults (Seefeldt et al., 2002:161; Acree, 2006:5). Physical inactivity negatively
influences health. Physically inactive individuals extremely vulnerable to continual
weight gain and more disposed to some NCD risk factors, (Pietildainen et al., 2008:413;

Martinez-Gonzalez et al., 1999).

Overweight and obesity have a constant negative influence on physical activity (Trost
et al., 2002:1999). Regardless of age and gender in many studies, overweight and
obesity remain threats to overall health and human development (Trost et al.,
2002:1999; Pietildinen et al., 2008:413). Obese or overweight individuals tend to fall
below the level of physical activity that is needed to maintain a healthy lifestyle. Physical

activity participation can, therefore, play a role in the prevention of threats, such as joint
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deterioration, muscles weaknesses and bone density Pietilainen et al., 2008:413). A
sustained level of physical activity combined with regular moderate-vigorous intensity
activity in the elderly is an ideal strategy to improve overall health (Hamer et al., 2014:5).
In most individuals, obesity occurs at a young age. Empirical research has revealed that
the development of obesity during childhood has an association with adulthood obesity
(Bourne et al., 2002:159; Pietilainen, 2008:412).The prevention of childhood obesity
through regular physical activity should be encouraged during childhood to ensure that
such a behavioural practice follows children spontaneously into adulthood (Malina et al.,
2004:601).

Daily physical activity is associated with enhanced muscle strength and good quality
life (Haider et al., 2016:3134). Improvement in muscular strength and function is
accompanied by an improved functional status and a good quality life (Norman et al.,
2011:140). Likewise, muscle strength also decreases with advancing age. Handgrip
strength is one of the measures used to determine muscle strength and muscle function
(Norman et al., 2010:138). It has been demonstrated as a superior outcome predictor
both in healthy and ill individuals (Norman et al., 2010:138). Furthermore, handgrip
strength can also be used as a predictor of mortality and an indicator of risks associated
with chronic diseases (Mattioli et al., 2015:899). Even in the presence of chronic
conditions, strength training can assist older individuals in maintaining a threshold of
strength that is needed to perform functional tasks (Seguin & Nelson, 2003:146).
Physical activity programmes for the elderly aim at maintaining or increasing handgrip
muscular strength are crucial to balance the overall health of these individuals (Mattioli
et al., 2015:899).

This chapter focuses on reviewing available literature, the interrelationship between
physical activity and handgrip strength in relation to some of the selected body
composition measures that include: body mass index (BMI), waist-to-hip ratio (WHR), a
skinfold test and bioelectrical impedance. The chapter provides a global overview of the
status of physical activity, body composition and handgrip strength. An overview of
factors is provided that are associated with physical activity, handgrip strength and body
composition as individuals’ age. This chapter further examines the important benefits of

physical activity for body composition and muscular strength and ends with a summary.

15



2.2 Physical activity

Physical activity can be defined as any body movement produced by skeletal muscles
that result in energy expenditure (Caspersen et al., 1985126). Physical activity or leisure
time physical activity includes walking, dancing, gardening, hiking, swimming, cycling
and household chores that generally improve cardiorespiratory and muscular fitness,
bone health, reduce the risk of NCD and depression (World Health Organization, 2016).
Walking is a common, simple, accessible, convenient, inexpensive and the most
popular form of physical activity for all adults (Ching et al., 1996:29; Department of
Health, 2000; Hallal et al., 2012). Older adults who walk nine (9) kilometres at least once
per week (equivalent to walking 10000 steps per day) have a greater probability of
improving their functional abilities and reducing chances of functional limitations (Miller
et al., 2000:127; Pillay et al., 2015:9). Age and gender continue to be the two most
constant demographic determinants of physical activity (Trost et al., 2002:1999;
Bauman et al., 2009:6). In general, males are found to be more physically active than
women, and physical inactivity behaviour is higher among women than men (Troiano et
al., 2008:186: Bauman et al., 2009:6; Oyeyemi et al., 2013:174). Al-Zalabani et al.
(2015:212) supports the previous mentioned statement by highlighting that individuals
in the age group of 55-65 years have a high prevalence of physical inactivity when

compared to other age groups.

Physical inactivity seems to have an indirect or direct effect on physical impairments
and functional decline due to substantial human physical deterioration (Rikli & Jones,
1997:246). Physical activity appears to improve quality of life by enhancing the
psychological well-being and improving the physical function of individuals who are
suffering poor health (Bouchard et al., 1994:8). In an attempt to maximise the effect of
physical activity on quality of life, it is important to gain a broad understanding of the
other factors that plays a role such as social environment in which individuals live in
terms of the formal and informal social support systems (Taylor et al., 2004). Hence
other studies reported that certain environmental factors that do limit individuals from
engaging in optimal physical activity (Humpel et al., 2002:196; Kruger et al., 2005:497;
Bauman et al., 2012:262). Moreover, an understanding of the perception of threats and
access to the environment in which individuals live should also be taken into

consideration (Taylor et al., 2004). To highlight risk factors that play a role, the urbanised
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population is increasingly exposed to fast foods and carbonated drinks (Puoane et al.,
2005:92). This widespread availability of inexpensive high calorie foods combined with
a sedentary lifestyle is responsible factors contributing to a high mean BMI (Gutiérrez-
Fisac et al.,, 2004:713). An understanding of environmental factors that influence
physical activity participation enhances, therefore, the effort to provide environmental
interventions that may result in good health and decrease the prevalence of obesity and
other NCDs (Flegal et al., 2010:214).

2.2.1 Physical activity status among older adults

Worldwide, the participation in all types of physical activity has gradually improved in
the past decade (Dishman & Buckworth 1996:63; Hallal et al., 2012:247). However,
there are limited data available regarding the prevalence of various types of physical
activity in older adults and the percentage of older people whose physical activity
participation meets the physical activity guidelines of the WHO (Sun et al., 2013:15;
WHO, 2016). According to Dumith et al. (2011:28), one out of five adults around the
world does not meet the minimal levels of physical activity essential for health
enhancement, and are therefore, considered being physically inactive. Stubbs et al.
(2017:547) completed a world health survey based on 38 countries focusing on physical
activity and anxiety, and reported that some countries with highest age-adjusted and
sex-adjusted prevalence of low physical activity: United Arab Emirates (50.9%); South
Africa (47.6%); Dominican-Republic (42.4%); and Namibia (40.5%).

According to the WHO, the global recommendation on physical activity for health is that
adults between the ages of 18-64 years should accumulate at least 150 minutes of
moderate intensity physical activity per week. Physical activity can be accumulated in

bouts of at least ten consecutive minutes (Hoeger et al., 2018:18).

Other countries, such as Australia, Canada, New Zealand, and the United States of
America, were reported as having low levels of physical activity (Guthold et al.,
2008:489; Bauman et al., 2009:5). . Reports from these countries are mostly from urban
areas with relatively well-developed facilities for recreational activity and have a history
of long-term promotion of exercise (Guthold et al., 2008:489; Bauman et al., 2009:5).
Similar results were reported by Dumith et al. (2011:25) regarding the prevalence of

physical inactivity associated with urban, wealthier and developed countries (27.8%)
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with a significant difference (p=0.03). However, considerable proportions of walking
(Hong Kong SAR, Japan, Spain, Taiwan) and vigorous activity (Belgium, Brazil, Taiwan)
were also found in countries with low overall physical activity prevalence rates (Bauman
et al., 2009:5; Dumith et al., 2011:25).

Furthermore, a higher prevalence of physical inactivity s were documented in large,
urban and multi-ethnic population of Los Angeles (Yancey et al., 2004:149). In this
study, the ethnic differences in the self-perception of overweight and normal weight
individuals were tested. African Americans and Latinos are significantly less likely to
perceive themselves as overweight. As for African countries, more evidence of physical
activity levels among elderly people is still needed to assist public health with strategies
to improve the health and quality of life of older people. Literature on physical activity in
African countries and South Africa is limited; and more studies are needed. The
availability and accessibility of country-specific data and trends of physical activity levels
will, therefore make it easy to monitor interventions, to promote physical activity and to
improve public health (Bauman et al., 2009:9). These data and trends will also provide
a better understanding of the status of physical activity worldwide by providing useful
baseline data as a source of information for researchers, public health practitioners and
health providers (Hallal et al., 2012: 247). Studies can thereafter be repeated to obtain
population trends and comparisons of physical activity can then be made on a global

scale (Bauman et al., 2009:9).
2.2.2 Measures of physical activity in adults

The following figure 2, enlightens the physical activity assessment tools used measures of

physical activity in adult according to Welk et al. (20017) and further explain each measure as

a useful tool.

Report-based measures Monitor-based measures Criterion measures
*Diaries *Pedometers Direct observation
*Self-reports *HR Monitors *Indirect observation

*Accelerarometers *Doubly-labelled water
Figure 2-1: Physical activity assessment tools according to Welk et al. (2017)
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An overview of the physical activity assessment tools used in the study is provided in

the following section.

Report-based measures

Self-reports are used as a subjective measure that rely on the ability of participants to
interpret and recall time that was spent performing physical activity in periods ranging
from one day to three months. Self-reports are a convenient way to measure activity
patterns in large populations. It can be self-administered in order to capture the
interpretation of physical activity behaviour and the perception of participants (Welk et
al., 200066; Welk, 2017:29).

Diaries provide participants with an opportunity to record physical activity performed
throughout the day or right after it occurs. Measures of energy expenditure (e.g., kcals)
are captured and information is provided on frequency, intensity, duration, type of
physical activity, and the context of physical activity. Diaries can involve a disadvantage
due to bias. For the participants to recall all of their activities done in one interview bias
may be increased and they may fail to remember everything. However, the use of this
measurement tool is less time-consuming takes; it takes approximately 1-20 minutes
and recall questionnaires are easy to administer, interpret and understand (Welk,
2017:29).

Monitor-based measures

Activity monitors can be viewed as a modern physical activity research application. Most
of these devices are used as internal accelerometers to obtain an objective indicator of
the amount of movement being performed. Activity monitors provide an objective
indicator of total body movement. Popular activity monitors, include the Actigraph and
the GENEactiv. A disadvantage may be that participants have to wear a monitor for
seven days and this can be viewed as a burden to some of the individuals. However,
their capacity to perceive the magnitude and temporal characteristics of their movement
is staggering (Welk et al., 2000:67; Welk et al., 2017).

Heart rate monitors capture the physiological response to movement of heart rate
(usually expressed in beats per minute) and, reflect the level of stress executed on the
cardiorespiratory system. These monitors track the number of beats per minute (bpm),

which is (assumed to be) linearly related to oxygen consumption. Estimates of energy
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expenditure in kcal/day or kJ are provided and can be used to distinguish between
different activities intensities. Heart rate monitors are more commonly used in
combination with other measures (e.g., activity monitors) or for controlled laboratory-
based studies, and particularly useful for monitoring activity associated with non-
ambulatory activities, such as cycling or swimming, and for evaluating individual
responses to physical activity (Trost, 2001:33; Stahl et al., 2016:4; Welk et al., 2017:30).

Pedometers are exclusively used to count the number of steps, as an indicator of
movement. Pedometers can capture the frequency of movement (i.e., number of steps)
but these tools can also produce estimates of the distance covered. The disadvantage
of this tool centres on its inability to determine energy expenditure. However, it is simple
to use and it is reliable and a valid tool to estimate the steps accumulated (at a walking
speed) during the day (Welk et al., 2017:31).

Criterion measures

Doubly-labelled water is the most accurate measure of total energy expenditure and
allows for the energy expenditure of an activity to be determined. It also estimates the
thermic effect of food and resting energy expenditure, if available. This measurement
tool is very expensive and requires advanced expertise to administrate. It is, however,
accurate in measuring total energy expenditure and its main value centres on the
measurement protocols intended to provide a summary measure of overall free-living

energy expenditure (Welk et al., 2017:32).

Calorimetry measures the heat released due to the chemical process occurring when
different body substrates are metabolised (e.g., carbohydrates, fat or protein). The
method relies on the assumption that one litre of consumed oxygen is equivalent to
known amounts of kcal depending on the substrate being metabolised. These measures
have a particular gold standard assessment for lab-based and field-based studies on

physical activity.

Direct observation is considered to be a gold standard method of physical activity
assessment, because behaviour is directly observed. The advantage is that when
physical activity is observed, a process or situation can be monitored/evaluated while it
occurs. A probable disadvantage is observer bias (Welk et al., 2017:32; Welk et al.,
2000:69; Taylor-Powell & Steele, 2008).
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The present study made use of report-based measures—the International Physical
Activity Questionnaire (IPAQ)—developed in 1997. The IPAQ was developed as a
surveillance instrument to measure multiple domains of physical activity (Bauman et al.,
2009:2). It is a popular questionnaire that all countries can use that would permit
comparability among countries on various domains of physical activity (Bauman et al.,
2009:2). The IPAQ consists of adequate properties for evaluating physical activity in
healthy adults (Hagstromer et al., 2006:758). Long and short questionnaires are
available: the short questionnaire provides a global assessment of total physical activity,
and includes a similar amount of job-related activities. The short questionnaire is more
acceptable to both investigators and survey respondents. The IPAQ long questionnaire
contains questions regarding both weekday and weekend sittings, it can reflect the “all-
activity” nature of this measurement tool. However, the long questionnaire is difficult to
answer (Craig et al., 2003:1388; Hagstromer et al., 2006:761). The observed concurrent
validity (inter-method) coefficients between both the IPAQ questionnaires (Craig et al.,
2003:1385) suggest that both have equitable agreement. The IPAQ questionnaire
evaluates four domains of physical activity (occupational, transport, household, and
leisure) that are relevant for intervention planning. The content validity of the IPAQ is
high, because the frequency, intensity, and duration of physical activity are assessed

as well as sedentary behaviour (Craig et al., 2003:1388).

Moreover, the IPAQ overcomes differences in other physical activity questionnaires with
regard to physical activity measurements. It is broadly relevant to a wide range of
countries and suitable for any mode of administration. It can, therefore be culturally
adapted for a local or global population (Craig et al., 2003:1389; Kurtze et al., 2008:7).
The IPAQ uses metabolic equivalent of task (MET) values as an indicator of activity
intensity, which allows generally healthy adults to accumulate credit for the moderate or
vigorous intensity activities they perform during the week. It is recognised that actual
MET values can vary from individual to individual depending on a variety of factors (e.qg.,
how they perform the activity, skill level, body compaosition), but the values provided in
the compendium are sufficiently accurate for generally healthy adults between the ages
of 18-65 years (Haskell et al., 2007:6). The units used to quantify the score are derived
from the concept of MET values. To determine the total physical activity level of
individual participants, scores for vigorous, moderate and walking activities are

calculated in MET-minutes per week by multiplying the MET intensity for each activity
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by the minutes per week that were spent in each activity. One MET value represents
the energy that is expended while at rest and is the equivalent of maximal oxygen
consumption (VO2) in VO2 of 3.5 ml/kg/min of VO..

2.2.3 Risks associated with physical inactivity

The ability to understand how to promote a more active lifestyle is important to the health
of individual's worldwide (Bouchard et al., 1994:5). Worldwide, 31.1% of adults are
physically inactive. Dumith et al. (2011:28) reported that one out of five adults around
the world does not meet the minimal level of physical activity necessary for health
enhancement that entails at least 150 minutes of moderate intensity physical activity
per week, according to the WHO. Physical inactivity or a low level of physical fitness are
reported to cause 6-10% of the major NCDs, such as coronary heart disease, Type 2
diabetes, and breast and colon cancers (Bauman et al., 2009:536; Lee et al., 2012:227,
Hallal et al., 2012:248). Besides being exposed to chronic diseases, other common
health problems associated with a lack in physical activity, such as musculoskeletal
fatigue, bone loss, and joint stiffness, also play a devastating role (Bouchard et al.,
1994:5). By improving the awareness of the risks associated with an inactive lifestyle by
highlighting some of the above-mentioned health problems, does not only promote a
healthy lifestyle but also emphasise the negative impact inactivity has on human
development (Ching et al., 1996:29).

According to Kruger et al. (2007:327), participation in regular physical activity is
associated with a better quality of life regardless of the BMI of individuals, as physical
activity improves the overall health of individuals. Individuals with an excessive BMI
value benefit when they regularly participate in physical activity. In the same study,
Kruger et al. (2007:327) indicated that individuals who are more physically active,
experience better health compared to inactive ones. All these reports highlight physical
activity as the most popular approach to address overall health, weight management
and reduces health risks associated with being overweight and/or obese (Patterson et
al., 2004:156). Physical activity is also used in clinical settings where adults with medical
conditions are advised to stay active and engage in physical activity to stabilise their
health to reduce the risk of developing other chronic diseases (Nelson et al.,
2007:1102). Individuals, who maintain a physically active lifestyle, participate at higher
levels than the level recommended in the guidelines of the WHO. By improving their
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diet, they stand an even better chance of gaining further health benefits than those who

are physically inactive.

Numerous studies (Dietz, 1996; Yancey et al., 2004; Dumith et al., 2011; Gardner et al.,
2016) have measured risks associated with physical inactivity and the prevalence of
physical inactive older adults have indicated the important and the role of regular
physical activity through the life span of human beings. According to McAuley et al.

(2003), physical activity can also be influenced by social support.
2.2.4 The importance and benefits of physical activity in older adults

Virtually all older adults should be physically active to experience the benefits of a
healthy active lifestyle and to avert the negative effects of inactivity on their health
(Nelson et al., 2007:1103). Studies have found that regular physical activity can be
associated with a reduction in the risk of presenting with cardiovascular diseases,
thromboembolic stroke, hypertension, Type 2 diabetes mellitus, osteoporosis, obesity,
colon cancer, breast cancer, anxiety and depression (Bauman et al., 2016: S276;
Eriksen et al., 2016:1439; Nelson et al.,, 2007:1098; Strawbridge et al., 2002).
Participation in and maintenance of regular physical activity among the elderly are
currently two of the most important strategies in preventing the onset or severity of many
of the above-mentioned chronic diseases and to promote overall health (Ehlers et al.,
2018:11; Schutzer & Graves, 2004:1060). Furthermore, it was reported that an active
lifestyle helps to increase the quality of life of older adults by stabilising functional ability
and independence across their life span (Nelson et al., 2007). The promotion of physical
activity throughout the lifespan of individuals is justified on the basis of the direct benefits
linked to physical fitness (Seefeldt et al., 2002:152). The carryover of benefits can occur
at an early age and depends on the level of physical activity maintained (Seefeldt et al.,
2002:152). A study by Bouchard et al. (1994:7) on physical activity, fithess and health
provided evidence on the effects of physical activity on health and disease. These

effects are illustrated in Figure 2-2:
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Figure 2-2: The outcomes of regular physical activity on health (adapted from the
physical activity and disease model of Bouchard et al. (1994:7)

Regular participation in physical activity also appears to reduce depression and anxiety,

improve mood and enhance the ability to perform daily tasks (Bouchard et al., 1994:7).
2.3 Body composition
2.3.1 Measures of body composition

Body composition (BC) is the proportion of fat and fat-free mass in the body. Body fat
can be found in muscle tissue, under the skin (subcutaneous fat) or around organs
(visceral fat). Fat-free mass includes bone, muscle, organs, water and tissues in the

human body. There are several methods used to measure BC depending on the
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information needed and the advantages of each method. Anthropometric
measurements that are the most common methods used to obtain information for BC
are BMI (body mass in kilogramme divided by height square (kg/m?), waist to hip ratio
(circumference of the waist divided by the hips), a skinfold test and bioelectrical
impedance. These methods are used to determine body fat. Bioelectrical impedance
determines the electrical impedance or resistance to the flow of an electric current
through body tissues, which can then be used to estimate total body water to estimate
fat-free body mass (Kyle et al., 2004:1230; Mattsson & Thomas, 2006: R219; Ayvaz &
Cimen 2011:66-67; Fosbgl & Zerahn 2015:90; Sergi et al., 2017:596). BMI is a simple,
reliable surrogate tool to measure body fat (Guo & Chumlea, 1999:1475s; Andreoli et
al., 2016:1467), and is the most frequently used measure of obesity in population health
survey studies (Syddall et al., 2003:560; Reilly et al., 2018:1773; Andreoli et al.,
2016:1467). In the elderly, BMI may be considered as a simple method to attain markers
of risks of functional impairment (Zoico et al.,, 2004:240). However, with body
composition, BMI cannot be used alone as a single measure, because the diagnostic
performance of BMI in an intermediate range of body weight is limited, mainly because
of its inability to discriminate between body fat percentage and lean mass (Romero-
Corral et al., 2008:965). With body composition it is, therefore, necessary to use other
instruments as well, such as a skinfold calliper; waist circumference and waist to hip
ratio for body fat distribution to determine body fat and lean body mass to provide more
details about the body composition of individuals (Romero-Corral et al., 2008:96). The
combined measures can produce a useful measurement tool for monitoring the
outcomes of diet and exercise programmes (McRae, 2010:161). In addition to that,
when measuring body composition, the following factors should be considered:

e Tissue compressibility varies across gender, as women are found to be slightly less
compressible than man due to differences in the distribution of fibrous tissue and
blood vessels in the subcutaneous tissues ascribed to genetic, epigenetic and
hormonal differences (McRae, 2010:159; Karastergiou, et al., 2012:7).

e The correlation between BMI and the amount of body fat percentage varies among
studies and ethnicity (Guo & Chumlea, 1999:1475s).
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2.3.2 Body composition from different contexts
(@) International context

The prevalence of being overweight and/or obese continues to fluctuate globally and is
influenced by racial and ethnic groups with regard to children, adolescents and adults
regardless of gender (Ogden et al., 2006:1555; Case & Menendez, 2009:271).
Countries show differences in trends of obesity and in most countries, obesity remains
a huge challenge (McPherson, 2014:729). The prevalence of being overweight and
obese in the United States of America continues to be high with most females and
elderly people either overweight or obese (30%) (Ogden et al., 2006:1555; Flegal et al.,
2010:240). A study done by Gutiérrez-Fisac et al. (2004:721) on the prevalence of
Spanish overweight and obese elderly individuals showed that approximately 80% of
Spanish men and women older than 60 years of age are overweight and obese, and the
observed prevalence was higher than in countries, such as the United States of America
and England. A continual increase was found in overweight and obese Mexican
Americans (Flegal et al., 2004:5147) and Australians (Dalton et al., 2003:560).
Chukhraiev et al. (2017:563) who followed an integrative approach to reduce excess
weight reported that in most countries individuals with excessive body weight is high
especially in North America (the United States of America, Mexico and Canada); the
Persian Gulf (Saudi Arabia, The United Arab Emirates and Egypt); Central Europe
(Germany and Poland); and Southeast Asia (China, India and Indonesia). According to
Flegal et al. (2012:496), a comparison of results between countries might indicate

differences due to the sampling method and design used in each country.
(b) African countries

The prevalence of obesity is increasing in most African countries, particularly in
individuals living in urban areas (Van der Merwe & Pepper, 2006:318; Abarca-Gomez
et al., 2017:2636). Insufficient physical activity is a public health problem in most
countries, especially in population subgroups of Africa that leads to a high prevalence
in NCDs (Walker & Walker, 2001:369). Kruger et al. (2001:738) revealed that a high
rate of obesity in African women is associated with an increase in their BMI level,
skinfold thickness, WC and WHR, and shows a steady increase with age. Tuakli-
Wosornu et al. (2014:11) also reported adult women in Ghana being at risk of obesity
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and other lifestyle-related health detractors. Currently, no fitness culture exists in
Ghana. Compared with other countries, the prevalence of obesity in South Africa is
extremely high in women and rising, especially those living in adjacent countries, such
as Botswana, Namibia or Zimbabwe. The prevalence of obesity among African women
far exceeds obesity in white women, and is reaching the statistics of African American
women (Walker & Walker, 2001:369). They are many factors that play a role in the
increase of obesity and overweight and can include human genetics, hormones and in
some cases, diseases that prevent people from being physical active or even a lack of
infrastructure (Loos & Bouchard, 2003:415; Van der Merwe & Pepper, 2006:319).
Strategies to prevent or reduce risk factors associated with being overweight or obese
in South Africa should, therefore be managed by establishing programmes and

interventions within healthcare and community services (Kruger et al., 2005:497).
2.3.3 Theimportance of measuring body composition in adults

Body composition can be divided into five levels: atomic, molecular, cellular, tissue-
system and whole body. More than 30 body components can be evaluated in these five
levels (Lohman, 1992; Wang et al., 1992). The body consists of groups of constituents

from each level — the sum of all atoms; the sum of all molecules; the sum of all cells; the

sum of all tissues; the sum of all organs; and the sum of all systems (Mattsson &
Thomas, 2006: R219). Ayvaz and Cimen (2011:62-63) highlighted that it is a commonly
used clinical model to divides the body into fat mass and fat-free mass (FFM). Various
techniques can be used to determine body composition, such as BMI, waist
circumference, and percentage body fat (Lohman et al., 1992). These measurement
tools classify individuals as being overweight, obese, normal or underweight (Cole et
al., 2000).

Examples of body fat distributions in the body are abdominal body fat and/or visceral
body fat, which is a type of body fat that is stored within the abdominal cavity. Abdominal
fat is more strongly related to cardiovascular and metabolic risk factors. WC can be an
estimated indicator of abdominal obesity and provides a feasible measurement to
estimate glucose metabolic risks. Subcutaneous fat is less harmful, and can be viewed
as a protective body wrap located under the epidermis, the outermost layer of skin.

Callipers are used as an assessment of how much subcutaneous fat individuals have.
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Excessive subcutaneous fat can lead to obesity (Sandeep et al., 2010:633; Xu et al.,
2012:146-147).

Obesity has been recognised as a chronic disease by the World Health Organization
(Van der Merwe & Pepper, 2006:315). The 1998 South African Demographic and Health
Survey revealed that 31.8% of African women over the age of 15 years were obese
(BMI = 30 kg m?) and 26.7% were overweight (BMI = 25 to < 30 kg m?) (Bourne et al.,
2002). BMI is, therefore, the most commonly used index to identify people who are
obese and overweight, since it can be used to measure all categories of individuals
(Chukhraiev et al., 2017:563). When individuals should consider weight reduction that
are at risk of NCDs, such as obesity and being overweight, consideration must be given
to the fact that this problem is more threatening to some populations than others (Walker
& Walker, 2001:370). Obesity cannot, therefore, be managed exclusively by individuals.
Governments, communities, the media and the food industry all need to work together
to modify the environment to create a supportive environment by making use of a multi-

sectorial approach (Kruger et al., 2005:497).

Obesity is a risk factor for many chronic conditions including diabetes, hypertension,
high cholesterol, stroke, heart diseases, certain cancers and arthritis (Flegal et al.,
2004:5417; Flegal et al., 2002:1726; Abubakari at al., 2008:297). According to Dalton
et al. (2003:562), one of the preferable measurement tools of obesity to predict the
presence of cardiovascular disease in a clinical setting is WHR. WHR is a good
indication of the accumulation of excess abdominal fat. However, more recently waist
circumference alone has been suggested to predict intra-abdominal fat mass and total
body fat (Dalton et al., 2003:560). Elderly people differ from young adults and middle-
aged individuals with regard to skinfolds and total fat (Durnin & Ranaman 1967:688).
The use of the recommended skinfold calliper is not time-consuming or difficult; it should
now be possible in hospitals, in general practices, and in laboratory work to obtain an
objective assessment of the amount of fat in the body of individuals (Durnin & Ranaman,
1967:688). Obesity and Type 2 diabetes can be prevented by increasing physical
activity, improving diet and by sustaining this lifestyle changes can reduce both body
weight and the risk of diabetes (Mokdad et al., 2003:78). A better understanding of the
medical hazards associated with obesity should serve as a motivator to prevent

excessive weight gain (Kruger et al., 2001:739). Individuals with relatively high daily
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energy expenditure are less likely to gain weight over time compared with those who
have low energy expenditures. The optional component of daily energy expenditure,
especially for older people, is physical activity and the replacement of typically
sedentary routines by various kinds of activity to increase energy expenditure (e.g.,
walking) (Haskell et al., 2007:7). It is important not to focus only on the treatment of
obesity but also to find strategies to prevent the onset of obesity (Jakicic et al.,
2002:3829s). Attempting to maintain a healthy body mass is influenced by a complex
set of cultural, psychosocial and biological factors that make it difficult to accurately
identify what the primary cause of obesity is for any individual (Haskell et al., 2007:8).
By knowing the initial factors that resulted in the condition, will help to develop or

formulate strategies to treat the condition.
2.3.4 Therole of physical activity in body composition

Physical inactivity levels are rising in many countries with major implications for the
prevalence of NCD (World Health Organization, 2016:10). Inactivity can be described
briefly as the time spent in sedentary behaviour characterised by less energy
expenditure (Warburton et al., 2016:499; Gardner et al., 2016:103). Successful
reductions in inactivity may, therefore provide the most effective approach to the
treatment of obesity and the prevention of cardiovascular disease (Dietz, 1996:829-
836). Furthermore, inactivity can be defined as a state in which bodily movement is
minimal (Dietz, 1996:829). The promotion of physical activity in older adults should
avoid ageism that discourages older adults from reaching their physical activity goals
(Nelson et al., 2007:1107). Body composition improvements with the aid of regular
physical activity are an important pathway, as physical activity reduces cardiovascular
and diabetes risks in older adults (Stewart et al., 2005:17). Individuals who are
physically active on a continual basis are less likely to develop health problems than
sedentary individuals (Blair et al., 2001: S396).

Physical activity is a useful method of controlling weight and health risks associated with
obesity (Patterson et al., 2004:156). According to Hughes et al. (2002:479), weight loss
is associated with consistently higher levels of physical activity. For that reason, an
increased level of physical activity is required for obese individuals who would like to
lose weight. One of the healthy recommendations for older adult promotes aerobic

activity to prevent unhealthy weight gain (Nelson et al., 2007:1099). Compelling
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evidence shows that physical activity prolongs life and reduces the risk of coronal heart
diseases, cardiovascular diseases, stroke and colon cancer (Blair et al., 2001: S396).
Furthermore, the risk for cardiovascular mortality is lower in individuals with a lower BMI
and good aerobic fithess, compared with individuals with a normal BMI and a poor
fitness record (Fogelholm, 2010:219; Stewart et al., 2005:16).

Obesity-related health risks can be reduced considerably by increasing the amount of
physical activity, and even more if aerobic fitness is improved simultaneously
(Fogelholm, 2010:218). The behavioural strategies to implement regular physical
activity and individual preferences for adults, according to Nelson et al. (2007:8), are
that older adults with chronic conditions should develop an activity plan to address risk
management issues related to their chronic conditions, activity limitations, abilities, risk
for falling, and fitness levels. Strategies should also be employed to increase
participation in physical activity. Acceptable and effective intervention programmes to
treat obesity in black women, and to prevent excessive weight gain in young black
women, should include aerobic activity to help prevent unhealthy weight gain (Nelson
et al.,, 2007:6; Kruger et al., 2001:739). In addition, health professionals must also
emphasise the impact of a balanced diet and physical activity for healthy weight loss,

while maintaining a healthy weight should be a national priority (Mokdad et al., 2003:79).
2.4 Handgrip strength
2.4.1 Theimportance of muscular strength as a body component of fitness

Muscular strength has been identified as a protective element independent of BMI,
physical activity levels, aerobic capacity and muscle mass (Dimare et al., 2016:852). In
men, a reduction in testosterone (testosterone levels were not the focus in this
dissertation) is a contributing factor to the loss of muscular strength in adults (Taylor et
al., 2004. In women, an accelerated loss in muscle mass and gaining of fat due to
menopause are indications that oestrogen plays a role in supporting muscle mass
(Roubenoff & Hughes, 2000). Good muscular strength can be an indicator of better
childhood health and good early life nutrition whereas poor muscle strength is an
associated risk factor for diseases and an indicator of subclinical diseases (Rantenen
et al., 1999). Low handgrip strength indicates subclinical diseases, such as diabetes

and rheumatoid arthritis, which can later develop into clinical diseases and disability.
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Therefore, diabetes and rheumatoid are is associated with increased loss of skeleton
mass and it function .However, individuals with greater muscle strength during their

midlife are at a lower risk of becoming disabled (Rantanen et al., 1999:560).

Muscle strength plays an important role in the course of many common diseases and a
loss in muscle mass due to aging is clinically important, as it leads to reduced strength
and exercise capacity (Haider et al., 2016:3134; Tsekoura et al., 2017:746). The
effectiveness of muscle function is more important than the mere size of muscle. Gale
et al. (2007:234) are of the opinion that poor handgrip strength predicts an increase in
the mortality of men. Women in all age groups show a weaker performance than men
(Barbosa et al., 2005:1182). Men and women differ, therefore, in their pattern of risk
factors associated with grip strength (Sternéng et al., 2015:273). In women, lower
handgrip strength is associated with many other life threatening conditions, such as
bone mineral density and vertebral fracture (Dixon et al., 2005:644).

2.4.2 Handgrip strength as a measure of muscular strength in adults

Figure 2-3: A hand-held dynamometer model (T.K.K.54010 Takei)
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Table 2-1:

Validity and reliability of handgrip measures

force (Ibf)

(mmHg) or pounds per
square inch (psi) (Ib/in2)

pounds of force (Ibf)

Examples of Jamar Martin vigorimeter Harpended Isometric strength
instruments dynamomenter testing unit
Units Kilogrammes (kg) or pounds of Millimetres of mercury Kilogrammes (kg) or Newtons of force (N)

Validity of the
test

It is used to evaluate the
maximum voluntary effort,

e |t measures the
pressure exerted

No much
evidence has

e |t can measure
strength and

It can be used to compare
strengths of different
subjects or one subject at
different times.

instrument, and
can also be used
for measurements
of pulp pinch, tip
pinch and lateral
grips.

of individuals based on a by the muscle. been presented angle at the
hand dynamometer test. on this device. same time.
It accommodates various
hand sizes.

Reliability of It is reliable for determining e Easily e Need specific e Excellent

the test peak torque angle if the compressed grip position and reliability of
mean of at least three irrespective of the device must peak torque
repeated measurements is hand size. be calibrated. and total work
used. measure.

e Reliable

(Le-Ngoc & Janssen, 2011:64; Neumann et al., 2017:920; Robert et al., 2011Solgaard et al., 1984: 572)
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The study made use of the hand-held dynamometer model (T.K.K.54010 Takei) to
measure handgrip strength, as this model is considered to be appropriate for all
individuals, because it does not require bearing weight and can be completed by
almost everyone, including those who cannot walk (Barbosa et al., 2005:1182).
Handgrip strength measurements can be used for the early screening of populations
to identify those at high risk of physical disabilities related to low muscle strength
(Rantanen et al., 1999:559). Clinical meaningful changes in physical performance can
contribute to clinical geriatric research in aging (Perera et al., 2006:746). Measuring
handgrip strength can, therefore be a useful instrument in a geriatric clinical practice
to identify elderly people who are at risk for an accelerated decline in physical activity
that can influence their daily living (Taekema et al., 2010:336). Performance
measurements are used as indicators of health, as they provide basic information for
medical diagnoses or when medical or restorative interventions are put in place
(Studenski et al., 2003:321). Performance measurements can be an indication of
current and future health, function and operations of older adults and are capable of
reflecting important degrees of change in health, function and operations over time
(Perera et al., 2006:748).

Performance-based measurements provide useful introductory knowledge about the
health of the elderly and risk progression to disability in older adults (Barbosa et al.,
2005:1182). The ability to measure physical performance in older adults may increase
the quality of feedback provided to individuals, and the development of effective
intervention programmes. Furthermore, performance measurements provide a better
report for evaluating the physical performance improvements of individuals and
programme effectiveness while enhancing the understanding of age-related declines
(Rikli & Jones, 1997:422). Handgrip strength measurements predict functional
limitations, functional decline and mortality in older adults (Dixon et al., 2005:644).
Functional limitations can be an indication of disability in older adults and in both men
and women high muscular strength is associated with a lower prevalence of functional
limitations (Brill et al., 2000:414).

Variations in handgrip strength among individuals from different countries must be
attributed differently. It is likely that differences in dietary quality, physical activity levels

and social economy account in part for variations in muscular strength observed in
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different regions (Leong et al., 2016:8). Handgrip dynamometry values must also be
stratified by age and gender, because age and gender influence handgrip strength in
a sense that a similar age group of males will show a higher muscular strength level
than the same age group consisting of females (Incel et al., 2002:255; Luna-Heredia
et al., 2004:255-256). Furthermore, males have a higher handgrip strength when
compared to women (Moy et al., 2011:49). Additionally, it is also necessary to stratify
referral values by age, as values considered to be normal for a 70-year-old adult may
be indicative of undernourishment in young adults (Luna-Heredia et al., 2004:255). A

study by Budziareck et al. (2008:361) found that age becomes a marker after 60 years.

Since handgrip strength values vary according to age and gender, it is important to
use different reference values for each group (Budziareck et al., 2008). Differences in
gender patterns necessitate meaningful research on handgrip and muscle strength in
both genders. Adding to that, intervention strategies employed to improve muscle
strength should also differ for gender groups, because men perform differently in
physical activity compared to women (Sternang et al., 2015:271). However, age and
gender are not the only factors that influence handgrip strength. The precision of
handgrip strength measurements can be influenced by aspects, such as the allowance
for hand size, hand dominance, posture, joint position, effort, encouragement,
frequency of testing, the time of day; and training of assessors (Robert et al.,
2011:427).

2.4.3 The impact of physical activity and body composition on muscular strength

The human aging process leads to a decrease in physical activity (Lenardt et al.,
2016:90). Physical activity, muscle mass and strength decrease with age leading to
sarcopenia (loss of skeletal muscle mass), which is associated with middle cognitive
impairment (Jang & Kim, 2015:3912). Hand grip strength is a good indication of
cognitive impairment and reduced grip strength may be a risk indicator for cognitive
function even in individuals with a normal cognitive function. In addition, a decline in
handgrip strength may represent an age-related change in physical function and frailty
that can also contribute to cognitive decline and an increased risk of middle cognitive
impairments (Jong & Kim, 2015:3912-3913). Low handgrip strength predicts an
accelerated decline in activity concerning daily living, disability and can increase

dependency in old age (Taekema et al., 2010:335).
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Physical inactivity in elderly is associated with lower handgrip strength, and is,
therefore, an important contributing factor with regard to sarcopenia and aging
(Lenardt et al., 2016:90). Many age-related physiological changes that contribute to
sarcopenia occur hormonally, neurologically, metabolically and behaviourally.
Muscular strength training can, therefore have a positive impact on each of these
physiological domains; it can be a useful and effective in any physical activity
prescription for older adults (Sequin & Nelson, 2003:148). Furthermore, age-
associated loss of skeletal muscle mass can cause functional impairments and
disabilities—sarcopenia is, therefore, a significant public health problem (Jansses et
al., 2002:894). Strength training can reduce or delay functional limitations, physical

impairments and falls in elderly people (Sequin & Nelson, 2003:142).

Regular physical activity also plays a role in decelerating the progression of functional
limitations and disability in older adults (Acree et al., 2006:4; Miller et al., 2000:1271).
Lower levels of physical activity and lower levels of handgrip strength increase the
chance of elderly individuals to become frail (Lenard et al., 2016:91). Furthermore, a
decreased handgrip strength, walking speed and energy expenditure may indicate
early signs of frailty/weakness (Lenard et al., 2016:90). After the age of 50 most
individuals experience a decline in their handgrip strength (Mitsionis et al., 2009:716).
Interventions aiming at improving muscle strength are beneficial for functional health
(Taekema et al., 2010:355). Exercise programmes aiming to improve muscle strength
can help prevent or slow cognitive decline in adults, especially those with a reduced
handgrip strength (Alfaro-Acha et al., 2006:864). Mattioli et al. (2015:888) reported no
significant differences between the handgrip strength mean of active and inactive

individuals’ dominant and non-dominant hands.

Functional limitations, such as low handgrip strength performances, are associated
with being overweight and/or obese and the elderly remains at risk for obesity (Zoico
et al., 2004:240). While researchers still make use of BMI as a predictor when
evaluating the handgrip strength of individuals (Liao et al., 2016:6), greater muscle
strength can play a decisive role in reducing the odds of physical and functional
limitations in obese elderly (Germain et al., 2016:4). A higher handgrip strength
performance is associated with a lower prevalence in physical activity with regard to
daily living limitations and central obesity in the elderly (Germain et al., 2016:3). Elderly
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individuals with low handgrip strength may have a low muscle mass and weaker
physical strength and may result in poor handgrip strength measurements.
Additionally, a lower muscle mass may be related to being undernourished or suffering

a disease commonly associated with advancing age (Moy et al., 2001:50).
2.4.4 Summary

From the reviewed literature, it is evident that physical activity is essential for health,
regardless of age and gender. Additionally, literature revealed that daily physical
activity improves general health by reducing life-threatening risk factors associated
with a sedentary life style. Physical activity participation should always promote rather
than threaten health. Forty year old adults and older fail to maintain the recommended
amount of 60 minutes’ physical activity recommended by the WHO due to their health
conditions that courses limitation into their functional capacity. Older adults must,
therefore be conscious about their physical capabilities by taking into consideration
their health conditions to avoid risks associated with over exercising (World Health
Organization, 2016). Moreover, in terms of age and gender, most studies revealed a
pattern in the response to physical activity and functional performances with men
being more physically active than women, but a decline in physical activity and
functional performance is associated with increased age for both genders. Literature
also revealed that there is a misconception regarding knowledge about obesity. Older
people believe that being underweight is associated with diseases while being
overweight as ideal for growing older and maintaining a sedentary lifestyle (Puoane et
al., 2005:92). The belief of being overweight as an ideal body type for healthy adults
is compounded by the idea that being thin /underweight is associated with HIV/AIDs.
Moreover, inactive individuals tend to consume increased quantities of dietary fat that
cause an imbalance between energy expenditure and energy intake. As such, an
imbalance between energy expenditure and energy intake results into being
overweight or obese. Obesity has been found to be associated with poor performance

and other health risk factors.

Handgrip strength was found to decrease with age, mostly in females and older people
when compared to other age groups. Lower handgrip strength is a result of poor
muscular strength and a high BMI associated with physical inactivity. Poor muscular

strength also prevents individuals from performing daily living activities that require
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muscle strength, such as lifting, carrying, and walking and these individuals tend to be
frail. Furthermore, the ability to carry things and walk is needed on a daily basis. When
individuals do not have this ability, it can be an indication of functional limitations that
can be traced back to either being physical challenged, obese or frail. Literature also
highlighted that all individuals must be educated about the importance of physical
activity, body composition and muscular strength to increase knowledge and an
understanding of the risk factors associated with a sedentary lifestyle and the
importance of an active lifestyle from childhood.

The reviewed literature was limited with recent information regarding the prevalence
of physical inactivity in Africa, especially in South African counties. The reviewed

literature in this chapter forms part of the base for the chapters (3 to 6) to follow.

37



REFERENCE

Abarca-Goémez, L., Abdeen, Z.A., Hamid, Z.A., Abu-Rmeileh, N.M., Acosta-Cazares,
B., Acuin, C., Adams, R.J., Aekplakorn, W., Afsana, K., Aguilar-Salinas, C.A. &
Agyemang, C. 2017. Worldwide trends in body-mass index, underweight, overweight,
and obesity from 1975 to 2016: a pooled analysis of 2416 population-based
measurement studies in 1289 million children, adolescents, and adults. The lancet,
390(10113):2627-2642.

Abubakari, A.R., Lauder, W., Agyemang, C., Jones, M., Kirk, A. & Bhopal, R.S. 2008.
Prevalence and time trends in obesity among adult West African populations: a meta-

analysis. Obesity reviews, 9(4):297-311.

Acree, L.S., Longfors, J., Fjeldstad, A.S., Fjeldstad, C., Schank, B., Nickel, K.J.,
Montgomery, P.S. & Gardner, A.W. 2006. Physical activity is related to quality of life
in older adults. Health and quality of life outcomes, 4(1):1-6.

Alfaro-Acha, A., Snih, S.A., Raji, M.A., Kuo, Y.F., Markides, K.S. & Ottenbacher, K.J.
2006. Handgrip strength and cognitive decline in older Mexican Americans. The
journals of gerontology series A: biological sciences and medical sciences, 61(8):859-
865.

Al-Zalabani, A.H., Al-Hamdan, N.A. & Saeed, A.A. 2015. The prevalence of physical
activity and its socioeconomic correlates in the Kingdom of Saudi Arabia: a cross-
sectional population-based national survey. Journal of Taibah university medical
sciences, 10(2):208-215.

Andreoli, A., Garaci, F., Cafarelli, F.P. & Guglielmi, G. 2016. Body composition in
clinical practice. European journal of radiology, 85(8):1461-1468.

Ayvaz, G. & Cimen, A.R. 2011. Methods for body composition analysis in adults. The
open obesity journal, 3:62-69.

Bannerman, E., Miller, M.D., Daniels, L.A., Cobiac, L., Giles, L.C., Whitehead, C.,
Andrews, G.R. & Crotty, M. 2002. Anthropometric indices predict physical function

38


https://www.sciencedirect.com/science/article/pii/S0720048X16300328#!
https://www.sciencedirect.com/science/article/pii/S0720048X16300328#!
https://www.sciencedirect.com/science/article/pii/S0720048X16300328#!

and mobility in older Australians: The Australian Longitudinal Study of Ageing. Public
health nutrition, 5(5):655-662.

Barbosa, A.R., Souza, J.M., Lebrdo, M.L., Laurenti, R. & Marucci, M.D.F.N. 2005.
Functional limitations of Brazilian elderly by age and gender differences: data from
SABE Survey. Cadernos de Saude publica, 21(4):1177-1185.

Bauman, A., Bull, F., Chey, T., Craig, C.L., Ainsworth, B.E., Sallis, J.F., Bowles, H.R.,
Hagstromer, M., Sjostrom, M. & Pratt, M. 2009. The international prevalence study
on physical activity: results from 20 countries. International journal of behavioral

nutrition and physical activity, 6(1):21.

Bauman, A., Merom, D., Bull, F.C., Buchner, D.M. & Singh, M.A.F. 2016. Updating
the evidence for physical activity: summative reviews of the epidemiological evidence,
prevalence, and interventions to promote “active aging”. Gerontologist, 56(S2): S268-
S280. doi: 10.1093/geront/gnw031

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

Blair, S.N., Cheng, Y. & Holder, J.S. 2001. Is physical activity or physical fithess more
important in defining health benefits? Medicine and science in sports and
exercise, 33(6): S379-S399.

Bouchard, C., Shephard, R.J. & Stephens, T. 1994. Physical activity, fitness, and
health: International proceedings and consensus statement. In international
consensus symposium on physical activity, fithess, and health. Toronto, ON, Canada.

Human Kinetics Publishers.

Bourne, L.T., Lambert, E.V. & Steyn, K. 2002. Where does the black population of
South Africa stand on the nutrition transition? Public health nutrition, 5(1a):157-162.

Brill, P.A., Macera, C.A., Davis, D.R., Blair, S.N. & Gordon, N.E.l.L. 2000. Muscular
strength and physical function. Medicine and science in sports and exercise,
32(2):412-416.

39



Budziareck, M.B., Duarte, R.R.P. & Barbosa-Silva, M.C.G. 2008. Reference values
and determinants for handgrip strength in healthy subjects. Clinical nutrition,
27(3):357-362.

Case, A. & Menendez, A. 2009. Sex differences in obesity rates in poor countries:

evidence from South Africa. Economics and human biology, 7(3):271-282.

Caspersen, C.J., Powell, K.E. and Christenson, G.M. 1985. Physical activity,
exercise, and physical fitness: definitions and distinctions for health-related research.
Public health reports, 100(2):126-313.

Ching, P.L., Willett, W.C., Rimm, E.B., Colditz, G.A., Gortmaker, S.L. & Stampfer, M.J.
1996. Activity level and risk of overweight in male health professionals. American
journal of public health, 86(1):25-30.

Chukhraiev, N., Zukow, W., Chukhraieva, E. & Unichenko, A. 2017. Integrative
approach to reduction of excess weight. Journal of physical education and sport,
17(2):563-567.

Cole, T.J., Bellizzi, M.C., Flegal, K.M. & Dietz, W.H. 2000. Establishing a standard
definition for child overweight and obesity worldwide: international survey. British
medical journal, 320(7244):x1240.

Craig, C.L., Marshall, A.L., Sjostrém, M., Bauman, A.E., Booth, M.L., Ainsworth, B.E.,
Pratt, M., Ekelund, U.L.F., Yngve, A., Sallis, J.F. & Oja, P. 2003. International physical
activity questionnaire: 12-country reliability and validity. Medicine & science in sports
& exercise, 35(8):1381-1395.

Dalton, M., Cameron, A.J., Zimmet, P.Z., Shaw, J.E., Jolley, D., Dunstan, D.W. &
Welborn, T.A. 2003. Waist circumference, waist-hip ratio and body mass index and
their correlation with cardiovascular disease risk factors in Australian adults. Journal
of internal medicine, 2003, 254:555-563.

Dietz, W.H. 1996. The role of lifestyle in health: the epidemiology and consequences

of inactivity. Proceedings of the nutrition society, 55(03):829-840.

40



Dimare, M., Vecchio, D., Boscolo, F. & Xavier, BEB. 2016. Handgrip strength,
physical activity level and quality of life of Judo master competitors. Revista Brasileira
de Educacéo Fisica e Esporte, 30 (4):837-845.

Dishman, R.K. & Buckworth, J. 1996. Increasing physical activity: a quantitative
synthesis. Medicine & science in sports & exercise, 28(6):706-719.

Dixon, W.G., Lunt, M., Pye, S.R., Reeve, J., Felsenberg, D., Silman, A.J., O'neill, T.W.
& European Prospective Osteoporosis Study Group. 2005. Low grip strength is
associated with bone mineral density and vertebral fracture in women. Rheumatology,
44(5):642-646.

Hoeger, W.W.K., Hoeger, S.A, Hoeger, C.l. & Fawson, A.L. 2018. Lifetime physical
fithess and wellness. 15th edition. Amazon: Cengage Learning publisher.

Dumith, S.C., Hallal, P.C., Reis, R.S. & Kohl, HW. 2011. Worldwide prevalence of
physical inactivity and its association with human development index in 76 countries.
Preventive medicine, 53(1):24-28.

Durnin, J.V.G.A. & Rahaman, M.M. 1967. The assessment of the amount of fat in the
human body from measurements of skinfold thickness. British journal of nutrition,
21(03):681-689.

Ehlers, D.K., Salerno, E.A., Aguifiaga, S. & McAuley, E. 2018. Physical activity
interventions: effects on well-being outcomes in older adults. Handbook of well-being,
1-16.

Eriksen, L., Granbaek, M., Helge, J.W. & Tolstrup, J.S. 2016. Cardiorespiratory fitness
in 16 025 adults aged 18-91 years and associations with physical activity and sitting
time. Science and journal of medical science in sport, 26:1435-1443. doi:
10.1111/sms.12608

Flegal, K.M., Carroll, M.D., Ogden, C.L. & Johnson, C.L. 2002. Prevalence and trends
in obesity among US adults, 1999-2000. Journal of American medical association,
288(14):1723-1727.

41



Flegal, K.M., Ogden, C.L. & Carroll, M.D. 2004. Prevalence & trends in overweight in
Mexican-American adults and children. Nutrition reviews, 62(2): S144-S148.

Flegal, K.M., Carroll, M.D., Ogden, C.L. & Curtin, L.R. 2010. Prevalence and trends in
obesity among US adults, 1999-2008. Journal of American medical association,
303(3):235-241.

Flegal, K.M., Carroll, M.D., Kit, B.K. & Ogden, C.L. 2012. Prevalence of obesity and
trends in the distribution of body mass index among US adults, 1999-2010. Journal of

American medical association, 307(5):491-497.

Fogelholm, M. 2010. Physical activity, fitness and fatness: relations to mortality,
morbidity and disease risk factors. A systematic review. Obesity reviews, 11(3):202-
221.

Fosbgl, M.O. & Zerahn, B. 2015. Contemporary methods of body composition
measurement. Clinical physiology and functional imaging, 35:81-97.

Gale, C.R., Martyn, C.N., Cooper, C. & Sayer, A.A. 2007. Grip strength, body

composition, and mortality. International journal of epidemiology, 36(1):228-235.

Gardner, B., Smith, L., Lorencatto, F., Hamer, M. & Biddle, S.J. 2016. How to reduce
sitting time? A review of behaviour change strategies used in sedentary behaviour

reduction interventions among adults. Health psychology review, 10(1):89-112.

Germain, C.M., Batsis, J.A., Vasquez, E. & McQuoid, D.R. 2016. Muscle strength,
physical activity, and functional limitations in older adults with central obesity. Journal

of aging research, (2016):1-5.

Guo, S.S. & Chumlea, W.C. 1999. Tracking of body mass index in children in relation

to overweight in adulthood. The American journal of clinical nutrition, 70(1):145s-148s.

Guthold, R., Ono, T., Strong, K.L., Chatterji, S. & Morabia, A. 2008. Worldwide
variability in physical inactivity: a 51-country survey. American journal of preventive
medicine, 34(6):486-494.

42



Gutiérrez-Fisac, J.L., Lépez, E., Banegas, J.R., Graciani, A. & Rodriguez-Artalejo, F.
2004. Prevalence of overweight and obesity in elderly people in Spain. Obesity
research, 12(4):710-715.

Hagstromer, M., Oja, P. & Sjostréom, M. 2006. The International Physical Activity
Questionnaire (IPAQ): a study of concurrent and construct validity. Public health
nutrition, 9(6):755-762.

Haider, S., Luger, E., Kapan, A., Titze, S., Lackinger, C., Schindler, K.E. & Dorner,
T.E. 2016. Associations between daily physical activity, handgrip strength, muscle
mass, physical performance and quality of life in prefrail and frail community-dwelling
older adults. Quality of life research, 25:3129-3138. doi: 10.1007/s11136-016-1349-8

Hallal, P.C., Andersen, L.B., Bull, F.C., Guthold, R., Haskell, W., Ekelund, U & Lancet
Physical Activity Series Working Group. 2012. Global physical activity levels:
surveillance progress, pitfalls, and prospects. The lancet, 380(9838):247-257.

Hamer, M., Lavoie, K.L. & Bacon, S.L. 2014. Taking up physical activity in later life
and healthy ageing: The English longitudinal study of ageing. British journal sports
medicine, 48(3):239-243.

Haskell, W.L., Lee, |.M., Pate, R.R., Powell, K.E., Blair, S.N., Franklin, B.A., Macera,
C.A., Heath, G.W., Thompson, P.D. & Bauman, A. 2007. Physical activity and public
health. Updated recommendation for adults from the American college of sports

medicine and the American heart association. Circulation, 116:1-13.

Hughes, V.A., Frontera, W.R., Roubenoff, R., Evans, W.J. & Singh, M.A.F. 2002.
Longitudinal changes in body composition in older men and women: role of body
weight change and physical activity. The American journal of clinical nutrition,
76(2):473-481.

Humpel, N., Owen, N. & Leslie, E. 2002. Environmental factors associated with adults’
participation in physical activity: a review. American journal of preventive medicine,
22(3):188-199.

Incel, N.A., Ceceli, E., Durukan, P.B., Erdem, H.R. & Yorgancioglu, Z.R. 2002. Grip

strength: effect of hand dominance. Singapore medical journal, 43(5):234-237.

43



Jakicic, J.M. 2002. The role of physical activity in prevention and treatment of body
weight gain in adults. The journal of nutrition, 132(12):3826S-3829S.

Jang, J.Y. & Kim, J. 2015. Association between handgrip strength and cognitive
impairment in elderly Koreans: a population-based cross-sectional study. Journal of
physical therapy science, 27(12):3911-3915.

Karastergiou, K., Steven, S.R., Greenberg, A.S. & Fried, S.K. 2012. Sex differences
in human adipose tissues — the biology of pear shape. BioMedical, 3(13):1-12.
https://doi.org/10.1186/2042-6410-3-13

Kruger, H.S., Venter, C.S. & Vorster, H.H. 2001. Obesity in African women in the
North West Province, South Africa is associated with an increased risk of non-
communicable diseases: the THUSA study. British Journal of Nutrition, 86(06):733-
740.

Kruger, H.S., Puoane, T., Senekal, M. & Van der Merwe, M.T. 2005. Obesity in South
Africa: challenges for government and health professionals. Public health nutrition,
8(05):491-500.

Kruger, J., Bowles, H.R., Jones, D.A., Ainsworth, B.E. & Kohl Ill, H.W. 2007. Health-
related quality of life, BMI and physical activity among US adults (=18 years): National
Physical Activity and Weight Loss Survey, 2002. International journal of obesity,
31(2):321-327.

Kurtze, N., Rangul, V. & Hustvedt, B.E. 2008. Reliability and validity of the international
physical activity questionnaire in the Nord-Trgndelag health study (HUNT) population
of men. BMC medical research methodology, 8(1):63.

Kyle, U.G., Bosaeus, |., De Lorenzo, A.D., Deurenberg, P., Elia, M., Gobmez, J.M.,
Heitmann, B.L., Kent-Smith, L., Melchior, J.C., Pirlich, M. & Scharfetter, H. 2004.
Bioelectrical impedance analysis — part I: review of principles and methods. Clinical

nutrition, 23(5):1226-1243.

Lee, I.M., Shiroma, E.J., Lobelo, F., Puska, P., Blair, S.N., Katzmarzyk, P.T. & Lancet
Physical Activity Series Working Group. 2012. Effect of physical inactivity on major

44


https://doi.org/10.1186/2042-6410-3-13

non-communicable diseases worldwide: an analysis of burden of disease and life
expectancy. The lancet, 380(9838):219-229.

Lenardt, M.H., Binotto, M.A., Carneiro, N.H.K., Cechinel, C., Betiolli, S.E. & Lourenco,
T.M. 2016. Handgrip strength and physical activity in frail elderly. Revista da Escola
de Enfermagem da USP, 50(1):86-92.

Le-Ngocl, L. & Janssen, J. 2011. Validity and reliability of a hand-held dynamometer

for dynamic muscle strength assessment. Rehabilitation medicine, 4:53-66.

Leong, D.P., Teo, K.K., Rangarajan, S., Kutty, V.R., Lanas, F., Hui, C. . .. Yusuf, S.
2016. Reference ranges of handgrip strength from 125,462 healthy adults in 21
countries: a prospective urban rural epidemiologic (PURE) study. Journal cachexia

sarcopenia muscle, 7(5): 535-546.

Liao, K.H. 2016. Hand grip strength in low, medium, and high body mass index males
and females. Middle East journal of rehabilitation and health, 3(1):1-7.

Lohman, K., Jones, J.R. & Perkins, B.D. 1992. Effects of nutrient enrichment and
flood frequency on periphyton biomass in northern Ozark streams. Canadian journal
of fisheries and aquatic sciences, 49(6):1198-1205.

Loos, R.J.F. & Bouchard, C. 2003. Obesity — is it a genetic disorder? Journal of
internal medicine, 254:401-425.

Van der Merwe, M.T. & Pepper, M.S. 2006. Obesity in South Africa. Obesity reviews,
7:315-322.

Malina, R.M., Bouchard, C. & Bar-Or, O. 2004. Growth, maturation and physical

activity. 2nd edition. Human kinetic.

Martinez-Gonzalez, M.A., Alfredo Martinez, J., Hu, F.B., Gibney, M.J. & Kearney, J.
1999. Physical inactivity, sedentary lifestyle and obesity in the European Union.
International journal of obesity, 23(11):1192-1201.

Mattioli, R.A., Cavalli, A.S., Ribeiro, J.A.B. & Silva, M.C.D. 2015. Association between
handgrip strength and physical activity in hypertensive elderly individuals. Revista

brasileira de geriatria e gerontologia, 18(4):881-891.

45


https://scholar.google.co.za/citations?user=XszwZ1YAAAAJ&hl=en&oi=sra
https://books.google.co.za/books?hl=en&lr=&id=VqFcFsykj6EC&oi=fnd&pg=PA1&dq=Malina+et+al.,+2004&ots=yjRTETpWG3&sig=yLbUP1sdph4rEXtKmYP9FLl-XtQ
https://books.google.co.za/books?hl=en&lr=&id=VqFcFsykj6EC&oi=fnd&pg=PA1&dq=Malina+et+al.,+2004&ots=yjRTETpWG3&sig=yLbUP1sdph4rEXtKmYP9FLl-XtQ

Mattsson, S. & Thomas, B.J. 2006. Development of methods for body composition
studies. Physics in medicine & biology, 51:R203-R228.

McAuley, E., Jerome, G.J., Elavsky, S., Marquez, D.X. & Ramsey, S.N. 2003.
Predicting long-term maintenance of physical activity in older adults. Preventive
medicine, 37(2):110-118.

McPherson, K. 2014. Reducing the global prevalence of overweight and obesity. The
lancet, 384(9945):728-730.

McRae, M.P. 2010. Male and female differences in variability with estimating body
fat composition using skinfold calipers. Journal of chiropractic medicine, 9(4):157-161.

Miller, M.E., Rejeski, W.J., Reboussin, B.A., Have, T.R. & Ettinger, W.H. 2000.
Physical activity, functional limitations, and disability in older adults. Journal of the
American geriatrics society, 48(10):1264-1272.

Mitsionis, G., Pakos, E.E., Stafilas, K.S., Paschos, N., Papakostas, T. & Beris, A.E.
2009. Normative data on hand grip strength in a Greek adult population. International
orthopaedics, 33(3):713-717.

Mokdad, A.H., Ford, E.S., Bowman, B.A., Dietz, W.H., Vinicor, F., Bales, V.S. & Marks,
J.S. 2003. Prevalence of obesity, diabetes, and obesity-related health risk factors,

2001. Journal of American medical association, 289(1):76-79.

Moy, F.M., Chang, E.W.H. & Kee, K.W. 2011. Predictors of handgrip strength among
the free living elderly in rural Pahang, Malaysia. Iranian journal of public health,
40(4):44.

Nelson, M.E., Rejeski, W.J., Blair, S.N., Duncan, P.W., Judge, J.O., King, A.C.,
Macera, C.A. & Castaneda-Sceppa, C. 2007. Physical activity and public health in
older adults. Recommendation from the American College of Sports Medicine and the
American Heart Association. Circulation, 116:1094-1105.

Neumann, S., Kwisda, S., Krettek, C. & Gaulke, R. 2017. Comparison of the grip
strength using the Martin-Vigorimeter and the JAMAR-Dynamometer: establishment
of normal values. In vivo, 31:917-924. doi: 10.21873/invivo.11147

46



Norman, K., Stobéaus, N., Gonzalez, M.C., Schulzke, J.D. & Pirlich, M. 2011. Hand
grip strength: outcome predictor and marker of nutritional status. Clinical nutrition,
30(2):135-142.

Ogden, C.L., Carroll, M.D., Curtin, L.R., McDowell, M.A., Tabak, C.J. & Flegal, K.M.
2006. Prevalence of overweight and obesity in the United States, 1999-2004. Journal
of American medical association, 295(13):1549-1555.

Oyeyemi, A.L., Oyeyemi, A.Y., Jidda, Z.A. & Babagana, F. 2013. Prevalence of
physical activity among adults in a metropolitan Nigerian city: a cross-sectional study.
Journal of epidemiology, 23(3):169-177.

Patterson, P.D., Moore, C.G., Probst, J.C. & Shinogle, J.A. 2004. Obesity and
physical inactivity in rural America. Journal of rural health, 20(2):151-159.

Perera, S., Mody, S.H., Woodman, R.C. & Studenski, S.A. 2006. Meaningful change
and responsiveness in common physical performance measures in older adults.

Journal of the American geriatrics society, 54(5):743-749.

Pietilainen, K.H., Kaprio, J., Borg, P., Plasqui, G., Yki-Jarvinen, H., Kujala, U.M., Rose,
R.J., Westerterp, K.R. & Rissanen, A. 2008. Physical inactivity and obesity: a vicious
circle. Obesity, 16(2):409-414.

Pillay, J.D., Ploeg, H.P., Kolbe-Alexander, T.L., Proper, K.I., Van Stralen, M., Tomaz,
S.A., Van Mechelen, W. & Lambert, E.V. 2015. The association between daily steps
and health, and the mediating role of body composition: a pedometer-based, cross-
sectional study in an employed South African population. BMC public health,
15(1):174.

Puoane, T., Bradley, H. & Hughes, G. 2005. Obesity among black South African

women. Human ecology, 13:91-95.

Rantanen, T., Guralnik, J.M., Foley, D., Masaki, K., Leveille, S., Curb, J.D. & White, L.
1999. Midlife hand grip strength as a predictor of old age disability. Journal of
American medical association, 281(6):558-560.

a7



Recommendation from the American College of Sports Medicine and the American

Heart Association. Circulation. 1-12.

Reilly, J.J., El-Hamdouchi, A., Diouf, A., Monyeki, A. & Somda, S.A. 2018.
Determining the worldwide prevalence of obesity. The Lancet, (391):1773. doi:
https://doi.org/10.1016/S0140-6736(18)30794-3

Rejeski, W.J & Mihalko S.L. 2001. Physical activity and quality of life in older adults.
Journal of gerontology, 56A(l1):23-35.

Rikli, R.E. & Jones, C.J. 1997. Assessing physical performance in independent older
adults: issues and guidelines. Journal of aging and physical activity, 5(3):244-261.

Roberts, H.C., Denison, H.J., Martin, H.J., Patel, H.P., Syddall, H., Cooper, C. &
Sayer, AAA. 2011. A review of the measurement of grip strength in clinical and
epidemiological studies: towards a standardised approach. Age and ageing, (40):423-
429.

Romero-Corral, A., Somers, V.K., Sierra-Johnson, J., Thomas, R.J., Collazo-Clavell,
M.L., Korinek, J., Allison, T.G., Batsis, J.A., Sert-Kuniyoshi, F.H. & Lopez-Jimenez, F.
2008. Accuracy of body mass index in diagnosing obesity in the adult general
population. International journal of obesity, 32(6):959-966.

Roubenoff, R. & Hughes, V.A. 2000. Sarcopenia: current concepts. Journals of

gerontology series A: biological sciences and medical sciences, 55(12):M716-M724.

Sandeep, S., Gokulakrishnan, K., Velmurugan, K., Deepa, M. & Mohan, V. 2010.
Visceral and subcutaneous abdominal fat in relation to insulin resistance and
metabolic syndrome in non-diabetic South Indians. Indian journal for medical
research, 131:629-635.

Syddall, H., Cooper, C., Martin, F., Briggs R. & Sayer, A.A. 2003. Is grip strength a
useful single marker of frailty? Age and ageing, 32(6):650-656,
https://doi.org/10.1093/ageing/afgl11

Schutzer, K.A. & Graves, B.S. 2004. Barriers and motivations to exercise in older
adults. Preventive medicine, 39(5):1056-1061.

48


https://doi.org/10.1016/S0140-6736(18)30794-3

Seefeldt, V., Malina, R.M. & Clark, M.A. 2002. Factors affecting levels of physical
activity in adults. Sports medicine, 32(3):143-168.

Seguin, R. & Nelson, M.E. 2003. The benefits of strength training for older adults.

American journal of preventive medicine, 25(3):141-149.

Serqi, G., De Rui, M., Stubbs, B., Veronese, N. & Manzato, E. 2017. Measurement
of lean body mass using bioelectrical impedance analysis: a consideration of the pros
and cons. Aging clinical experimental research, 29:591-597. doi: 10.1007/s40520-
016-0622-6

Silva, N.A., Menezes, T.N, Melo, R.L.P. & Pedraza, D.F. 2013. Handgrip strength
and flexibility and their association with anthropometric variables in the elderly.

Revista da associacdo médica Brasileira, 59(2):128-135.

Solgaard, S., Kristiansen, B. & Jensen, J.S. 1984. Evaluation of instruments for
measuring grip strength. Acta Orthopaedica Scandinavica, 55(5): 569-572.

Stahl, S.E., An, H.S., Dinkel, D.M., Noble, J.M. & Lee, J. 2016. How accurate are the
wrist-based heart rate monitors during walking and running activities? Are they

accurate enough? British medical journal open sport exercise medicine, 2(1):1-7.

Sternang, O., Reynolds, C.A., Finkel, D., Ernsth-Bravell, M., Pedersen, N.L. & Aslan,
A.K.D. 2015. Factors associated with grip strength decline in older adults. Age and
ageing, 44(2):269-274.

Stewart, K.J., Bacher, A.C., Turner, K., Lim, J.G., Hees, P.S., Shapiro, E.P., Tayback,
M. & Ouyang, P. 2005. Exercise and risk factors associated with metabolic syndrome

in older adults. American journal of preventive medicine, 28(1):9-18.

Strawbridge, W.J., Deleger, S., Roberts, R.E. & Kaplan, G.A. 2002. Physical activity
reduces the risk of subsequent depression for older adults. American journal of
epidemiology, 156(4):328-334.

Physical activity and anxiety: A perspective from the World Health Survey. Journal of
affective disorders, 208: 545-552. DOI: 10.1016/j.jad.2016.10.028

49



Studenski, S., Perera, S., Wallace, D., Chandler, J.M., Duncan, P.W., Rooney, E.,
Fox, M. & Guralnik, J.M. 2003. Physical performance measures in the clinical setting.

Journal of the American geriatrics society, 51(3):314-322.

Sun, F., Norman, 1.J. & While, A.E. 2013. Physical activity in older people: a
systematic review. BMC public health, 13(1):449.

Taekema, D.G., Gussekloo, J., Maier, A.B., Westendorp, R.G. & De Craen, A.J. 2010.
Handgrip strength as a predictor of functional, psychological and social health. A
prospective population-based study among the oldest old. Age and ageing, 39(3):331-
337.

Taylor, A.H., Cable, N.T., Faulkner, G., Hillsdon, M., Narici, M. & Van Der Bij, A.K.
2004. Physical activity and older adults: a review of health benefits and the

effectiveness of interventions. Journal of sports sciences, 22(8):703-725.

Taylor-Powell, E. & Steele, S. 2008. Data collection program for evaluation:
observation. No16. http://learningstore.uwex.edu/pdf/G3658-5.PDF

Trost, S.G. 2001. Objective measurement of physical activity in youth: current issues,

future directions. Exercise and sport sciences reviews, 29(1):32-36.

Trost, S.G., Owen, N., Bauman, A.E., Sallis, J.F. & Brown, W. 2002. Correlates of
adults' participation in physical activity: review and update. Medicine and science in
sports and exercise, 34(12):1996-2001.

Tsekoura, M., Billis, E., Gliatis, J., Matzaroglou, C., Koutsojannis, C., Tsepis, E. &
Panagiotopoulos, E. 2017. Assessment of muscle mass in the elderly in clinical

practice. Archives of hellenic medicine, 34(6):745-753.

Tuakli-Wosornu, Y.A., Rowan, M. & Gittelsohn, J. 2014. Perceptions of physical
activity, activity preferences and health among a group of adult women in urban
Ghana: a pilot study. Ghana medical journal, 48(1):3-13.

Van Der Merwe, M.T. & Pepper, M.S. 2006. Obesity in South Africa. Obesity reviews,
7(4):315-322.

50


http://learningstore.uwex.edu/pdf/G3658-5.PDF

Walker, A.R.P., Adam, F. & Walker, B.F. 2001. World pandemic of obesity: the
situation in Southern African populations. Public health, 115(6):368-372.

Wang, Z.M., Pierson, R.N. & Heymsfield, S.B. 1992. The five-level model: a new
approach to organizing body-composition research. American journal for clinical
nutrition, 56:19-28.

Warburton, D.E.R. & Bredin, S.S.D. 2016. Reflections on physical activity and health:

what should we recommend? Canadian journal of cardiology, 32:495-504.

Welk, G.J., Corbin, C.B. & Dale, D. 2000. Measurement issues in the assessment of
physical activity in children. Research quarterly for exercise and sport, 71(sup2):59-
73.

Welk, G., Morrow, J. & Saint-Maurice, P. 2017. Measures registry user guide:
individual physical activity. Washington (DC). National collaborative on childhood

obesity research, 1-64. http://nccor.org/tools-mruserguides/wp-content/uploads/

World Health Organization. 2016. Study of Global Ageing and Adult Health (SAGE).

Survey manual.

Xu, L., Mitsuhiro, K., Takeshi, Y. & Ji, LK. 2012. Visceral fat area, waist
circumference and metabolic risk factors in abdominally obese Chinese adults.

Biomedicine environmental science, 25(2):141-148.

Yancey, A.K., Wold, C.M., McCarthy, W.J., Weber, M.D., Lee, B., Simon, P.A. &
Fielding, J.E. 2004. Physical inactivity and overweight among Los Angeles Country
adults. American journal of preventive medicine, 27(2):146-152.

Zoico, E., Di Francesco, V., Guralnik, J.M., Mazzali, G., Bortolani, A., Guariento, S.,
Sergi, G., Bosello, O. & Zamboni, M. 2004. Physical disability and muscular strength
in relation to obesity and different body composition indexes in a sample of healthy
elderly women. International journal of obesity, 28(2):234-241.

51


http://nccor.org/tools-mruserguides/wp-content/uploads/

CHAPTER 3
ARTICLE 1

Physical activity and handgrip strength in relation to body composition among
adults from the North West Province in South Africa: the PURE-study

S. Shozi!, M.A. Monyeki!, S.J. Moss ! & C. Pienaar!?

IPhysical Activity, Sport, and Recreation Research Focus Area, Faculty of Health Sciences, North-West
University, Potchefstroom, 2520, South Africa

2Department of Sport Studies, Faculty Applied Sciences, Durban University of Technology, Durban,
4000

Prepared for submission to: African Journal of Primary Health Care and Family Medicine

3.1 Abstract

Background: Handgrip strength is an indicator of functional ability and nutritional
status; which are related to physical activity status, especially among older adults. This
study aimed to determine physical activity and handgrip strength in relation to body
mass index among adults in the North West, South Africa. A total of 910 participants
(men = 198; women = 490) between the ages of 35-70 years were part of a
multidisciplinary Prospective Urban and Rural Epidemiological (PURE) study done in
2015. The participants completed a self-report international physical activity
guestionnaire-short form (IPAQ-SF). Handgrip strength was measured and body

composition was determined by means of body mass index and waist circumference.

Results: The results showed that 29% of the men and 22% of the women were
underweight p<0.001. Both the men and women were 22% overweight and 26%
obese, respectively p<0.001. Men were more physically active, taller and underweight
compared to women in all of the age groups. The women reported higher mean values
for triceps, subscapular and waist circumference compared to the men. Regardless of
age and gender, the underweight and normal weight groups reported higher physical
activity levels and handgrip strength compared to the overweight and obese groups
(p=0.43). Handgrip strength according to age groups was significantly (p<0.05) better
in men (42-49 years; men 34.81 + 11.13 kg versus women 26.29 + 7.72 kg; 50-59
years; men 34.05 + 9.19 kg versus women 25.12 + 6.67 kg, 60-70 years; men 30.28

52




+ 8.69 kg versus women 23.27 + 6.44 kg) compared to women (p<0.05). The
overweight and obese men performed poor in the minute spent in moderate-vigorous
physical activity per week compared to the men in the other body mass index
categories.

Conclusion: In the measurements of physical activity, handgrip strength and body
composition significant gender and age groups differences were found. A large
percentage of women were more overweight, less physically active and performed
poorer in handgrip strength compared to the men. Additionally, both the men and
women performed poorly when data were compared with the handgrip norm data. It's
concluded that high physical activity increases handgrip strength. There should be a
strong focus on women for strategic physical activity intervention, which should
incorporate strength activities regardless of age.

Keywords: body composition, body mass index, handgrip strength, obesity, physical

activity, waist circumference.
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3.2 Introduction

Evidence regarding handgrip strength as a measurement of functional ability and other
related health determinants, such as osteoporosis! and a loss in functional capacity,
exists.234 Additionally, handgrip strength is influenced by many factors®, such as
height, body mass index (BMI), nutritional status and physical exercise.®* As age
increases, muscle strength in general decreases.’ In a study by CPP-lle de France VI,
an annual loss in grip strength of 1 kg for men younger than 75 years and 0.5 kg older
than 75 years was reported with a mean annual loss of 0.3-0.4 kg in women.? An
association between age-related loss of muscle mass and muscle strength can further
explain a decrease in handgrip strength, because muscle weakness can possibly lead
to a decrease in physical function, diminished physical activity, and sometimes
immobility as well as a lack in the ability to perform normal daily activities.® Jang and
Kim’ reported that a poor handgrip strength has been associated with risk factors for
cognitive dysfunction even in individuals with normal cognitive function, as it
represents an age-related change in physical function, frailty, and an increased risk of

middle cognitive impairments.

Massy-Westropp et al.’® reported a non-significant positive correlation between
handgrip strength and BMI in adult subjects (both females and males) between the
ages of 30 and over 70 years. Similarly study by Lad et al.! revealed the highest
handgrip strength in underweight (low BMI) females and the lowest in overweight
subjects between the ages of 30 and over 70 years. Males, both overweight
(31.16£2.06 kg) and underweight (33.1+4.29 kg), had a slightly lower handgrip
strength than males with a normal BMI (33.33+2.58 kg) even though the results were
not statistically significant. In both sexes, the lowest handgrip strength was found in

subjects who belonged to the overweight (high BMI values) participant category.!

Kohl et al.*? found physical inactivity as one of the leading causes of death in the world
and one of the top pillars of non-communicable disease risk factors. Other studies
have shown that physical inactivity levels are rising worldwide, and cause 6-10% of
the major non-communicable diseases, such as coronary heart disease, Type 2
diabetes, and breast and colon cancers.'3'4 Walker et al.'® identified NCDs related to

obesity among Sub-Saharan women to be extremely high. Obesity was found to be
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more common in South Africa with a prevalence of obesity at 45.2% among adults
aged between 60-69 years living in urban areas in comparison to other African
countries and or rural settings.® Obesity usually indicates a history of inactivity that
results in an increase in body fat, muscle weakness and a decrease in functional
ability, especially in the elderly.1”38 |t has been well established that obese individuals
need more muscle strength to move their body mass than individuals with a normal
weight because, obese individual need more streght as compared to individuals with
a normal weight.'®20 Moreover, given the handgrip strength risks for mobility
limitations, it is important to also investigate the distribution of handgrip strength
among the normal weight, underweight, overweight and obese individuals in the adult

population.?!

Regular physical activity participation can, therefore, be a useful strategy for
controlling body mass and health risks associated with obesity and muscle strength
by preventing and eliminating risk factors associated with being physical inactive
through exercise that might results to being overweight or obese.??> Moreover, regular
physical activity is associated with an improved quality of life regardless of BMI.?%:23
Properly developed muscle strength has been found to be essential for healthy
aging,?* while poor muscle strength due to loss of muscle mass is associated with fatal
falls, which often may lead to increased mortality in older adults.?42526.27

Research on handgrip strength has been exclusively conducted in Western countries
where a wealthy and sedentary lifestyle is all pervasive.?®2° Developing countries are
characterised predominantly by inequalities, malnutrition and manual labour. Handgrip
strength mat, therefore, be a reflection of dietary composition and muscle training
rather than ageing.3° Additionally, the association between handgrip strength, ageing
and mortality may be mediated by age-related diseases and attenuated when
inequalities, malnutrition and manual labour are addressed.?®31:3%:32 The association
of handgrip strength with muscle strength and nutrition has been established in a
South African population. By determining handgrip strength related to body
composition can, therefore, improve knowledge on the risk factors associated with a
high BMI that can negatively impact handgrip strength, which is a determinant of
muscle strength. The aim of this study was, therefore, to determine physical activity

and handgrip strength in relation to BMI among adults in the North West, South Africa.
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3.3 Methods

Study design and methods

A cross-sectional study design was followed during the Prospective Urban and Rural
Epidemiology (PURE) study. The study took place from 2005 to 2015 in the North
West, South Africa, and 910 participants formed part of the South African population.
The data included in the study were based on information from 910 of the 923
participants who completed all the tests during the data collection in 2015.Thirteen of
the participants were excluded due to incomplete data sets for use in the research

study.

Participants

Males and females between the ages of 35-70 years participated in the study. For the
purpose of this study and taking into consideration the published age-related norms
(Table 1) for handgrip®®, the participants were categorised according to three age
groups, namely 42-49, 50-59, and 60-70 years. Participants with cognitive disabilities
were excluded from completing the physical activity questionnaire and those who were
physically disabled, were excluded from measurements of height and weight, and their
measurements were not taken for handgrip strength. The participants were
approached for the follow-up interest study by door-to-door visits to all of the
households whose members had participated in the original study and they were
invited to a central clinic in both the urban and the rural area to participate in the
collection process of new data. On the day of data collection, the lead researcher of
the day collected the signed written informed consent forms and again reminded the
participants that participation was completely voluntarily and that they could withdraw

at any time (up to data analysis) without being penalised.

Anthropometric measurements and body composition

Anthropometric indicators of height, body mass, and waist circumference were
measured by making use of the standard procedures described by the International
Standard of Advancement of Kinanthropometry (ISAK).3® BMI was calculated from
body mass in kilogrammes divided by height in meter, squared (kg/m?). BMI was
categorised, according to the American College of Sport Medicine (ACSM)3* cut
points: BMI < 18 kg /m2 = underweight; 18.5-24.4 kg/m? = normal; BMI 225-29.9 kg/m?
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= overweight; and BMI = 30 kg/m? = obese. Body mass was measured to the nearest
0.1 kilogrammes of body mass by using a precision health scale manufactured by A
and D Company of Tokyo, Japan. Stature (height) measurements were measured to
the nearest 0.1 cm by making use of a calibrated stadiometer. Waist circumference
measurements were determined to the nearest 0.1 cm using non-stretchable standard
Lufkin tape measure (manufactured by Cooper Tools of Apex, North Carolina, United
States of America). Waist circumference was categorised, according to the American
College of Sports Medicine®* categories, namely very low WC = WC<70 cm in women
and <80 cm in men; low WC = WC 70-89 cm in women and 80-99 cm in men; high
WC=WC 90-109 cm in women and 100-120 cm in men; very high WC = WC >110 cm
women and >120 cm in men. Skinfold measurement of triceps and subscapular were
measured in millimetres using a Harpenden skinfold caliper (Holtain Limited, United
Kingdom) on the left hand side of the body. Measurements were taken three times at
each site with 60 seconds between each measurement of which the average of the

three measurements were used in the analysis.
Handgrip strength

Handgrip strength was measured by making use of a hand-held model (T.K.K.54010
Takei) dynamometer with the participants in a seated position with the elbow of the
dominant hand to be tested flexed in a 90° degree angle. The dominant hand was
tested twice and both values were recorded. In accordance with the procedures
prescribed by the World Health Organization, the following steps were followed to
obtain the handgrip strength measurements!4: Set the dynamometer to zero (0);
Check the fit of the dynamometer to the hand of the participant; Adjust the bar to rests
on the phalanx bone of the index and ring finger; measure the dominant hand, inform
the participant to grab the two pieces of metal, keeping the upper arm close with
forearm at a 90° degree angle to the upper arm while squeezing the dynamometer as
hard for three seconds; record strength in kilogrammes to the nearest kilogramme;
Record “00” when an attempt was not made; Set the dynamometer to zero (0) and
Repeat the procedure. The highest score for handgrip strength in kilogrammes was
used in the analysis of the data as the handgrip value with 60-second rests between

measurements.
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Table 1: Handgrip strength norms, as determined by Zuboff 3

HGS NORMS

HGS Norms for Males HGS Norms for Women

AGE Poor Normal Strong AGE Weak Normal Strong
10-11 <12.6 12.6-22.4 >22.4 10-11 <118 11.8-21.6 >21.6
12-13 <194 19.4-31.2 >31.2 12-13 <14.6 14.6-24.4 >24.4
14-15 <28.5 28.5-44.3 >44.3 14-15 <155 15.5-27.3 >27.3
16-17 <32.6 32.6-52.4 >52.4 16-17 <17.2 17.2-29.0 >29.0
18-19 <35.7 35.7-55.5 >55.5 18-19 <19.2 19.2-31.0 >31.0
20-24 <36.8 36.8-56.6 >56.6 20-24 <215 21.5-35.3 >35.3
25-29 <37.7 37.7-57.5 >57.5 25-29 <25.6 25.6-41.4 >41.4
30-34 <36.0 36.0-55.8 >55.8 30-34 <215 21.5-35.3 >35.3
35-39 <35.8 35.8-55.6 >55.6 35-39 <20.3 20.3-34.1 >34.1
40-44 <355 35.5-55.3 >55.3 40-44 <18.9 18.9-32.7 >32.7
45-49 <34.7 34.7-54.5 >54.5 45-49 <18.6 18.6-32.4 >32.4
50-54 <329 32.9-50.7 >50.7 50-54 <18.1 18.1-31.9 >31.9
55-59 < 30.7 30.7-48.5 >48.5 55-59 <17.7 17.7-31.5 >31.5
60-64 <30.2 30.2-48.0 >48.0 60-64 <17.2 17.2-31.0 >31.0
65-69 <28.2 28.2-44.0 > 44.0 65-69 <154 15.4-27.2 >27.2
70-99 <213 21.3-35.1 >35.1 70-99 <147 14.7-24.5 >24.5

Adapted from Zuboff33

Physical activity

Physical activity was measured by making use of the International Physical Activity
Questionnaire Short Form (IPAQ-SF).%®> A study conducted among adults in 12
countries, including South Africa, aiming to test the reliability and validity of the IPAQ-
SF, the IPAQ-SF demonstrated good evidence of one-week test-retest reliability
(Spearman r = 0.70-0.97), and its criterion validity for total physical activity in minutes
per week, as measured against accelerometer total counts was acceptable (Spearman
r = 0.23).3% The questionnaire was completed by means of interviews with the
participants. The questionnaire requested information about physical activity
participation and frequency: the number of days per week; and the duration of physical
activity in terms of minutes per day of participation in vigorous and moderate activities
and walking in bouts of at least ten minutes during the past seven days. Physical
activity was obtained from the IPAQ-SF for the purpose of this study and was
expressed in terms of minutes per week spent in vigorous physical activity, moderate
physical activity, walking, sedentary activities and total physical activity. The units were

used to quantify the score that was derived from the concept of the metabolic
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equivalent of task (MET). To determine the total physical activity level of each of the
participants, scores for each vigorous, moderate, and walking activity were calculated
in MET minutes per week by multiplying the MET intensity for each activity by the
minutes per week that were spent in each activity. One MET represents the energy
that is expended while sitting quietly at rest and is the equivalent of maximal oxygen
consumption (VOz2) in VO2 of 3.5 ml/kg/min of VOo:.

Statistical analyses

All analyses were done using the IBM SPSS version 24. To detect whether the data
distribution was normal, the Kolmogorov-Smirnov test was used. Descriptive statistics
were employed to determine mean and standard deviations for physical activity, body
composition (body mass, BMI, WC, skinfold and handgrip strength). The frequency of
percentages for categorical variables was also calculated. The Chi-square was
calculated for the categorical variables, namely age group, physical activity and BMI,
in order to determine the differences between the variables. An independent t-test was
performed to determine the differences between the variables (age, height, triceps,
subscapular, body mass, WC) of the male and female participants in the North West.
An analysis of variance (ANOVA) was used to determine the difference between
physical activity and handgrip strength, according to BMI categories. The level of

significance was set at p< 0.05.

3.3.1 Results

The mean age of the total group of participants was 57.19 + 6.93 years, with no
significant (p=0.35) age difference between the male and female participants (Table
2). The men were significantly (p<0.05) taller and weighed less than the women. The
women were significantly (p<0.05) heavier and fatter than the men. The results
showed that the women had significantly (p<0.001) higher mean values for triceps
skinfold (women=30.04 + 11.52 mm; men=21.97 + 9.56 mm) and subscapular skinfold
(women=27.45£12.79 mm; men=17.51+10.19 mm) compared to the men. The
women’s handgrip strength was (24.70 + 6.87 kg) significantly (P<0.01) poorer than
that of the men (32.73 + 9.53 kg). The results showed that the men (32.73 + 9.53 kq)
significantly (p<0.05) outperformed the women (24.70 £ 6.87 kg) in physical activity

participation.
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Table 2: The characteristics of the participants (total group), according to gender

Total group Men Women P-value for
. gender
Mean SD Min Max Mean + SD Mean + SD differences
Age (year) 57.19 6.93 4249 70.99 57.58+6.98 57.04+6.91 0.35
Body mass (kg) 64.19 16.32 30.60 109.90 59.32+13.60 66.15(16.90) 0.001
Height (cm) 159.28 9.75 15.00 185.80 166.42+7.18 156.39+9.15 0.001
BMI (kg/m?) 2530 6.47 1147 39.93 21.39+4.77 26.88+6.40 0.001
WC (cm) 87.02 14.26 55.20 122.80 80.88t6.40 89.49+14.32 0.001
Triceps (mm) 27.72 11.579 4.00 65.80 21.97+9.56 30.04+11.52 0.001
Subscapular (mm) 2459 1290 3.10 68.20 17.51+10.19 27.45+12.79 0.001
Handgrip strength (kg) 27.01 8.54 5.77 66.20 32.73+9.53 24.70+6.87 0.001
Vigorous (min/wk) 57.12 142.55 0 1800 95.43+196.27 41.64+110.42 0.001
Moderate (min/wk) 293.82 295.81 0 1260 377.90+349.07 259.84+264.24 0.001
Walking (min/wk) 255.57 262.35 0 3360 292.53+173.89 273.69+134.78 0.001
Sit (min/wk) 279.11 147.22 60 720  292.53+173.89 273.69+134.78 0.17
MVPA/wk 350.93 374.34 .00 2700.00 473.33+466.69 301.48+317.19 0.001

BMI = body mass index; Vigmin/wk = vigorous intensity exercise in minutes per week; Modmin/wk = moderate
intensity exercise in minutes per week; walkmin/wk = walking in minutes per week; Sit min/wk = sitting in minutes
per week; MVPA = moderate to vigorous physical activity per week.

Results obtained for handgrip strength indicated that the men have a significantly
(p<0.05) higher handgrip strength (32.73+9.53 kg) than the women (24.70+6.87 kg)
across the age groups (42-70 years) with both the men and women showing a
decrease in handgrip strength among the older adults (60-70 years old) (Table 3). The
overall handgrip strength for both the men and women across all of the age groups is
compared with the norm data, as presented in Table 1.

Table 3: Mean and standard deviations (SD) of handgrip strength for men and women in
various age groups between 42-70 years

All ages
combined
(42-70
years) Age group 42-49 years Age group 50-59 years Age group 60-70 years
p-value of p-value of p-value of
Mean(xS difference Mean(xS difference Mean(zS difference
N D) N Mean(£SD) S N D) S N D) S
Men 19 32.73(9.5 34 34.81+11.1 88 34.05+9.1 76 30.28+8.6
8 3) 3 <0.001 9 <0.001 9 <0.001
Wome 49 24.70(6.8 88 23 25.12+6.6 16 23.27+6.4
n 0 7) 26.29+7.72 5 7 7 4
Total 68 27.01(8.5 12 32 27.55+8.4 24 25.46+7.9
8 3) 2 28.66+9.56 3 3 3 0

Out of the 688 participants, the results showed that 29% of the men and 22% of the
women are underweight. The men and women are 22% overweight and 26% obese,
respectively (Table 4). When the data were analysed according to gender, the results
showed that the women were significantly (p<0.001) more overweight (33%) and

obese (26%) than the men. More men (29%) are underweight compared to the women
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(8%). The women were found to have a significantly (p<0.001) higher WC compared

to the men.

Table 4: Descriptive frequency results of the participants’ characteristics regarding the BMI
and WC categories for the total group and by gender

Total group Male Female p-value of the groups
by gender differences
Variable Variables categories Freg/n (%) Freg/n (%) Freg/n (%) (Chi-square)
BMI (kg/m?) Underweight 97 (14) 57(29) 40(8)
Normal 261(38) 100(51) 161(33) <0.001
Overweight 153(22) 25(12) 128(26)
Obese 177(26) 16(8) 161(33)
Total 688(100)  198(100) 490(100)
WC (cm) Low WC<70 cm 244(36) 108(55) 136(28)
Normal WC 70-89 cm 253(37) 73(37) 180(37) <0.001
High 90-109 cm 155(22) 17(8) 138(28) '
Very high >110 cm 36(5) - 36(7)
Total 688(100)  198(100) 490(100)

BMI = body mass index; WC = waist circumference; Freq = frequency; (%) = percentage

The results showed that there is a significant difference (p=0.05) in the BMI categories
according to age (Table 5). The normal and underweight groups are significantly taller
than the other groups. The overweight and obese groups significantly (p<0.001)
showed high mean values for body weight, BMI, WC, triceps and subscapular
skinfolds compared to the underweight and normal groups. With regard to handgrip
strength, the normal and overweight groups reported non-significant (p=0.38) higher
handgrip strength values than the underweight and obese groups. In terms of physical
activity, though not significant (p>0.05), the underweight and normal weight groups
reported more time spent in vigorous, moderate, walking and moderate to vigorous

physical activity per week compared to the overweight and obese groups.
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Table 5: The body composition and physical activity of the participants, according to
the BMI categories for the total group

N Mean SD P-value for group differences
Age (year) Normal 261 57.30 6.88
Overweight 153 58.22 6.86 0.05
Obese 177 56.96 7.28
Total 688 57.20 6.93
Body weight (cm) Underweight 97 43.83 6.22
Normal 261 54.90 6.55
Overweight 153 69.18 8.20 <0.001
Obese 177 84.73 9.71
Total 688 64.19 16.32
Height (cm) Underweight 97 162.15 9.15
Normal 261 160.22 8.05
Overweight 153 158.25 14.22 <0.001
Obese 177 157.20 6.62
Total 688 159.28 9.75
BMI (kg/m?) Underweight 97 16.60 1.46
Normal 261 21.36 1.72
Overweight 153 27.22 1.40 <0.001
Obese 177 34.24 2.82
Total 688 25.30 6.47
WC (mm) Underweight 97 68.30 6.07
Normal 261 79.10 6.65
Overweight 153 93.38 7.10 <0.001
Obese 177 103.43 8.51
Total 688 87.02 14.26
Triceps (mm) Underweight 97 15.55 5.83
Normal 261 22.08 7.36
Overweight 153 31.72 7.76 <0.001
Obese 177 39.27 9.80
Total 688 27.72 11.58
Subscapular skinfold (mm)  Underweight 97 9.85 4.26
Normal 261 17.69 6.41
Overweight 153 29.49 8.49 <0.001
Obese 177 38.61 10.39
Total 688 24.59 12.90
handgrip strength (kg) Underweight 97 26.36 8.92
Normal 261 27.40 8.33
Overweight 153 27.61 9.22 0.38
Obese 177 26.30 8.00
Total 688 27.01 8.52
Vig (min/wk) Underweight 97 58.25 119.61
Normal 261 62.74 146.58
Overweight 153 62.45 180.60 0.53
Obese 177 43.62 106.54
Total 688 57.12 142.55
Mod (min/wk) Underweight 97 309.12 305.95
Normal 261 312.51 310.66
Overweight 153 257.71 257.07 0.30
Obese 177 289.07 298.42
Total 688 293.82 295.81
Walk (min/wk) Underweight 97 244.54 215.09
Normal 261 264.90 258.62
Overweight 153 251.01 217.87 0.90
Obese 177 251.78 321.55
Total 688 255.57 262.35
MVPA/wk Underweight 97 367.37 371.47
Normal 261 375.25 396.21
Overweight 153 320.16 376.15 0.43
Obese 177 332.68 339.75
Total 688 350.94 374.34

BMI = body mass index; WC = waist circumference; Vigmin/wk= vigorous intensity exercise in minutes per week;
Modmin/wk = moderate intensity exercise in minutes per week; walkmin/wk = walking in minutes per week; WHtR
= Waist to hip ratio; MVPA = moderate to vigorous physical activity per week.
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Though not significant (p=0.57), the obese men are older than the other groups (Table
6). The overweight and the obese men significantly (p<0.001) showed high mean
values for body mass, BMI, WC, triceps and subscapular skinfolds compared to the
underweight and normal groups. With regard to handgrip strength, the men
categorised as overweight, reported slightly higher handgrip strength measurements
than the men categorised as obese compared to the individuals classified as normal
weight and overweight (p=0.03). In terms of physical activity, though not significant
(p>0.05), the obese men performed poor in the moderate to vigorous activity per week

compared to the men in other BMI categories.

Table 6: Body composition and physical activity, according to the BMI categories for

men
P-value of the
N Mean SD differences
Age (year) Underweight 57 56.77 6.65
Normal 100 57.93 6.85 0.57
Overweight 25 57.05 6.82
Obese 16 59.18 9.26
Total 198 57.58 6.99
Height (cm) Underweight 57 166.88 7.47
Normal 100 166.39 6.64 0.13
Overweight 25 167.94 8.57
Obese 16 162.69 6.47
Total 198 166.43 7.18
BMI (kg/m?) Underweight 57 16.71 1.35
Normal 100 20.90 1.71
Overweight 25 26.97 1.31 <0.001
Obese 16 32.42 2.03
Total 198 21.39 4.78
WC (cm) Underweight 57 69.65 5.15
Normal 100 79.84 6.85 <0.001
Overweight 25 96.27 5.27
Obese 16 103.44 7.37
Total 198 80.89 12.13
Triceps (mm) Underweight 57 16.26 5.91
Normal 100 21.13 8.02
Overweight 25 30.59 8.32 <0.001
Obese 16 34.17 11.12
Total 198 21.97 9.56
Subscapular skinfold (mm) Underweight 57 10.19 421
Normal 100 16.38 6.68
Overweight 25 27.77 10.02 <0.001
Obese 16 34.59 12.01
Total 198 17.51 10.19
Grip strength (kg) Underweight 57 30.22 8.81
Normal 100 32.89 8.69 0.03
Overweight 25 36.41 11.37
Obese 16 34.96 12.05
Total 198 32.73 9.53
Vigmin/wk Underweight 57 79.65 143.61
Normal 100 97.70 172.66 0.21
Overweight 25 160.00 368.07
Obese 16 36.56 61.34
Total 198 95.43 196.27
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Moderate min/wk Underweight 57 359.30 341.50

Normal 100 402.50 368.25
Overweight 25 385.20 357.25 0.59
Obese 16 279.06 223.28
Total 198 377.90 349.07
Walk min/wk Underweight 57 258.16 219.55
Normal 100 316.65 323.97 0.29
Overweight 25 355.40 290.11
Obese 16 219.38 221.5
Total 198 296.84 286.35
MVPA Underweight 57 438.95 424.22 0.38
Normal 100 500.20 470.19
Overweight 25 545.20 625.52
Obese 16 315.63 242.75
Total 198 473.33 466.69

BMI = body mass index; WC = waist circumference; Vigmin/wk = vigorous intensity exercise in minutes per week;
Mod min/wk = moderate intensity exercise in minutes per week; walk min/wk = walking in minutes per week; WHtR
= Waist to hip ratio; MVPA = moderate to vigorous physical activity per week

There was a significant age difference (p=0.007) between the overweight and obese
women and the normal weight and underweight women (Table 7). The overweight and
the obese women significantly (p<0.001) showed high mean values for body weight,
BMI, WC, triceps and subscapular skinfolds compared to the underweight and normal
groups. With regard to handgrip, the overweight and obese groups obtained significant
higher mean values in handgrip strength compared to the normal and overweight
women. No significant differences (p>0.05) were reported in physical activity among

the women.
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Table 7: Body composition and physical activity, according to BMI categories for women

P-value of

the

N (490) Mean SD differences
Age (year) Underweight 40 54.30 5.62
Normal 161 56.91 6.90 0.007
Overweight 128 58.44 6.87
Obese 161 56.74 7.05
Body weight (kg) Underweight 40 39.73 4.92
Normal 161 53.01 5.83 <0.001
Overweight 128 67.73 7.34
Obese 161 84.61 9.91
Height (cm) Underweight 40 155.42 6.84
Normal 161 156.39 6.30 0.90
Overweight 128 156.35 14.36
Obese 161 156.65 6.40
BMI (kg/m?) Underweight 40 16.43 1.62
Normal 161 21.64 1.67 <0.001
Overweight 128 27.27 1.42
Obese 161 34.42 2.83
WC (cm) Underweight 40 66.38 6.80
Normal 161 78.65 6.51 <0.001
Overweight 128 92.82 7.29
Obese 161 103.43 8.638
Triceps skinfold (mm) Underweight 40 14.54 5.63
Normal 161 22.67 6.88 <0.001
Overweight 128 31.94 7.66
Obese 161 39.77 9.55
Subscapular skinfold Underweight 40 9.36 4.329
(mm) Normal 161 18.50 6.11 <0.001
Overweight 128 29.83 8.16
Obese 161 39.01 10.18
Grip strength (kg) Underweight 40 20.86 5.62
Normal 161 23.98 5.96 <0.001
Overweight 128 25.89 7.69
Obese 161 25.44 6.96
Vigmin/wk Underweight 40 27.75 63.06
Normal 161 41.02 123.40 0.86
Overweight 128 43.40 105.80
Obese 161 44.32 110.12
Modmin/wk Underweight 40 237.63 232.45
Normal 161 256.61 254.39 0.29
Overweight 128 232.81 226.17
Obese 161 290.06 305.41
Walkmin/wk Underweight 40 225.13 209.79
Normal 161 232.76 202.52 0.80
Overweight 128 230.63 195.80
Obese 161 255.00 330.18
MVPA Underweight 40 265.38 251.17
Normal 161 297.64 320.13 0.38
Overweight 128 276.21 288.94
Obese 161 334.38 348.45

3.3.2 Discussion

The study aimed to determine the differences in physical activity and handgrip strength

in relation to body composition in adults in the North West, South Africa. The findings



showed that 29% of the men and 22% of the women are underweight while 22% and
26% of the men and women are overweight, respectively. The self-reported physical
activity data reported underweight and normal groups associated with vigorous,
moderate, walking and moderate to vigorous physical activity minutes per week
compared to the individuals categorised as overweight and obese. In terms of physical
activity, the results showed that adults in the underweight and normal groups
performed better in their moderate to vigorous physical activity per week and walked
more compared to the overweight and obese adults. Additionally, the results showed
that the normal and overweight groups reported non-significant (p=0.38) higher

handgrip strength values than the underweight and obese groups.

The South African National Health and Nutrition Examination Survey (SANHANES) of
201336 and a comparative study done with older adults of China, Ghana, Mexico, India,
Russia and South Africa by Wu et al.'® reported that South African men and women
are overweight and obese. The presence of overweight and obese individuals in the
present study is not surprising because previous studies in South Africa also noted
this trend.®”3 The observed prevalence of a double burden of obesity and
underweight in the same sample population may be attributed to the poor
socioeconomic status®’, and nutrition transition®® associated with Westernised dietary
intake.®® The World Health Organization’s global projection of non-communicable
disease deaths will increase by 17% over the next ten years with the greatest increase
to be expected in the African region (27%).'* This observed prevalence in the current
study necessitates strategic interventions aimed at the eradication of both obesity and
underweight.

Men and women in the current study performed poor in handgrip strength compared
to previous findings concerning South African men (age 50-59; 40.4+£19.6 kg; and age
60-69: 35.8+19.6 kg) and women (age 50-59; 32.9+18.3 kg; and age 60-69: 31.8+17.9
kg) who participated in the Study of Global Ageing and Adults Health (SAGE wave 1)
in 2008 by Ramlagan et al.3? Additionally, the current sample performed poor when
compared to a sample of 27,351 men and women aged 50 years and older from 11
European countries (mean maximum handgrip strength was 41.26 kg for men and
24.87 kg for women).*? In a Japanese-American study done with men between the

ages of 50-68 years, a maximum of 36.65 kg in handgrip strength was reported %°. The
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handgrip strength from the Japane-American was much higher than what was reported
in the current study by Ramlagan et al.®? and Hairi et al.4°, this differences in the mean

performance may be explained by the sample size used in their study.

Improved muscle strength and regular physical activity are important factors for quality
of life, cardiovascular health and the risk of conditions characterised by being either
overweight or obese is minimised — these conditions have a negative impact on the
health of elderly individuals.4*4? The effect of obesity on quality of life was a great
concern in this study. The normal and overweight groups, though not significant,
outperformed the underweight and obese groups. However, the overweight group
slightly outperformed the obese men compared to the normal and overweight groups.
The performance of the overweight group may be attributed to the fact that the
absolute handgrip strength may not be hindered. Handgrip strength ought to decline
when the body fat percentage increases and not when the body weight increases.!!

In terms of physical activity, though not significant (p>0.05), the underweight and
normal groups performed better in vigorous, moderate, walking and moderate to
vigorous physical activities per week compared to the overweight and obese groups.
Underweight and/or normal BMI may, therefore, be a result of individuals being
regularly physically active, because consistent participation in regular physical activity
increases physical activity abilities and lowers the risk of obesity and being
overweight.1?2 Other studies may explain the insignificance of physical activity,
according to the BMI categories based on the inability of BMI to distinguish between
total body fat percentage and lean body mass.*® However, physical activity remains a
trusted tool to decelerate the progression of function limitations or disability and acts
as a prevention or treatment tool in some diseases and disablements compromised
by poor muscle strength, obesity and being overweight.*44527 Both the men and
women in the current study, though outperformed by larger South African and
European samples, performed better than the Ghana sample (men: 31.3+£8.7 kg; and
women: 23.6+5.9 kg).3® The poor performances of Ghanaian men and women
(handgrip strength) can be linked to their lack in a fitness culture*® Unfortunately, this
notion was not applicable to the adult participants in the current study. In terms of
physical activity, the men performed better than the women in vigorous, moderate and

walking minutes per week with a high moderate to vigorous physical activity per week
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mean value. The findings are in agreement with previous studies.'” 484749 These
outcomes on physical activity portray women as being less adequate in physical

fitness and strength compared to men from Denmark.>°

This study had several strengths and limitations that should be considered when
interpreting the data. The strength of the study included a large sample of both men
and women in South Africa. The second strength is that the study was a cross-
sectional study and provided baseline data that will enable further research on the
exploring of handgrip strength. These findings can, therefore, be used as baseline
data in future longitudinal study approaches. The third strength of the study is that the
international standardised IPAQ-SF was used. This permitted comparability among
countries on various domains of physical activity. This was a cross-sectional study and
no comparisons or causal relationships could be drawn. The other limitation is that the
nutritional status, culture, and environment factors were not registered. The possible
effect of these factors on handgrip strength nor body composition was not studied and
handgrip strength was not assessed as a predictor of mortality and undernourishment.
Future researchers should focus on these factors that have an impact on physical

activity, body composition and handgrip strength among adults.
3.3.3 Conclusion

The study found a decrease in physical activity with increased age and gender
differences were highlighted — the women were more overweight and physical inactive
compared to the men who were classified as underweight and physically active. The
men were highly active and performed better than women in handgrip strength. The
participants were classified as overweight and obese, and the older participants
performed poor in handgrip strength compared to those classified as underweight and
normal. Given the health implication of these findings, strategic intervention
programmes geared to the reduction of underweight, overweight and obesity as well

as increasing physical activity are urgently needed.
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4.1 Abstract

Background: Handgrip strength is associated with body mass and physical activity,
and as a marker of muscle quality. However, scant information exist on the
relationships between physical activity, body composition and handgrip strength
among adults in South Africa. Therefore, this study reviewed relationships between
physical activity, body composition, and handgrip strength among adults in the North
West, South Africa.

Methods: A total of 688 men (n=98) and women (n=490) between the ages of 35-70
years were included from the 2015 measurement wave of the Prospective Urban and
Rural Epidemiological (PURE) study. Physical activity was assessed by conducting
interview by making use of the International Physical Activity Questionnaire-Short
Form (IPAQ-SF). Standard protocols were used to determine handgrip strength, height
and weight. Subsequently, body mass index — a measure of body composition — was
calculated by dividing weight and height square. Descriptive statistics were used to
determine the characteristics of the participants. Significant differences between
physical activity, handgrip strength and body mass index were analysed with
independent t-tests and an analysis of variance. Spearman correlation coefficients
were employed to determine the relationship between physical activity, body mass

index and handgrip strength.
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Results: Overweight was reported in 22% and obesity in 26% in all of the participants.
The women were significantly (p<0.001) more overweight (26%) and obese (33%)
compared to the men (13% overweight and 8% obese). Sixty percent (60%) of the
participants reported sufficient physical activity per week (p<0.001). Seventeen
percent (17%) of the men and 27% of the women were physically inactive per week
(p<0.001). Handgrip strength performance significantly (p<0.05) differed according to
age. Generally, the handgrip strength of the participants in the study was poor
compared to available handgrip strength norms. The participants aged younger than
50 years outperformed the older groups with men being stronger than women. The
men and women who were sufficiently active per week significantly (p<0.05)
performed better than the other groups. A positive association was found between
handgrip strength and body mass index. A negative correlation was found between
moderate to vigorous physical activity per week (r=-0.12; p=0.001) and age. Handgrip
strength in both the men (r=-0.23; p= 0.001) and women (r=-0.18; p=0.000) correlated

negatively with age.

Conclusion: Overweight and obesity were highly prevalent in the adults with the
women more affected than the men. The older adults were less active than the
younger adults with the men performing more moderate to vigorous physical activity
per week. Although handgrip strength was low when compared with the handgrip
strength of the participants, the men reported higher mean values than the women. An
increase in age was associated with a decrease in moderate to vigorous physical
activity per week and handgrip strength. Given the health implications of the current
findings, strategic interventions aimed at the reduction of obesity and physical
inactivity are needed. As such, the study recommends an urgent strategic physical

intervention in older men and women to improve their quality of life.

Keywords: Physical activity, handgrip strength, obesity, body mass index.
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4.2 Introduction

Studies revealed significant associations between handgrip strength, physical activity*
and body mass.? In addition, a loss in muscle mass is significantly associated with
age.>*° Worldwide, 31.1% of adults are reported to be physically inactive. Physical
inactivity is linked to noncommunicable diseases (NCDs) such as, Type 2 Diabetes,
Mellitus a cancers.®’ Some studies and reports®°10 indicates that 20% of the global
populace within the age range of the 18 to 64 comply with the minimum physical

activity guideline.!!

Studies have also indicated that obese individuals suffer from NCDs from early in their
lives and carries it to adulthood.'?1314 Overweight and obesity are identified as a
constant negative influence on physical activity, regardless of age.'>!* In the early
stages of life, the prevention of obesity through regular physical activity should be
encouraged and should be maintained, as this condition can track spontaneously into
adulthood.® Waist circumference is used as the most surrogate measure of abdominal
or visceral adiposity in clinical and public health settings when working with obesity or
overweight.'” Kob et al.'® reported that muscle and architecture which is physical
arrangement of muscle fibre at the macroscopic level that determines a muscles
mechanical function (e.g., infiltration of intramuscular fat) are related to lower physical
performance and function. A study by Benavides-Rodriguez et al.'® reported a partial
mediation of anthropometric parameters (body mass, body mass index and waist
circumference) in an association between handgrip strength and muscle mass. Both
body mass index (BMI), waist to height ratio (WHtR) and waist circumference (WC)
measures are found to be associated with all-cause mortality, diabetes mellitus,

cardiovascular morbidity and mortality.20:21,22,2324

Daily physical activity is reported to be associated with muscle strength, indicating
one’s quality of life.?> Conversely, a low handgrip strength is associated with being
overweight, having excessive body fat and a high BMI.26 therefore physical activity is
essential in improving muscle strength and decrease excessive body weight Handgrip
strength is a proxy measurement tool for muscle strength and muscle function, as it
demonstrated to be a superior outcome predictor in healthy and ill individuals.?” Poor

muscle strength plays, therefore, a significant role in reducing the odds of physical and
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functional limitations with age, and more so in obese elderly.?® When it comes to
handgrip strength and BMI, an improvement in muscular strength and functional status
can be achieved by regular physical activity, which plays a similar role in reducing the
odds of being overweight or obese, and these conditions can track spontaneously from
childhood into adulthood.?” Regardless of age, good muscular strength and a low BMI
can be indicators of better health and good early life nutrition; whereas poor muscle
strength and a higher BMI are viewed as associated risk factors for diseases and

subclinical diseases.??

Poor muscle strength has a negative effect on the overall health and human
development or growth.'>4 A Jower muscle mass can be the result of being
undernourished or impaired by chronic diseases commonly associated with advancing
age.®® Available findings on the relationships between handgrip strength, body
composition and physical activity also show the effect of gender with men often
outperforming women in handgrip strength. More physically active women are prone
to be classified with a lower BMI while low levels of physical activity are an indication
of extreme vulnerability to continual weight gain'* when women are compared to
men.3132Kruger et al.*?, identified obesity is associated with advancing age in African
women and in South Africa.'? Physical activity, muscle mass and strength decrease
with age and these decreases lead to sarcopenia (a loss in skeletal muscle mass)
associated with middle cognitive impairments.'? Regular participation in physical
activity can delay risk for sarcopenia by improving and maintaining muscle mass and

strength.

In spite of available information about the relationships between physical activity,
handgrip strength and body composition, little information on these relationships is
available in Africa, especially in the North West, South Africa. A better understanding
of the relationships between these variables can enhance the motivation for
participating in physical activity and public health when improved intervention
programmes can treat and minimise the risks associated with physical inactivity. The
measurement of handgrip strength as a predictor of functional limitations, functional
decline and mortality in older adults is extremely useful. The purpose of this study was,
therefore, to determine the relationships between physical activity, handgrip strength

and body composition among adults in the North West, South Africa.
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4.3 Methods

Study design, participants and methods

A cross-sectional study design was performed on a total of 688 (men, n=198 and
women, n=490) between the ages of 35-70 years from the 2015 data collected in the
North West Prospective Urban and Rural Epidemiological (PURE) multidisciplinary
international study. For the purpose of this study and taking into consideration the
published age-related norms (Table 1) for handgrip?®, the participants were
categorised according to three age groups, namely 42-49, 50-59, and 60-70 years.
The methods and population characteristics of the PURE study are not included in this
article.3334 Briefly, the design of the PURE study was based on selected countries to
achieve substantial socioeconomic heterogeneity. For reasons of feasibility, the PURE
study undertook comparable sampling from all countries worldwide or from regions
within countries. At the start of the study, selected countries were categorised
according to high-income (Canada, Sweden, and United Arab Emirates); upper
middle-income (Argentina, Brazil, Chile, Malaysia, Poland, South Africa, and Turkey);
lower middle-income (China, Colombia, and Iran); and low-income (Bangladesh, India,
Pakistan, and Zimbabwe) countries. The categories were further grouped based on
country-income levels with a similar amount of participants. Participants from high-
income and upper middle-income countries were grouped together as participants
from high-income countries.®334 The method of approaching households differed
among countries but was designed to avoid biases based on levels of risk factors or
the prevalence of diseases. Households could participate in the study if at least one
member of the household was between the ages of 35-70 years and the household
members intended to continue living at their current address for another four years.

Only individuals who provided written informed consent were enrolled.

Anthropometrics and body composition

Anthropometric measurements of height, body mass and WC were obtained,
according to standard procedures described by the International Standard of
Advancement of Kinanthropometry (ISAK).3> Body mass was measured to the nearest
0.1 kilogrammes of body mass by making use of a precision health scale
manufactured by A and D Company of Tokyo, Japan. Stature (height) measurements

were recorded to the nearest 0.1 cm using a calibrated stadiometre. BMI was
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calculated from body mass in kilogramme divided by height in meter squared (kg/m?).
BMI was categorised according to the American College of Sport Medicine (ACSM)
cut points. BMI < 18 kg/m? = underweight; 18.5-24.4 30 kg/m? = normal; BMI 25-29.9
kg/m? = overweight; and BMI = 30 kg/m? = obese. WC measurements were recorded
to the nearest 0.1 cm by making use of a non-stretchable standard Lufkin tape
measure manufactured by Cooper Tools of Apex, North Carolina, United States of
America. The WC risk measurements were categorised according to very low (WC<70
cm in women and <80 cm in men); low (WC 70-89 cm in women and 80-99 cm in
men); high (90-109 cm in women and 100-120cm in men); and very high (>110cm
women and >120cm in men). Skinfold measurement of triceps and subscapular were
measured in millimetres using a Harpenden skinfold calliper (manufactured by Holtain
Limited, United Kingdom) on the left hand side of the body. Measurements were taken
three times at each side with 60 seconds between each measurement of which the
average score of the three measurements were used in the analyses of the percentage
body fat.

Handgrip strength

Handgrip strength was measured using a hand-held model (T.K.K.54010 Takei)
dynamometer with the participants in a seated position with the elbow of the dominant
hand to be tested flexed in a 90° degree angle. The dominant hand was tested twice
and both values were recorded in kilogramme. In accordance with the procedures
prescribed by the World Health Organization, the following steps were followed to take

the handgrip strength measurements®:

Set the dynamometer to zero (0); Check the fit of the dynamometer to the hand of the
participant; Adjust by turning the handle to move it up or down, so that the bar rests
on the phalanx bone of the index and ring finger; Ask the participant to use his or her
dominant hand to grab the two pieces of metal, keeping the upper arm close to his or
her body and holding his or her forearm at a 90° degree angle to the upper arm; When
ready, ask the participant to squeeze the dynamometer as hard as he or she can for
three seconds; Read the dial at eye level and record strength in kilogrammes to the
nearest kilogramme; Record “00” whenever an attempt was not made; Set the
dynamometer to zero (0) and repeat the test with the dominant hand; Repeat the

procedure. The highest score for handgrip strength in kilogrammes was used in the
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data analysis. Data from this study were compared with the handgrip strength norms

presented in Table 1.

Table 1: Handgrip strength norms, as determined by Zuboff 2

Handgrip strength norms

HGS norms for males HGS norms for women

AGE Poor Normal Strong AGE poor Normal Strong
10-11 <12.6 12.6-22.4 >22.4 10-11 <11.8 11.8-21.6 >21.6
12-13 <194 19.4-31.2 >31.2 12-13 <14.6 14.6-24.4 >24.4
14-15 <285 28.5-44.3 >44.3 14-15 <155 15.5-27.3 >27.3
16-17 <32.6 32.6-52.4 >524 16-17 <17.2 17.2-29.0 >29.0
18-19 <35.7 35.7-55.5 >55.5 18-19 <19.2 19.2-31.0 >31.0
20-24 <36.8 36.8-56.6 > 56.6 20-24 <215 21.5-35.3 >35.3
25-29 <37.7 37.7-57.5 >57.5 25-29 <25.6 25.6-41.4 >41.4
30-34 <36.0 36.0-55.8 >55.8 30-34 <215 21.5-35.3 >35.3
35-39 <35.8 35.8-55.6 >55.6 35-39 <20.3 20.3-34.1 >34.1
40-44 <355 35.5-55.3 >55.3 40-44 <18.9 18.9-32.7 >32.7
45-49 <34.7 34.7-54.5 >54.5 45-49 <18.6 18.6-32.4 >324
50-54 <32.9 32.9-50.7 >50.7 50-54 <181 18.1-31.9 >31.9
55-59 <30.7 30.7-48.5 > 48.5 55-59 <17.7 17.7-31.5 >31.5
60-64 <30.2 30.2-48.0 >48.0 60-64 <17.2 17.2-31.0 >31.0
65-69 <28.2 28.2-44.0 >44.0 65-69 <154 15.4-27.2 >27.2
70-99 <213 21.3-35.1 >351 70-99 <14.7 14.7-24.5 >24.5

Adapted from Zuboff 26

Physical activity

Physical activity was determined with the International Physical Activity Questionnaire
- Short Form (IPAQ-SF).2® The questionnaire was completed by means of interviews.
The participants were requested to report on their time, frequency and duration of
physical activity in terms of minutes per day of participation in vigorous and moderate
intensity activities and walking in bouts of at least ten minutes during the past seven
days. For the purpose of this study physical activity was expressed in terms of minutes

per week spent in vigorous physical activity, moderate physical activity, walking,
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moderate to vigorous physical activity (MVPA), sedentary activities and the total of
physical activity. Physical activity was reported as metabolic equivalent task (MET)

minutes/week.

Statistical analyses

All the analyses were done using the IBM SPSS version 24 statistical software.
Normality distribution of the data was determined with the Kolmogorov-Smirnov test.
Descriptive statistics were employed to determine the characteristics of the
participants and to report the mean, minimum, maximum standard deviations and
frequency distributions were calculated in percentages for physical activity, body
composition and handgrip strength. An independent t-test for parametric and non-
parametric variables was calculated to determine gender differences. The Chi-square
was used to calculate the differences between the categorical variables of physical
activity, body composition and handgrip strength. An analysis of variance (ANOVA)
was used to determine significant difference between BMI, WC, PA and age groups
for all the variables. In order to determine correlations between physical activity, body
composition and handgrip strength among the participants, Spearman correlation
coefficients (r) were employed for the total group and for men and women separately.

The level of significance was set at p< 0.05.

4.4 Results

Maximum handgrip strength was observed in middle life (40-49 years) and in the age
group (50-59 years) with a decrease in the 60-70-year group in both the men and
women (Table 2). The handgrip strength performance of the underweight men and
women was very low with a significant increase (p<0.05) in performance in both the
normal and overweight group while a decrease in handgrip strength was observed in
the obese group. WC significantly differed in the three categories. In terms of physical
activity, both the men and women who participated in MVPA for 150 minutes or more
per week showed a significant (p=0.002) high handgrip strength mean compared to
the other two groups. The mean values of the men were high compared to the women

across the different physical activity levels.
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Table 2: Mean handgrip strength in men and women in the different age groups,
physical activity levels and body composition

Handgrip strength (kg)

83

Men Women
Variable N Mean + SD N Mean + SD
Age group
40-49 years 34 34.81+11.13 88 26.29+7.72
50-59 years 88 34.05+9.20 235  25.12+46.67
60-70 years 76 30.28+8.69 167  23.28+6.45
p<0.0001 p<0.0001
Underweight 57 30.22+8.81 40 20.8550+5.62
Normal 100  32.89+8.68 161 23.9820+5.95
Overweight 25 36.41+11.37 128  25.8859+7.68
Obese 16 34.96+12.05 161 25.4375+6.96
p=0.03 p<0.0001
WC risk category very low WC<70 cm (<28.5) in 108 31.46(8.06) 136 22.42+5.86
women and <80 cm in men
WC risk category low WC 70-89 cmin women and 80- 73 34.58(10.40) 180 24.54+6.91
99 cm in men
W(C risk category high 90-109 cm in women and 100- 17 32.88(12.99) 138 26.63+6.87
120 cm in men
WC risk category very high >110 cm women and - - 36 26.75x7.67
>120 cm in men
p =0.096 p<0.001
Inactive: less than 30 minutes/week of MVPA 33 28.35+9.73 54  22.64+7.84
Insufficiently active: 30-149 minutes/week of MVPA 33 31.16+8.87 134  23.64+6.48
Sufficiently active: 150 minutes/week or more of 132 34.22+9.53 302 25.54+6.87
MVPA
p=0.003 p=0.002
Characteristics according to age groups
P-value of
differences
between the
Variables Age groups N Mean SD Minimum Maximum groups
Age (year) 42-49 years 122 47.45 1.67 42.49 49.99 <.001
50-59 years 323 55.03 291 50.01 59.96
60-70 years 243 64.96 3.02 60.00 70.99
Total 688 57.19 6.93 42.49 70.99
Body weight 42-49 years 122 63.25 16.15 30.60 109.90 43
(kg) 50-59 years 323 63.73 16.73 32.50 106.50
60-70 years 243 65.25 15.84 33.70 105.80
Total 688 64.19 16.31 30.60 109.90
Height (cm) 42-49 years 122 159.14 8.32 143.20 177.10 .95
50-59 years 323 159.40 11.64 15.00 185.80
60-70 years 243 159.17 7.39 140.70 179.10
Total 688 159.27 9.75 15.00 185.80
BMI (kg/m?) 42-49 years 122 25.02 6.32 14.53 37.79 .33
50-59 years 323 25.03 6.66 11.47 39.86
60-70 years 243 25.80 6.28 14.81 39.93
Total 688 25.30 6.47 11.47 39.93
WC (cm) 42-49 years 122 85.89 14.18 55.30 122.80 .13
50-59 years 323 86.33 14.84 55.20 122.60
60-70 years 243 88.49 13.424 59.10 116.60
Total 688 87.01 14.26 55.20 122.80
Vigmin/wk 42-49 years 122 88.03 226.10 0 1800 .002
50-59 years 323 62.12 129.37 0 900
60-70 years 243 34.96 94.02 0 900
Total 688 57.12 142.54 0 1800
Modmin/wk 42-49 years 122 295.16  275.85 0 1260 .03
50-59 years 323 322.37 321.08 0 1260



60-70 years 243 255.19 265.71 0 1260
Total 688 293.82  295.81 0 1260
Walkmin/wk  42-49 years 122 253.93 247.42 20 1680 .02
50-59 years 323 282.32  290.23 0 3360
60-70 years 243 220.82 224.78 0 1680
Total 688 255.57  262.35 0 3360
MVPA 42-49 years 122 383.19 433.49 .00 2700.00 .007
(min/wk) 50-59 years 323 384.49 392.62 .00 1860.00
60-70 years 243 290.14 304.95 .00 1800.00
Total 688 350.94 374.34 .00 2700.00
HGS (kg) 42-49 years 122 28.66 9.56 6.00 66.20 .001
50-59 years 323 27.55 8.43 9.10 61.90
60-70 years 243 25.46 7.91 5.77 48.50
Total 688 27.01 8.54 5.77 66.20

* p-value of the differences; BMI = body mass index; WC = waist circumference; Vigmin/wk = vigorous intensity
exercise in minutes per week; Modmin/wk = moderate intensity exercise in minutes per week; walkmin/wk = walking
in minutes per week; WHtR = waist to hip ratio; MVPA = moderate to vigorous physical activity per week; HGS=
handgrip strength

The results showed that there is a significantly higher (p<0.001) number of participants
older than 50 years compared to the number younger than 50 years (Table 3). Out of
the 688 participants, 18% of the women and 17% of the men are between the ages of
42-49 years. Forty-eight percent (48%) of the women and 44% of the men are between
the ages of 50-59 years and 34% of the women and 38% of the men are between the
ages of 60-70 years. The results showed that 29% of the men and women are
underweight; 22% are overweight; and 26% are obese. In terms of gender, the results
showed that the women are significantly (p<0.001) more overweight (33%) and obese
(26%) compared to the men. The WC of women (p=0.001) were found to fall under
the higher risk category (90-109cm) with 28% compared to that of the men (8%). The
percentage of women who classified under the very high WC risk (>110cm) are 5%
higher compared to that of the men. The men were not reported as falling in the very
high WC risk category (>120). The men significantly (P=0.001) reported more physical
activity than the women while more of the women (27%) categorised with insufficient
active levels of 30-149 min/week of MVPA then the men (17%). The men reported with
17%, which is less than 30 min/week of MVPA then women (11%). The result showed
the same percentage (17%) for men who are inactive and who classified under an
insufficient level of MVP while the percentage of women with regard to the physical

activity categories vary.
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Table 3: The percentage (%) scores of the participants with regard to body
composition and physical activity categories for the total group, men,

women, and per age group

Total group Men Women  P-value of
Freq (%) the
Variables Freq (%) Freq (%) differences
42-49 years 122(18) 34(17) 88(18) <0.001
50-59 years 323(47) 88(44) 235(48)
Age groups 4 20 vears 243(35) 76(38) 167(34)
Total 688(100) 198(100) 490(100)
Underweight 97(14) 57(29) 40(8)
Normal 261(38) 100(50) 161(33)
cat fg'\g'ri o Overweight 153(22) 25(13) 128(26) ~ ~0:001
Obese 177(26) 16(8) 161(33)
Total 688(100) 198(100) 490(100)
WC risk category very low if WC is 244(36) 108(55) 136(28)
<70 cm (<28.5) in women and <80
cmin men
WC risk category low 70-89 (28.5- 253(37) 73(37) 180(37)
35.0) in women and 80-99 cm in
wC men : <0.001
Categories WC risk category high 90-109 cm 155(22) 17(9) 138(28)
(35.5-43.0in) in women and 100-
120 cm in men
WC risk category very high if WC 36(5) 36(7)
is >110()>43.5) women and >120
cmin men
Total 688(100) 198(100) 490(100)
Inactive: less than 30 87(13) 33(17) 54(11)
minutes/week of MVPA
PA Insufficiently active: 30-149 167(24) 33(17) 134(27) <0.001
Categories mln/_vv_eek of MVPA .
Sufficiently active: 150 min/week 434(63) 132(66) 302(62)
or more of MVPA
Total 688(100) 198 490(100)
Body composition and physical activity according to age groups
P-value of
Age 42-49 50-59 60-70 the
differences
Underweight 19(16) 55(17) 23(9)
Normal 50(41) 117(36) 94(39)
. atfg'\g'ri o Overweight 19(16)  70(22) 64(26) <0.001
Obese 34(28) 81(25) 62(26)
Total 122(100)  323(100) 243(100)
W(C risk category very low <70 cm in 46(38) 124(38) 74(30)
women and <80cm in men
WC risk category low 70-89 in women 47(39) 116(36) 90(37)
and 80-99 cm in men <0.001
WC categories WC risk category high 90-109 cm in 25(20) 63(20) 67(28) ’
women and 100-120 cm in men
W(C risk category very high >110 cm 4(3) 20(6) 12(5)
women and >120 cm in men
Total 122(100)  323(100) 243(100)
Inactive: less than 30 minutes/week of 10(8) 38(12) 39(16)
MVPA
Insufficiently active: 30-149 30(25) 74(23) 63(26) <0.001
PA categories minutes/week of MVPA '
Sufficiently active: 150 minutes/week or 82(67) 211(65) 141(58)
more MVPA
Total 122(100)  323(100) 243(100)

Freq = frequency; BMI = body mass index; WC = waist circumference; PA = physical activity; MVPA = moderate-

vigorous physical
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Underweight was significantly high in the age groups 42-49 years and 50-59 years,
respectively, while overweight and obesity significantly (p<0.001) varied in all the age
groups (Table 3). In the WC categories, the results showed that both the 42-49 and
50-59 age groups had significantly (p<0.001) the same percentage (20%) of a high
WOC risk categories 90-109 cm in women and 100-120 cm in men. The risk of being
associated with a very high WC risk category was lower in all three different age
groups 42-49(3%); 50-59(6%); and 60-70(5%).

The mean ages were significantly (p<0.001) different with regard to each of the age
groups (age group 42-49; mean: 47.46+1.67; age group 50-59, mean: 55.04+3.91;
and age group 60-70, mean: 64.96+3.02) (Table 4). The middle-age group significantly
performed better in vigorous (p=0.002) and moderate activities (p=0.03) and walk
more minutes per week (p=0.03) compared to the 60-70 year old group. In terms of a
total MVPA, the middle-age groups performed significantly (p=0.007) better than the
age group 60-70 years. No significant relationship (p=0.95) was reported between the
three age groups, as height was found to be the same in all three of the age groups.
The mean for handgrip strength significantly (p<0.001) decreases with increased age
in all three of the age groups. The 42-49 years mean: 28.67+9.56; the 50-59 years
mean: 27.55+8.43; and the 60-70 years mean: 25.47+7.9.
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Table 4: Mean, standard deviation (+SD) and p- value of the differences with regard to body composition, physical activity and
handgrip strength for men and women, according to the age groups

Age group 42-49 Age group 50-59 Age group 60-70
P-value of N N P-value of
gender P-value of gender gender
Variables N Mean+SD differences Mean+SD differences Mean+SD differences
Age (year) Men 34 47.42(1.76) .88 88 55.18(2.92) .58 76 64.91(3.00) .94
Women 88 47.47(1.65) 235 54.98(2.92) 167 64.98(3.04)
Body weight (kg) Men 34 61.55(13.99) A7 88 57.44(12.29) <0.001 76 60.51(14.72) <0.001
Women 88 63.91(16.94) 235 66.09(17.57) 167 67.42(15.90)
Height (cm) Men 34 167.21(5.48) <.001 88 167.37(8.12) <0.001 76 164.97(6.51) <0.001
Women 88 156.02(7.05) 235 156.42(11.37) 167 156.53(6.18)
BMI (kg/m?) Men 34 22.03(4.99) .001 88 20.48(4.22) <0.001 76 22.16(5.14) <0.001
Women 88 26.18(6.42) 235 26.74(6.62) 167 27.46(6.06)
WC (cm) Men 34  81.37(13.06) .03 88 78.69(10.67) <0.001 76 83.20(12.96) <0.001
Women 88  87.63(14.28) 235 89.19(15.18) 167 90.89(12.97)
Vigmin/wk Men 34 180.74(328.69) .002 88 101.82(154.87) <0.001 76 49.87(122.57) 0.04
Women 88 52.22(144.42) 235 47.26(115.33) 167 28.17(77.15)
Modmin/wk Men 34 382.06(328.49) .01 88 437.39(386.53) 0.02 76 307.17(300.06) 0.13
Women 88 261.59(246.60) 235 279.30(281.91) 167  231.53(245.85)
Walkmin/wk Men 34 346.47(366.69) .61 88 327.50(270.66) 0.06 76 239.14(256.21) 0.69
Women 88 218.18(171.76) 235 265.40(296.01) 167  212.49(209.24)
MVPA Men 34 562.79(592.28) .07 88 539.20(476.11) <0.005 76 357.04(363.80) 0.10
(min/week) Women 88 313.80(322.90) 235 326.55(339.81) 167  259.70(269.80)
HGS (kg) Men 34  34.81(11.13) <.001 88 34.05(9.20) <0.001 76 30.28(8.69) <0.001
Women 88 26.29(7.72) 235 25.12(6.67) 167 23.27(6.45)

BMI = body mass index; WC = waist circumference; Vigmin/wk = vigorous intensity exercise in minutes per week; Modmin/wk = moderate intensity exercise in minutes per week;
walkmin/wk = walking in minutes per week; WHtR = waist to hip ratio, MVPA = moderate to vigorous physical activity per week; HGS = handgrip strength.
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No significant (p=0.28) BMI was found for the women in the three age groups (25
kg/m? while the men’s BMI was in the region of 22 kg/m? (Table 5). Significant
differences (p<0.05) were found in the handgrip strength of both the men and women.
The 60-70 years’ group performed poorer than the middle-age group. The men in the
middle-age group significantly participated in vigorous activities per week compared
to the 60-70 years’ group. A similar trend, though not significant (p>0.05), was found

in the women.
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Table 5: The descriptive characteristics (mean, SD, minimum, maximum and p-value of the differences between the groups) of the
men and women

Men Women
P-value of the P-value of the
differences differences between
Variables N Mean SD F between groups N Mean SD F groups
Weight (kg) 42-49 years 34 61.55 13.99 88 63.91 16.94 1.241 .29
50 to 59 years 88 57.44 12.29 1.597 .20 235 66.09 17.56
60 to 70 years 76 60.51 14.73 167 67.42 15.90
Height (cm) 42-49 years 34 167.21 5.48 2.567 .08 88 156.02 7.05 .091 913
50 to 59 years 88 167.37 8.12 235 156.42 11.37
60 to 70 years 76 164.97 6.51 167 156.53 6.18
BMI (kg/m?) 42-49 years 34 22.03 4,99 2.932 .06 88 26.18 6.43 1.268 .28
50 to 59 years 88 20.48 4.23 235 26.74 6.61
60 to 70 years 76 22.16 5.14 167 27.46 6.06
WC (cm) 42-49 years 34 81.37 13.06 2.907 .06 88 87.63 14.28 1.602 .20
50 to 59 years 88 78.69 10.67 235 89.19 15.18
60 to 70 years 76 83.20 12.96 167 90.89 12.97
HGS (kg) 42-49 years 34 34.81 11.13 4.308 .01 88 26.29 7.72 6.528 .002
50 to 59 years 88 34.05 9.20 235 25.12 6.67
60 to 70 years 76 30.28 8.69 167 23.27 6.45
Vigmin/wk 42-49 years 34 180.74 346.69 5.551 .01 88 52.22 144.42 1.957 14
50 to 59 years 88 101.82 154.87 235 47.26 115.33
60 to 70 years 76 49.87 122.57 167 28.17 77.15
Modmin/wk 42-49 years 34 382.06 328.49 2.895 .06 88 261.59 246.60 1.602 .20
50 to 59 years 88 437.39 386.53 235 279.30 281.91
60 to 70 years 76 307.17 300.06 167 231.53 245.85
Walkmin/wk 42-49 years 34 346.47 366.68 2.599 .08 88 218.18 171.76 2.563 .08
50 to 59 years 88 327.50 270.66 235 265.40 296.01
60 to 70 years 76 239.14 256.20 167 212.49 209.24
Sitmin/wk 42-49 years 34 235.29 128.52 5.007 .01 88 275.68 144.78 1.449 .24
50 to 59 years 88 275.68 179.51 235 263.66 126.58
60 to 70 years 76 337.63 175.79 167 286.77 140.09
MVPA/wk 42-49 years 34 562.79 592.28 3.978 .02 88 313.80 332.90 2.261 A1
50 to 59 years 88 539.20 476.11 235 326.55 339.81
60 to 70 years 76 357.04 363.80 167 259.70 269.80
Total 198 473.33 466.69 490 301.48 317.19

BMI = body mass index; WC = waist circumference; Subs = subscapular skinfold; Vigmin/wk = vigorous intensity exercise in minutes per week; Modmin/wk = moderate intensity
exercise in minutes per week; walkmin/wk = walking in minutes per week; WHtR = waist to hip ratio; MVPA = moderate to vigorous physical activity per week.
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A negative correlation was found between height and waist, BMI and age. However,
a positive correlation was found between body mass and MVPA. BMI related positively
with body mass, waist and age but a negative correlation was found with MVPA (6).
Handgrip strength positively correlated related with body mass, height and MVPA
while an inversely correlation was found with age. MVPA negatively (r= -0.12;

p=0.001) correlated with age.

When the data were analysed separately, the measurements of the men differed
significantly with regard to body composition, such as body mass, waist and BMI,
compared to the measurements of the women. A positive correlation was found
between body mass, waist and BMI. A negative relationship was found between BMI
and height (r= -0.6; p= 0.37). A positive relationship was found between all of the
anthropometric measures of body composition. However, an inversely relation was
found with age (r=-0.23; p=0.001). A negative correlation was found between MVPA
(r=-0.19; p=0.006) and age.

A positive correlation was found between four of the five body composition
measurements that were significant (p=0.000). Handgrip strength correlated positively
with the five body composition measurements while a negative correlation was found
between handgrip strength (r= -0.18; p=0.000) and age. MVPA also negatively
correlated with age (r=-0.11; p=0.01).
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Table 6: Correlation coefficients (r) between body composition, physical activity and handgrip strength of the total group
TOTAL GROUP

Weight Height BMI Waist WHItR MVPA Age
Weight (cm) r - 16" 92" .90" .81" -.02 .04
p . .00 .00 .00 .00 .63 .33
Height (cm) r 16" - -.20" -.02 -.29" .06 -.004
p .00 . .00 .58 .00 12 .92
BMI (kg/m?) r 92" -.20" - 91" 92" -.04 .04
p .00 .00 . .00 .00 .35 .28
Waist (cm) r .90" -.02 91" - .95" -.07 .06
p .00 .58 .00 . .00 .08 .09
HGS (kg) r 16" 44" -.01 .06 -.06 25" -.15"
p .00 .00 .82 .09 A2 <.001 <.001
MVPA r -.02 .06 -.04 -.07 -.07 - -.123"
(min/wk) p .63 A2 .35 .08 .06 . .001
Age (year) r .04 -.004 .04 .06 .06 -12" -
p .33 .92 .28 .09 10 .001
MEN
Weight Height BMI Waist HGS WHIR MVPA Age
Weight (kg) R - .28" .92" .90” 278" 79" -.03 .03
P . .000 .000 .000 .000 .000 .61 .62
Height (cm) R .28" - -.06 A1 .184" -17 -14 -.13
P .000 . 37 A1 .009 .02 .05 .07
BMI (kg/m?) R 92" -.06 - .89” .240™ .90" .008 .07
P .000 37 . .000 .001 .000 .91 .32
WC (cm) R .90" A1 .89” - .195™ .95™ -.07 A2
P .000 A1 .000 . .006 .000 .29 .08
HGS (kg) R .28" .18" 24" .19” - 15" 24" -.23"
P .000 .01 .001 .01 . .04 .001 .001
MVPA R -.03 -14 .01 -.07 .243" -.04 - -.197
(min/wk) P .61 .05 91 .29 .001 .57 . .006
Age (year) R .03 -13 .07 12 -.233" 16" 197 -
P .62 .07 .32 .08 .001 .02 .006
WOMEN
Weight Height BMI Waist Triceps HGS WHIR MVPA Age
Weight (kg) R - 34" .95" .90™ 76" .28" .82" .03 .04
P . .000 .000 .000 .000 .000 .000 43 .33
Height (cm) R .34" - .05 19" 13" .35" -.06 .03 .01
P .000 . 27 .000 .005 .000 .16 .49 .80
BMI (kg/m?) R .95" .05 - .89" a7 .18" .89” .03 .05
P .000 27 . .000 .000 .000 .000 51 .29
WC (cm) R .90" 19” .89” - a2" 23" .96" -.008 .06
P .000 .000 .000 . .000 .000 .000 .86 .18
HGS (kg) R .28" .35" .18" 23" 22" - 14" .18" -.18"
P .000 .000 .000 .000 .000 . .002 .000 .000
MVPA R .03 .03 .03 -.008 -.05 .18" -.01 - -11°
(min/wk) P 43 49 .51 .86 .25 .000 .75 . .01
Age (year) R .04 .01 .05 .06 -.007 -.18" .06 -11 -
P .33 .80 .29 .18 .87 .000 .15 .01

** A correlation is significant at the 0.01 level (2-tailed); * A correlation is significant at the 0.05 level (2-tailed); BMI = body mass index; WC = waist circumference;
WHTtR = waist to hip ratio; MVPA = moderate to vigorous physical activity per week; HGS = handgrip strength
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4.4.1 Discussion

The purpose of this study was to determine a correlation between physical activity, body
composition and handgrip strength among adults from the North West, South Africa. A
positive correlation was found between handgrip strength and MVPA, but both handgrip
strength and MVP were negatively related with age. The results of the study are
congruent with the findings of Smith et al.2® who found that maximum strength is observed
in middle life (40-49 years) and between the ages of 50-59 years. A decrease took place
in the handgrip strength in both the men and the women between the ages of 60-70 years
resulting in poor handgrip strength performance compared to the participants in the

middle-age group.

Overweight and obesity were 22% and 26%, respectively. The women are more
overweight (26%) and obese (33%) compared to the men (13% overweight and 8%
obese). The findings of this study are similar to previous studies3”:38:39.40.4142 wjith the
prevalence of overweight and obesity consistently high in most countries (i.e., The United
States of America, Spain, United Kingdom, Mexico, Australia and Ghana) exceeding 30%
in the elderly age group for both men and women. A survey conducted by Kruger et al.*3
in transitional African communities in the North West, South Africa, also reported that
inactivity — independent of the degree of urbanisation — is significantly (p= 0.0007)

associated with high obesity levels that is similar to the findings of this study.

Furthermore, the study reported a negative correlation between age and MVPA, but a
significant decline in physical activity with increased age, especially in the elderly in the
age group 60-70 years, was found. This negative correlation in the study between MVPA
and age can be due to the fact that the selected average age group of the population was
mostly individuals who were prone to physical inactivity, a sedentary lifestyle and more
disposed to functional limitations that hindered them from being physically active.
Furthermore, the age group individuals of our study have been reported by other studies
to suffer from health problems (non-communicable diseases, such as high blood
pressure) which limit them from being physically activity compared to other age groups
(i.e. children and adolescents).24410 Other studies***> have reported a similar decline in
MVPA with increased age, resulting in functional limitations that can serve as an indicator
of their health status and a predictor of future events, such as disabilities.
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The study also reported a negative correlation between age and handgrip strength.
However, a poor handgrip strength performance was constantly associated with
increased age (elderly individuals around the age of 60 years). The negative correlation
can, therefore be due to function limitations, poor or weak strength and endurance of
muscles that is associated with old age, as the target age group was found to be
associated with disadvantages of advancing age. Robert et al. reported that 46, the
precision of handgrip strength measurements can be influenced by protocol, such as
allowance for hand size, hand dominance, posture, joint position, effort and
encouragement, frequency of testing and time of the day — regardless of age. An
explanation for the negative correlation between handgrip strength and age can be due
to factors, such as hand size, joint posture and time of the measurements that can
influence a correlation between handgrip strength and age. Moreover, the findings of the
study found no correlation between handgrip strength and anthropometric
measurements, such as BMI and waist circumference for the total group measured.
However, when the data were further analysed according to gender, a positive correlation
between handgrip strength and all of the anthropometric measurements was noted for
both the men and women. These results are similar to findings that were reported in%® a
study where a lower handgrip strength was associated with being overweight, a high body
fat and high BMI values while a high handgrip strength is associated with individuals who

have a normal BMI value.

An association between physical activity and handgrip strength was noted in this study in
both the men and women, illustrating that physical activity and handgrip strength
significantly decrease with age. These findings are consistent with other studies.'#7:33
When it comes to body composition, the BMI consistently increased with age and the
women consistently reported high BMI values, poor physical activity performance
compared to the values of the men. These findings may imply that improved physical
activity can benefit individuals with weak muscles and physical activity can be used to
influence quality of life.*>48 Other studies?’-3049%0 explained the importance of physical
activity in muscle strength and BMI based on their role in supporting muscle mass by
decelerating the progression of function limitations and disability in older adults. Physical
activity remains, therefore, a key element in preventing and/or treating non-

communicable diseases and disabilities compromised by poor muscle strength.52:51
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The study had several strengths and limitations that should be taken into consideration
when the results of the study are interpreted. The study utilised a large sample and
included data from both urban and rural areas in the North West. In spite of these
strengths, given the cross-sectional nature of the study, causal relationships could not be
determined. Additionally, the bias and recall problems linked to the use of the
guestionnaire in assessing physical activity. Future studies should, therefore incorporate
objective measures of physical activity. Other study limitations of the study were that fat
free mass was not measured and the socioeconomic status of the participants was not
considered. The socioeconomic status of the participants can influence physical activity
participation, body composition and muscles strength. The findings of the study are

limited to the North West and cannot, therefore be generalised.

4.4.2 Conclusion

A high BMI is associated with less MVPA per week with women more affected than men.
Furthermore, the results showed that aging significantly affects functional performance
with regard to handgrip strength and MVPA in both men and women. As such, the study
recommends an urgent strategic physical intervention in older men and women to

improve their quality of life.
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CHAPTER 5
SUMMARY, CONCLUSION, LIMITATIONS AND RECOMMENDATIONS

5.1 Summary

There was a consistent and progressive trend with regard to a decrease in physical
activity with increasing age in the elderly group of people between the ages of 40-60 years
(Hall et al., 2017:575). A correlation was found between a decrease in physical activity
with age and health risk factors, such as functional limitations, poor muscle strength
performance (handgrip strength), and non-communicable diseases (World Health
Organization, 2016:10; Lee et al., 2012:227; Lenard et al., 2016:90; Hall et al., 2017:575).
A high level of obesity that impacts the quality of life of adults was reported in Sub-
Saharan Africa (Walker et al., 2001:368). The individuals in the 40-60 years group were
categorised in the high BMI category and they also showed low levels of physical activity.
The study highlights the importance of physical activity in the elderly age groups as an
important element necessary for growth and to maintain good health — physical activity
has a positive impact on their overall health (Stewart et al., 2007:17; Sterndng et al.,
2015:270). In order to understand the underlying reasons for a decrease in physical
activity, muscle strength, an increase in BMI levels and the relationships between
variables (physical activity, handgrip strength and body composition) among adults were
studied. The main purpose of this study was, therefore, to determine and explore the
relationships between physical activity, body composition and handgrip strength among

South African adults living in North West.

The dissertation is presented in article format according to the guidelines of the North-
West University and was approved by the research committee. Chapters 3 and 4 are
presented in the form of independent research articles that will be submitted to accredited
peer-reviewed journals for publication. Chapter 1 provided an overview of the problem
statement, the objectives and hypotheses of the study as well as the structure of the

dissertation.

Chapter 2 presented a literature review that discussed the physical activity levels among
adults. It shared insight in terms of how physical inactivity has a positive association with
the manifestations of non-communicable diseases among adults. In addition, poor

functional capacity, such as a poor handgrip in adults, was found to be associated with
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various health issues, such as physical and functional limitations together with poor
handgrip strength and may prevent individuals from performing daily activities that require
muscle strength (Germain et al., 2016). In addition, the literature review revealed that
inactivity has a significant link with non-communicable diseases, such as coronary heart
disease, Type 2 diabetes, and breast and colon cancers. Non-communicable diseases
are, therefore, the biggest contributor to deaths in African regions. Physical activity is
viewed as an important element contributing to the health of the elderly. In a report on 22
African countries — including South Africa — physical activity trends showed that
approximately 84% of men and 76% of women in the sample were in line with the physical
activity recommendations provided by the World Health Organization (Guthold et al.,
2011). A decrease in handgrip strength and physical inactivity in the elderly have
significant implications for public health and physical interventions are urgently needed to

promote a healthy lifestyle.
5.2 Conclusions

The conclusions of the study are in accordance with the objectives and hypotheses stated

in Chapter 1.
5.2.1 Hypothesis 1:

Significant differences will exist in a comparison of physical activity and handgrip strength
in relation to body mass index (BMI) between male and female young and middle adults
in the North West, South Africa.

The results showed that 29% of the men and 22% of the women were underweight while
22% of the men and 26% of the women were overweight and/or obese. The men were
more physically active, taller and underweight compared to the women in all of the age
groups while the woman showed high mean values for triceps, subscapular and waist
circumference compared to the men. Regardless of age and gender, the underweight and
normal weight groups reported higher physical activity levels and handgrip strength
compared to the overweight and obese groups. Handgrip strength according to the age
groups was significantly (p<0.05) better in the men (42-49 years; men 34.81 + 11.13 kg
versus women 26.29 + 7.72 kg; 50-59 years; men 34.05 £ 9.19 kg versus women 25.12
* 6.67 kg; 60-70 years; men 30.28 + 8.69 kg versus women 23.27 + 6.44 kg) compared

to the women (p<0.05). The overweight and obese men performed poor in MVPA minutes
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per week compared to the men in the other BMI categories. Based on these results,

hypothesis 1 can, therefore, be accepted.
5.2.2 Hypothesis 2:

There will be a significant positive correlation between high levels of physical activity, low
body composition and greater handgrip strength among young and middle adults in the
North West, South Africa.

Overweight was reported in 22% and obesity in 26% of the total group of participants.
The women were significantly (p<0.001) more overweight (26%) and obese (33%)
compared to the men (13% overweight and 8% obese). Sixty percent (60%) of the
participants reported sufficient physical activity per week. Seventeen percent (17%) of
the men and 27% of the women were physically inactive per week. Handgrip strength
performance significantly (p<0.05) differed according to age. In general, the handgrip
strength of the participants was poor when compared to available handgrip strength
norms. The participants aged younger than 50 years outperformed the older groups with
the men stronger than the women. The men and women who were sufficiently active per
week significantly (p<0.05) performed better than the other groups. A positive correlation
was found between handgrip strength and BMI. A negative correlation was found between
MVPA (r=-0.12; p=0.001) and age. A negative correlation was found in both the men (r=
-0.23; p= 0.001) and women (r=-0.18; p=0.000) between handgrip strength xxx and age.
The hypothesis can, therefore, be partially accepted.

The literature review highlighted the negative effects with regard to aging and obesity on
functional performance and the physical activity of elderly people. Findings from the two
articles were intertwined with the findings discussed in the dissertation to demonstrate
the co-existence of underweight and obesity with women more obese than men. The co-
existence of underweight and obesity in the study may be attributed to a nutritional
transition and a poor socioeconomic status. What was encouraging in the study
regardless of the existence of underweight and obesity was that 60% of the participants
reported sufficient physical activity per week. The observed participation in physical
activity may be explained by the fact that the participants in the study are mostly from

rural or poor settings where walking is the mode of transport.
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In addition, the results showed that the men performed better than the women in handgrip
strength. The observed differences between the men and women in terms of handgrip
strength may be explained by the physiological underpinning that men have more muscle
mass and higher levels of testosterone on average, which mean they use more energy
than women do. The underweight and normal men and women in the study participated
more in physical activity compared to the overweight and obese men and women. The
low participation in physical activity by both the overweight and obese groups proves that
the physical nature of the overweight or obese individuals affected their participation in
physical activity. It was also evident from the results that the men and women who were
older than 50 years in the study performed poorly in handgrip strength. The reduction in
strength performance with age is not strange, since it was clear in the literature that when
people age, they tend to loss muscle strength, which in turn can be associated with poor
functional performance. The biggest concern from these findings is that if strategic
physical activity interventions (incorporating strength activities and body composition
measurements) are not implemented, the adult population in these areas may be faced
with a bleak future and they will be susceptible to chronic diseases due to a sedentary

lifestyle.
5.3 Limitations and recommendations

The present study has several limitations that should be noted when the results are
interpreted and these limitations should be addressed in future research. The cross-
sectional nature of the research design can be viewed as a limitation of the study, since
no causal relationships were determined. Future researchers should make use of a
longitudinal study design so that comprehensive results with regard to physical activity,
body mass index and handgrip strength of elderly people can be understood. The sample
was based in the North West of South Africa; the selection of participants did not include
a diversity of South Africans from all of the nine provinces and can limit the generalisability
of the findings. Moreover, the inclusion of only black participants in the study can be
viewed as a limitation when findings are compared. Future researchers should include a
more balanced set of participants based on gender, race, culture and socioeconomic

status.

This study made use of a self-reported international physical activity questionnaire-short
form to obtain information on the physical activity status and participation in physical
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activity. However, self-reported measurements lack an introspective ability to provide
accurate responses to questions. Self-report methods are, therefore, often fraught with
issues of recall and response bias. The use of objective measures concerning physical
activity (ActiHeart and ActiGraph) in future studies can minimise bias when participants

have to respond with regard to their level of physical activity participation.

The study did not focus on dietary intake/nutritional status data, lifestyle information or
metabolic risk factors while other factors, such as culture and the environment, were also
not taken into account. The possible effect of these factors on physical activity, handgrip
strength and body mass index was not investigated or assessed as predictors of mortality

and undernourishment.

The findings of the study support the call that elderly people should engage in physical
activity for overall health — not only for muscle strength and body composition alone but
other aspects, such as physical activity, also play a role in the health and quality of life of
individuals. If non-communicable disease risk factors can be reduced, life can be
prolonged. The findings of the study highlight the importance of physical activity
programmes aimed at reducing risks associated with an inactive lifestyle that threatens
the quality of life of the elderly. These physical activity programmes must be implemented

to improve their lives.
5.4 Future research

From the findings and limitations of this study, a specific need for additional research is
evident with regard to the physical activity, body composition, handgrip strength,
nutritional status, and metabolic risks factors among South African young and middle
adults living in the North West, South Africa. In addition, interventions focusing on
physical activity to develop functional capacity and the body composition of adults in the
North West are of the utmost importance. In addition, the role of physical activity and body

composition on metabolic risk factors can also be researched.
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APPENDIXE: A

DATA CARD

PARTICIPANT ID:

DoB:
Age:
Sex Man Women
ANTHROPOMETRIC MEASUREMENTS
Trial 1 Trial 2 Average
Stature (cm)
Body mass (kg)
Girth
Waist circumfence (cm)
HAND GRIP (kg)
Trial 1 Triral 2 Average

Dominant hand (kg)

Non-dominant hand (kg)
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APPENDIXE: B

INTERNATIONAL PHYSICAL ACTIVITY
QUESTIONNAIRES

IPAQ: SHORT LAST 7 DAYS SELF-ADMINISTERED
FORMAT

FOR USE WITH YOUNG AND MIDDLE-AGED ADULTS

The International Physical Activity Questionnaires (IPAQ) comprises a set of 4 questionnaires. Long
(5 activity domains asked independently) and short (4 generic items) versions for use by either
telephone or self-administered methods are available. The purpoze of the gquestionnaires is fo

provide common instruments that can be used to obtain internationally comparable data on health-
related physical activity.

Background on IPAGQ

The development of an international measure for physical activity commenced in Geneva in 1998
and was followed by extensive reliability and validity testing undertaken in 12 counfries (14 sites)
across 6 continents during 2000. The final results suggest that these measures have acceptable
measurement propertiez for use in many settings and in different languages. IPAQ iz suitable for
use in regional, national and intemational monitoring and surveillance systems and for use in
research projects and public health program planning and evaluation. International collaboration on
IPAQ i on-going and an intermational prevalence study is under development.

Using IPAGQ
Worldwide use of the IPAQ instruments for monitoring and research purposes is encouraged.

It iz strongly recommended, to ensure data quality and comparability and to facilitate the
development of an intemational databasze on health-related physical activity, that

+ no changes be made to the order or wording of the guestions as this will affect the
paychometric properties of the instruments,

+ if additional questions on physical activity are needed they should follow the IPAQ items,
+ translations are undertaken using the prescribed back translation methods (2ee website)

= new franslated versions of IPAQ be made available to others via the web site to avoid
duplication of effort and different versions in the same language,

* a copy of IPAQ data from representative samples at national, state or regional level be

provided to the IPAQ data storage center for future collaborative use (with permission) by
those who contribute.

More Information

Two scientific publications presenting the methods and the pooled results from the IPAQ reliability
and validity study are due out in 2002.

More detailed information on the IPAQ process, the research methods used in the development of
the IPAQ instruments, the use of IPAQ, the published papers and abstracts and the on-going
international collaboration is available on the IPAQ web-site.

www.ipag.ki.se

This ks e final SHORT LAST 7 DAYE SELF-ADMMISTERED version of IPAQ from the 200081 Reilabity and ValdEy Study. Compieted May 2001.
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APPENDIXE: C
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HREGC Stamp

INFORMATION LEAFLET AND WRITTEN INFORMED
CONSENT FORM FOR PARTICIPANTS OF THE PURE STUDY

TITLE 9F THE RESEARCH PROJECT: Prospective Urban and Rural Epidemlology
{PURE] study

REFERENCE NHUMEERS: NWU-OMI1E-10-A1

FRINCIFAL INVESTIGATORS: Prof A Krager and Dr IM Kruger

ADDRESS: Morth-West Unbversity (Potchefatreomn Campus), Africa Unit for
Transdlsclplinary Health Ressarch [AUTHeR), Building ES, Office GO3.
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APPENDIXE: D

T'LNMBESITI WA BUAOMNE-BOPHIRIRA
NZRTH WEST UNIVERSITY
NOORDWES LUNIVEREITEIT

POTCHEFSTROOM CAMPLUS

PURE-SA Project (Prospective Urban and Rural Epidemiclogy)
INFORMED COMNSENT FORM (including the PRIMER-study)

I, the undersigmed .. e e e e e e mmmn e me meme e = - LT U] MIEPMIES)

read [ listemed to the information on the project in PART 1 and PART 2 of this document and | declare that |
understand the infomation. | had the opportunity to discuss aspects of the project with the project leader
and | declare that | participate in the project as a vounteer. | hereby give my comsent to be a subject in this

project.

1 agree to be tested for HIV Yes Mo
1 want to know my HIV-stat Yes Mo
1 agree to give a blood sample . ] Yes Mo

| hereby also declare that | an aware thait:
1. this blood sample will be used for the purpose of
a. Isolating DMA to look at genetic factors that are currently associated with Type 2 Diabetes (i_.e. the
Calpaini0, Adiponectin, Leptin and Lepiin Receptor genes), or genetic factors that may be
associated with Mon Communicable diseases in the future. We give the assurance that all genetic
tests and experiments will only focus on genotypes suspected to contribute to an increased risk of
non communicable diseases of lifesiyle.
b. Testimg for ver functon by determining liver enzymes such as AST, GGT,
c. Analyses of other than genetic parameters for Diabetes Mellitus such as HbAC, Blood glucose
and Insulin
d. Analyses of clotling factors and hypertension markers
e. Analyses of bone health, inon and nutrition status
f.  And may be stored until such time as the above measurements/analyses will be done.
2. A tewo hour glucose tolerance test will be done
3. Body measurements such as height, weight, skinfold thicknesses, arm and leg circumferences will be
taken

4. Electocardiograph be taken

5.  Blood pressure to be taken

6. Pulse wave velocty measurements will be made

7. A urime sample to be collected to analyse for the presence of heavy metals such as lead and mercury,
8. A Spirometer test to be performed to determime lung function

8. A handgrip test to be performed to test muscle strength

10. A hair sample to be taken to test for fumonisin mycotosdns.

(Signature of the subject)

Signed at __. Potchefstroom / Ganyesa __ (delete mot applicable option)on .../ ______J 2005
Witnesses
Signed at __. Potchefstroom §f Ganyesa . (delete mot applicable option)on .../ _._____J 2005

Page 1 of3 Q@i

111



APPENDIXE: E
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Proposcd Eltle of rezcarch project

Phivslcal acthilty. body compositlon and handarip strangth armong South African young sad
mickile sdults: the PLIRF study
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APPENDIXE: F

JOURNAL GUIDELINES

African Journal of Primary Health Care & Family Medicine (PHCFM)

Original Research Articles

An original article provides an overview of innovative research in a particular field within or related to
the focus and scope of the journal, presented according to a clear and well-structured format. Systematic
reviews should follow the same basic structure as other original research articles. The aim and objectives
should focus on a clinical question that will be addressed in the review. The methods section should
describe in detail the search strategy, criteria used to select or reject articles, attempts made to obtain all
important and relevant studies and deal with publication bias (including grey and unpublished literature),
how the quality of included studies was appraised, the methodology used to extract and/or analyse data.
Results should describe the homogeneity of the different findings, clearly present the overall results and
any meta-analysis.

Word limit 3500-7000 words (excluding the structured abstract and references)
250 words to cover a Background, Aim, Setting, Methods, Results and
Structured abstract .
Conclusion
References 60 or less
Tables/Figures no more than 7 Tables/Figure
Ethical statement should be included in the manuscript
]E;Ic;mpulsory supplementary ethical clearance letter/certificate
Language only manuscripts presented in English or French will be considered
Obituaries

Is a news article that reports the recent passing of a person, typically along with an account of the person's
work achievement and life.

Word limit 400 words
Photo a photograph of the deceased
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Review Articles

These must be critical reviews of the literature on topics that have social, economic or scientific values,
and must be within the focus and scope of the journal.

Word limit
Structured abstract
References
Tables/Figures
Ethical statement
Language

Correspondence

2500-4000 words (excluding the structured abstract and references)

250 words to cover a Background, Aim, Method, Results and Conclusion
50 or less

no more than 4 Tables/Figure

should be included in the manuscript, if applicable

only manuscripts presented in English or French will be considered

They may be subjected to the peer review process and their eventual placement is at the discretion of the
editorial team. Kindly include include a correspondence address.

Word limit
Abstract
References
Tables/Figures

Patient studies

400 words (excluding the references)
n/a

10 or less

no more than 1 Tables/Figure

A detailed account of a specific patient as a case study. The patient study should highlight a critical issue
that is relevant to the field of family medicine and primary care.

Word limit
Unstructured abstract
References
Tables/Figures
Ethical statement

Compulsory supplementary
file

1500 words (excluding the unstructured abstract and references)

75 words to cover a Background, Aim, Method, Results and Conclusion
15 or less

no more than 6 Tables/Figure

should be included in the manuscript

ethical clearance letter/certificate
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Cover Letter

The format of the compulsory cover letter forms part of your submission. It is located on the first page of
your manuscript and should always be presented in English. You should provide the following elements:

1.

2.

o~

Full title: Specific, descriptive, concise, and comprehensible to readers outside the field, max 95
characters (including spaces).

Tweet for the journal Twitter profile: This will be used on the journal Twitter profile to promote
your published article. Max 101 characters (including spaces). If you have a Twitter profile,
please provide us your Twitter @ name. We will tag you to the Tweet

Full author details: The title(s), full name(s), position(s), affiliation(s) and contact details (postal
address, email, telephone, highest academic degree, Open Researcher and Contributor
Identification (ORCID) and cell phone number) of each author.

Corresponding author: Identify to whom all correspondence should be addressed.

Authors’ contributions: Briefly summarise the nature of the contribution made by each of the
authors listed.

Disclaimer: A statement that the views expressed in the submitted article are his or her own and
not an official position of the institution or funder.

Source(s) of support: These include grants, equipment, drugs, and/or other support that facilitated
conduct of the work described in the article or the writing of the article itself.

Summary: Lastly, a list containing the number of words, pages, tables, figures and/or other
supplementary material should accompany the submission.

Anyone that has made a significant contribution to the research and the paper must be listed as an author
in your cover letter. Contributions that fall short of meeting the criteria as stipulated in our policy should
rather be mentioned in the ‘Acknowledgements’ section of the manuscript.

Read our authorship guidelines and author contribution statement policies.

Original Research Article full structure

Title: The article’s full title should contain a maximum of 95 characters (including spaces).

Abstract: The abstract, written in English, should be no longer than 250 words and must be written in the
past tense. The abstract should give a succinct account of the objectives, methods, results and significance
of the matter. The structured abstract for an Original Research article should consist of six paragraphs
labelled Background, Aim, Setting, Methods, Results and Conclusion.

Background: Summarise the social value (importance, relevance) and scientific value (knowledge
gap) that your study addresses.

Aim: State the overall aim of the study.

Setting: State the setting for the study.

Methods: Clearly express the basic design of the study, and name or briefly describe the methods
used without going into excessive detail.
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https://aosis.co.za/policies#authorship
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e Results: State the main findings.
e Conclusion: State your conclusion and any key implications or recommendations.

Do not cite references and do not use abbreviations excessively in the abstract.

Introduction: The introduction must contain your argument for the social and scientific value of the
study, as well as the aim and objectives:

o Social value: The first part of the introduction should make a clear and logical argument for the
importance or relevance of the study. Your argument should be supported by use of evidence
from the literature.

o Scientific value: The second part of the introduction should make a clear and logical argument for
the originality of the study. This should include a summary of what is already known about the
research question or specific topic, and should clarify the knowledge gap that this study will
address. Your argument should be supported by use of evidence from the literature.

e Conceptual framework: In some research articles it will also be important to describe the
underlying theoretical basis for the research and how these theories are linked together in a
conceptual framework. The theoretical evidence used to construct the conceptual framework
should be referenced from the literature.

e Aim and objectives: The introduction should conclude with a clear summary of the aim and
objectives of this study.

Research methods and design: This must address the following:

e Study design: An outline of the type of study design.

e Setting: A description of the setting for the study; for example, the type of community from
which the participants came or the nature of the health system and services in which the study is
conducted.

e Study population and sampling strategy: Describe the study population and any inclusion or
exclusion criteria. Describe the intended sample size and your sample size calculation or
justification. Describe the sampling strategy used. Describe in practical terms how this was
implemented.

o Intervention (if appropriate): If there were intervention and comparison groups, describe the
intervention in detail and what happened to the comparison groups.

o Data collection: Define the data collection tools that were used and their validity. Describe in
practical terms how data were collected and any key issues involved, e.g. language barriers.

o Data analysis: Describe how data were captured, checked and cleaned. Describe the analysis
process, for example, the statistical tests used orsteps followed in qualitative data analysis.

o Ethical considerations: Approval must have been obtained for all studies from the author's
institution or other relevant ethics committee and the institution’s name and permit numbers
should be stated here.

Results: Present the results of your study in a logical sequence that addresses the aim and objectives of
your study. Use tables and figures as required to present your findings. Use quotations as required to
establish your interpretation of qualitative data. All units should conform to the SI convention and be
abbreviated accordingly. Metric units and their international symbols are used throughout, as is the
decimal point (not the decimal comma).

Discussion: The discussion section should address the following four elements:
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o Key findings: Summarise the key findings without reiterating details of the results.

o Discussion of key findings: Explain how the key findings relate to previous research or to
existing knowledge, practice or policy.

o Strengths and limitations: Describe the strengths and limitations of your methods and what the
reader should take into account when interpreting your results.

o Implications or recommendations: State the implications of your study or recommendations for
future research (questions that remain unanswered), policy or practice. Make sure that the
recommendations flow directly from your findings.

Conclusion: Provide a brief conclusion that summarises the results and their meaning or significance in
relation to each objective of the study.

Acknowledgements: Those who contributed to the work but do not meet our authorship criteria should
be listed in the Acknowledgments with a description of the contribution. Authors are responsible for
ensuring that anyone named in the Acknowledgments agrees to be named.

Also provide the following, each under their own heading:

o Competing interests: This section should list specific competing interests associated with any of
the authors. If authors declare that no competing interests exist, the article will include a
statement to this effect: The authors declare that they have no financial or personal
relationship(s) that may have inappropriately influenced them in writing this article. Read our
policy on competing interests.

o Author contributions: All authors must meet the criteria for authorship as outlined in
the authorship policy and author contribution statement policies.

e Funding: Provide information on funding if relevant

o Disclaimer: A statement that the views expressed in the submitted article are his or her own and
not an official position of the institution or funder.

References: Authors should provide direct references to original research sources whenever possible.
References should not be used by authors, editors, or peer reviewers to promote self-interests. Refer to the
journal referencing style downloadable on our Formatting Requirements page.

Review Article full structure

Title: The article’s full title should contain a maximum of 95 characters (including spaces).

Abstract: The abstract should be no longer than 250 words and must be written in the past tense. The
abstract should give a concise account of the objectives, methods, results and significance of the matter.
The abstract can be structured and should consist of five paragraphs labelled Background, Aim, Method,
Results and Conclusion.

e Background: Why is the topic important to us? State the context of the review
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e Aim: What is the purpose of your review ? Describe the aim or purpose of your review.

e Method: How did you go about performing the review? Describe the methods used for searching,
selecting and appraising your evidence.

o Results: What are the findings? What are the main findings of your literature review.

e Conclusion: What are the implications of your answer? Briefly summarise any potential
implications.

Introduction: Present an argument for the social and scientific value of your review that is itself
supported by the literature. Present the aim and objectives of your literature review.

Methods: Although this is not a systematic review (see instructions on original research for this type of
article) it is still necessary to outline how you searched for, selected and appraised the literature that you
used. Discuss any methodological limitations.

Review findings: Present your review of the literature and make use of appropriate sub-headings. Your
review should be a critical synthesis of the literature.

Implications and recommendations: Discuss the findings of your review in terms of the implications for
policy makers and clinicians or recommendations for future research.

Conclusion: This should clearly state the main conclusions of the review in terms of addressing the
original aim and objectives.

Acknowledgements: Those who contributed to the work but do not meet our authorship criteria should
be listed in the Acknowledgments with a description of the contribution. Authors are responsible for
ensuring that anyone named in the Acknowledgments agrees to be named.

Also provide the following, each under their own heading:

o Competing interests: This section should list specific competing interests associated with any of
the authors. If authors declare that no competing interests exist, the article will include a
statement to this effect: The authors declare that they have no financial or personal
relationship(s) that may have inappropriately influenced them in writing this article. Read our
policy on competing interests.

e Author contributions: All authors must meet the criteria for authorship as outlined in
the authorship policy and author contribution statement policies.

e Funding: Provide information on funding if relevant

o Disclaimer: a statement that the views expressed in the submitted article are his or her own and
not an official position of the institution or funder.
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References: Authors should provide direct references to original research sources whenever possible.
References should not be used by authors, editors, or peer reviewers to promote self-interests. Refer to the
journal referencing style downloadable on our Formatting Requirements page.

Book Review full structure

Title: The article’s full title should contain a maximum of 95 characters (including spaces).

Book details: This should give the full reference to the book you are reviewing (including, year, ISBN,
publisher, number of pages, price).

Main text: This should contain the body of the article, and may also be broken into subsections with
short, informative headings. Here are some questions you might want to consider:

Who is the book intended for and does it meet the intended audience’s needs?

What new information does it present and how might it affect readers' practice?

What evidence does it present and how convincing is it?

Avre the style, organisation and size of the book appropriate for its purpose?

Avre there any studies, facts, or ideas the authors have neglected to consider?

Would you like to make any further reading suggestions?

And last, but not least: why should anybody read this book — or why not? Is it regarded as an
important book?

Acknowledgements: Those who contributed to the work but do not meet our authorship criteria should
be listed in the Acknowledgments with a description of the contribution. Authors are responsible for
ensuring that anyone named in the Acknowledgments agrees to be named.

Also provide the following, each under their own heading:

o Competing interests: This section should list specific competing interests associated with any of
the authors. If authors declare that no competing interests exist, the article will include a
statement to this effect: The authors declare that they have no financial or personal
relationship(s) that may have inappropriately influenced them in writing this article. Read our
policy on competing interests.

e Author contributions: All authors must meet the criteria for authorship as outlined in
the authorship policy and author contribution statement policies.

e Funding: Provide information on funding if relevant

o Disclaimer: a statement that the views expressed in the submitted article are his or her own and
not an official position of the institution or funder.
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References: Authors should provide direct references to original research sources whenever possible.
References should not be used by authors, editors, or peer reviewers to promote self-interests. Refer to the
journal referencing style downloadable on our Formatting Requirements page.

Patient Study full structure

Title: The article’s full title should contain a maximum of 95 characters (including spaces).

Abstract: The abstract should be no longer than 250 words and must be written in the past tense. The
abstract should give a concise account of the Introduction, Patient presentation, Management and
outcome and significance of the matter. The abstract can be structured and should consist of four
paragraphs labelled Introduction, Patient presentation, Management and outcome, and Conclusion.

o Introduction: Describe the context and the reason for publishing this patient study.

o Patient presentation: Describe your 3-stage assessment of the patient.

e Management and outcome: Describe the management plan, progress and final outcome.
e Conclusion: Summarise the lessons learnt and key implications or recommendations.

Introduction: Convey clearly what is particularly interesting about the patient that you want to describe
to the reader. It is useful to begin by placing the study in a historical or social context. If similar cases
have been reported previously, please describe them briefly. Clarify your aim or objectives in publishing
this patient study.

Ethical considerations: Papers based on a case study that involves the treatment of humans must adhere
to the Declaration of Helsinki on Ethical Principles for Medical Research Involving Human Subjects.
Specify the recognised ethics committee from which approval for the case study was obtained; also state
the serial number of the ethical clearance. Case studies must have the consent of the patient(s) or waiver
of consent approved by an ethics committee.

Patient presentation: Describe your patient in detail with consideration of the following aspects:

e Describe the information that was gathered on the patient’s medical problem(s) from the
consultation, physical examination and results of any investigations.

¢ Describe the information that was gathered on the patient’s perspective of their illness (loss of
function, ideas, beliefs, concerns, expectations, or feelings)

e Describe the information that was gathered on the patient’s context (family structure and
function, occupational issues, environment)

e Provide a 3-stage assessment of the patient’s clinical, individual and contextual issues.
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Management and outcome: In this section, you should clearly describe the plan for care, as well as the
care that was actually provided, how the patient’s condition progressed over time and the final outcome.

Discussion: Summarise the key points, lessons learnt and discuss these in relation to the literature. Clarify
the implications or recommendations that arise from this patient study.
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not an official position of the institution or funder.

References: Authors should provide direct references to original research sources whenever possible.
References should not be used by authors, editors, or peer reviewers to promote self-interests. Refer to the
journal referencing style downloadable on our Formatting Requirements page.

121


https://aosis.co.za/policies#competing_interests
https://aosis.co.za/policies#authorship
https://aosis.co.za/policies#author_contributions_affiliations

APPENDIXE: G

DECLARATION OF LANGUAGE EDITING

| Mari Gfrower
Taﬂlpmkiisyn gk A -
Language Practitioner

072928 2036
groblermari@gmail.com

I, Mari Grobler, hereby declare that I have language edited the dissertation with the title:

Physical activity, body composition and handgrip strength among South African young and middle
adults: the PURE study

for Sindi Shozi for the purpose of submission as a dissertation.

Changes were suggested in the form of electronic track changes and comments. Implementation was left
to the discretion of the author.

Please contact me, should there be any questions concerning the language editing of this study.

Yours sincerely

Mari Grobler
SATI membership no: 1002808

122



