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ABSTRACT  

Body composition, bone health and vitamin D status of African adults in the North West 

Province 

Background  

In South Africa, as in many other developing countries, obesity has become a major health 

problem causing an increase in the incidence and prevalence of various non-communicable 

diseases. Research has shown that excess adiposity is associated with low vitamin D status 

and detrimental to bone health. Low vitamin D status has been linked to various non-

communicable diseases which includes osteoporosis, and also the metabolic syndrome. 

Information is scarce on the role of lean mass and fat mass on bone health in the black South 

African population. There is also a shortage of data on the association between vitamin D status 

and the metabolic syndrome in the South African population.  

Aim 

The main aim of this study was to examine factors (vitamin D status, socio-economic status 

[SES] and lifestyle risk factors) associated with body composition, including bone health, as well 

as predictors of change in body composition in African adults in the North West Province of 

South Africa. 

Methods 

The first study that forms part of this thesis was a longitudinal study aimed at examining the 

effects of urbanization, socio-economic status and lifestyle factors on changes in body 

composition over 5 years in rural and urban black South African adults. A total of 1058 men and 

women above age 30 years from the Prospective Urban Rural Epidemiology study were 

included in this study. The second study to form part of this thesis aimed to examine the 

association between body composition and bone health in urban black South African women. 

Structured questionnaires were used to collect socio-demographic and lifestyle information 

including medication and tobacco use. This second study is cross-sectional in design and it 

included 189 postmenopausal women aged > 43 years old. Dual X-ray absorptiometry was 

used to assess bone mineral density, lean mass and fat mass, while structured and specific 

questionnaires were used to assess the habitual physical activity, food frequency and fracture 

risk. Habitual activity energy expenditure was also measured using an accelerometer with a 

combined heart rate monitor. The third study aimed to examine the association of serum 25 

hydroxyvitamin D [25(OH)D] and parathyroid hormone (PTH) concentration, respectively, with 
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the metabolic syndrome while controlling for adiposity in black women in the North West 

Province, South Africa. This third study is also cross-sectional in design and it included 209 HIV-

negative urban women. Dual X-ray absorptiometry was used to assess adiposity, while habitual 

physical activity was accessed with questionnaire and habitual activity energy expenditure was 

also measured using an accelerometer with a combined heart rate monitor. 

Results  

Study 1: Over a 5-year period, body mass index (BMI) and waist circumference increased in 

both genders, but the change was significant for BMI (P<0.01) and waist circumference 

(P<0.001) in women only, indicating an increase in adiposity over time. Urban residency 

positively predicted changes in waist circumference in men (p < 0.05) and women (p < 0.001) as 

well as change in triceps skinfold thickness of men (p < 0.05). Being married positively predicted 

changes in BMI (p < 0.001) and waist circumference (p < 0.001) in men, while age negatively 

predicted changes in triceps skinfold thickness in women (p < 0.001). 

Study 2: Fat mass and lean mass were significantly positively associated with bone mineral 

density (BMD) and fracture risk when adjusted for potential confounders. However, lean mass 

and not fat mass remained significantly associated with femoral neck BMD (β = 0.49, p <0.001), 

spine BMD (β = 0.48, p< 0.0001) and hip BMD (β = 0.59, p< 0.0001). Lean mass was also 

negatively associated with fracture risk (β = -0.19 p =0.04) when both lean and fat mass were in 

the same model.  

Study 3: After adjusting for age, body fat, habitual physical activity, tobacco use and season, 

neither 25(OH)D nor PTH concentrations showed significant associations with having the 

metabolic syndrome. However, when body fat was replaced with waist circumference there was 

a weak positive association between 25(OH)D concentration and the metabolic syndrome. No 

significant association was found between PTH:25(OH)D ratio and the metabolic syndrome. 

Conclusion 

This thesis has highlighted that the prevalence of obesity among black South Africans is high 

particularly among women and urbanization played a significant role in the increasing adiposity 

of black South Africans in the North West province. Lean mass had a stronger association with 

bone health in comparison to fat mass in urban black South African women. Low 25(OH)D 

concentration was not associated with the metabolic syndrome while there was no significant 

association between PTH and the metabolic syndrome in our black South African women.  

Keywords: Body composition, bone health, lean mass, metabolic syndrome, 25(OH)D, PTH  
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OPSOMMING 

Liggaamsamestelling, beengesondheid en vitamien D status van swart volwassenes in 

die Noord-Wes provinsie 

Agtergrond 

In Suid-Afrika, soos in baie ander ontwikkelende lande, het obesiteit ŉ merkwaardige 

gesondheidsprobleem geword wat ŉ verhoogde voorkoms van verskeie nie-oordraagbare 

siektes tot gevolg het. Navorsing toon dat oortollige adipose weefsel geassosieer word met lae 

vitamien D status asook ŉ nadelige effek het op beengesondheid.  Lae vitamien D status word 

ook verbind met verskeie nie-oordraagbare siektes soos osteoporose en die metaboliese 

sindroom.  Inligting rakende die rol van maer liggaamsmassa en vet liggaamsmassa op 

beengesondheid in die swart Suid-Afrikaanse populasie is skaars.  Daar is ook ŉ tekort aan 

data rakende die assosiasies tussen vitamien D status en die metaboliese sindroom in Suid-

Afrikaners.  

Doelwit 

Die primêre doel van hierdie studie was om te bepaal of daar ŉ assosiasie bestaan tussen 

sekere faktore (vitamien D status, lewensstyl risiko faktore en sosio-ekonomiese status) en 

liggaamsamestelling, insluitende beengesondheid, sowel as indikators wat verandering in 

liggaamsamestelling voorspel in volwasse swart Suid-Afrikaners van die Noord-Wes provinsie in 

Suid-Afrika is. 

Metodes 

Die eerste studie wat deel uitmaak van hierdie tesis, was ŉ longitudinale studie wat gekyk het 

na die effekte van verstedeliking, sosio-ekonomiese status en lewenstyl faktore op die 

verandering van liggaamsamestelling oor ŉ vyf jaar tydperk in landelike en stedelike swart 

individue wat in Suid-Afrika woon.  ŉ Totaal van 1058 swart mans en vroue bo die ouderdom 

van 30 jaar is ingesluit binne die Prospektiewe Stedelike en Landelike Epidemiologiese (PURE) 

studie.  Die tweede studie wat deel vorm van die tesis het beoog om die assosiasie tussen 

liggaamsamestelling en beengesondheid te bepaal in swart Suid-Afrikaanse vroue wat in ŉ 

landelike gebied woon. Hierdie studie is ŉ dwarsdeursnitstudie wat 189 postmenopousale swart 

vrouens ingesluit het met ouderdomme bo 43 jaar.  Gestruktureerde vraelyste was gebruik om 

sosio-demografiese- en lewensstyl inligting asook medikasie- en tabakgebruik in te samel. 

Dubbel X-straal absorptiometrie (DXA) was gebruik om beenmineraal densiteit (BMD), maer 

liggaamsmassa en vet liggaamsmassa te bepaal.  Gestruktureerde en spesifieke vraelyste is 
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gebruik om hul gewoontelike fisieke aktiwiteit te bepaal, asook hul voedsel inname en fraktuur 

risiko. Gewoontelike energie verbruik is ook gemeet met behulp van ŉ versnellingsmeter wat 

gekombineer is met ŉ hartmonitor.  Die derde studie wat deel vorm van die tesis, het die 

assosiasie tussen serum 25-hidroksi-vitamien D [25(OH)D] asook die paratiroïed hormoon 

(PTH), met die metaboliese sindroom ondersoek terwyl daar gekorrigeer is vir adipose weefsel.  

Die studie is ook ŉ dwarsdeursnit ontwerp en het 209 MIV-negatiewe swart vroue ingesluit wat 

in ŉ stedelike gebied woon in die Noord-Wes provinsie.  DXA was gebruik om adipositeit te 

bepaal, terwyl gewoontelike fisieke aktiwiteit met behulp van vraelys bepaal is. Gewoontelike 

energieverbruik is deur ŉ versnellingsmeter wat gekombineer is met ŉ hartmonitor, bepaal. 

Resultate 

Studie 1: Oor ŉ vyf-jaar tydperk, het die liggaamsmassa indeks (LMI) asook die middel-omtrek 

in albei geslagte toegeneem, maar die verandering was slegs betekenisvol vir LMI (p<0.01) en 

middel-omtrek (p<0.001) in vroue, wat ŉ indikasie is van adipose weefsel toename oor tyd.  

Area van woning (stedelike area) het veranderinge in die middel-omtrek in mans (p<0.05) en 

vroue (p<0.001) positief voorspel, asook veranderinge in die dikte van die trisepsvelvou in mans 

(p<0.05).  Om getroud te wees het ŉ positiewe voorspelling gehad op LMI (p<0.001) en middel-

omtrek (p>0.001) in mans, terwyl ouderdom ŉ negatiewe voorspelling gehad het op die 

verandering in die dikte van die trisepsvelvou in vroue (p<0.001). 

Studie 2: Vet massa en maer massa het ŉ betekenisvolle positiewe assosiasie gehad met BMD 

en fraktuur risiko, terwyl daar gekorrigeer was vir potensiële beperkende faktore.  Maer massa 

en nie vet massa, het betekenisvol geassosieer met die femorale nek BMD (β = 0.49, p<0.001), 

spinale BMD (β = 0.59, p<0.0001) en heup BMD (β = -0.19, p = 0.04) wanneer maer-massa en 

vet massa in dieselfde model geplaas was. 

Studie 3: Nadat daar gekorrigeer is vir ouderdom, liggaamsmassa, gewoontelike fisieke 

aktiwiteit, tabakgebruik en seisoen, was daar geen assosiasie gevind tussen 25(OH)D of PTH-

konsentrasies en die metaboliese sindroom nie. Nietemin, wanneer liggaamsmassa verplaas 

word met middel-omtrek was daar ŉ swak positiewe assosiasie gevind tussen 25(OH)D-

konsentrasies en die metaboliese sindroom.  Geen betekenisvolle assosiasie was gevind 

tussen PTH:25(OH)D ratio en die metaboliese sindroom nie. 

Gevolgtrekking 

Hierdie tesis het die hoë voorkoms van obesiteit onder swart Suid-Afrikaners uitgelig, met 

spesifieke fokus op vroue en ook die rol wat verstedeliking speel in die toename van adipose 

weefsel in swart Suid-Afrikaners in die Noord-Wes provinsie. Maer massa het ŉ sterker 
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assosiasie met beengesondheid gewys as vet massa in verstedelikte swart Suid-Afrikaanse 

vrouens. Lae 25(OH)D-konsentrasies asook PTH-konsentrasies was nie geassosieer met die 

metaboliese sindroom in swart Suid-Afrikaanse vroue nie. 

Sleutelwoorde: Liggaamsamestelling; beengesondheid; maer massa; metaboliese sindroom; 

25(OH)D; PTH 
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CHAPTER 1: INTRODUCTION 

1.1 BACKGROUND AND MOTIVATION 

1.1.1 Factors affecting body composition 

Human body composition studies have a long history of more than 150 years and it focuses 

on the masses of various body components and their distribution, the measurable relations 

among body components, the in vivo quantification of body components, and the quantitative 

changes in these components related to various intrinsic and extrinsic factors (Zhu & Wang, 

2011).  

Socio-economic status (SES) which can be defined as an individual’s position on a socio- 

economic scale is often measured by factors like education, income, occupation and place of 

residence. SES is identified to be associated with a variety of diseases (Adler et al., 1999). 

For many decades, a powerful association between SES and physical health has been 

recognized. Whether defined according to level of education, income, or occupational status, 

lower SES is associated with diverse disease endpoints and with premature mortality (Gallo 

et al., 2009) and it is a significant predictor of body mass index (BMI) (Jeffery et al., 1991). 

Socio-demographic characteristics are associated with long term weight gain (Lahmann et 

al., 2000). Smoking is a lifestyle risk factor which increases insulin resistance and is 

associated with central fat accumulation (Chiolero et al., 2008). Dietary intake and physical 

activity are major determinants of body composition (Nilas et al., 1987; Hui et al., 1988; 

Slemenda et al., 1990; Popkin et al., 1993; Hill et al., 2000; Vorster et al., 2011).  

1.1.2 Body composition and health 

In 1997, the World Health Organisation (WHO) emphasised that obesity is becoming a major 

health problem in many developing countries, particularly in adult women (WHO, 2000). A 

high prevalence of obesity was found in black South African women, with an increase in 

BMI, skinfold thicknesses, waist circumference and waist to hip ratio (WHR) with increasing 

age (Kruger et al., 2001). The recent South African National Health and Nutrition 

Examination Survey (SANHANES) reported a national obesity prevalence of 10.6% and 

39.2% for South African adult men and women respectively (Shisana et al., 2013). 

Malnutrition manifests predominantly as overweight and high rates of abdominal obesity in 

adult South Africans, particularly in African women (Puoane et al., 2002). Obesity (defined 
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as a body mass index (BMI) ≥30 kg/m2) and “normal weight adiposity” (i.e. having a BMI in 

the normal range of 18.5 to 24.9 kg/m2 but having excessive body fat) are associated with a 

multitude of health problems (Gropper et al., 2012). Obesity has been linked to an increased 

risk of hyperlipidaemia, heart disease, hypertension, and stroke, among others, while normal 

weight adiposity has been linked to dyslipidaemia, hypertension, and hyperglycaemia 

(Daniels et al., 1999; Vizcaíno et al., 2007; Dervaux et al., 2008; Romero-Corral et al., 2010; 

Gómez-Ambrosi et al., 2011), as well as with elevated plasma C-reactive protein 

concentrations, an indicator of inflammation (Ridker et al., 2003; Musso et al., 2011).  

Waist circumference represents a useful marker of abdominal or central obesity (Huang et 

al., 2001), and like body adiposity, larger waist circumference measurements have been 

associated with multiple health conditions (Evans et al., 2011; Gropper et al., 2012) and has 

also been shown to be predictive of insulin resistance (Raman et al., 2008; Goedecke et al., 

2009). Waist circumference and skinfold measurements were found to be reliable substitutes 

for body fat mass in a cohort of Caucasian adults (Ketel, 2007). The relationship between 

waist circumference and body fat mass may be different for different ethnic groups (Rush et 

al., 2007). Studies have shown that for the same BMI, black South African women have 

lower central adiposity than white South African women (Rush et al., 2007; Goedecke et al., 

2013).  

Bone mineral density (BMD) is another component of body composition that also decreases 

with age. Under-nutrition is common among the elderly, with the potential to aggravate the 

physiological age-related muscle and bone mass decline (Ilich et al., 2003). The effects of 

under-nutrition and sarcopenia, independently and in combination overlap in their 

contribution to loss of bone mass in the elderly (Coin et al., 2008). Characteristics of 

osteoporosis include low BMD and higher than normal incidences of fractures (ZhiMin et al., 

2012). Fractures related to osteoporosis are associated with significantly increased risk of 

death and disability-adjusted life years (DALYs) lost (Melton, 2003). Since several 

prospective studies have clearly shown that low BMD is predictive of future fractures (Ross 

et al., 1987, Hui et al., 1988), it will be of substantial benefit for both individuals and society if 

those with a high fracture risk are detected and managed early (ZhiMin et al., 2012). 

According to Slemenda and colleagues (1990), it is important to identify low BMD in order to 

determine who is most likely to benefit from therapy to preserve existing bone mass. Among 

other factors, under-nutrition and rapid bone loss during menopause have been 

acknowledged as increasing the risk of osteoporosis (Prynne et al., 2006). 
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1.1.3 Strategies to improve body composition and bone health 

Diet, physical activity, race and heredity are major determinants of optimal bone mass and 

modification of diet and physical activity may help in maintaining optimum skeletal status 

(Nilas et al., 1987; Hui et al., 1988; Slemenda et al., 1990). Studies of progressive 

degeneration of normal physiological functioning of bone due to aging have mostly been 

limited to white women as they have the highest incidence of osteoporotic fractures (Kruger 

et al. 2004; Gnudi et al., 2007; Navarro et al., 2013). Also in South Africa, osteoporosis and 

fractures occur more frequently in white than in black women (Kruger et al., 2004). It was 

emphasised in the past that black women are relatively protected from osteoporosis; 

however older black women may increasingly become more prone to the risk of osteoporosis 

and fractures due to changes in physical activity and the nutrition transition (Aloia, 1996; 

Vorster et al., 2002; Kruger et al., 2011; Vorster et al., 2011). 

Awareness that vitamin D sufficiency is required for optimal health is on the increase (Grant 

& Holick, 2005). Low vitamin D status has been reported as a risk factor for increased 

cardiovascular events, cancer, autoimmune diseases, type 1 and type 2 diabetes mellitus, 

infections, cognitive decline, (Pittas et al., 2006; Pittas et al., 2007; Cheng et al., 2010; 

Pearce, 2010; Hammed et al., 2011) and has been associated with the metabolic syndrome 

(Hypponen et al., 2008). The relationship between low vitamin D and metabolic traits, appear 

to differ among different ethnicities. In America, the National Health Nutrition Examination 

Survey (NHANES) III data showed an inverse association between vitamin D status and 

insulin resistance in non-Hispanic whites and Mexican Americans, but the inverse 

relationship was not observed in African-Americans (Scragg et al., 2004). Low serum vitamin 

D is also associated with elevated parathyroid hormone (PTH) secretion (Lips, 2001) and 

elevated PTH levels have been linked to an increased risk for the metabolic syndrome (Reis 

et al., 2007; Ahlström et al., 2009). Some studies also showed that PTH is associated with a 

higher risk of incident hypertension (Oshima & Young 1995; Taylor et al., 2008).  

This study will provide significant and new information on the relationship between socio-

economic status and lifestyle risk factors respectively, on changes in body composition; the 

role of body composition, particularly lean mass, fat mass and BMI on bone health; and the 

relationship between vitamin D status, PTH and the metabolic syndrome in black South 

African adults. These results could help to facilitate the development of effective public 

health policies in South Africa, and also enable the re-evaluation of current strategies aimed 

at the rising scourge of obesity and its attendant health problems in the nation.  
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1.2 AIMS AND OBJECTIVES 

The main aim of this study is to examine factors (vitamin D status, SES and lifestyle risk 

factors) associated with body composition, including bone health, as well as predictors of 

change in body composition in African adults in the North West Province of South Africa.  

Specific Objectives: 

1. To examine the influence of urbanization, SES and lifestyle risk factors on changes in 

the body composition of black South African men and women from the North West Province 

between 2005 and 2010.  

2. To examine the association between body composition (BMI, fat mass and lean 

mass) and bone health (BMD and fracture risk) in urban postmenopausal black South 

African women. 

3. To examine the association of serum 25 hydroxyvitamin D [25(OH)D] and PTH 

concentration with the metabolic syndrome in urban black South African women from the 

North West Province. 

1.3 STRUCTURE OF THIS THESIS 

This thesis is presented in article format and consists of six chapters, including this 

introductive chapter.  

Chapter 2 gives an overview of the relevant literature on body composition, bone health and 

vitamin D. This chapter provides a comprehensive overview of the relevant literature needed 

for the interpretation of the data from the articles in this thesis.  

Chapter 3 is an article entitled: “Influence of urbanization, socio-economic status and lifestyle 

risk factors on changes in body composition among South African adults”. This article has 

been submitted for publication to the BMC Public Health. It addresses the influence of 

urbanization, SES, physical activity, tobacco use, dietary intake and marital status on 

changes in BMI, waist circumference and triceps skinfold over 5 years in rural and urban 

black South African adults.  

Chapter 4 is an article entitled: “Lean mass appears to be more strongly associated with 

bone health than fat mass in urban black South African women”. This article has been 

accepted for publication in the Journal of Nutrition Health and Aging. It addresses the effect 
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of fat mass, lean mass and body mass index as body composition variables on bone health 

in post-menopausal urban black South African women.  

Chapter 5 is an article entitled: “Association of serum 25(OH)D and PTH with the metabolic 

syndrome in women in the North-West, South Africa.” This article will be submitted for 

publication to the BMC Women’s Health. It examines the influence of 25(OH)D and PTH 

respectively on the metabolic syndrome in urban black South African women.  

Chapter 6 is the final chapter which comprises of a general discussion, recommendations 

and conclusion.  

The relevant references used in Chapters 1, 2 and 6 are provided at the end of each chapter 

according to the required style of the North-West University. The references of Chapters 3, 4 

and 5 are provided at the end of each chapter according to the required style of the 

respective journals.  

1.4 ETHICAL CONSIDERATIONS  

The study is part of the broader PURE-SA and the PURE-Bone study with ethical approval 

obtained from the Ethics Committee of the North–West University, Potchefstroom, South 

Africa - Ethics number: NWU-00016-10-A1 (Addenda A, B and C). Signed informed consent 

was obtained from the participants after the purpose of the study and all study procedures 

have been explained to them in their home language (Addendum D). Permission to conduct 

the study was obtained from the North West Department of Health, tribal chiefs, community 

leaders and employers of the participants. Participants had the choice to withdraw from the 

study at any time.  

1.5 AUTHOR’S CONTRIBUTIONS TO THE SEPARATE PAPERS IN THIS THESIS 

The contributions of the researchers involved in the studies presented in this thesis are given 

in Table 1 
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Table 1 List of members within the research team and their contributions to this 

study 

Name and 

signature* 

Affiliation Role in the study 

O. F Sotunde 

(PhD candidate) 

 

Centre of Excellence for 

Nutrition, North-West 

University 

Assisted in the data collection of the PURE 

study, responsible for the literature review, 

statistical analysis, interpretation of results and 

writing up of publications and thesis. 

Prof HS Kruger 

(Promoter) 

 

Centre of Excellence for 

Nutrition, North-West 

University 

Supervised this thesis, formulated research 

questions, supervised the data collection of the 

PURE study, quality control of data, statistical 

analyses, interpretation of results and co-

authored the 3 articles (Chapters 3, 4 & 5) in 

this thesis. 

Dr HH Wright  

(Co-promoter) 

 

School of Health and Sports 

Sciences, University of the 

Sunshine Coast, 

Queensland, Australia; 

Centre of Excellence for 

Nutrition, North-West 

University; 

Co-supervised this thesis, assisted in the data 

collection of the PURE study, co-authored the 3 

articles (Chapters 3, 4 & 5).  

Dr L. Havemann-

Nel 

(Co-promoter) 

 

Centre of Excellence for 

Nutrition, North-West 

University 

Co-supervised this thesis, assisted in the data 

collection of the PURE study, co-authored the 3 

articles (Chapters 3, 4 & 5).  

Prof A Kruger 

 

AUTHeR, Faculty of Health 

Sciences, North-West 

University 

Planning and coordinating the PURE study SA, 

co-authored 1 article (Chapter 4) 
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Name and 

signature* 

Affiliation Role in the study 

Dr L Kruger 

 

AUTHeR, Faculty of Health 

Sciences, North-West 

University 

Co-authored 1 article (chapter 4), assisted in 

the data collection of the PURE study.  

Prof E Wentzel-

Viljoen 

 

Centre of Excellence for 

Nutrition, North-West 

University 

Responsible for the collection, coding, analysis 

and quality control of dietary intake data for the 

PURE study. Co-authored 1 article (Chapter 4) 

Dr C. Nienaber-

Rousseau 

 

Centre of Excellence for 

Nutrition, North-West 

University 

Co-authored 1 article (Chapter 3), assisted in 

the data collection of the PURE study.  

Prof. M. Pieters 

 

Centre of Excellence for 

Nutrition, North-West 

University 

Co-authored 1 article (Chapter 5), assisted in 

the quality control of data collected in the PURE 

study. 

Prof. S.J. Moss 

 

Physical Activity, Sport and 

Recreation Research Focus 

Area, North-West University 

Co-authored 1 article (Chapter 3), assisted in 

the data collection of the PURE study. 

Dr M. Tieland 

 

Division of Human Nutrition; 

Wageningen University; 

Wageningen; The 

Netherlands 

Co-authored 1 article, (Chapter 4), expertise in 

sarcopenia and bone health. 
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Name and 

signature* 

Affiliation Role in the study 

Dr C. Botha-

Ravyse 

 

Centre of Excellence for 

Nutrition, North-West 

University 

Co-authored 1 article (Chapter 5), assisted in 

the data collection of the PURE study. 

Dr C.M.C. Mels 

 

Hypertension in Africa 

Research Team; North-West 

University 

Laboratory analysis and quality control of 

biochemical data, co-authored 1 article 

(Chapter 5) 

Prof. E. Feskens 

 

 

Division of Human Nutrition; 

Wageningen University; 

Wageningen; The 

Netherlands 

Co-authored 1 article (Chapter 5), expertise in 

body composition and the metabolic syndrome. 

* I declare with my signature that as a co-author I have approved the above-mentioned articles, that 
my role in the study as indicated above is representative of my actual contribution and that I hereby 
give consent that it may be published as part of the PhD thesis of Mrs O.F. Sotunde 
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CHAPTER 2: LITERATURE REVIEW 

2  

2.1 INTRODUCTION 

Many African countries including South Africa are in the nutrition-related non-communicable 

disease phase of the nutrition transition (Vorster et al., 2011) with resultant unfavourable 

changes in body composition. The national obesity prevalence as recently reported by 

SANHANES was 10.6% and 39.2% for South African adult men and women respectively 

(Shisana et al., 2013).  

Black South Africans have traditionally been known to have a better bone health in 

comparison to their white and Indian counterparts (Micklesfield et al., 2011). This could be 

explained in part by genetic and ethnic differences in lifestyle (Pollitzer & Anderson, 1989; 

Lei et al., 2006; Goedecke et al., 2010; Chantler et al., 2011; Shisana et al., 2013). For 

instance a large number of black South Africans accumulate incidental moderate –intense 

physical activity due to walking as a mean of transportation (Goedecke et al., 2009). 

However, due to urbanization and its attendant negative effects; there is an increasing 

concern about the bone health of black South Africans (Kruger et al., 2011).  

The high prevalence of obesity among South Africans is a cause of concern as excess body 

weight has also been associated with vitamin D deficiency (Bischof et al., 2006; Reinehr et 

al., 2007; Shisana et al., 2013). In a recent study black South Africans had a higher 

prevalence of vitamin D deficiency and inadequacy in comparison to blacks from Ghana, 

Jamaica and Seychelles (Durazo-Arvizu et al., 2014).  

This chapter of the thesis will focus on the review of literature related to composition of the 

human body and factors that contribute to its changes, as well as bone health and factors 

that affect bone health. The effect of vitamin D status and parathyroid hormone on 

components of metabolic syndrome will also be highlighted. 

2.2 BODY COMPOSITION 

Studies on human body composition span over 150 years and focus on the different body 

components, their distribution, and measurable changes in relation to various intrinsic and 

extrinsic factors (Zhu & Wang, 2011). A two compartment model of human body composition 
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divides the body into fat mass and fat free mass (Ackland et al., 2012). Body composition 

can be assessed at five levels namely; atomic level, molecular level, cellular level and tissue 

levels and whole body (Wang et al., 1992; Ackland et al., 2012). The sum of all components 

at each of the five levels is equivalent to body mass (Heymsfield, 2005). At the atomic level 

body mass includes 11 major elements: calcium, potassium, phosphorous, sulphur, sodium, 

chlorine, magnesium, oxygen, carbon, hydrogen and nitrogen, while the last four elements 

account for more than 96% of body mass (Heymsfield, 2005). Most of these elements can 

be measured in vivo by neutron activation analysis (Cohn & Dombrowski, 1971) and whole 

body counting (Cohn et al., 1969). The molecular level consists of six major components: 

water, lipid, protein, carbohydrates, bone minerals and soft tissue minerals. The cellular level 

includes three components: extracellular solids, extracellular fluid and cells, whereas the 

tissue-organ level consists of the adipose tissue, skeletal muscle, visceral organs, and bone 

(Heymsfield, 2005; Ackland et al., 2012). Adipose tissue components are present throughout 

the body and the metabolic properties of these properties differ based on their location in the 

anatomy (Bjorntorp, 2000; Enevoldsen et al., 2001; Cinti, 2012). The whole body level is 

divided into appendages, trunk and head regions where by trunk and appendages are 

usually described by anthropometric measures like skinfolds, lengths and circumferences 

(Heymsfield, 2005). The three specific tissues that are particularly important in body 

composition research are bone, adipose and muscular tissue (Ilich et al., 2014). They make 

up approximately 75% of body weight in the reference man (Snyder et al., 1974). Body 

composition has been indicated to be a primary determinant of health, and a better predictor 

of mortality risk than body mass index (Segal et al., 1987; VanItallie et al., 1990; Ackland et 

al., 2012). Body composition measurements like waist circumference and waist to height 

ratio have been shown to be significantly associated with the risk of cardiovascular events 

(de Koning et al., 2007; Evans et al., 2011; Goedecke & Micklesfield, 2014).  A case 

controlled study with 27,000 participants from 52 countries found waist to hip ratio to be 

highly significantly associated with myocardial infaction risk world wide (Yusuf et al., 2005).  

2.2.1 Composition and physiology of soft body tissue  

2.2.1.1 Fat mass 

The fat mass component of the human body is fat from all body sources and it is categorized 

as essential fat or storage fat (Cinti, 2012). Total body fat is usually expressed as a 

percentage of total body weight. According to Gallagher et al. (2000), 8% to 24% of total 

body fat in males and 21% to 35% in females are associated with optimum health. Essential 
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fat is stored in small amounts in the bone marrow, kidney, heart, lung, liver, spleen, muscles 

and lipid rich tissues in the nervous system, and it is necessary for normal physiological 

function (Gallagher et al., 2000; Cinti, 2012). Storage fat accumulates under the skin and 

around internal organs and acts as protection for the organs against trauma (Ackland et al., 

2012). In the human body, adipose tissue increases either in the size (hyperthrophy) of 

adipose cells already present, or by the number (hyperplasia) of adipose cells (Knittle et al., 

1979). Adipose tissue is the major site for fuel storage in form of triglycerides in the body 

(Schuster, 2009), and it has an important effect on whole body homoeostasis (Cinti, 2012). It 

is also critical for thyroid function, bone health maintenance, immune response, reproduction 

and blood clotting (Schuster, 2009). The adipose tissue is a complex and a very active 

metabolic and endocrine organ (Ahima & Flier, 2000; Frühbeck et al., 2001; Cinti, 2012). 

However, important factors in determining individual risk to develop metabolic and 

cardiovascular co-morbidities of obesity include ectopic fat accumulation and adipose tissue 

dysfunction (Blüher, 2009).  

2.2.1.2 Lean mass 

Lean body mass is basically the part of the body that is free of adipose tissue and it is also 

referred to as fat-free mass. It includes muscles, bones, ligaments, tendons and internal 

organs. Lean body mass increases with exercise (Fielding, 1995; Morris et al., 1997; 

Ackland et al., 2012), it is higher in men than women (Ley et al., 1992), and it is lower in 

older adults (Kyle et al., 2001a; Di Iorio et al., 2006). According to Forbes (2003), it is 

predictable that older persons with weight loss will lose both lean mass and fat mass. 

However, if body weight remains constant, lean body mass will fall by about 1.5kg per 

decade (Forbes, 1999). Lean body mass is the major determinant of resting metabolic rate 

(Gallagher et al., 1998; Kim et al., 2014), while it also accounts for 29% of excess weight in 

the obese (Pierson et al., 1997). In the elderly, lean body mass has been linked to protection 

against frailty and physical dysfunction (Delmonico et al., 2007), and also to a favourable 

cardiometabolic profile mainly as a result of increased insulin sensitivity (Nam et al., 2001). 

Recently, high lean mass has been shown to have a protective effect on bone health in 

Korean adult men (Shin et al., 2014). Chantler and colleagues (2011) found lean mass to be 

the strongest correlate of whole body, femoral neck and total hip BMD for white South 

African women and whole body BMD for black South African women. A recent study among 

black South African and Asian Indian South Africans concluded that lean mass was the 

major contributor to BMD at all skeletal sites measured for both ethnic groups (George et al., 

2014). Lipotoxicity is the lipid induced dysfunction of lean tissue whereby fat is deposited in 
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non-adipose tissue and it has been linked in theory to produce obesity comorbidities such as 

insulin resistance, type 2 diabetes mellitus and cardiovascular diseases (Zhou et al., 2000; 

Shimabukuro et al., 2013). 

2.2.1.3 Fat distribution  

A number of studies have shown that the regional distribution of fat is an important factor in 

the relationship between obesity, metabolism and health (Lapidus et al., 1984; Vague, 1985; 

Donahue et al., 1987; Goodpaster et al., 2005; Britton et al., 2013). Vague (1956) was the 

first to recommend that a distinction between adiposity should be made based on the type of 

excess fat. He also noted that despite that body fat distribution is a sexual characteristic, 

men and women can differ remarkably in android or gynoid pattern (Vague, 1956). A 

significant association has been demonstrated between regional fat distribution and 

cardiovascular disease and related mortality (Lapidus et al., 1984; Vague, 1985; Donahue et 

al., 1987; Goodpaster et al., 2005; Britton et al., 2013). According to Britton et al. (2013), 

visceral adiposity is associated with incident cardiovascular disease and cancer. Regional 

patterns of fat deposit are controlled genetically and are different between and among men 

and women (Rush et al., 2007; Nazare et al., 2012; Karastergiou et al., 2012). South African 

studies have also reported differences in body fat distribution across its ethnic groups (Rush 

et al., 2007; Goedecke et al., 2013; George et al., 2014). Goedecke and colleague (2009) 

showed that body fat distribution is differentially associated with insulin sensitivity in black 

and white South African women. The study showed that for the same BMI, black women 

were less insulin sensitive despite having less visceral adipose tissue (VAT) compared to 

white women (Goedecke et al., 2009).   

In the extensive study of obese persons by Krotkiewski et al. (1983), it was reported that 

persons whose abdominal adipocytes were larger than their gluteal adipocytes had higher 

insulin and glucose concentrations than persons with smaller abdominal than gluteal 

adipocytes even at the same level of adiposity. Some other studies also confirmed that 

subcutaneous abdominal adipocyte size is positively associated with adverse metabolic 

indexes in both sexes, while femoral adipocyte size had weak or no association (Kissebah et 

al., 1982; Pouliot et al., 1990; Imbeault et al., 1999; Harwood, 2012; Rydén et al., 2014).  

In a recent study on Ghanaian migrants, lower rates of elevated fasting glucose were 

observed among Ghanaian women compared to men and it may be partly due to a more 

favourable body fat distribution, characterized by both greater hip and smaller waist 
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measurements amongst the women (Nicolaou et al., 2013). Socio-economic status (SES) 

also seems to contribute to body fat distribution (Lahmann et al., 2000). Abdominal visceral 

and subcutaneous fat thickness was higher in urban residents in a Kenyan study compared 

to their rural counterparts (Christensen et al., 2008). The study implies that the rural 

inhabitants are engaged in more physically demanding jobs in comparison to their urban 

counterparts, especially the females (Christensen et al., 2008). In a Dutch study, migrant 

men had a more favourable fat distribution with less abdominal fat than Dutch men (Ujcic-

Voortman et al., 2011). There is growing evidence that smoking affects body fat distribution 

and that it is associated with central obesity and insulin resistance (Eliasson, 2003; Houston 

et al., 2006; Willi et al., 2007; Chiolero et al., 2008; Clair et al., 2011). Visceral adipose tissue 

is influenced by cortisol concentrations and smokers have been shown to have higher 

fasting plasma cortisol concentrations compared to non smokers (Cryer et al., 1976; 

Friedman et al., 1987; Pasquali et al., 2000). Smoking induced stimulation of sympathetic 

nervous system activity could be the cause of higher cortisol concentrations (Williamson et 

al., 1991; Yoshida et al., 1999).  

2.2.2 Factors affecting/influencing changes in fat-mass, lean mass and body weight  

2.2.2.1 Gender 

Body composition differs based on gender. For a given BMI women have been reported to 

have higher adiposity while men have higher lean mass (Garaulet et al., 2000; Geer & Shen, 

2009). Men have been reported to have the tendency of storing fat centrally, while women 

tend to store fat peripherally (Garaulet et al., 2000; Machann et al., 2005). Also men 

generally have more VAT and less subcutaneous adipose tissue (SAT) when compared to 

women (Machann et al., 2005; Bray et al., 2008; Geer & Shen 2009). Also, changes in body 

composition over time have also been demonstrated to be different for males and females 

(Tsunenari et al., 1993; Sartorio et al., 2005; Strugnell et al., 2014). Gender difference in 

body fat distribution is largely due to differences in sex hormones between men and women 

(Nedungadi & Clegg, 2009; Tchernof & Depres, 2013). However, as women age and reach 

menopause, women accumulate more visceral fat which has been attributed to the hormonal 

changes experienced in women after menopause (Kotani et al., 1994; Tchernof & Depres, 

2013). 
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2.2.2.2 Socio–economic status 

SES which can be defined as an individual’s position on a socio-economic scale is often 

measured with indicators like education, income, occupation, place of residence etc. For 

many decades, powerful association between SES and physical health has been 

recognized. Whether defined according to educational attainment, income, or occupational 

status, lower SES is associated with diverse disease endpoints and with premature mortality 

(Adler et al., 1999; Gallo et al., 2009). Low SES is associated with long term weight gain and 

it is a significant predictor of BMI (Jeffery et al., 1991; Lahmann et al., 2000; O’Dea et al., 

2012). This is largely explained by overcomsuption of energy dense foods which are 

cheaper and more easily accessible (Popkin et al., 1993; Hill et al., 2000; Abrahams et al., 

2011; Aounallah-Skhiri et al., 2011; Vorster et al., 2011). 

2.2.2.3 Diet 

Diet is a major determinant of body composition changes (Mozafarian et al., 2011). Dietary 

modification is widely used to effect changes in body composition particularly body weight 

(Howard et al., 2006; Carty et al., 2011; Di Daniele et al., 2013). High intakes of energy and 

fat are positively associated with increased measures of obesity (Popkin et al., 1993; Hill et 

al., 2000; Abrahams et al., 2011). Carty and colleagues (2011) reported modest long term 

body composition changes of decreased percentage body fat and fat mass by a group of 

women on a low fat dietary pattern over a period of six years.  

2.2.2.4 Physical activity 

Physical activity or inactivity is a determinant of changes in body composition over time. 

Increase in level of physical activity is associated with higher muscle mass and lesser total 

body fat in adults (Raguso et al., 2006). Increase in physical activity over time has been 

demonstrated to reduce measures of obesity (Toth et al., 1999; Irwin et al., 2003). Physical 

activity is one of the major determinants of energy expenditure as it accounts for 15% to 

30% of total energy expenditure under normal circumstances (Ravussin et al., 1982; Jequier 

& Schutz, 1983). Decrease in physical activity could lead to weight gain as lower energy 

expenditure predicts increase in weight and fat mass (Mozafarian et al., 2011; Reddy et al., 

2012; Piaggi et al., 2013). In a longitudinal study on older men and women, baseline 

physical activity was inversely associated with changes in fat mass in women (Hughes et al., 

2002).  
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2.2.2.5 Age 

Age is an established determinant of changes in body composition as changes in body 

composition occur with increasing age (Tsunenari et al., 1993; Baumgartner et al., 1995; 

Hughes et al., 2002; Zamboni et al., 2003). There is usually an increase in fat mass and a 

decrease in muscle mass due to aging (Evans & Campbell, 1993; Hughes et al., 2002; 

Genton et al., 2011). This could be as a result of decreased physical activity, hormonal 

changes and dietary changes (Mozafarian et al., 2011; Tchernof & Depres, 2013). A 

decrease in height also occurs as humans grow older (Chumlea et al., 1998). Decrease in 

height of an adult is shrinkage which could be due to poor posture, joint deterioration and 

osteoporosis (Cline et al., 1989; Bagga, 2013). 

Other lifestyle factors that contribute to changes in body composition include smoking, 

alcohol use, use of specific medication, specific contraceptive usage by women and 

marriage for men. Smoking increases insulin resistance and is associated with central fat 

accumulation (Chiolero et al., 2008). Studies have shown that marriage for men is more 

associated with increased risk of obesity (Sobal et al., 1992; Hajian‐Tilaki et al., 2007).  

2.2.3 BODY COMPOSITION ASSESSMENT TECHNIQUES 

2.2.3.1 Surface anthropometry 

Anthropometry can be defined as the science of measuring the size, weight and proportion 

of the human body and it is one of the basic tools to assess nutritional status (Heymsfield & 

Casper, 1987; Wang et al., 2002). Anthropometric instruments are portable and relatively 

inexpensive and are non-invasive procedures which make them applicable for large sample 

studies and can be used in rural and urban field situations (Heymsfield, 2005). 

Anthropometric measures can be sensitive indicators of health, development and growth in 

infants and children (Moore & Roche, 1983). Anthropometric measurements also predict 

performance and survival (De Onis & Habicht, 1996). Anthropometric variables have been 

recently suggested to predict regional fat tissue masses accurately (Holmes et al., 2005; 

Arthurs & Andrews, 2009; Yavari et al., 2011). According to Scafoglieri et al. (2013), the 

anthropometrically derived indices of fat mass distribution demonstrate sufficient accuracy 

for clinical use.  
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2.2.3.1.1 Height, weight and body mass index 

Height (or stature) and weight are useful in determining nutritional status in adults. Height is 

usually measured directly with a measuring rod or a stadiometer for individuals who are 

cooperative and able to stand without assistance, while indirect methods can be used to 

estimate the height of individuals who cannot stand using their knee height (Chumlea et al., 

1985; Gordon et al., 1988). Body weight is one of the most important measurements in 

nutritional assessment. Weight is an important variable in equations predicting caloric 

expenditure and in indices of body composition (Mei et al., 2002; Lee & Nieman, 2013). 

Body weight is interpreted in different ways including actual weight, usual weight and ideal 

weight (WHO, 1986). Studies of predominantly sedentary populations show that men and 

women gain weight as they age (Williams & Wood, 2006). BMI, also known as the Quetelet’s 

index (W/H2) is the most widely used height–weight index (Lee & Nieman, 2003). BMI 

accounts for differences in body composition by defining the level of adiposity and relating it 

to height and it is often used to evaluate obesity (Stensland & Margolis, 1990; WHO, 2000). 

BMI however, does not differentiate between fat free mass and fat mass (Müller et al., 2012).  

2.2.3.1.2 Skin-fold measurements 

Skinfold measurement is the thickness of a double fold of skin and compressed 

subcutaneous adipose tissue (Muller et al., 2013). This is the most widely used method of 

indirectly estimating percentage body fat in clinical settings (Pollock & Jackson, 1984; Martin 

et al., 1985). The skinfold thickness is measured with the use of a calliper. Subcutaneous 

adipose tissue thickness varies largely among different skinfold sites within individuals and 

the same skinfold sites between individuals (Siervogel et al., 1982; Martin et al., 1985; 

Clarys et al., 1987). According to research, certain skinfold sites are highly correlated to total 

subcutaneous adipose tissue (Martin et al., 1985). There are eight most commonly used 

skinfold sites: chest, triceps, subscapular, midaxillary, suprailiac, abdomen, thigh and medial 

calf (Lee & Nieman, 2013). The most commonly used single site for assessing body 

composition is the triceps, while using the sum of skinfold measurements taken at various 

sites (multiple site skinfold measurements) has proved to be a reasonably valid and reliable 

indicator of body composition (Lee & Nieman, 2013). Triceps and subscapular skinfold 

thicknesses are positively associated with the homeostasis model of assessment of insulin 

resistance (HOMA-IR) and identify those at higher risk for insulin resistance (Addo et al., 

2012) 
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2.2.3.1.3 Circumference measurements  

Circumferential or girth measurements are used more frequently in recent times because of 

the growing body of evidence that body fat distribution is an indicator of risk for some non-

communicable diseases (Rush et al., 2007; Despres, 2012; Patel & Abate, 2013). These 

include measures of waist circumference, mid-arm circumference, head circumference and 

calf circumference, using a non-stretchable tape measure (Lee & Nieman, 2013). Waist 

circumference is measured midway between the iliac crest and the lower margin of the last 

palpable rib in the mid-axillary line. Waist circumference is a sensitive measure of central fat 

distribution and a good predictor of abdominal obesity (Conway et al., 1995; Tchernof & 

Depres, 2013). De Koning et al. (2007) found a two percent increased cardiovascular 

disease risk for every centimetre increase in waist circumference. Mid-arm circumference is 

measured halfway between the acromion process of the scapula and the olecranon process 

at the tip of the elbow (Lee & Nieman, 2013). Mid-arm circumference is a measure of 

nutritional status particularly in children and the elderly (WHO, 2009). Head circumference is 

measured at its greater circumference which is usually above the eyebrows and pinna of the 

ears and around the occipital prominence at the back of the skull (Lee & Nieman, 2013). Calf 

measurement is used in combination with other anthropometric measures to estimate body 

weight gain in older adults (Lohman et al., 1988).  

2.2.3.2 Dual energy x-ray absorptiometry 

Dual energy X-ray absorptiometry (DXA) is the most widely used bone density measurement 

technology. It is primarily used to measure bone mineral density but has become widely 

used to measure fat mass and fat-free mass with a high degree of accuracy (St-Onge et al., 

2004). The DXA energy source is an X-ray tube that contains photon energies (Lee & 

Nieman, 2003). The DXA machine is easy to use and emits a low level of radiation 

(UNSCEAR, 2004). Micklesfield et al. (2010), demonstrated that DXA performs as well as 

computer tomography for the measurement of visceral fat.  

2.2.3.3 Bioelectrical impedance analysis 

Bioelectrical impedance analysis (BIA) is a body composition analysis technique based on 

the principle that compared to water; lean mass has a higher electrical conductivity and 

lower impedance than fatty tissue (Segal et al., 1991; Foster & Lusaki, 1996). It is a reliable 

measurement of fat mass and fat free mass in comparison to anthropometric, BMI or skinfold 

measurements (Kyle et al., 2001b). BIA involves passing a small electrical current through 
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the body by the attachment of electrodes to the right hand, wrist, ankle and foot of an 

individual (Segal et al., 1991). It is a popular means of assessment because it is non-

invasive, quick, portable and safe (Segal et al., 1991; Foster & Lusaki, 1996). BIA may not 

be appropriate choice of body composition measurement in epidemiological studies with 

diverse ethnic population except specific calibration equations are developed for different 

groups participating in the study (Dehghan & Merchant, 2008). This is because BIA results 

are influenced by ethnicity, environment, phase of menstrual cycle and underlying medical 

conditions (Dehghan & Merchant, 2008).  

2.2.3.4 Ultrasound 

The ultrasound has been indicated as a preferable tool to skinfold callipers in measuring 

very obese individuals due to difficulty of accurately measuring skinfolds on them (Booth et 

al., 1966 Brodie, 1988). However, the ultrasound is more expensive and requires more 

training for its operation and interpretation compared to the callipers (Lukaski, 1987; Brodie, 

1988). 

2.2.3.5 Magnetic resonance imaging 

Magnetic resonance imaging (MRI) is a technology that shows both imaging of the body and 

in vivo chemical analysis without hazard to the subject (Ellis, 2000; Ross et al., 2000). MRI 

can be used to measure the distribution and amount of intra-abdominal fat, size of visceral 

organs and the size of the skeleton. MRI is non-invasive and does not use ionizing radiation 

but it is expensive and its availability is limited (Lee & Nieman, 2003). 

2.2.3.6 Underwater weighing 

Underwater weighing was considered as the gold standard for measuring body composition 

(Ackland et al., 2012), but it is not always practical (Lee & Nieman, 2003). It is a direct 

measure of determining whole-body density based on the principle that the volume of water 

displaced by an object submerged in water is equal to the volume of the object (Lukaski, 

1987). 

2.2.3.7 Other methods 

Computer tomography involves the use of ionizing radiation and is used to assess the 

deposition of subcutaneous and intra-abdominal fat (Lukaski, 1987; Shuster et al., 2012). Air 

displacement plethysmography relies on measurement of body density to estimate body fat 
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and fat free mass (Lukaski, 1987). The BODPOD® is an example of an air displacement 

plethysmogram and is also an accurate method to measure body composition (Aleman-

Mateo et al., 2004). Neutron activation analysis measures body calcium, iodine, hydrogen, 

sodium, chloride, phosphorus, carbon and nitrogen content (Lee & Nieman, 2003). Total 

body potassium is also used to study body composition, because more than 90% of the 

body’s potassium is found in fat-free tissues (Lukaski, 1987).  

2.2.4 Effect of aging on body composition and bone health 

Body composition changes profoundly as an adult advances in age (Evans & Campbell, 

1993; Liu et al., 2011). Aging is a normal biologic process which involves some decline in 

physiologic function (López-Otín et al., 2013) and a decrease in functional capacity which 

impacts on quality of life (Goodpaster, 2008). The changes in body composition due to aging 

are towards a decrease in skeletal muscle mass and an increase in fat mass (Evans & 

Campbell, 1993). Sarcopenia is also mostly a result of body composition changes with 

aging.  

2.2.4.1 Sarcopenia and sarcopenic obesity 

2.2.4.1.1 Definition and diagnosis  

Sarcopenia is defined as the loss of muscle mass and strength that occurs with advancing 

age (Rosenberg, 1997; Cruz-Jentoff et al., 2010). It has also been defined as age-

associated loss of skeletal muscle mass and function, a complex syndrome associated with 

muscle mass loss alone or in conjunction with increased fat mass (Fielding et al., 2011). 

There are possible contributory causes for sarcopenia which include age related changes in 

tissue secretion or responsiveness to trophic hormonal factors, changes in dietary intake and 

protein metabolism, and "disuse atrophy" (Bortz, 1982; Evans & Campbell, 1993; Dutta & 

Hardley, 1995). According to Bales and Ritchie (2002), sedentary lifestyle, nutrition and 

chronic diseases are factors that aggravate sarcopenia. Expected components of ageing are 

diminishing strength and muscle mass (Robinson et al., 2012). However, the rate of decline 

differs across the population (Syddall et al., 2009; Cruz-Jentoft et al., 2010), which suggest 

that modifiable behavioural factors such as diet and lifestyle may be important influences on 

muscle function in older age (Robinson et al., 2012). The total appendicular skeletal muscle 

mass (ASM) index assessed by DXA is one of the most commonly used indices for the 

definition of sarcopenia (Waters & Baumgartner, 2011). Individuals with an ASM index < 

7.26 kg/m2 (men) or < 5.45 kg/m2 (women) are classified as sarcopenic (Baumgartner et al., 
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1998). Janssen and colleagues (2002) further classified sarcopenia using bioelectric 

impedance into class I and II, where skeletal muscle mass (SMM) index of 5.76 to 6.75kg/m2 

was categorized as class I sarcopenia for women and 8.51 to 10.75 kg/m2 for men. An SMM 

index of 5.75 kg/m2 or less for women and 8.50kg/m2 or less for men is defined as class II 

sarcopenia. Sarcopenic obesity can be defined as a state whereby lean muscle mass is lost 

while fat mass is preserved or increased (Baumgartner 2000; Cruz-Jentoft et al., 2010). 

According to the reports of some studies, sarcopenic-obese persons are at particularly high 

risk of functional impairment and physical disability (Baumgartner 2000; Morley et al., 2001; 

Baumgartner et al., 2004; Rolland et al., 2009). Sarcopenic obesity links adiposity and 

sarcopenia through inflammation derived from the adiposity particularly when the obesity is 

of the abdominal type (Cesari et al., 2005; Schrager et al., 2007). 

2.2.4.1.2 Prevalence of sarcopenia and sarcopenic obesity 

Globally, some studies have been carried out on prevalence of sarcopenia using different 

methods which includes the ASM index, the SMM index and the relative skeletal muscle 

index (RSMI) approach. A study in the older adults from California, United States reported a 

sarcopenia prevalence of 6.2% for men and 5.9% for women which increased with age to 

16% for men and 13% for women by age 85 (Castillo et al., 2003). The large United States 

Health, Aging and Body Composition (Health ABC) study reported different prevalence for 

sarcopenia based on different cut scores used (Newman et al., 2003). A large cohort study 

on more than 7000 French community dwelling women reported an increase with age in 

prevalence of sarcopenia from 8.9% at 76 to 80 years to 10.9% at 86 to 95 years (Gillette-

Guyonnet et al., 2003). A cohort study on more than 1000 community dwelling older Italians 

reported that 20% of men were sarcopenic at 65 years and up to 70% at 85 years, and 5% 

of women were sarcopenic at 65 years of age and 15% at 85 years (Lauretani et al., 2003). 

Asia and the Pacific region also have prevalence rates of sarcopenia. A Hong Kong study 

reported sarcopenic prevalence of 7.6% for women and 12.3% for men (Lau et al., 2005). A 

Korean study reported sarcopenia prevalence of 6.3% men and 4.1% women among a 

sample of 526 adults (Kim et al., 2009). A Taiwanese study reported a sarcopenia 

prevalence of 18.6% for women and 23.6% for men among their older adults (Chien et al., 

2008). A recent Thai study reported a sarcopenia prevalence of 35.3% and 34.74% in men 

and women respectively (Pongchaiyakul et al., 2013). A small study on older European New 

Zealanders reported 4% of men and 12% of women as sarcopenic (Waters et al., 2010).  
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There is a scarcity of data on prevalence of sarcopenic obesity globally and the reported 

prevalence of sarcopenic obesity varies significantly across study populations even when 

similar methods are applied. An older New Mexican cohort used the Baumgartner’s cut 

scores to assess sarcopenic obesity and the prevalence was approximately 2% in those 60 

to 69 years old increasing to approximately 10% in those above 80 (Baumgartner, 2000). 

Some studies reported the prevalence of sarcopenic obesity as approximately 10% in men 

and approximately 7% to 12% in women using a definition of the upper 2 quintiles of body fat 

with the lower 3 quintiles of muscle mass (Davison et al., 2002; Zoico et al., 2004; Zamboni 

et al., 2005). The United States Health ABC study reported a sarcopenic obesity prevalence 

rate of 8.9% in men and 7.1% in women using the RSMI method, but 15.4% men and 21.7% 

of women using the residual method (Newman et al., 2003). The Korean study by Kim et al. 

(2009), reported a prevalence rate of 1.3% and 0.8% sarcopenic obesity in men and women 

respectively using the RSMI and 5.1% men and 12.5% women using their own index. The 

lack of internationally accepted definition of sarcopenic obesity may be a reason for the wide 

range of prevalence reported. Presently, there is no published literature available for 

prevalence of sarcopenia in Africa. 

2.2.4.1.3 Factors influencing sarcopenia and sarcopenic obesity 

Inflammation has been linked to obesity, body composition and physical disability (Cohen et 

al., 1997; Ferrucci et al., 1999; Kuller, 1999; Yudkin et al., 2000; Roubenoff, 2003; Ryan & 

Nicklas, 2004). According to Cesari et al. (2005), obesity-associated inflammation may play 

an important role in the age-related process that leads to sarcopenia. Quite a large number 

of elderly people suffer from chronic low-grade systemic inflammation that may add to the 

age-related muscle weakness and wasting (Degens, 2010). According to Malafarina et al. 

(2012), loss of muscle mass and strength observed in the elderly is directly associated with 

inflammatory cytokines and inflammation may be a fundamental factor in the genesis of 

sarcopenia. Also, older people living with Human Immunodeficiency Virus [HIV] in the United 

States have been shown to have greater limitations in performing their physical tasks 

(Crystal et al., 2000). 

There is a progressive reduction in physical activity as a result of aging (Ingram, 2000). 

Physical activity has been considered the major factor in slowing the age related decline in 

many physiological functions as physical inactivity contributes significantly to secondary 

aging of these functions (Booth et al., 2011). Physical inactivity leads to faster and greater 

muscle loss and from existing studies, it is clear that sarcopenia is worsened with disuse 
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(Roubenoff, 2001). Exercise at old age helps to reduce chronic low-grade systemic 

inflammation (Degens, 2010) while it has now been established that progressive resistance 

exercise can increase muscle mass and strength even in very elderly persons (Fiatarone et 

al., 1994; Evans, 2000; Bales & Ritchie, 2002; Tieland et al., 2012; Krist et al., 2013 ).  

Nutrition has an important controlling influence on health and well-being in the elderly as 

inadequate nutrition contributes to the progression of many chronic diseases (Volkert, 2011). 

One of contributing factors to the development of sarcopenia is inadequate nutrition which 

may also worsen the age-related loss of muscle mass and function (Rolland et al., 2008; 

Boirie, 2009). According to Booth et al. (2011), adequate dietary intake and regular physical 

activity, significantly lowers the rate of muscle ageing. In an Italian study among more than 

800 healthy elderly, low intakes of energy, protein, vitamins D, E, C and folate were 

independently associated with frailty (Bartali et al., 2006). Some studies have shown the 

relationship between sarcopenia and amount of protein intake (Castaneda et al., 1995; 

Houston et al., 2008), kind of protein intake (Pannemans et al., 1998; Lord et al., 2007; 

Paddon-Jones et al., 2008) and distribution of protein intake (Arnal et al., 1999). Recently, 

vitamin D has turned out to have significant importance on muscle function and physical 

performance (Volkert, 2011). Scott et al. (2010), suggest that 25 hydroxy vitamin D 

[25(OH)D] plays a role in the maintenance of muscle function, and higher skeletal muscle 

mass in older adults. In a longitudinal study on the aging in Amsterdam, lower 25(OH)D and 

higher PTH levels increased the risk of sarcopenia in older men and women (Visser et al., 

2003). While another study on older Koreans, reported a strong inverse association between 

25(OH)D level and sarcopenia (Kim et al., 2009). 

2.3 BONE HEALTH  

2.3.1 Bone structure and physiology 

2.3.1.1 Bone structure and function 

Bones give form to the body; they support tissues, permit movement by providing points of 

attachments for muscles and also protect many of the body’s vital organs (Huether & 

McCance, 2004). Bones also serve critical metabolic roles which include being an internal 

reservoir for calcium to ensure proper functioning of nerves and muscles (Civitelli & 

Ziambaras, 2011). It has been suggested recently that the skeleton also contributes to 

glucose homeostasis (DiGirolamo et al., 2012). Lee et al. (2007), demonstrated that the 

skeleton exerts an endocrine regulation of sugar homeostasis through osteocalcin, which is 
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a bone-derived hormone. Studies have suggested that osteocalcin target β cells and insulin 

targeting tissues such as adipocytes, liver and muscles in order to regulate insulin secreation 

and insulin sensitivity (Ferron et al., 2008; Kanazawa & Sugimoto, 2013).   

Bones are made up of an organic matrix or osteoid, primarily collagen fibres, in addition to 

osteocalcin, osteopontin and several other matrix proteins (Sommerfeldt & Rubin 2001). 

Bone cells consist of three types namely osteoblasts, osteocytes and osteoclasts 

(Sommerfeldt & Rubin 2001). Osteoblasts are bone forming cells with the primary function of 

laying down new bones; osteocytes are osteoblasts that have become imprisoned within the 

mineralised bone matrix with the role of maintaining the inorganic and organic elements of 

bone matrix, and the osteoclasts functions primarily to remove bone during the process of 

growth and repair (Huether & McCance, 2004). Approximately 80% of the skeleton consists 

of compact or cortical bone tissue while the remaining 20% of the skeleton is trabecular or 

cancellous bone tissue. The loss of trabecular bone tissue late in life is mostly responsible 

for the occurrence of fractures, particularly those of the spine (Parfitt et al., 1983; Parfitt, 

1987; Wang et al., 2013). Figure 1 shows the anatomy of the bone.  
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Figure 1. Anatomy of the bone (Shutterstock.com/images/185803484 

Copyright: Deignua) 

2.3.2 Bone metabolism 

2.3.2.1 Bone modeling, remodeling and turnover 

The skeleton is a metabolically active organ going through a constant process of remodelling 

throughout life (Sommerfeldt & Rubin 2001; Lee et al., 2007; Ferron et al., 2008; Kanazawa 

& Sugimoto, 2013). Bone modelling and remodeling are processes where bone adapts its 

internal structure and shape to external influences (Gerhard et al., 2009). Bone remodelling 

is essential to maintain the structural integrity of the skeleton and for the metabolic function 

of calcium and phosphorus storage (Feng & MacDonald, 2011). It is a physiological process 

in which old or damaged bone is removed by osteoclasts and replaced by new bone formed 

by osteoblasts (Feng & MacDonald, 2011). The process is considered to occur in three 

overlapping phases viz i) activation/initiation phase which occurs at a specific site leading to 

the formation of osteoclasts when a stimulus activates bone cell precussors; ii) the 

resorption phase when osteoclasts absorbs bone; iii) the formation/rebuilding phase where 
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the osteoblasts secretes collagen and other matrix proteins for the deposition of new bone 

(Anderson, 2008; Feng & MacDonald, 2011). At the completion of the formation phase and 

at the beginning of the resorption phase, the same amount of bone tissue exists when the 

resorption and formation phases are in balance (Anderson, 2008). Autocrine, paracrine and 

endocrine factors regulate the rate and degree of coupling of bone formation to removal 

(resorption) during remodelling (Kular et al., 2012). Bone turnover is simply the total volume 

of bone that is both resorbed and formed over a period of time (Parfitt, 2002), and increased 

bone turnover persists in the elderly (Garnero et al., 1996a; Kruger et al., 2011; Hinton et al., 

2012). Also, increased levels of biochemical markers of bone turnover, more specifically of 

bone resorption, have been shown to be associated with an increased risk of hip fracture 

independently of bone mineral density (BMD) in elderly women (Garnero et al., 1996b; Van 

Daele et al., 1996; Rousseau et al., 2014). 

2.3.3 Osteopenia and osteoporosis 

Osteoporosis is a multifactorial skeletal disease which is characterised by low bone mass 

and microarchitectural deterioration of bone tissue, with a resulting increase in bone fragility 

and susceptibility to fracture (CDC, 1993). Osteopenia can be defined as a condition of 

decreased bone mass (Sambrook & Cooper, 2006). The WHO operational definition of 

osteopenia is a hip or lumbar spine BMD greater than 1 standard deviation (SD) below the 

young adult female mean, but less than 2.5 SD below this value (T score <–1 and >-2·5) and 

osteoporosis as hip or lumbar spine BMD 2.5 SD or more below the young adult female 

mean (T score ≤–2.5). (WHO 1994; WHO 2003). The latest International Society for Clinical 

Densitiometry official position maintains the WHO classification for osteopenia and 

osteoporosis for postmenopausal women and men above the age of 50 years (Schousboe et 

al., 2013). The society also states that osteoporosis cannot be diagnosed for men under the 

age of 50 years on the basis of BMD alone while maintaining that the WHO diagnostic 

criterion may be applied for women in the menopausal transition (Schousboe et al., 2013).  

Worldwide osteoporosis is estimated to affect 200 million women (IOF, 2013). 

Characteristics of osteoporosis include low BMD and higher than normal incidences of 

fractures (ZhiMin et al., 2012). There are three main types of osteoporosis namely 

postmenopausal osteoporosis, age-related osteoporosis and secondary osteoporosis which 

includes glucocorticoid induced osteoporosis and immobilization induced osteoporosis (Feng 

& Macdonald, 2011). Postmenopausal osteoporosis is primarily caused by the decline in 

estrogen levels associated with menopause (Albright et al., 1941; Feng & Macdonald et al., 

2011).  Age related osteoporosis affects both women and men and it is centered on 
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osteoblasts engaging a number of distinct factors associated with the aging process (Raisz, 

2005; Feng & Macdonald 2011). Therapeutic use of glucocorticoids can lead to bone loss 

and increased fracture risk as it exerts damaging effects on the differentiation, function and 

survival of multiple cells types involved in the bone remodeling process (Compston, 2003; 

Silverman & Lane, 2009; Feng & Macdonald, 2011). Immobilization induced osteoporosis is 

as a result of physiological response of bone remodeling to decreased mechanical demands 

from paralysis or casting of a limb (Takata & Yasui, 2001; Feng & Macdonald, 2011). 

Locations of osteoporotic fracture occurences include the hips, the vertebral and wrists 

(Cummings & Melton, 2002). Fractures related to osteoporosis are associated with 

significantly increased risk of death and disability-adjusted life years (DALYs) lost (Melton, 

2003). In 2000, fifty-six million people were estimated to have suffered a prior osteoporotic 

fracture worldwide and about 9 million new osteoporotic fractures each year (Johnell & 

Kanis, 2006). Race, heredity, physical activity and diet are major determinants of optimum 

bone mass and modification of physical activity and diet may help in maintaining optimal 

skeletal status (Nilas & Christiansen, 1987; Hui et al., 1988; Slemenda et al., 1990). 

Osteoporosis and fractures occur more frequently in white than in black South Africans 

(Kruger et al., 2004). According to a review by Micklesfield et al. (2011), black SA children 

and adults have greater proximal femur and femoral neck BMD, greater bone strength and a 

decreased hip fracture incidence compared to SA whites irrespective of adverse 

environmental conditions of poor nutrition low physical activity levels, as well as an 

unfavourable body composition. However, due to nutrition transition and changes in physical 

activity, older black women may increasingly represent a population at risk for osteoporosis 

and fractures (Aloia, 1996; Kruger et al., 2011). 

2.3.4 Factors affecting/influencing bone health 

2.3.4.1 Metabolic and hormonal control 

The balance between bone resorption by osteoclasts and bone formation by osteoblasts is 

what regulates bone metabolism (Chen et al., 2009). A number of hormonal regulators of 

metabolism are known to influence the skeleton (Khor et al., 2013). Estrogen is a major 

determinant of bone mass, affecting the attainment of peak bone mass during adolescence 

and young adult age, modulating BMD and the risk of osteoporosis later in life (Davies et al., 

1990; Drinkwater et al., 1990; Fabbri et al., 1991). Estrogen prevents bone loss through 

multiple effects on bone cells and their precursors, resulting in decreased osteoclast 

formation and a reduced capacity of mature osteoclasts to resorb bone (Chen et al., 2009). 
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Elevated concentration of circulating cortisol retards osteoblast function and accelarates 

osteoclast activity (Bressot et al., 1979). A reduced level of circulating insulin like growth 

factor 1 (IGF-1) has been demonstrated to inhibit the activity of the osteoblasts and the 

synthesis of bone collagen (Chevalley et al., 1998). IGF-1 is a polypeptide synthesised 

primarily in the liver through the action of growth hormone and circulates to target organs like 

bone and cartilage (Thissen et al., 1994; Tahimic et al., 2013). IGF-1 plays a role in 

mediating the skeletal response after mechanical loading as IGF-1 production and 

responsiveness are increased in osteocytes and osteoblasts after mechanical loading (Lean 

et al., 1995; Reijnders et al., 2007; Klein-Nulend et al., 2012). Sclerostin is an osteocyte-

derived inhibitor of bone formation and its absence causes scleroteosis which is a skeletal 

disorder characterised by high bone mass due to increased osteoblast activity (Van 

Bezooijen et al., 2004; Poole et al., 2005; Gaudio et al., 2012). A recent review reported the 

strong effects of gastrointestinal hormones on bone metabolism often through direct 

signalling pathways (Khor et al., 2013). For instance the growth hormone releasing peptide, 

ghrelin is an appetite stimulating hormone which seems to exert positive effects on the 

skeleton (Khor et al., 2013). The gastrointestinal hormone Peptide YY (PYY) suppresses the 

appetite and has been shown to have inverse correlations with BMD (Wong et al., 2010; 

Wong et al., 2012).Some studies have shown a negative relationship between serum 

adiponectin levels and BMD (Richards et al., 2007; Peng et al., 2008; Kanazawa et al., 

2009) while there have been mixed results in the association between leptin concentration 

and BMD showing either a positive or no association (Thomas et al., 2001; Lee et al., 2008; 

Ahmadi et al., 2013). 

2.3.4.2 Dietary intake 

Nutrition is one of the important modifiable factors in the development and maintenance of 

bone mass; and the prevention and treatment of osteoporosis (Ilich & Kerstetter, 2000).  

Most studies conducted so far have confirmed the positive role of a healthy diet to maintain 

bone health (Ilich & Kerstetter, 2000; Levis & Lagari, 2012)  

2.3.4.2.1 Protein 

Dietary protein is essential for bone health and osteoporosis prevention (Bonjour, 2005). In 

the Framingham longitudinal study, men and women with a relatively lower intake of protein 

had increased bone loss (Hannan et al., 2000). High protein intake particularly of animal 

source has often been alluded to as a risk factor for osteoporosis or bone fractures 
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(Feskanich et al., 1996; Barzel & Massey, 1988; Sellmeyer et al., 2001). However, with 

adequate calcium intake, higher protein diets are associated with fewer fractures and greater 

bone mass (Heaney & Layman, 2008). Studies point out that different source of protein 

might display different effects on bone metabolism (Frassetto et al., 2000; Heaney & 

Layman, 2008). A review study on the effect of dietary protein on bone health proposes that 

animal protein might have a greater negative effect on skeletal health than plant protein 

(Frassetto et al., 2000). However this was refuted in other studies where higher intake of 

animal protein was not associated with a decrease in BMD (Hannan et al., 2000; Dawson-

Hughes & Harris, 2002). A 3 year clinical study on older adults aged 65 years and above 

reported greatest improvement in BMD amongst subjects that were supplemented with 

calcium and consumed the most protein whereby most of the protein consumed was from 

animal source (Dawson-Hughes & Harris, 2002). A detailed review on protein and bone 

balance by Kerstetter and colleagues (2007), showed that high protein consumption was 

associated with increased excretion of urinary calcium. This study also demonstrated that 

the increased urinary calcium excretion is indicative of increased intestinal absorption of 

calcium from the high protein consumed (Kerstetter et al., 2007). Kerstetter and colleagues 

(2007), finally concluded that a high-normal protein diet of 2.1g protein/kg body weight is not 

detrimental to bone health but is needed for optimal skeletal health.  

2.3.4.2.2 Energy 

A low energy intake usually results in low intakes of other essential nutrients (Ramakrishnan, 

2002; Labadarious, 2005). Increased energy intake causes weight gain and a higher BMD 

(Ilich & Kerstetter, 2000). Ilich et al., (2003) also reported a significant relationship between 

BMD and energy intake. Bone loss and increased risk of developing osteoporosis has been 

reported for people with eating disorders particularly anorexia nervosa (Powers, 1999; 

Andersen et al., 2000). A review by Zanker and Cooke (2004) confirmed previous 

hypotheses that energy deficit is linked to disturbed bone turn over. Diet regulates the 

metabolism of bone through the provision of substrate for the synthesis of bone tissue and 

through an influence on the circulating levels of key hormones that regulates bone 

metabolism (Zanker & Cooke 2004). Prolonged energy deficit state results in reduction of 

body mass and change in body composition, which is accompanied by a significant 

reduction of bone mass largely due to multiple hormonal adaptations to undernutrition 

(Soyka et al., 1999; Hotta et al., 2000; Fazeli & Klibanski, 2014).  
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2.3.4.2.3 Minerals 

An adequate supply of calcium to bone is essential at all stages of life as it is one of the main 

bone-forming minerals (Prentice, 2004). Earlier studies on populations with a lower average 

intake revealed an increasing risk of hip fracture with declining calcium intake (Lau et al., 

1988; Holbrook et al., 1988; Johnell et al., 1995; Kanis et al., 1999). Studies on the 

relationship between calcium intake and bone mass seem to be controversial; however, a 

number of large studies concluded that calcium intake is a significant determinant of BMD 

(Cumming, 1990; Welten et al., 1995; Looker et al., 2012; Joo et al., 2013). High calcium 

intake has been shown to augment bone gain during growth, reduce osteoporotic fracture 

risk and retard age-related bone loss (Heaney, 2000). When calcium intake is inadequate, 

calcium homeostasis is almost totally dependent on the bone tissue as a source of calcium 

to maintain the serum calcium ion concentration (Koo & Tsang, 1994; Heaney, 2006a).  

In a study conducted on the Framingham Heart Study participants, Tucker et al. (1999) 

concluded that potassium and magnesium also contribute to the maintenance of BMD. 

There is a concern that excessive consumption of phosphorus may be detrimental to bone 

(Ilich & Kerstetter, 2000). Studies have demonstrated that a high phosphorus diet leads to 

hyperthyroidism and reduced 25(OH)D concentrations and thus disrupts calcium 

homeostasis (Calvo, 1993; Calvo & Park, 1996). Zinc deficiency results in impaired DNA 

synthesis and protein metabolism, which leads to negative effects in bone formation (Beattie 

& Avenell, 1992).  

2.3.4.2.4 Vitamins  

Vitamin D is mainly obtained from sunlight exposure and some from dietary sources and 

supplements (DeLuca, 2004; Holick, 2006). Vitamin D is normally produced in the skin on 

exposure to ultra violet-B (UBV) sunlight through a photolytic process (DeLuca, 2004). 

Vitamin D obtained from sunlight, dietary sources and supplements undergoes hydroxylation 

in the liver to become 25(OH)D which also undergoes hydroxylation in the kidneys to 

become 1, 25-dihydroxyvitamin D3 [1,25(OH)D] (DeLuca, 2004). 1, 25 (OH)D is the biological 

active form of vitamin D which maintains calcium and phosphorus homeostasis in the body 

(Chritakos et al., 2003). Studies are elucidating other health effects of vitamin D which 

includes its role in reducing risk of multiple sclerosis (Duan et al., 2014), hypertension 

(Vimaleswaran et al., 2014; Canale et al., 2014), diabetes mellitus (Nwosu & Maranda, 

2014) and the metabolic syndrome (Hyppönen et al., 2008; Yin et al., 2012). It has also been 
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indicated to reduce cancer risk (Garland & Garland 2006; Ishihara et al., 2008). The exact 

mechanisms of the protective effect of vitamin D on all these diseases are not yet clear, 

however, it is known that there are vitamin D receptors for 1,25 (OH)2D3 (the active form of 

vitamin D) in most cells and tissues in the body, including the heart, skin, stomach, 

pancrease, brain, gonads, and activated T and B lymphocytes (Stumpf et al., 1979;  

Manolagas et al., 1985; Mathieu & Adorini 2002). Thus it is not surprising that 1,25 (OH)2D3  

has other noncalcemic biologic effects (Deluca & Cantorna, 2001; Holick, 2002).  Also, one 

of the important biological function of 1,25 (OH)2D3  is its ability to  control cell proliferation 

and differentiation (Feldman et al., 2000; Deluca & Cantorna, 2001; Holick, 2002; Mathieu & 

Adorini 2002).  Figure 2 shows the metabolism of vitamin D.  

Serum 25(OH)D is used to assess the vitamin D status as it reflects the combination of 

exposure to sunlight and diet and it is currently regarded as the best measure of vitamin D 

status in humans (Seamans & Cashman, 2009). There is an on-going debate in the literature 

about the optimum vitamin D level. However vitamin D deficiency is commonly defined as 

25(OH)D less than or equal to 20 nanogram per millilitre (ng/mL), insufficiency is commonly 

defined as 25(OH)D of 20-29 ng/mL and a level above 30 ng/mL is considered to be 

sufficient (Dawson-Hughes et al., 2005; Holick & Chen, 2008). According to Bischoff-Ferarri 

et al. (2006), the most advantageous serum concentrations of 25(OH)D begin at 30 ng/mL, 

25(OH)D levels of 30-50 ng/mL is necessary for optimal health.  

Vitamin D deficiency occurs globally and it is also present among people living in countries 

with ample sunshine (Mithal et al., 2009; Lips, 2010). Countries in Africa that lie at latitude 

>30°N and > 30°S e.g. Tunisia, Morocco, South Africa, Libya, Algeria and Egypt would be 

expected to have seasonal effects on cutaneous synthesis of vitamin D (Jablonski, 2004). 

Seasonal variation in vitamin D status of South Africans has been documented in literature 

(Pettifor et al., 1978; Martineau et al., 2011). A study recently showed that black South 

Africans had a higher prevalence of vitamin D deficiency and inadequacy when compared to 

blacks from Ghana, Jamaica and Seychelles (Durazo-Arvizu et al., 2014). This further 

confirms the seasonal effects of a country’s position on the latitude on cutaneous synthesis 

of vitamin D (Pettifor et al., 1978; Jablonski, 2004; Martineau et al., 2011; Durazo-Arvizu et 

al., 2014). Vitamin D deficiency in the elderly leads to secondary hyperparathyroidism, high 

bone turn over, bone loss, mineralization defects, hip and other fractures (Lips, 2001). 

Prolonged deficiency of vitamin D manifests as osteomalacia in adults and rickets in children 

(Prentice, 2008; Pearce & Cheetham, 2010). A study conducted on 10 years old urban 

South African children living in Johannesburg found vitamin D insufficiency and deficiency to 
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be uncommon among the children despite seasonal variations in 25(OH)D levels (Poopedi et 

al., 2010).  

 

Figure 3-2. Vitamin D metabolism reprinted from Nature Review Cancer Vol 7 no 

9, Deeb et al., 2007, 684-700., Copyright (2007), with permission from 

Nature Publishing Groups  

Vitamin K is an important micronutrient for bone health (Weber, 2001; Nieves, 2005) and it is 

associated with post-menopausal bone mineral loss (Kanai et al., 1997). Low vitamin K 

intakes were associated with increased incidence of hip fractures (Booth et al., 2000). 

Osteocalcin is a bone specific protein that is dependent on vitamin K for its maturation 

(Weber, 2001; Neve et al., 2014). The exact mechanism of how osteocalcin affects bone 

metabolism is not well understood but it appears to be involved in prevention of over-

http://www.google.co.za/url?sa=i&source=images&cd=&cad=rja&uact=8&ved=0CAgQjRw&url=http://www.nature.com/nrc/journal/v7/n9/fig_tab/nrc2196_F1.html&ei=1gBOVOK5G6HN7QayhoCQCg&psig=AFQjCNFUFxlEJFQi6R4fI15GN29nyMgWUw&ust=1414484566539252
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mineralisation (Yao et al., 2008; Woeckel et al., 2013). A randomised controlled trial 

demonstrated a synergetic effects between vitamin K1, vitamin D3 and calcium supplements 

in increasing the bone mineral content of the trabecular bone (Bolton‐Smith et al., 2007).  

2.3.4.2.5 Diet quality 

The effect of individual nutrients on bone health can be impaired or enhanced by the overall 

composition of the diet (Zagarins et al., 2012). Complex interactions between nutrients may 

not be seen when looking at the effects of individual nutrients on bone health. For instance, 

foods containing high fibre content are likely to be poorer sources of calcium than foods that 

contain the same amount of calcium but less or no fibre (Bronner & Pansu, 1999). In a study 

by Tucker et al. (2002), high candy consumption was associated with low BMD in men and 

women and high fruit and vegetable intake appears to protect BMD in men. Studies have 

also reported a positive link between bone health and consumption of fruits and vegetables 

(New et al. 2000; Chen et al., 2006; Hamidi et al., 2011). A long term intake of nutrients 

found in large quantity in fruits and vegetables may be important for bone health (New et al., 

1997; Hamidi et al., 2011). Massey and Whiting (1993), demonstrated that compared to 

older women, younger women seem to be able to compensate for the stresses caused by 

moderate caffeine consumption on calcium metabolism and thus less likely to have 

deleterious consequences to bone. Likewise when dietary calcium is inadequate caffeine 

has a harmful effect of bone health (Massey & Whiting, 1993; Barrett-Connour et al., 1999; 

Silva et al., 2013). According to Levis and Lagari (2012), heavy alcohol intake and a high 

energy diet is associated with lower bone mass, while a good general nutritional status with 

adequate protein, vitamin D, dairy, fruits and vegetables have positive influence on bone 

health. Increased dietary intake of sodium was considered as a risk factor for osteoporosis 

as it is associated with an alteration in calcium metabolism through increased urinary 

calcium excretion (Teucher et al., 2008). However results on effects of dietary sodium on 

osteoporosis are inconsistent (Greendale et al., 1994; Heaney, 2006b; Teucher et al., 2008). 

2.3.4.2.6 Alcohol 

Moderate alcohol consumption seems to be beneficial for bone as studies reported a 

positive association between moderate alcohol consumption and bone mass of different 

sites on the skeleton (Holbrook & Barrett-Connor, 1993; Felson et al., 1995; Høidrup et al., 

1999; New et al., 2000; Marrone et al., 2012; Eleftheriou et al., 2013). A study from the 

Framingham offspring cohort examined the effect of alcohol intake on BMD at three hip sites 
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and the lumbar spine (Tucker et al., 2009). The study found that compared to non-drinkers, 

hip BMD was greater in men who drink 1-2 drinks/day of total alcohol, while both hip and 

spine BMD was greater in women who drink 1-2 drinks/day of total alcohol compared to 

women who do not drink (Tucker et al., 2009). The mechanism of action of moderate alcohol 

consumption on BMD remains poorly established but it has been hypothysed that its 

protective effect is due to the effects of alcohol on androgens or estrogen concentrations 

(Turner & Sibonga, 2001). Also a review study suggested that the primary effect of moderate 

alcohol ingestion is its acute suppression of bone resorption rather than an alcohol-hormone 

pathway (Jugdaohsingh et al., 2006). Heavy consumption of alcohol (liquor intakes > 2 

drinks/day) leads to increased risks of bone loss while chronic alcoholism leads to lower 

BMD and higher fracture risks (Ilich & Kerstetter, 2000; Tucker et al., 2009). Different 

mechanisms for the deleterious effects of heavy consumption of alcohol on bone have been 

proposed (Maurel et al., 2012). These includes direct effects whereby ethanol  has been 

shown to decrease indices of osteoblast activity and differenciation in human osteoblast cells 

(Chavassieux et al., 1993) and increase bone resorption by osteoclasts (Cheung et al., 

1995).  An indirect effect of alcohol consumption on bone includes a possible decrease in 

calorie intake with a resultant change in body composition (Maddalozzo et al., 2009; Maurel 

et al., 2012).  

2.3.4.3 Physical activity  

Physical activity is one of the major key modifiable factors in the prevention and treatment of 

osteoporosis (Liu-Ambrose et al., 2001). Physical exercise exerts a positive effect on BMD 

and lowers fracture risks (Bergström et al., 2008). Regular high-impact and/or weight bearing 

activity appears to offer an osteogenic stimulus through the direct application of force to 

bone and a resultant development of mechanical strain (Zanker & Cooke, 2004). The 

relationship between lifetime physical activity and BMD was investigated in South African 

women of various age groups by Micklesfield et al. (2003). They found that physical activity 

between the ages of 14 and 21 years positively correlated with lumbar spine BMD. The 

study also found positive association between walking, impact loading exercise at a young 

age and increased BMD later in life (Micklesfield et al., 2003). Another study also found a 

positive association between physical activity and BMD at the lumbar spine, total hip and 

whole body of white South African women (Chantler et al., 2011). In contrast, the same 

study found physical activity to be negatively associated with lumbar spine BMD of black 

South African women and no relationship with their hip BMD (Chantler et al., 2011). A 

possible explanation for this disparity may be explained by the low intensity of the physical 
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activity reported by the black women (Chantler et al., 2011). Also, it might be because 

physical activity was measured subjectively which may lead to underreporting of incidental 

physical activity which has been shown to be high among black South African women (Cook 

et al., 2010). A randomised controlled trial in Turkey showed that supervised high-impact 

exercise training can be effective in prevention of lumbar spine and femoral neck bone loss 

in postmenopausal women (Basat et al., 2013). In a recent study, it was reported that 

stepwise increase in the amount of daily activity, using simple, daily performed tasks, can 

help prevent decreases in post-menopausal BMD (Muir et al., 2013). Apart from the direct 

effects of physical activity on BMD, physical activity is very effective in reducing sclerostin 

which inhibits bone formation and increases the levels of IGF-1, which has a very positive 

effect on bone formation (Boskovic et al., 2013). On the other hand, it is also important to 

note that excessive levels of physical activity has been linked to decreased BMD levels and 

premature bone loss particularly in active underweight women with amenorrhea (Warren et 

al., 2002; Zanker et al., 2004). This is probably due to negative balance of energy as a result 

of increased physical activity without corresponding sufficient dietary intake.  

2.3.4.4 Smoking 

The negative impact of smoking on overall bone health has been previously established as it 

is associated with an increase in bone resorption and a decrease in BMD (Krall & Dawson-

Hughes, 1999; Rapuri et al., 2000). The effect of smoking on bone health has been 

demonstrated in a number of studies and meta-analysis (Law & Hackshaw, 1997; Ward & 

Klesges, 2001; Yoon et al., 2012). Law and Hackshaw (1997) concluded that hip fracture in 

old age is a major adverse effect of smoking after the menopause. Ward and Klesges (2001) 

also showed that smoking increases the lifetime risk of developing a vertebral fracture by 

13% in women and 32% in men. Also it is estimated to increase lifetime fracture risk by 31% 

in women and 40% in men at the hip (Ward & Klesges, 2001). The exact mechanism of the 

effects of smoking on bone health are not well understood but some proposed explanations 

include the reduction effect of smoking on calcium absorption and changes in the 

metabolism of adrenal cortical hormones which are precursors of estrogen (Krall & Dawson-

Hughes, 1999; Rapuri et al., 2000; Yoon et al., 2012). Nicotine in tobacco products also has 

a toxic effect on bone collagen synthesis (Ramp et al., 1991; Shen et al., 2013; Kallala et al., 

2013; Bender et al., 2014).  
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2.3.4.5 Body composition 

Various studies have been conducted on the effect of body composition on BMD in several 

study populations (Felson et al., 1993; Ravn et al., 1999; Hsu et al., 2006; Chantler et al., 

2011; Park et al., 2012; Namwongprom et al., 2013; Nur et al., 2013; Tanaka et al., 2013; 

George et al., 2014; Ong et al., 2014). One of the established risk factors for osteoporosis 

fracture is low BMI (Ravn et al., 1999). Traditionally, obesity was believed to prevent bone 

loss and osteoporosis due to the mechanical loading effect of body weight on bone (Felson 

et al., 1993; Ravn et al., 1999). Conversely, osteoporosis was recently shown to be a risk 

factor for fractures of some specific bone sites (Tanaka et al., 2013). There are differences 

observed in the individual effect of fat mass and lean mass respectively on bone (Felson et 

al., 1993; Ravn et al., 1999; Hsu et al., 2006; Park et al., 2012; Namwongprom et al., 2013; 

Nur et al., 2013; Ong et al., 2014). However, recent studies are showing a greater protective 

effect of lean mass on BMD in comparison to fat mass (Park et al., 2012; Namwongprom et 

al., 2013). A study among the Chinese showed that increased fat mass was associated with 

low BMD and did not protect against osteoporosis (Hsu et al., 2006). There are few studies 

carried out on the association between body composition and BMD in South Africa (Chantler 

et al., 2011; George et al., 2014). The two studies found lean mass to be significantly 

positively associated to BMD at most skeletal sites measured (Chantler et al., 2011; George 

et al., 2014).  

2.3.4.6 Other factors 

Genetics, ethnicity, hormonal influences, medication, and disease are other risk factors for 

osteoporosis (Daniels et al., 1995; Gourlay & Brown, 2004; Chantler et al., 2011). A study by 

Pocock et al. (1987) demonstrated the genetic contribution to bone mass at specific sites in 

adults. The study examined the genetic contributions to bone mass in monozygotic and 

dizygotic adult twins. Their results demonstrated a significant contribution to bone mass in 

the spine and proximal femur in adults. Compared to the lumbar spine, they found a smaller 

genetic determinant of bone density in the hip and forearm (Pocock et al., 1987). Low peak 

bone mass has been associated with increased risk of osteoporosis and fracture (Bachrach, 

2001; Mora & Gilsanz, 2003), while the attainment of optimal peak bone mass is an 

important factor for the prevention of osteoporosis later in life (Zagaris et al., 2012). Black 

women have been shown to attain higher peak bone mass, have a slower subsequent rate 

of bone loss and a lower incidence of hip fracture than whites (Harris et al., 1995; Daniels et 

al., 1997). This could partly be explained by ethnic differences in lifestyle (Goedecke et al., 
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2010; Chantler et al., 2011; Shisana et al., 2013) and genetic make up (Pollitzer & Anderson, 

1989; Lei et al., 2006).  According to Micklesfield et al. (2011), black South African children 

and adults have greater proximal femur and femoral neck BMD, greater bone strength and a 

decreased hip fracture incidence compared to South African whites irrespective of adverse 

environmental conditions. Prolonged amenorrhea and estrogen deficiency can also cause 

bone loss while the use of oral contraceptives could have different effects on bone mass in 

women with low compared to women with normal bone mass (Gourlay & Brown, 2004; 

Cheng & Gupta 2013). The use of injectable progestin contraceptives has been associated 

with bone loss (Rosenberg et al., 2007; Walsh et al., 2008; Lloyd et al., 2010). However the 

result of the study on over 3,000 South African black women and women of mixed race 

suggests that the detrimental effect of injectable progestin contraceptive on bone is 

completely reversible several years after cessation of use (Rosenberg et al., 2007).  Primary 

hyperparathyroidism, diabetes mellitus type I, anorexia nervosa, gastrectomy and pernicious 

anemia have been classified as diseases of high risk for fracture related to bone mass loss, 

while hyperthyroidism, diabetes mellitus type 2 and rheumatoid arthritis are moderate risk 

diseases (Espallargues et al., 2001; Palacios et al., 2013). The prolonged use of 

corticosteroids leads to a reduction in BMD and an increase in the risk of fractures (Van Staa 

et al., 2002; Weinstein, 2012). Higher SES has also been reported to be positively 

associated with BMD (Wang & Dixon, 2006). A systematic review on the role of SES on 

BMD reported that greater educational attainment was protective against lower BMD 

(Brennan et al., 2011).  

2.3.5 Parathyroid hormone 

PTH plays a major role in maintaining serum calcium by stimulating the transfer of 

exchangeable calcium from bone into the blood when blood calcium concentration falls 

below normal levels (Talmage et al., 2000). The metabolism of PTH and 25(OH)D is related 

in such a way that a decrease in 25(OH)D results in an increase in PTH (Pepe et al., 2005). 

There is a lack of consensus in the literature about if elevated PTH is a consequence of 

obesity or if obesity is an outcome of elevated PTH (Taniguchi et al., 1987; Wortsman et al., 

2000; McCarty & Thomas 2003; Bischof et al., 2006; Reinehr et al., 2007; Valiña‐Tóth et al., 

2010). It was previously hypothesized that low 25(OH)D and reactive increases in PTH were 

both consequences of obesity (Wortsman et al., 2000; Bischof et al., 2006; Reinehr et al., 

2007). Some studies on the other hand suggested that elevated PTH promote the 

accumulation of adipose tissue thereby postulating the possibility that elevated PTH may 

play a role in the development of obesity (Taniguchi et al., 1987; McCarty & Thomas 2003; 
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Valiña‐Tóth et al., 2010). A large cohort study reported that PTH is an independent predictor 

of obesity (Kamycheva et al., 2004). The mechanisms by which overweight may be a 

consequence of elevated serum PTH includes how PTH stimulates the renal hydroxylation of 

25(OH)D to its active form (Portale & Miller, 2000) which in turn elevates calcium influx into 

adipocytes (Zemel et al., 2000). This increased intracellular calcium enhances lipid storage 

in fat tissue (Shi et al., 2001). The cohort study, however, emphasised that serum PTH may 

simply be a pathophysiologically unrelated marker of obesity as they were only able to 

demonstrate a statistical association between serum PTH and BMI (Kamycheva et al., 

2004).  

2.4 Metabolic syndrome 

The metabolic syndrome is a collection of metabolic disorders that includes at least three out 

of the following: hypertension, abdominal obesity, elevated fasting blood glucose, elevated 

serum triglycerides and low serum high density lipoprotein cholesterol (HDL-C) (Alberti et al., 

2009). It is a complex of interelated risk factor for type 2 diabetes mellitus, cardiovascular 

mobidity and mortality that has become a global epidemic (Lakka et al., 2002; Wang et al., 

2007). The escalating prevalence of obesity due to nutrition and epidemiological transition in 

Africa has greatly contributed to the increased prevalence of non-communicable diseases 

including the metabolic syndrome (Kruger et al., 2001; Abrahams et al., 2011; Vorster et al., 

2011). A number of studies have been carried out in South Africa on the prevalence of the 

metabolic syndrome (Motala et al., 2011; Crowther & Norris, 2012; George et al., 2013). A 

cohort study of 1,251 black South African females reported a 42.1% prevalence of the 

metabolic syndrome (Crowther & Norris, 2012).  

2.4.1 Relationship between vitamin D status, PTH and the metabolic syndrome  

Various studies have shown associations between 25(OH)D, PTH and the metabolic 

syndrome (Martins et al., 2007; Reis et al., 2007; Ahlström et al., 2009; Hjelmesæth et al., 

2009; Chan et al., 2012; George et al., 2013). Some studies found an inverse relationship 

between 25(OH)D and the metabolic syndrome independent of PTH (Lee et al., 2009; 

Brenner et al., 2011). Other studies found elevated PTH to be associated with an increased 

risk of the metabolic syndrome, but no association between 25(OH)D and the metabolic 

syndrome (Reis et al., 2007; Hjelmesæth et al., 2009; George et al., 2013). On the contrary, 

some studies found no association between PTH, 25(OH)D and the metabolic syndrome 

(Rueda et al., 2008; Navarro et al., 2013). The study that investigated the association of 
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25(OH)D, PTH and the metabolic syndrome in black and Asian-Indian South Africans found 

a significant positive association between PTH and the metabolic syndrome but no 

association with 25(OH)D for both ethnic groups (George et al., 2013). The study proposed 

that the impact of PTH on the metabolic syndrome was largely via its positive association 

with waist circumference and blood pressure (George et al., 2013).  

2.4.2 Relationship between vitamin D status, PTH and components of metabolic 

syndrome 

2.4.2.1 Hypertension. 

25(OH)D and PTH were shown to be independently associated with blood pressure among 

American adults (Zhao et al., 2010) and elderly Germans (Jungert et al., 2012). Low 

25(OH)D levels were inversely and independently associated with blood pressure among 

young female nurses in the United States of America (Forman et al., 2008). Kruger et al. 

(2013), demonstrated that black South African women with insufficient or deficient 25(OH)D 

had significantly higher systolic blood pressure compared to women with sufficient 25(OH)D 

status. Chan et al. (2012), conducted a study on older Chinese men and found a positive 

association between increasing PTH level and blood pressure, but no association between 

25(OH)D and blood pressure. Elevated PTH was also positively associated with both systolic 

and diastolic blood pressure among elderly Swedish men and women (Ahlström et al., 

2009). One of the mechanisms that may explain the relationship of 25(OH)D, PTH and 

hypertention is through the direct effects of vitamin D deficiency on vascular cells or through 

modulating calcium metabolism and secondary hyperparathyroidism, which predisposes to 

hyperthropy of the left ventricle and vessel wall causing arterial hypertension (Simpson et al., 

2007; Pilz et al., 2009) 

2.4.2.2 Elevated fasting blood glucose/ insulin resistance 

Vitamin D deficiency/insufficiency was indicated to play a possible role in development or 

worsening of insulin resistance among individuals with pre-diabetes in India (Dutta et al., 

2013) and significantly associated with insulin resistance in elderly Chinese population (Lu et 

al., 2009). Scragg et al. (2004) showed an inverse association between vitamin D status and 

diabetes which possibly included insulin resistance among non-Hispanic whites and Mexican 

Americans. According to Chiu et al. (2004), people with low vitamin D levels are at higher 

risk of insulin resistance. PTH correlated positively with insulin resistance among the elderly 

in a Swedish study (Ahlström et al., 2009). The mechanism of action of vitamin D on 
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diabetes may be direct or interlinked with the actions of PTH and calcium through their 

actions on systemic inflammation, insulin secretion and insulin resistance (Danescu et al., 

2009).  

2.4.2.3 HDL-C 

A number of studies carried out on various population groups demonstrated positive 

associations between 25(OH)D and HDL-C (Lu et al., 2009; Karhapää et al., 2010; Jorde et 

al., 2010). PTH correlated negatively with HDL-C among elderly Swedish men and women 

(Ahlström et al., 2009). A South African study found no significant association between 

25(OH)D, PTH and HDL-C respectively (George et al., 2013). The mechanism of action of 

25(OH)D, PTH and HDL-C metabolism is not yet clear. 

2.4.2.4 Triglycerides 

A number of studies carried out on various population groups showed that serum 

concentrations of 25(OH)D were negatively associated triglyceride levels (Lu et al., 2009; 

Karhapää et al., 2010; Jorde et al., 2010). PTH was demonstrated to be positively correlated 

with triglycerides among elderly Swedish men and women (Ahlström et al., 2009). A possible 

way by which vitamin D and PTH influences triglycerides is through their independent effects 

on lipoprotein metabolism by a direct regulation of adipocyte lipoprotein lipase production 

(Querfeld et al., 1999) 

2.4.2.5 Waist circumference/abdominal obesity 

Some studies have associated excess body weight with low vitamin D status (Bischof et al., 

2006; Reinehr et al., 2007; Vimaleswaran et al., 2013). Among the Chinese elderly 

population vitamin D status was inversely associated with waist circumference (Lu et al., 

2009), while PTH correlated positively with waist circumference among people of European 

descents (Ahlström et al., 2009; Kayaniyil et al., 2011). The mechanisms  for the relationship 

between 25(OH)D, PTH and elevated waist circumference includes how PTH stimulates the 

renal hydroxylation of 25(OH)D to its active form (Portale & Miller, 2000) which in turn 

elevates calcium influx into adipocytes (Zemel et al., 2000). This increased intracellular 

calcium enhances lipid storage in fat tissue (Shi et al., 2001). 
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2.5 THE LINK BETWEEN BODY COMPOSITION, BONE HEALTH AND VITAMIN D 

STATUS 

Body composition simply divided into fat mass and fat free mass is a primary determinant of 

health (Segal et al., 1987; VanItallie et al., 1990). The bone is part of what makes up the fat- 

free mass, while fat mass is critical for bone health maintenance (Schuster, 2009). Obesity 

and osteoporosis are complex diseases with similarities indicating some type of 

pathophysiological link identified between them (Rosen & Bouxsein, 2006). The global 

epidemic proportion of obese and osteoporotic individuals deserves detailed attention 

(WHO, 2000; Kanis, 2008). Traditional belief was that higher BMI is protective of bone 

health, however, BMI represents both lean and fat mass. Also, overweight/obesity has been 

recently shown to be a risk factor for osteoporotic fracture (Tanaka et al., 2013).  

Vitamin D and PTH are important in the regulation of calcium and bone metabolism (Hunter 

et al., 2001; Joo et al., 2013). Associations between serum levels of vitamin D and bone 

mass have been shown with an inverse relation between vitamin D and risk of osteoporotic 

fractures (Lips, 2001; Välimäki et al., 2004). Excessive fat mass has been indicated to act as 

a sink for vitamin D, thereby reducing its bioavailability for optimal use in the body 

(Wortsman et al., 2000). It is still unclear whether low vitamin D status is a causative factor 

of excess adiposity in the overweight and obese individuals (Foss, 2009). However, a recent 

meta-analysis by Vimaleswaran et al. (2013), concluded that a higher BMI leads to lower 

25(OH)D, while any effect of lower 25(OH)D leading to higher BMD are likely to be small.  

In summary, unfavourable body composition has a negative effect on bone health and 

vitamin D status. Also low vitamin D status has a negative effect on bone health and might 

likely contribute to excessive adiposity. It is pertinent to examine the effect of body 

composition on bone health; the effect of vitamin D status on body composition and their 

effects on the metabolic syndrome which is a metabolic disorder that is fast becoming 

another global epidemic.  

  



48 | P a g e  

 

 

2.6 REFERENCES 

Abrahams, Z., McHiza, Z. & Steyn, N.P.  2011.  Diet and mortality rates in sub-Saharan 

Africa: Stages in the nutrition transition.  BMC public health, 11 (1):801. 

Ackland, T.R., Lohman, T.G., Sundgot-Borgen, J., Maughan, R.J., Meyer, N.L., Stewart, 

A.D. & Muller, W.  2012.  Current status of body composition assessment in sport: Review 

and position statement on behalf of the ad hoc research working group on body composition 

health and performance, under the auspices of the IOC medical commission.   

Addo, O.Y., Pereira, M.A. & Himes, J.H.  2012.  Is skinfold thickness as good as DXA when 

measuring adiposity contributions to insulin resistance in adolescents? American journal of 

human biology, 24(6):806-811.  

Adler, N.E. & Ostrove, J.M.  1999.  Socioeconomic status and health: What we know and 

what we don't.  Annals of the New York Academy of Sciences, 8963-15.  

Ahima, R.S. & Flier, J.S.  2000.  Adipose tissue as an endocrine organ.  Trends in 

endocrinology & metabolism, 11(8):327-332.  

Ahlström, T., Hagström, E., Larsson, A., Rudberg, C., Lind, L. & Hellman, P.  2009.  

Correlation between plasma calcium, parathyroid hormone (PTH) and the metabolic 

syndrome (MetS) in a community-based cohort of men and women.  Clinical endocrinology 

(Oxford), 71(5):673-678.  

Ahmadi, F., Salari, S., Maziar, S., Esfahanian, F., Khazaeipour, Z. & Ranjbarnovin, N.  2013.  

Relationship between serum leptin levels and bone mineral density and bone metabolic 

markers in patients on hemodialysis.  Saudi journal of kidney diseases and transplantation: 

An official publication of the Saudi center for organ transplantation, Saudi Arabia, 24(1):41-

47.  

Alberti, K.G., Eckel, R.H., Grundy, S.M., Zimmet, P.Z., Cleeman, J.I., Donato, K.A., Fruchart, 

J.C., James, W.P., Loria, C.M., Smith, S.C.,Jr, International Diabetes Federation Task Force 

on Epidemiology and Prevention, Hational Heart, Lung, and Blood Institute, American Heart 

Association, World Heart Federation, International Atherosclerosis Society & International 

Association for the Study of Obesity.  2009.  Harmonizing the metabolic syndrome: A joint 

interim statement of the International Diabetes Federation task force on epidemiology and 



49 | P a g e  

 

 

prevention; National Heart, Lung, and Blood Institute; American Heart Association; World 

Heart Federation; International Atherosclerosis Society; and International Association for the 

study of Obesity.  Circulation, 120(16):1640-1645.  

Albright, F., Smith, P.H. & Richardson, A.M.  1941.  Postmenopausal osteoporosis: Its 

clinical features.  Journal of the American Medical Association, 116(22):2465-2474.  

Aleman-Mateo, H., Esparza Romero, J., Macias Morales, N., Salazar, G., Wyatt, J. & 

Valencia, M.E.  2004.  Determination of body composition using air displacement 

plethysmography, anthropometry and bio-electrical impedance in rural elderly Mexican men 

and women.  The journal of nutrition, health & aging, 8(5):344-349.  

Aloia, J.F., Vaswani, A., Yeh, J.K. & Flaster, E.  1996.  Risk for osteoporosis in black 

women.  Calcified tissue international, 59(6):415-423.  

Andersen, A.E., Watson, T. & Schlechte, J.  2000.  Osteoporosis and osteopenia in men with 

eating disorders.  Lancet (British edition), 355(9219):1967-1968.  

Anderson, J.J.B.  2008.  Nutrition and bone health (In Mahan L.K. & Escott-Stump S, ed. 

Frause’s food and nutrition therapy. St. Lous, Missouri: Elsevier 614-634). 

Aounallah-Skhiri, H., Traissac, P., El Ati, J., Eymard-Duvernay, S., Landais, E., Achour, N., 

Delpeuch, F., Ben Romdhane, H. & Maire, B.  2011.  Nutrition transition among adolescents 

of a south-mediterranean country: Dietary patterns, association with socio-economic factors, 

overweight and blood pressure. A cross-sectional study in Tunisia.  Nutrition journal, 

10(38):1-17.  

Arnal, M., Mosoni, L., Boirie, Y., Houlier, M., Morin, L., Verdier, E., Ritz, P., Antoine, J., 

Prugnaud, J., Beaufrere, B. & Mirand, P.P.  1999.  Protein pulse feeding improves protein 

retention in elderly women.  American journal of clinical nutrition, 69(6):1202-1208.  

Arthurs, K.L. & Andrews, D.M.  2009.  Upper extremity soft and rigid tissue mass prediction 

using segment anthropometric measures and DXA.  Journal of biomechanics, 42(3):389-

394.  

Bachrach, L.K.  2001.  Acquisition of optimal bone mass in childhood and adolescence.  

Trends in endocrinology & metabolism, 12(1):22-28.  



50 | P a g e  

 

 

Bagga, A.  2013.  Age changes in some linear measurements and secular trend in height in 

adult Indian women.  Acta biologica szegediensis, 57(1):51-58.  

Bales, C.W. & Ritchie, C.S.  2002.  Sarcopenia, weight loss, and nutritional frailty in the 

elderly.  Annual review of nutrition, 22309-323.  

Barrett-Connor, E., Chang, J.C. & Edelstein, S.L.  1994.  Coffee-associated osteoporosis 

offset by daily milk consumption: The rancho bernado study.  Journal of the American 

Medical Association, 271(4):280-283.  

Bartali, B., Frongillo, E.A., Bandinelli, S., Lauretani, F., Semba, R.D., Fried, L.P. & Ferrucci, 

L.  2006.  Low nutrient intake is an essential component of frailty in older persons.  Journals 

of gerontology series A: Biological sciences & medical sciences, 61A(6):589-593.  

Barzel, U.S. & Massey, L.K.  1998.  Excess dietary protein can adversely affect bone.  

Journal of nutrition, 128(6):1051-1053.  

Basat, H., Esmaeilzadeh, S. & Eskiyurt, N.  2013.  The effects of strengthening and high-

impact exercises on bone metabolism and quality of life in postmenopausal women: A 

randomized controlled trial.  Journal of back & musculoskeletal rehabilitation, 26(4):427-435.  

Baumgartner, R.N.  2000.  Body composition in healthy aging.  Annals of the New York 

Academy of Sciences, 904437-448.  

Baumgartner, R.N., Koehler, K.M., Gallagher, D., Romero, L., Heymsfield, S.B., Ross, R.R., 

Garry, P.J. & Lindeman, R.D.  1998.  Epidemiology of sarcopenia among the elderly in New 

Mexico.  American journal of epidemiology, 147(8):755-763.  

Baumgartner, R.N., Stauber, P.M., McHugh, D., Koehler, K.M. & Garry, P.J.  1995.  Cross-

sectional age differences in body composition in persons 60+ years of age.  Journals of 

gerontology - series A biological sciences and medical sciences, 50(6):M307-M316.  

Baumgartner, R.N., Wayne, S.J., Waters, D.L., Janssen, I., Gallagher, D. & Morley, J.E.  

2004.  Sarcopenic obesity predicts instrumental activities of daily living disability in the 

elderly.  Obesity research, 12(12):1995-2004.  



51 | P a g e  

 

 

Beattie, J.H. & Avenell, A.  1992. Trace element nutrition and bone metabolism.  Nutrition 

research reviews, 5(01):167-188.  

Bender, D., Jefferson-Keil, T., Biglari, B., Swing, T., Schmidmaier, G. & Moghaddam, A.  

2014.  Cigarette smoking and its impact on fracture healing.  Trauma, 16(1):18-22.  

Bergström, I., Landgren, B., Brinck, J. & Freyschuss, B.  2008. Physical training preserves 

bone mineral density in postmenopausal women with forearm fractures and low bone 

mineral density.  Osteoporosis international, 19(2):177-183.  

Bischof, M.G., Heinze, G. & Vierhapper, H.  2006.  Vitamin D status and its relation to age 

and body mass index.  Hormone research, 66(5):211-215.  

Bischoff-Ferrari, H.A., Giovannucci, E., Willett, W.C., Dietrich, T. & Dawson-Hughes, B.  

2006.  Estimation of optimal serum concentrations of 25-hydroxyvitamin D for multiple health 

outcomes.  American journal of clinical nutrition, 84(1):18-28.  

Bjorntorp, P.  2000.  Metabolic difference between visceral and subcutaneous abdominal fat.  

Diabetes and metabolism, 26 Suppl 310-12. 

Blüher, M.  2009.  Adipose tissue dysfunction in obesity.  Experimental and clinical 

endocrinology & diabetes, 117(06):241-250.  

Boirie, Y.  2009.  Physiopathological mechanism of sarcopenia.  The journal of nutrition, 

health & aging, 13(8):717-723.  

Bolton‐Smith, C., McMurdo, M.E., Paterson, C.R., Mole, P.A., Harvey, J.M., Fenton, S.T., 

Prynne, C.J., Mishra, G.D. & Shearer, M.J.  2007.  Two‐Year randomized controlled trial of 

vitamin K1 (phylloquinone) and vitamin D3 plus calcium on the bone health of older women.  

Journal of bone and mineral research, 22(4):509-519.  

Bonjour, J.  2005.  Dietary protein: An essential nutrient for bone health.  Journal of the 

American College of Nutrition, 24(6):526S-536S.  

Booth, R.D., Goddard, B.A. & Paton, A.  1966.  Measurement of fat thickness in man: A 

comparison of ultrasound, harpenden calipers and electrical conductivity.  British journal of 

nutrition, 20(4):719-725.  



52 | P a g e  

 

 

Booth, F.W., Laye, M.J. & Roberts, M.D.  2011.  Lifetime sedentary living accelerates some 

aspects of secondary aging.  Journal of applied physiology, 111(5):1497-1504.  

Booth, S.L., Tucker, K.L., Chen, H., Hannan, M.T., Gagnon, D.R., Cupples, L.A., Wilson, 

P.W., Ordovas, J., Schaefer, E.J., Dawson-Hughes, B. & Kiel, D.P.  2000.  Dietary vitamin K 

intakes are associated with hip fracture but not with bone mineral density in elderly men and 

women.  American journal of clinical nutrition, 71(5):1201-1208. 

Bortz, W.M. 1982. Disuse and aging.  Journal of the American Medical Association, 

248(10):1203-1208.  

Boskovic, K., Gava, B.P., Grajic, M., Madic, D., Obradovic, B. & Todorovic, S.T.  2013.  

Adapted physical activity in the prevention and therapy of osteoporosis.  Medicinski pregled, 

66(5-6):221-224.  

Bray, G.A., Jablonski, K.A., Fujimoto, W.Y., Barrett-Connor, E., Haffner, S., Hanson, R.L., 

Hill, J.O., Hubbard, V., Kriska, A., Stamm, E., Pi-Sunyer, F.X. & Diabetes Prevention 

Program Research Group.  2008.  Relation of central adiposity and body mass index to the 

development of diabetes in the diabetes prevention program.  American journal of clinical 

nutrition, 87(5):1212-1218.  

Brennan, S., Pasco, J., Urquhart, D., Oldenburg, B., Wang, Y. & Wluka, A.  2011.  

Association between socioeconomic status and bone mineral density in adults: A systematic 

review.  Osteoporosis international, 22(2):517-527.  

Brenner, D.R., Arora, P., Garcia-Bailo, B., Wolever, T., Morrison, H., El-Sohemy, A., Karmali, 

M. & Badawi, A.  2011.  Plasma vitamin D levels and risk of metabolic syndrome in 

Canadians.  Clinical & investigative medicine, 34(6):E377-E384.  

Bressot, C., Meunier, P., Chapuy, M., Lejeune, E., Edouard, C. & Darby, A.  1979.  

Histomorphometric profile, pathophysiology and reversibility of corticosteroid-induced 

osteoporosis.  Metabolic bone disease and related research, 1(4):303-311.  

Britton, K.A., Massaro, J.M., Murabito, J.M., Kreger, B.E., Hoffmann, U. & Fox, C.S.  2013.  

Body fat distribution, incident cardiovascular disease, cancer, and all-cause mortality.  

Journal of the American College of Cardiology, 62(10):921-925.  



53 | P a g e  

 

 

Brodie, D.A.  1988.  Techniques of measurement of body composition (techniques de 

mesure de la composition corporelle).  Sports medicine, 5(1):11-40.  

Bronner, F. & Pansu, D.  1999.  Nutritional aspects of calcium absorption.  Journal of 

nutrition, 129(1):9-12.  

Calvo, M.S.  1993.  Dietary phosphorus, calcium metabolism and bone.  The journal of 

nutrition, 123(9):1627-1633.  

Calvo, M.S. & Park, Y.K.  1996.  Changing phosphorus content of the U.S. diet: Potential for 

adverse effects on bone.  The journal of nutrition, 126(4 Suppl):1168S-80S.  

Canale, D., de Bragança, A.C., Gonçalves, J.G., Shimizu, M.H.M., Sanches, T.R., Andrade, 

L., Volpini, R.A. & Seguro, A.C.  2014.  Vitamin D deficiency aggravates nephrotoxicity, 

hypertension and dyslipidemia caused by tenofovir: Role of oxidative stress and renin-

angiotensin system.  PloS one, 9(7):e103055.  

Carty, C.L., Kooperberg, C., Neuhouser, M.L., Tinker, L., Howard, B., Wactawski-Wende, J., 

Beresford, S.A., Snetselaar, L., Vitolins, M., Allison, M., Budrys, N., Prentice, R. & Peters, U.  

2011.  Low-fat dietary pattern and change in body-composition traits in the women's health 

initiative dietary modification trial.  American journal of clinical nutrition, 93(3):516-524.  

Castaneda, C., Charnley, J.M., Evans, W.J. & Crim, M.C.  1995.  Elderly women 

accommodate to a low-protein diet with losses of body cell mass, muscle function, and 

immune response.  American journal of clinical nutrition, 62(1):30-39.  

Castillo, E.M., Goodman-Gruen, D., Kritz-Silverstein, D., Morton, D.J., Wingard, D.L. & 

Barrett-Connor, E.  2003.  Sarcopenia in elderly men and women: The rancho bernardo 

study.  American journal of preventive medicine, 25(3):226-231.  

CDC (Consensus development conference).  1993.  Diagnosis, prophylaxis, and treatment 

of osteoporosis.  The American journal of medicine, 94(6):646-650.  

Cesari, M., Kritchevsky, S.B., Baumgartner, R.N., Atkinson, H.H., Penninx, B., Lenchik, L., 

Palla, S.L., Ambrosius, W.T., Tracy, R.P. & Pahor, M.  2005.  Sarcopenia, obesity, and 

inflammation -- results from the trial of angiotensin converting enzyme inhibition and novel 

cardiovascular risk factors study.  American journal of clinical nutrition, 82(2):428-434.  



54 | P a g e  

 

 

Chan, R., Chan, D., Woo, J., Ohlsson, C., Mellström, D., Kwok, T. & Leung, P.  2012.  

Serum 25-hydroxyvitamin D and parathyroid hormone levels in relation to blood pressure in 

a cross-sectional study in older Chinese men.  Journal of human hypertension, 26(1):20-27.  

Chantler, S., Dickie, K., Goedecke, J.H., Levitt, N.S., Lambert, E.V., Evans, J., Joffe, Y. & 

Micklesfield, L.K.  2012.  Site-specific differences in bone mineral density in black and white 

premenopausal South African women.  Osteoporosis international, 23(2):533-542. 

Chavassieux, P., Serre, C.M., Vergnaud, P., Delmas, P.D. & Meunier, P.J.  1993.  In vitro 

evaluation of dose-effects of ethanol on human osteoblastic cells.  Bone and mineral, 

22(2):95-103.  

Chen, Y., Ho, S.C. & Woo, J.L.  2006.  Greater fruit and vegetable intake is associated with 

increased bone mass among postmenopausal Chinese women.  British journal of nutrition, 

96(04):745-751.  

Chen, F., Wang, K. & Huang, J.  2009.  Effect of estrogen on the activity and growth of 

human osteoclasts in vitro.  Taiwanese journal of obstetrics & gynecology, 48(4):350-355.  

Cheng, M.L. & Gupta, V.  2013.  Premenopausal osteoporosis.  Indian journal of 

endocrinology and metabolism, 17(2):240.  

Cheung, R., Gray, C., Boyde, A. & Jones, S.  1995.  Effects of ethanol on bone cells in vitro 

resulting in increased resorption.  Bone, 16(1):143-147.  

Chevalley, T., Rizzoli, R., Manen, D., Caverzasio, J. & Bonjour, J.  1998.  Arginine increases 

insulin-like growth factor-I production and collagen synthesis in osteoblast-like cells.  Bone, 

23(2):103-109.  

Chien, M., Huang, T. & Wu, Y.  2008.  Prevalence of sarcopenia estimated using a 

bioelectrical impedance analysis prediction equation in community-dwelling elderly people in 

Taiwan.  Journal of the American Geriatrics Society, 56(9):1710-1715.  

Chiolero, A., Faeh, D., Paccaud, F. & Cornuz, J.  2008.  Consequences of smoking for body 

weight, body fat distribution, and insulin resistance.  American journal of clinical nutrition, 

87(4):801-809.  



55 | P a g e  

 

 

Chiu, K.C., Chu, A., Go, V.L. & Saad, M.F.  2004.  Hypovitaminosis D is associated with 

insulin resistance and beta cell dysfunction.  American journal of clinical nutrition, 79(5):820-

825.  

Christensen, D.L., Eis, J., Hansen, A.W., Larsson, M.W., Mwaniki, D.L., Kilonzo, B., Tetens, 

I., Boit, M.K., Kaduka, L., Borch-Johnsen, K. & Friis, H.  2008.  Obesity and regional fat 

distribution in Kenyan populations: Impact of ethnicity and urbanization.  Annals of human 

biology, 35(2):232-249.  

Chumlea, W.C., Roche, A.F. & Steinbaugh, M.L.  1985.  Estimating stature from knee height 

for persons 60 to 90 years of age.  Journal of the American Geriatrics Society, 33(2):116-

120.  

Chumlea, W.C., Garry, P.J., Hunt, W.C. & Rhyne, R.L.  1988.  Distributions of serial changes 

in stature and weight in a healthy elderly population.  Human biology, (6):917.  

Cinti, S.  2012.  The adipose organ at a glance.  Disease models & mechanisms, 5(5):588-

594.  

Civitelli, R. & Ziambaras, K.  2011.  Calcium and phosphate homeostasis: Concerted 

interplay of new regulators.  Journal of endocrinological investigation, 34(7):3-7.  

Clair, C., Chiolero, A., Faeh, D., Cornuz, J., Marques-Vidal, P., Paccaud, F., Mooser, V., 

Waeber, G. & Vollenweider, P.  2011.  Dose-dependent positive association between 

cigarette smoking, abdominal obesity and body fat: Cross-sectional data from a population-

based survey.  BMC public health, 1123-2458-11-23.  

Clarys, J.P., Martin, A.D., Drinkwater, D.T. & Marfell-Jones, M.  1987.  The skinfold: Myth 

and reality.  Journal of sports sciences, 5(1):3-33.  

Cline, M.G., Meredith, K.E., Boyer, J.T. & Burrows, B.  1989.  Decline of height with age in 

adults in a general population sample: Estimating maximum height and distinguishing birth 

cohort effects from actual loss of stature with aging.  Human biology, 415-425. 

Cohen, H.J., Pieper, C.F., Harris, T., Rao, K.M.K. & Currie, M.S.  1997.  The association of 

plasma IL-6 levels with functional disability in community-dwelling elderly.  The journals of 

gerontology series A: Biological sciences and medical sciences, 52(4):M201-M208.  



56 | P a g e  

 

 

Cohn, S.H., Dombrowski, C.S., Pate, H.R. & Robertson, J.S.  1969.  A whole-body counter 

with an invariant response to radionuclide distribution and body size.  Physics in medicine & 

biology, 14(4):645.  

Cohn, S.H. & Dombrowski, C.S.  1971.  Measurement of total-body calcium, sodium 

chlorine, nitrogen, and phosphorus in man by in vivo neutron activation analysis.  Journal of 

nuclear medicine, 12(7):499-505.  

Compston, J.  2003.  Glucocorticoid-induced osteoporosis.  Hormone research, 60 Suppl 

377-79.  

Conway, J.M., Yanovski, S.Z., Avila, N.A. & Hubbard, V.S.  1995.  Visceral adipose tissue 

differences in black and white women.  American journal of clinical nutrition, 61(4):765-771.  

Cook, I., Alberts, M., Brits, J.S., Choma, S.R. & Mkhonto, S.S.  2010.  Descriptive 

epidemiology of ambulatory activity in rural, black South Africans.  Medicine & science in 

sports exercise, 42(7):1261-1268.  

Crowther, N.J. & Norris, S.A.  2012.  The current waist circumference cut point used for the 

diagnosis of metabolic syndrome in sub-Saharan African women is not appropriate.  PloS 

one, 7(11):e48883.  

Cruz-Jentoft, A., Baeyens, J.P., Bauer, J., Boirie, Y., Cederholm, T., Landi, F., Martin, F.C., 

Michel, J., Rolland, Y., Schneider, S.M., Topinková, E., Vandewoude, M. & Zamboni, M.  

2010.  Sarcopenia: European consensus on definition and diagnosis: Report of the 

European working group on sarcopenia in older people.  Age and ageing, 39(4):412-423.  

Cryer, P.E., Haymond, M.W., Santiago, J.V. & Shah, S.D.  1976.  Norepinephrine and 

epinephrine release and adrenergic mediation of smoking-associated hemodynamic and 

metabolic events.  New England journal of medicine, 295(11):573-577.  

Crystal, S., Fleishman, J.A., Hays, R.D., Shapiro, M.F. & Bozzette, S.A.  2000.  Physical and 

role functioning among persons with HIV: Results from a nationally representative survey.  

Medical care, (12):1210.  

Cumming, R.G.  1990.  Calcium intake and bone mass: A quantitative review of the 

evidence.  Calcified tissue international, 47(4):194-201.  



57 | P a g e  

 

 

Cummings, S.R. & Melton, L.J.  2002.  Epidemiology and outcomes of osteoporotic 

fractures.  The lancet, 359(9319):1761-1767.  

Danescu, L.G., Levy, S. & Levy, J.  2009.  Vitamin D and diabetes mellitus.  Endocrine, 

35(1):11-17.  

Daniels, E.D., Pettifor, J.M., Schnitzler, C.M., Russell, S.W. & Patel, D.N.  1995.  Ethnic 

differences in bone density in female South African nurses.  Journal of bone and mineral 

research, 10(3):359-367.  

Daniels, E.D., Pettifor, J.M., Schnitzler, C.M., Moodley, G.P. & Zachen, D.  1997.  

Differences in mineral homeostasis, volumetric bone mass and femoral neck axis length in 

black and white South African women.  Osteoporosis international, 7(2):105-112.  

Davies, M.C., Hall, M.L. & Jacobs, H.S.  1990.  Bone mineral loss in young women with 

amenorrhoea.  British medical journal (clinical research ed.), 301(6755):790-793.  

Davison, K.K., Ford, E.S., Cogswell, M.E. & Dietz, W.H.  2002.  Percentage of body fat and 

body mass index are associated with mobility limitations in people aged 70 and older from 

NHANES III.  Journal of the American Geriatrics Society, 50(11):1802-1809.  

Dawson-Hughes, B. & Harris, S.S.  2002.  Calcium intake influences the association of 

protein intake with rates of bone loss in elderly men and women.  American journal of clinical 

nutrition, 75(4):773-779.  

Dawson-Hughes, B., Heaney, R.P., Holick, M.F., Lips, P., Meunier, P.J. & Vieth, R.  2005.  

Estimates of optimal vitamin D status.  Osteoporosis international, (7):713.  

Deeb, K.K., Trump, D.L. & Johnson, C.S.  2007.  Vitamin D signalling pathways in cancer: 

Potential for anticancer therapeutics.  Nature reviews cancer, 7(9):684-700.  

Degens, H.  2010.  The role of systemic inflammation in age-related muscle weakness and 

wasting.  Scandinavian journal of medicine & science in sports, 20(1):28-38.  

Dehghan, M. & Merchant, A.T.  2008.  Is bioelectrical impedance accurate for use in large 

epidemiological studies.  Nutrition journal, 7(26):7-26.  



58 | P a g e  

 

 

Delmonico, M.J., Harris, T.B., Lee, J., Visser, M., Nevitt, M., Kritchevsky, S.B., Tylavsky, 

F.A. & Newman, A.B.  2007.  Alternative definitions of sarcopenia, lower extremity 

performance, and functional impairment with aging in older men and women.  Journal of the 

American Geriatrics Society, 55(5):769-774.  

de Koning, L., Merchant, A.T., Pogue, J. & Anand, S.S.  2007.  Waist circumference and 

waist-to-hip ratio as predictors of cardiovascular events: Meta-regression analysis of 

prospective studies.  European heart journal, 28(7):850-856.  

de Onis, M. & Habicht, J.  1996.  Anthropometric reference data for international use: 

Recommendations from a world health organization expert committee.  American journal of 

clinical nutrition, 64(4):650-658.  

Deluca, H.F. & Cantorna, M.T.  2001.  Vitamin D: Its role and uses in immunology.   

Federation of American Societies for Experimental Biology Journal, 15(14):2579-2585.  

Deluca, H.F.  2004.  Overview of general physiologic features and functions of vitamin D... 

vitamin D and health in the 21st century: Proceedings of a conference held in Bethesda, MD, 

October 9-10, 2003.  American journal of clinical nutrition, 80(6):1689S-1696.  

Despres, J.P.  2012.  Body fat distribution and risk of cardiovascular disease: An update.  

Circulation, 126(10):1301-1313.  

Di Daniele, N., Petramala, L., Di Renzo, L., Sarlo, F., Della Rocca, D.G., Rizzo, M., 

Fondacaro, V., Iacopino, L., Pepine, C.J. & De Lorenzo, A.  2013.  Body composition 

changes and cardiometabolic benefits of a balanced Italian mediterranean diet in obese 

patients with metabolic syndrome.  Acta diabetologica, 50(3):409-416.  

Di Iorio, A., Abate, M., Di Renzo, D., Russolillo, A., Battaglini, C., Ripari, P., Saggini, R., 

Paganelli, R. & Abate, G.  2006.  Sarcopenia: Age-related skeletal muscle changes from 

determinants to physical disability.  International journal of immunopathology and 

pharmacology, 19(4):703-719.  

DiGirolamo, D.J., Clemens, T.L. & Kousteni, S.  2012.  The skeleton as an endocrine organ.  

Nature reviews.rheumatology, 8(11):674-683.  



59 | P a g e  

 

 

Donahue, R.P., Abbott, R.D., Bloom, E., Reed, D.M. & Yano, K.  1987.  Central obesity and 

coronary heart disease in men.  Lancet, 1(8537):821-824.  

Drinkwater, B.L., Bruemner, B. & Chesnut, C.H., 3.  1990.  Menstrual history as a 

determinant of current bone density in young athletes.  Journal of the American Medical 

Association, 263(4):545-548.  

Duan, S., Lv, Z., Fan, X., Wang, L., Han, F., Wang, H. & Bi, S.  2014.  Vitamin D status and 

the risk of multiple sclerosis: A systematic review and meta-analysis.  Neuroscience letters, 

570108-113.  

Durazo-Arvizu, R.A., Camacho, P., Bovet, P., Forrester, T., Lambert, E.V., Plange-Rhule, J., 

Hoofnagle, A.N., Aloia, J., Tayo, B., Dugas, L.R., Cooper, R.S. & Luke, A.  2014.  25-

hydroxyvitamin D in African-origin populations at varying latitudes challenges the construct 

of a physiologic norm.  American journal of clinical nutrition, 100(3):908-914.  

Dutta, C. & Hadley, E.C.  1995.  The significance of sarcopenia in old age.  The journals of 

gerontology.series A, biological sciences and medical sciences, 50 Spec No1-4.  

Dutta, D., Maisnam, I., Shrivastava, A., Sinha, A., Ghosh, S., Mukhopadhyay, P., 

Mukhopadhyay, S. & Chowdhury, S.  2013.  Serum vitamin-D predicts insulin resistance in 

individuals with prediabetes.  The Indian journal of medical research, 138(6):853-860.  

Eleftheriou, K.I., Rawal, J.S., James, L.E., Payne, J.R., Loosemore, M., Pennell, D.J., World, 

M., Drenos, F., Haddad, F.S. & Humphries, S.E.  2013.  Bone structure and geometry in 

young men: The influence of smoking, alcohol intake and physical activity.  Bone, 52(1):17-

26.  

Eliasson, B.  2003.  Cigarette smoking and diabetes.  Progress in cardiovascular diseases, 

45(5):405-413.  

Ellis, K.J.  2000.  Human body composition: In vivo methods.  Physiological reviews, 

80(2):649-680.  

Enevoldsen, L.H., Simonsen, L., Stallknecht, B., Galbo, H. & Bülow, J.  2001.  In vivo human 

lipolytic activity in preperitoneal and subdivisions of subcutaneous abdominal adipose tissue.  

American journal of physiology.endocrinology and metabolism, 281(5):E1110-E1114.  



60 | P a g e  

 

 

Espallargues, M., Sampietro-Colom, L., Estrada, M.D., Solà, M., Río, L.d., Setoain, J. & 

Granados, A.  2001.  Identifying bone-mass-related risk factors for fracture to guide bone 

densitometry measurements: A systematic review of the literature.  Osteoporosis 

international, 12(10):811-822.  

Evans, W.J.  2000.  Exercise strategies should be designed to increase muscle power.  The 

journals of gerontology.series A, biological sciences and medical sciences, 55(6):M309-

M310.  

Evans, W.J. & Campbell, W.W.  1993.  Sarcopenia and age-related changes in body 

composition and functional capacity.  Journal of nutrition, 123(2):465-468.  

Evans, J., Micklesfield, L., Jennings, C., Levitt, N.S., Lambert, E.V., Olsson, T. & Goedecke, 

J.H.  2011.  Diagnostic ability of obesity measures to identify metabolic risk factors in South 

African women.  Metabolic syndrome and related disorders, 9(5):353-360.  

Fabbri, G., Petraglia, F., Segre, A., Maietta-Latessa, A., Galassi, M.C., Cellini, M., Sardelli, 

S., Massolo, F., Genazzani, A. & Genazzani, A.R.  1991.  Reduced spinal bone density in 

young women with amenorrhoea.  European journal of obstetrics, gynecology, and 

reproductive biology, 41(2):117-122.  

Fazeli, P.K. & Klibanski, A.  2014.  Anorexia nervosa and bone metabolism.  Bone, 6639-45.  

Feldman, D., Zhao, X.Y. & Krishnan, A.V.  2000.  Vitamin D and prostate cancer.  

Endocrinology, 141(1):5-9.  

Felson, D.T., Zhang, Y., Hannan, M.T. & Anderson, J.J.  1993.  Effects of weight and body 

mass index on bone mineral density in men and women: The Framingham study.  Journal of 

bone and mineral research, 8(5):567-573.  

Felson, D.T., Zhang, Y., Hannan, M.T., Kannel, W.B. & Kiel, D.P.  1995.  Alcohol intake and 

bone mineral density in elderly men and women: The Framingham study.  American journal 

of epidemiology, 142(5):485-492.  

Feng, X. & McDonald, J.M.  2011.  Disorders of bone remodeling. Annual review of 

pathology, 6121-145.  



61 | P a g e  

 

 

Ferron, M., Hinoi, E., Karsenty, G. & Ducy, P.  2008.  Osteocalcin differentially regulates 

beta cell and adipocyte gene expression and affects the development of metabolic diseases 

in wild-type mice.  Proceedings of the National Academy of Sciences of the United States of 

America, 105(13):5266-5270.  

Ferrucci, L., Harris, T.B., Guralnik, J.M., Tracy, R.P., Corti, M.C., Cohen, H.J., Penninx, B., 

Pahor, M., Wallace, R. & Havlik, R.J.  1999.  Serum IL-6 level and the development of 

disability in older persons.  Journal of the American Geriatrics Society, 47(6):639-646.  

Feskanich, D., Willett, W.C., Stampfer, M.J. & Colditz, G.A.  1996.  Protein consumption and 

bone fractures in women.  American journal of epidemiology, 143(5):472-479.  

Fiatarone, M.A., O'Neill, E., Ryan, N.D., Clements, K.M., Solares, G.R., Nelson, M.E., 

Roberts, S.B., Kehayias, J.J., Lipsitz, L.A. & Evans, W.J.  1994.  Exercise training and 

nutritional supplementation for physical frailty in very elderly people.  New England journal of 

medicine, 330(25):1769-1775.  

Fielding, R.A.  1995.  The role of progressive resistance training and nutrition in the 

preservation of lean body mass in the elderly.  Journal of the American College of Nutrition, 

14(6):587-594.  

Fielding, R.A., Vellas, B., Evans, W.J., Bhasin, S., Morley, J.E., Newman, A.B., Abellan, v.K., 

Andrieu, S., Bauer, J., Breuille, D., Cederholm, T., Chandler, J., De Meynard, C., Donini, L., 

Harris, T., Kannt, A., Keime Guibert, F., Onder, G., Papanicolaou, D., Rolland, Y., Rooks, D., 

Sieber, C., Souhami, E., Verlaan, S. & Zamboni, M.  2011.  Sarcopenia: An undiagnosed 

condition in older adults. current consensus definition: Prevalence, etiology, and 

consequences. international working group on sarcopenia.  Journal of the American Medical 

Directors Association, 12(4):249-256.  

Forbes, G.B.  1999.  Longitudinal changes in adult fat-free mass: Influence of body weight.   

American journal of clinical nutrition, 70(6):1025-1031.  

Forbes, G.  2003.  Some adventures in body composition, with special reference to nutrition.  

Acta diabetologica, 40(1):s238-s241.  

Forman, J.P., Curhan, G.C. & Taylor, E.N.  2008.  Plasma 25-hydroxyvitamin D levels and 

risk of incident hypertension among young women.  Hypertension, 52(5):828-832.  



62 | P a g e  

 

 

Foss, Y.  2009.  Vitamin D deficiency is the cause of common obesity.  Medical hypotheses, 

72(3):314-321.  

Foster, K.R. & Lukaski, H.C.  1996.  Whole-body impedance--what does it measure?   

American journal of clinical nutrition, 64(3 Suppl):388S-396S.  

Frassetto, L.A., Todd, K.M., Morris, R.C.,Jr & Sebastian, A.  2000.  Worldwide incidence of 

hip fracture in elderly women: Relation to consumption of animal and vegetable foods.  The 

journals of gerontology.series A, biological sciences and medical sciences, 55(10):M585-92.  

Friedman, A.J., Ravnikar, V.A. & Barbieri, R.L.  1987.  Serum steroid hormone profiles in 

postmenopausal smokers and nonsmokers.  Fertility and sterility, 47(3):398-401.  

Frühbeck, G., Gómez-Ambrosi, J., Muruzábal, ,F.J. & Burrell, M.A.  2001.  The adipocyte: A 

model for integration of endocrine and metabolic signaling in energy metabolism regulation.  

American journal of physiology.endocrinology and metabolism, 280(6):E827-E847.  

Gallagher, D., Heymsfield, S.B., Heo, M., Jebb, S.A., Murgatroyd, P.R. & Sakamoto, Y.  

2000.  Healthy percentage body fat ranges: An approach for developing guidelines based on 

body mass index.  American journal of clinical nutrition, 72(3):694-701.  

Gallagher, D., Belmonte, D., Deurenberg, P., Wang, Z., Krasnow, N., Pi-Sunyer, F.X. & 

Heymsfield, S.B.  1998.  Organ-tissue mass measurement allows modeling of REE and 

metabolically active tissue mass.  The American journal of physiology, 275(2 Pt 1):E249-58.  

Gallo, L.C., de, L.M. & Shivpuri, S.  2009.  Socioeconomic status and health: What is the role 

of reserve capacity?  Current directions in psychological science, 18(5):269-274.  

Garaulet, M., Perez-Llamas, F., Fuente, T., Zamora, S. & Tebar, F.J.  2000.  Anthropometric, 

computed tomography and fat cell data in an obese population: Relationship with insulin, 

leptin, tumor necrosis factor-alpha, sex hormone-binding globulin and sex hormones.  

European journal of endocrinology, 143(5):657-666.  

Garland, C.F. & Garland, F.C.  2006.  Do sunlight and vitamin D reduce the likelihood of 

colon cancer?  International journal of epidemiology, 35(2):217-220.  



63 | P a g e  

 

 

Garnero, P., Sornay-Rendu, E., Chapuy, M.C. & Delmas, P.D.  1996a.  Increased bone 

turnover in late postmenopausal women is a major determinant of osteoporosis.  Journal of 

bone and mineral research 11(3):337-349.  

Garnero, P., Hausherr, E., Chapuy, M.C., Marcelli, C., Grandjean, H., Muller, C., Cormier, 

C., Bréart, G., Meunier, P.J. & Delmas, P.D.  1996b.  Markers of bone resorption predict hip 

fracture in elderly women: The EPIDOS prospective study.  Journal of bone and mineral 

research: 11(10):1531-1538.  

Gaudio, A., Privitera, F., Battaglia, K., Torrisi, V., Sidoti, M.H., Pulvirenti, I., Canzonieri, E., 

Tringali, G. & Fiore, C.E.  2012.  Sclerostin levels associated with inhibition of the wnt/β-

catenin signaling and reduced bone turnover in type 2 diabetes mellitus.  The journal of 

clinical endocrinology & metabolism, 97(10):3744-3750.  

Geer, E.B. & Shen, W.  2009.  Gender differences in insulin resistance, body composition, 

and energy balance.  Gender medicine, 660-75.  

Genton, L., Karsegard, V.L., Chevalley, T., Kossovsky, M.P., Darmon, P. & Pichard, C.  

2011.  Body composition changes over 9 years in healthy elderly subjects and impact of 

physical activity.  Clinical nutrition, 30(4):436-442.  

George, J.A., Norris, S.A., van Deventer, H.E. & Crowther, N.J.  2013.  The association of 25 

hydroxyvitamin D and parathyroid hormone with metabolic syndrome in two ethnic groups in 

South Africa.  PloS one, 8(4):e61282.  

George, J.A., Micklesfield, L., Norris, S. & Crowther, N.  2014.  The association between 

body composition, 25 (OH) D, and PTH and bone mineral density in black African and Asian 

Indian population groups.  The journal of clinical endocrinology & metabolism, 99(6):2146-

2154.  

Gerhard, F.A., Webster, D.J., van Lenthe, G.H. & Muller, R.  2009.  In silico biology of bone 

modelling and remodelling: Adaptation.  Philosophical transactions.series A, mathematical, 

physical, and engineering sciences, 367(1895):2011-2030.  

Gillette-Guyonnet, S., Nourhashemi, F., Andrieu, S., Cantet, C., Albarède, J.L., Vellas, B. & 

Grandjean, H.  2003.  Body composition in French women 75 years of age: The EPIDOS 

study.  Mechanisms of ageing and development, 124(3):311-316.  



64 | P a g e  

 

 

Gnudi, S., Sitta, E. & Fiumi, N.  2007.  Relationship between body composition and bone 

mineral density in women with and without osteoporosis: Relative contribution of lean and fat 

mass.  Journal of bone and mineral metabolism, 25(5):326-332.  

Goedecke, J.H., Levitt, N.S., Lambert, E.V., Utzschneider, K.M., Faulenbach, M.V., Dave, 

J.A., West, S., Victor, H., Evans, J. & Olsson, T.  2009.  Differential effects of abdominal 

adipose tissue distribution on insulin sensitivity in black and white South African women. 

Obesity, 17(8):1506-1512. 

Goedecke, J.H., Utzschneider, K., Faulenbach, M.V., Rizzo, M., Berneis, K., Spinas, G.A., 

Dave, J.A., Levitt, N.S., Lambert, E.V. & Olsson, T.  2010.  Ethnic differences in serum 

lipoproteins and their determinants in South African women.  Metabolism, 59(9):1341-1350.  

Goedecke, J.H., Levitt, N.S., Evans, J., Ellman, N., Hume, D.J., Kotze, L., Tootla, M., Victor, 

H. & Keswell, D.  2013.  The role of adipose tissue in insulin resistance in women of African 

ancestry.  Journal of obesity, 2013:1-9.  

Goedecke, J.H. & Micklesfield, L.K.  2014.  The effect of exercise on obesity, body fat 

distribution and risk for type 2 diabetes.  Medicine and sport science, 6082-93.  

Goodpaster, B.H., Chomentowski, P., Ward, B.K., Rossi, A., Glynn, N.W., Delmonico, M.J., 

Kritchevsky, S.B., Pahor, M. & Newman, A.B.  2008.  Effects of physical activity on strength 

and skeletal muscle fat infiltration in older adults: A randomized controlled trial.  Journal of 

applied physiology, 105(5):1498-1503.  

Goodpaster, B.H., Krishnaswami, S., Harris, T.B., Katsiaras, A., Kritchevsky, S.B., 

Simonsick, E.M., Nevitt, M., Holvoet, P. & Newman, A.B.  2005.  Obesity, regional body fat 

distribution, and the metabolic syndrome in older men and women.   Archives of internal 

medicine, 165(7):777-783.  

Gordon, C., Chumlea, W. & Roche, A.  1988.  Stature, recumbent length, and weight. 

Anthropometric standardization reference manual.champaign:  Human kinetics books, 3-8.  

Gourlay, M.L. & Brown, S.A.  2004.  Clinical considerations in premenopausal osteoporosis.  

Archives of internal medicine, 164(6):603-614.  

Grant, W.B. & Holick, M.F.  2005.  Benefits and requirements of vitamin D for optimal health: 

A review.  Alternative medicine review, 10(2):94-111.  



65 | P a g e  

 

 

Greendale, G.A., Barrett-Connor, E., Edelstein, S., Ingles, S. & Haile, R.  1994.  Dietary 

sodium and bone mineral density: Results of a 16-year follow-up study.  Journal of the 

American Geriatrics Society, 42(10):1050-1055.  

Hajian‐Tilaki, K. & Heidari, B.  2007.  Prevalence of obesity, central obesity and the 

associated factors in urban population aged 20–70 years, in the north of Iran: A 

population‐based study and regression approach.  Obesity reviews, 8(1):3-10.  

Hamidi, M., Boucher, B., Cheung, A., Beyene, J. & Shah, P.  2011.  Fruit and vegetable 

intake and bone health in women aged 45 years and over: A systematic review.  

Osteoporosis international, 22(6):1681-1693.  

Hannan, M.T., Tucker, K.L., Dawson-Hughes, B., Cupples, L.A., Felson, D.T. & Kiel, D.P.  

2000.  Effect of dietary protein on bone loss in elderly men and women: The Framingham 

osteoporosis study.  Journal of bone and mineral research, 15(12):2504-2512.  

Harris, S.S., Wood, M.J. & Dawson-Hughes, B.  1995.  Bone mineral density of the total 

body and forearm in premenopausal black and white women.  Bone, 16(4):311S-315S.  

Harwood, H.J.  2012.  The adipocyte as an endocrine organ in the regulation of metabolic 

homeostasis.  Neuropharmacology, 63(1):57-75.  

Heaney, R.P.  2000.  Calcium, dairy products and osteoporosis.  Journal of the American 

College of Nutrition, 19(2):83S-99S.  

Heaney, R.P.  2006a.  The calcium economy. (In Calcium in human health. Springer. p. 145-

162).  

Heaney, R.P.  2006b.  Role of dietary sodium in osteoporosis.  Journal of the American 

college of nutrition, 25(sup3):271S-276S.  

Heaney, R.P. & Layman, D.K.  2008.  Amount and type of protein influences bone health.  

American journal of clinical nutrition, 87(5):1567S-1570.  

Heymsfield, S.B. & Casper, K.  1987.  Anthropometric assessment of the adult hospitalized 

patient.  Journal of parenteral and enteral nutrition, 11(5):36S-41S.  



66 | P a g e  

 

 

Heymsfield, S.  2005.  Human body composition / Steven B. Heymsfield ... [et al.], editors. 

Champaign, IL :  Human Kinetics, c2005; 2nd ed.  

Hill, J.O., Melanson, E.L. & Wyatt, H.T.  2000.  Dietary fat intake and regulation of energy 

balance: Implications for obesity.  The journal of nutrition, 130(2):284S-288S.  

Hinton, P.S., Rector, R.S., Linden, M.A., Warner, S.O., Dellsperger, K.C., Chockalingam, A., 

Whaley-Connell, A.T., Liu, Y. & Thomas, T.R.  2012.  Weight-loss-associated changes in 

bone mineral density and bone turnover after partial weight regain with or without aerobic 

exercise in obese women.  European journal of clinical nutrition, 66(5):606-612.  

Hjelmesæth, J., Hofsø, D., Aasheim, E.T., Jenssen, T., Moan, J., Hager, H., Røislien, J. & 

Bollerslev, J.  2009.  Parathyroid hormone, but not vitamin D, is associated with the 

metabolic syndrome in morbidly obese women and men: A cross-sectional study.  

Cardiovascular diabetology, 8(1):7.  

Howard, B.V., Manson, J.E., Stefanick, M.L., Beresford, S.A., Frank, G., Jones, B., 

Rodabough, R.J., Snetselaar, L., Thomson, C. & Tinker, L.  2006.  Low-fat dietary pattern 

and weight change over 7 years: The women's health initiative dietary modification trial.  

Journal of the American Medical Association, 295(1):39-49.  

Høidrup, S., Grønbaek, M., Pedersen, A.T., Lauritzen, J.B., Gottschau, A. & Schroll, M.  

1999.  Hormone replacement therapy and hip fracture risk: Effect modification by tobacco 

smoking, alcohol intake, physical activity, and body mass index.  American journal of 

epidemiology, 150(10):1085-1093.  

Holbrook, T.L., Barrett-Connor, E. & Wingard, D.L.  1988.  Dietary calcium and risk of hip 

fracture: 14-year prospective population study.  Lancet, 2(8619):1046-1049.  

Holbrook, T.L. & Barrett-Connor, E.  1993.  A prospective study of alcohol consumption and 

bone mineral density.  British medical journal (clinical research ed.), 306(6891):1506-1509.  

Holick, M.F.  2002.  Vitamin D: The underappreciated D-lightful hormone that is important for 

skeletal and cellular health.  Current opinion in endocrinology, diabetes and obesity, 9(1):87-

98.  



67 | P a g e  

 

 

Holick, M.F.  2006.  Resurrection of vitamin D deficiency and rickets.  Journal of clinical 

investigation, 116(8):2062-2072.  

Holick, M.F. & Chen, T.C.  2008.  Vitamin D deficiency: A worldwide problem with health 

consequences.  American journal of clinical nutrition, 87(4):1080S-6S.  

Holmes, J.D., Andrews, D.M., Durkin, J.L. & Dowling, J.J.  2005.  Predicting in vivo soft 

tissue masses of the lower extremity using segment anthropometric measures and DXA.  

Journal of applied biomechanics, 21(4):371-382.  

Hotta, M., Fukuda, I., Sato, K., Hizuka, N., Shibasaki, T. & Takano, K.  2000.  The 

relationship between bone turnover and body weight, serum insulin-like growth factor (IGF) I, 

and serum IGF-binding protein levels in patients with anorexia nervosa.  The journal of 

clinical endocrinology & metabolism, 85(1):200-206.  

Houston, D.K., Nicklas, B.J., Ding, J., Harris, T.B., Tylavsky, F.A., Newman, A.B., Lee, J.S., 

Sahyoun, N.R., Visser, M. & Kritchevsky, S.B.  2008.  Dietary protein intake is associated 

with lean mass change in older, community-dwelling adults: The health, aging, and body 

composition (health ABC) study.  American journal of clinical nutrition, 87(1):150-155.  

Houston, T.K., Person, S.D., Pletcher, M.J., Liu, K., Iribarren, C. & Kiefe, C.I.  2006.  Active 

and passive smoking and development of glucose intolerance among young adults in A 

prospective cohort: Cardia study. British medical journal, 332(7549):1064-1069.  

Hsu, Y.H., Venners, S.A., Terwedow, H.A., Feng, Y., Niu, T., Li, Z., Laird, N., Brain, J.D., 

Cummings, S.R., Bouxsein, M.L., Rosen, C.J. & Xu, X.  2006.  Relation of body composition, 

fat mass, and serum lipids to osteoporotic fractures and bone mineral density in Chinese 

men and women.  American journal of clinical nutrition, 83(1):146-154.  

Huether, S.E. & McCance, K.L.  2004.  Understanding pathophysiology / sue E. Huether, 

Kathryn L. McCance.  St. Louis, Mo. Mosby, c2004; 3rd ed.  

Hughes, V.A., Frontera, W.R., Roubenoff, R., Evans, W.J. & Singh, M.  2002.  Longitudinal 

changes in body composition in older men and women: Role of body weight change and 

physical activity.  American journal of clinical nutrition, 76(2):473-481.  



68 | P a g e  

 

 

Hui, S.L., Slemenda, C.W. & Johnston, C.C., J.  1988.  Age and bone mass as predictors of 

fracture in a prospective study.  The journal of clinical investigation, 81(6):1804-1809.  

Hunter, D., De Lange, M., Snieder, H., MacGregor, A., Swaminathan, R., Thakker, R. & 

Spector, T.  2001.  Genetic contribution to bone metabolism, calcium excretion, and vitamin 

D and parathyroid hormone regulation.  Journal of bone and mineral research, 16(2):371-

378.  

Hyppönen, E., Boucher, B.J., Berry, D.J. & Power, C.  2008.  25-hydroxyvitamin D, IGF-1, 

and metabolic syndrome at 45 years of age: A cross-sectional study in the 1958 British birth 

cohort.  Diabetes, 57(2):298-305.  

IOF (International Osteoporosis Foundation). 2013. The facts about osteoporosis and its 

impact. International Osteoporosis Foundation Web site. Available at: 

http://www.osteofound.org/press_centre/fact_ sheet.html. Date of access: 28 Aug 2013. 

Ilich, J.Z., Brownbill, R.A. & Tamborini, L.  2003.  Bone and nutrition in elderly women: 

Protein, energy, and calcium as main determinants of bone mineral density.  European 

journal of clinical nutrition, 57(4):554-565.  

Ilich, J.Z. & Kerstetter, J.E.   2000.   Nutrition in bone health revisited: A story beyond 

calcium.  Journal of the American College of Nutrition, 19(6):715-737.  

Ilich, J.Z., Kelly, O.J., Inglis, J.E., Panton, L.B., Duque, G. & Ormsbee, M.J. 2014. 

Interrelationship among muscle, fat, and bone: Connecting the dots on cellular, hormonal, 

and whole body levels.  Ageing research reviews, 1551-60.  

Imbeault, P., Lemieux, S., Prud'homme, D., Tremblay, A., Nadeau, A., J.-P. Després & 

Mauriège, P.  1999.  Relationship of visceral adipose tissue to metabolic risk factors for 

coronary heart disease: Is there a contribution of subcutaneous fat cell hypertrophy?  

Metabolism, 48355-362.  

Ingram, D.K.  2000.  Age-related decline in physical activity: Generalization to nonhumans. / 

declin de l'activite physique lie a l'age: Generalisation aux especes non humaines.  Medicine 

& science in sports & exercise, 32(9):1623-1629.  

http://www.osteofound.org/press_centre/fact_


69 | P a g e  

 

 

Ishihara, J., Inoue, M., Iwasaki, M., Sasazuki, S. & Tsugane, S.  2008.  Dietary calcium, 

vitamin D, and the risk of colorectal cancer.  American journal of clinical nutrition, 

88(6):1576-1583.  

Irwin, M.L., Yasui, Y., Ulrich, C.M., Bowen, D., Rudolph, R.E., Schwartz, R.S., Yukawa, M., 

Aiello, E., Potter, J.D. & McTiernan, A.  2003.  Effect of exercise on total and intra-abdominal 

body fat in postmenopausal women: A randomized controlled trial.  Journal of the American 

Medical Association, 289(3):323-330.  

Jablonski, N.G.  2004.  The evolution of human skin and skin color.  Annual review of 

anthropology, 33(1):585-C-1.  

Janssen, I., Heymsfield, S.B. & Ross, R.  2002.  Low relative skeletal muscle mass 

(sarcopenia) in older persons is associated with functional impairment and physical 

disability.  Journal of the American Geriatrics Society, 50(5):889-896.  

Jequier, E. & Schutz, Y.  1983.  Long-term measurements of energy expenditure in humans 

using a respiration chamber.  American journal of clinical nutrition, 38(6):989-998.  

Jeffery, R.W., French, S.A., Forster, J.L. & Spry, V.M.  1991.  Socioeconomic status 

differences in health behaviors related to obesity: The healthy worker project.  International 

journal of obesity, 15(10):689-696.  

Johnell, O., Gullberg, B., Kanis, J.A., Allander, E., Elffors, L., Dequeker, J., Dilsen, G., 

Gennari, C., Vaz, L.A. & Lyritis, G.  1995.  Risk factors for hip fracture in European women: 

The MEDOS study.  Journal of bone and mineral research, 10(11):1802-1815.  

Johnell, O. & Kanis, J.A.  2006.  An estimate of the worldwide prevalence and disability 

associated with osteoporotic fractures.  Osteoporosis international, 17(12):1726-1733.  

Joo, N., Dawson‐Hughes, B., Kim, Y., Oh, K. & Yeum, K.  2013.  Impact of calcium and 

vitamin D insufficiencies on serum parathyroid hormone and bone mineral density: Analysis 

of the fourth and fifth Korea national health and nutrition examination survey (KNHANES 

IV‐3, 2009 and KNHANES V‐1, 2010).  Journal of bone and mineral research, 28(4):764-

770.  



70 | P a g e  

 

 

Jorde, R., Figenschau, Y., Hutchinson, M., Emaus, N. & Grimnes, G.  2010.  High serum 25-

hydroxyvitamin D concentrations are associated with a favorable serum lipid profile.  

European journal of clinical nutrition, 64(12):1457-1464.  

Jugdaohsingh, R., O'connell, M., Sripanyakorn, S. & Powell, J.  2006.  Moderate alcohol 

consumption and increased bone mineral density: Potential ethanol and non-ethanol 

mechanisms.  Proceedings of the Nutrition Society, 65(03):291-310.  

Jungert, A., Roth, H.J. & Neuhäuser-Berthold, M.  2012.  Serum 25-hydroxyvitamin D3, 

parathyroid hormone and blood pressure in an elderly cohort from Germany: A cross-

sectional study.  Nutrition metabolism (lond), 920.  

Kallala, R., Barrow, J., Graham, S.M., Kanakaris, N. & Giannoudis, P.V.  2013.  The in vitro 

and in vivo effects of nicotine on bone, bone cells and fracture repair.  Expert opinion on 

drug safety, 12(2):209-233.  

Kamycheva, E., Sundsfjord, J. & Jorde, R.  2004.  Serum parathyroid hormone level is 

associated with body mass index. the 5th tromso study.  European journal of endocrinology, 

151(2):167-172.  

Kanai, T., Takagi, T., Masuhiro, K., Nakamura, M., Iwata, M. & Saji, F.  1997.  Serum vitamin 

K level and bone mineral density in post-menopausal women.  International journal of 

gynaecology and obstetrics, 56(1):25-30.  

Kanazawa, I., Yamaguchi, T., Yamamoto, M., Yamauchi, M., Yano, S. & Sugimoto, T.  2009.  

Relationships between serum adiponectin levels versus bone mineral density, bone 

metabolic markers, and vertebral fractures in type 2 diabetes mellitus.  European journal of 

endocrinology, 160(2):265-273.  

Kanazawa, I. & Sugimoto, T.  2013.  The relationship between bone and glucose/lipid 

metabolism.  Clinical calcium, 23(2):181-188.  

Kanis, J., Johnell, O., Gullberg, B., Allander, E., Elffors, L., Ranstam, J., Dequeker, J., 

Dilsen, G., Gennari, C., Vaz, A.L., Lyritis, G., Mazzuoli, G., Miravet, L., Passeri, M., Perez 

Cano, R., Rapado, A. & Ribot, C.  1999.  Risk factors for hip fracture in men from southern 

Europe: The MEDOS study. Mediterranean osteoporosis study.  Osteoporosis international, 

9(1):45-54.  



71 | P a g e  

 

 

Kanis, J.A.  2008.   Assessment of osteoporosis at the primary health care level. WHO 

Collaborating Centre for Metabolic Bone Diseases, University of Sheffield Medical School.  

Karastergiou, K., Fried, S.K., Xie, H., Lee, M., Divoux, A., Rosencrantz, M.A., Chang, R.J. & 

Smith, S.R.  2012.  Distinct developmental signatures of human abdominal and gluteal 

subcutaneous adipose tissue depots.  The journal of clinical endocrinology & metabolism, 

98(1):362-371.  

Karhapää, P., Pihlajamäki, J., Pörsti, I., Kastarinen, M., Mustonen, J., Niemelä, O. & 

Kuusisto, J.  2010.  Diverse associations of 25-hydroxyvitamin D and 1,25-dihydroxy-vitamin 

D with dyslipidaemias.  Journal of internal medicine, 268(6):604-610.  

Kayaniyil, S., Vieth, R., Harris, S.B., Retnakaran, R., Knight, J.A., Gerstein, H.C., Perkins, 

B.A., Zinman, B. & Hanley, A.J.  2011.  Association of 25 (OH) D and PTH with metabolic 

syndrome and its traditional and nontraditional components.  The journal of clinical 

endocrinology & metabolism, 96(1):168-175.  

Kerstetter, J.E., Gaffney, E.D., O'Brien, K.O., Caseria, D.M. & Insogna, K.L.  2007.  Dietary 

protein increases intestinal calcium absorption and improves bone balance: an hypothesis.  

International congress series, 1297:204-216.  

Khor, E.C., Wee, N.K.Y. & Baldock, P.A.  2013.  Influence of hormonal appetite and energy 

regulators on bone.  Current osteoporosis reports, 11(3): 194-202.  

Kim, S., Lim, J., Kye, S. & Joung, H.  2012.  Association between vitamin D status and 

metabolic syndrome risk among Korean population: Based on the Korean national health 

and nutrition examination survey IV-2, 2008.  Diabetes research & clinical practice, 

96(2):230-236.  

Kim, S., Welsh, D.A., Ravussin, E., Welsch, M.A., Cherry, K.E., Myers, L. & Jazwinski, S.M.  

2014.  An elevation of resting metabolic rate with declining health in nonagenarians may be 

associated with decreased muscle mass and function in women and men, respectively.  The 

journals of gerontology.series A, biological sciences and medical sciences, 69(6):650-656. 

Kim, T.N., Yang, S.J., Yoo, H.J., Lim, K.I., Kang, H.J., Song, W., Seo, J.A., Kim, S.G., Kim, 

N.H., Baik, S.H., Choi, D.S. & Choi, K.M.  2009.  Prevalence of sarcopenia and sarcopenic 



72 | P a g e  

 

 

obesity in Korean adults: The Korean sarcopenic obesity study.  International journal of 

obesity (2005), 33(8):885-892.  

Kissebah, A.H., Vydelingum, N., Murray, R., Evans, D.J., Hartz, A.J., Kalkhoff, R.K. & 

Adams, P.W.  1982.  Relation of body fat distribution to metabolic complications of obesity.  

Journal of clinical endocrinology and metabolism, 54(2):254-260.  

Klein-Nulend, J., Bakker, A.D., Bacabac, R.G., Vatsa, A. & Weinbaum, S.  2013.  

Mechanosensation and transduction in osteocytes.  Bone, 54(2):182-190.  

Knittle, J.L., Timmers, K., Ginsberg-Fellner, F., Brown, R.E. & Katz, D.P.  1979.  The growth 

of adipose tissue in children and adolescents. cross-sectional and longitudinal studies of 

adipose cell number and size.  Journal of clinical investigation, 63(2):239-246.  

Koo, W.W. & Tsang, R.C.  1994.  Calcium and magnesium homeostasis.  Neonatology: 

Pathophysiology and management of the newborn.filadelfia: JB Lippincott co, 585-604.  

Kotani, K., Tokunaga, K., Fujioka, S., Kobatake, T., Keno, Y., Yoshida, S., Shimomura, I., 

Tarui, S. & Matsuzawa, Y.  1994.  Sexual dimorphism of age-related changes in whole-body 

fat distribution in the obese.  International journal of obesity and related metabolic disorders, 

18(4):207-202.  

Krall, E.A. & Dawson‐Hughes, B.  1999.  Smoking increases bone loss and decreases 

intestinal calcium absorption.  Journal of bone and mineral research, 14(2):215-220.  

Krist, L., Dimeo, F. & Keil, T.  2013.  Can progressive resistance training twice a week 

improve mobility, muscle strength, and quality of life in very elderly nursing-home residents 

with impaired mobility? A pilot study.  Clinical interventions in aging, 8443.  

Krotkiewski, M., Björntorp, P., Sjöström, L. & Smith, U.  1983.  Impact of obesity on 

metabolism in men and women. importance of regional adipose tissue distribution.  Journal 

of clinical investigation, 72(3):1150-1162.  

Kruger, I.M., Kruger, M.C., Doak, C.M., Schutte, A.E., Huisman, H.W., Van Rooyen, J.M., 

Schutte, R., Malan, L., Malan, N.T. & Fourie, C.M.  2013.  The association of 25 (OH) D with 

blood pressure, pulse pressure and carotid-radial pulse wave velocity in African women.  

PloS one, 8(1):e54554.  



73 | P a g e  

 

 

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, M.C., De Winter, R.M., Becker, P.J. & Voster, H.H.  2004.  Changes in markers of 

bone turnover following urbanization of black South African women.  Journal of 

endocrinology, metabolism and diabetes of South Africa, 9(1):8-14.  

Kruger, M.C., Kruger, I.M., Wentzel-Viljoen, E. & Kruger, A.  2011.  Urbanization of black 

South African women may increase risk of low bone mass due to low vitamin D status, low 

calcium intake, and high bone turnover.  Nutrition research, (10):748.  

Kular, J., Tickner, J., Shek, M.C. & Xu, J.  2012.  Review: An overview of the regulation of 

bone remodelling at the cellular level.  Clinical biochemistry, 45863-873.  

Kuller, L.H.  1999.  Serum levels of IL-6 and development of disability in older persons. 

Journal of the American Geriatrics Society, 47(6):755-756.  

Kyle, U.G., Genton, L., Hans, D., Karsegard, L., Slosman, D.O. & Pichard, C.  2001a.  Age-

related differences in fat-free mass, skeletal muscle, body cell mass and fat mass between 

18 and 94 years.  European journal of clinical nutrition, 55(8):663-672.  

Kyle, U.G., Genton, L., Pichard, C & Slosman, D.O.  2001b.  Fat-free and fat mass 

percentiles in 5225 healthy subjects aged 15 to 98 years.  Nutrition, 17(7-8):534-541.  

Labadarios, D.  2005.  Malnutrition in the developing world: The triple burden.  South African 

journal of clinical nutrition, 18(2):p. 119-121.  

Lahmann, P.H., Lissner, L., Gullberg, B. & Berglund, G.  2000.  Sociodemographic factors 

associated with long-term weight gain, current body fatness and central adiposity in Swedish 

women.  International journal of obesity, 24(6):685-694.  

Lakka, H., Laaksonen, D.E., Lakka, T.A., Niskanen, L.K., Kumpusalo, E., Tuomilehto, J. & 

Salonen, J.T.  2002.  The metabolic syndrome and total and cardiovascular disease mortality 

in middle-aged men.  Journal of the American Medical Association, 288(21):2709-2716.  



74 | P a g e  

 

 

Lapidus, L., Bengtsson, C., Larsson, B., Pennert, K., Rybo, E. & Sjostrom, L.  1984.  

Distribution of adipose tissue and risk of cardiovascular disease and death: A 12 year follow 

up of participants in the population study of women in Gothenburg, Sweden.  British medical 

journal (clinical research ed.), 289(6454):1257-1261.  

Lau, E.M., Lynn, H.S., Woo, J.W., Kwok, T.C. & Melton, L.J.  2005.  Prevalence of and risk 

factors for sarcopenia in elderly Chinese men and women.  The journals of gerontology 

series A: Biological sciences and medical sciences, 60(2):213-216.  

Lau, E., Donnan, S., Barker, D.J. & Cooper, C.  1988.  Physical activity and calcium intake in 

fracture of the proximal femur in Hong Kong.  British medical journal (clinical research ed.), 

297(6661):1441-1443.  

Lauretani, F., Russo, C.R., Bandinelli, S., Bartali, B., Cavazzini, C., Di Iorio, A., Corsi, A.M., 

Rantanen, T., Guralnik, J.M. & Ferrucci, L.  2003.  Age-associated changes in skeletal 

muscles and their effect on mobility: An operational diagnosis of sarcopenia.  Journal of 

applied physiology, 95(5):1851-1860.  

Law, M.R. & Hackshaw, A.K.  1997.  A meta-analysis of cigarette smoking, bone mineral 

density and risk of hip fracture: Recognition of a major effect.  British medical journal (clinical 

research ed.), 315(7112):841-846.  

Lean, J.M., Jagger, C.J., Chambers, T.J. & Chow, J.W.  1995.  Increased insulin-like growth 

factor I mRNA expression in rat osteocytes in response to mechanical stimulation.  The 

American journal of physiology, 268(2 Pt 1):E318-27.  

Lee, D.M., Rutter, M.K., O'Neill, T.W., Boonen, S., Vanderschueren, D., Bouillon, R., Bartfai, 

G., Casanueva, F.F., Finn, J.D., Forti, G., Giwercman, A., Han, T.S., Huhtaniemi, I.T., Kula, 

K., Lean, M.E., Pendleton, N., Punab, M., Silman, A.J., Wu, F.C. & European Male Ageing 

Study Group.  2009.  Vitamin D, parathyroid hormone and the metabolic syndrome in 

middle-aged and older European men.  European journal of endocrinology, 161(6):947-954.  

Lee, N.K., Sowa, H., Hinoi, E., Ferron, M., Ahn, J.D., Confavreux, C., Dacquin, R., Mee, P.J., 

McKee, M.D. & Jung, D.Y.  2007.  Endocrine regulation of energy metabolism by the 

skeleton.  Cell, 130(3):456-469.  



75 | P a g e  

 

 

Lee, N.J., Wong, I.P.L., Baldock, P.A. & Herzog, H.  2008.  Leptin as an endocrine signal in 

bone.  Current osteoporosis reports, 6(2):62-66.  

Lee, R.D. & Nieman, D.C.  2003.  Nutritional assessment / Robert D. Lee, David C. Nieman.  

Boston : McGraw-Hill, c2003; 3rd ed.  

Lee, R.D. & Nieman, D.C.  2013.  Nutritional assessment / Robert D. Lee, David C. Nieman.  

Dubuque, IA : McGraw-Hill, c2010; 6th ed. 

Lei, S., Chen, Y., Xiong, D., Li, L. & Deng, H.  2006.  Ethnic difference in osteoporosis-

related phenotypes and its potential underlying genetic determination.  Journal of 

musculoskeletal and neuronal interactions, 6(1):36.  

Levis, S. & Lagari, V.S.  2012.  The role of diet in osteoporosis prevention and management.  

Current osteoporosis reports, 10(4):296-302.  

Ley, C.J., Lees, B. & Stevenson, J.C.  1992.  Sex- and menopause-associated changes in 

body-fat distribution.  American journal of clinical nutrition, 55(5):950-954.  

Lips, P.  2010.  Worldwide status of vitamin D nutrition.  Journal of steroid biochemistry and 

molecular biology, 121(1-2):297-300.  

Lips, P.  2001.  Vitamin D deficiency and secondary hyperparathyroidism in the elderly: 

Consequences for bone loss and fractures and therapeutic implications.  Endocrine reviews, 

22(4):477-501.  

Liu, S., Li, J., Sheng, Z., Wu, X. & Liao, E.  2011.  Relationship between body composition 

and age, menopause and its effects on bone mineral density at segmental regions in central 

southern Chinese postmenopausal elderly women with and without osteoporosis.  Archives 

of gerontology and geriatrics, 53(2):e192-e197.  

Liu-Ambrose, T., Khan, K.M. & McKay, H.A.  2001.  The role of exercise in preventing and 

treating osteoporosis.  International sport medical journal, 2(4):1.  

Lloyd, R., Hind, K., Micklesfield, L.K., Carroll, S., Truscott, J.G., Parr, B., Davies, S. & 

Cooke, C.  2010.  A pilot investigation of load-carrying on the head and bone mineral density 

in premenopausal, black African women.  Journal of bone and mineral metabolism, 

28(2):185-190.  



76 | P a g e  

 

 

Lohman, T.G., Roche, A.F. & Martorell, R.  1988.  Anthropometric standardization reference 

manual. Champaign, Ill.; Human Kinetics Books.  

Looker, A., Melton III, L., Borrud, L. & Shepherd, J.  2012.  Changes in femur neck bone 

density in US adults between 1988–1994 and 2005–2008: Demographic patterns and 

possible determinants.  Osteoporosis international, 23(2):771-780.  

López-Otín, C., Blasco, M.A., Partridge, L., Serrano, M. & Kroemer, G.  2013.  The hallmarks 

of aging.  Cell, 153(6):1194-1217.  

Lord, C., Chaput, J.P., Aubertin-Leheudre, M., Labonté, M. & Dionne, I.J.  2007.  Dietary 

animal protein intake: Association with muscle mass index in older women.  The journal of 

nutrition, health & aging, 11(5):383-387.  

Lu, L., Yu, Z., Pan, A., Hu, F.B., Franco, O.H., Li, H., Li, X., Yang, X., Chen, Y. & Lin, X.  

2009.  Plasma 25-hydroxyvitamin D concentration and metabolic syndrome among middle-

aged and elderly Chinese individuals.  Diabetes care, 32(7):1278-1283.  

Lukaski, H.C.  1987.  Methods for the assessment of human body composition: Traditional 

and new.  American journal of clinical nutrition, 46(4):537-556.  

Machann, J., Thamer, C., Schnoedt, B., Stefan, N., Stumvoll, M., Haring, H., Claussen, C., 

Schick, F. & Fritsche, A.  2005.  Age and gender related effects on adipose tissue 

compartments of subjects with increased risk for type 2 diabetes: A whole body MRI/MRS 

study.  Magnetic resonance materials in physics, biology and medicine, 18(3):128-137.  

Maddalozzo, G., Turner, R., Edwards, C., Howe, K., Widrick, J., Rosen, C. & Iwaniec, U.  

2009.  Alcohol alters whole body composition, inhibits bone formation, and increases bone 

marrow adiposity in rats.  Osteoporosis international, 20(9):1529-1538.  

Malafarina, V., Uriz-Otano, F., Iniesta, R. & Gil-Guerrero, L.  2012.  Sarcopenia in the 

elderly: Diagnosis, physiopathology and treatment.  Maturitas, 71(2):109-114.  

Manolagas, S.C., Provvedini, D.M. & Tsoukas, C.D.  1985.  Interactions of 1, 25-

dihydroxyvitamin D 3 and the immune system.  Molecular and cellular endocrinology, 

43(2):113-122.  



77 | P a g e  

 

 

Marrone, J.A., Maddalozzo, G.F., Branscum, A.J., Hardin, K., Cialdella-Kam, L., Philbrick, 

K.A., Breggia, A.C., Rosen, C.J., Turner, R.T. & Iwaniec, U.T.  2012.  Moderate alcohol 

intake lowers biochemical markers of bone turnover in postmenopausal women.  

Menopause (New York, N.Y.), 19(9):974-979.  

Martin, A.D., Ross, W.D., Drinkwater, D.T. & Clarys, J.P.  1985.  Prediction of body fat by 

skinfold caliper: Assumptions and cadaver evidence.  International journal of obesity, 9 

Suppl 131-39.  

Martineau, A.R., Nhamoyebonde, S., Oni, T., Rangaka, M.X., Marais, S., Bangani, N., 

Tsekela, R., Bashe, L., de Azevedo, V., Caldwell, J., Venton, T.R., Timms, P.M., Wilkinson, 

K.A. & Wilkinson, R.J.  2011.  Reciprocal seasonal variation in vitamin D status and 

tuberculosis notifications in cape town, South Africa.  Proceedings of the National Academy 

of Sciences of the United States of America, 108(47):19013-19017.  

Martins, D., Wolf, M., Pan, D., Zadshir, A., Tareen, N., Thadhani, R., Felsenfeld, A., Levine, 

B., Mehrotra, R. & Norris, K.  2007.  Prevalence of cardiovascular risk factors and the serum 

levels of 25-hydroxyvitamin D in the United States: Data from the third national health and 

nutrition examination survey.  Archives of internal medicine, 167(11):1159-1165.  

Mathieu, C. & Adorini, L.  2002.  The coming of age of 1, 25-dihydroxyvitamin D 3 analogs 

as immunomodulatory agents.  Trends in molecular medicine, 8(4):174-179.  

Massey, L.K. & Whiting, S.J.  1993.  Caffeine, urinary calcium, calcium metabolism and 

bone.  The journal of nutrition, 123(9):1611-1614.  

Maurel, D., Boisseau, N., Benhamou, C. & Jaffre, C.  2012.  Alcohol and bone: Review of 

dose effects and mechanisms.  Osteoporosis international, 23(1):1-16.  

McCarty, M. & Thomas, C.  2003.  PTH excess may promote weight gain by impeding 

catecholamine-induced lipolysis-implications for the impact of calcium, vitamin D, and 

alcohol on body weight.  Medical hypotheses, 61(5):535-542.  

Mei, Z., Grummer-Strawn, L.M., Pietrobelli, A., Goulding, A., Goran, M.I. & Dietz, W.H.  

2002.  Validity of body mass index compared with other body-composition screening indexes 

for the assessment of body fatness in children and adolescents.  American journal of clinical 

nutrition, 75(6):978-985.  



78 | P a g e  

 

 

Melton, L.J.  2003.  Adverse outcomes of osteoporotic fractures in the general population.  

Journal of bone and mineral research, 18(6):1139-1141.  

Micklesfield, L., Rosenberg, L., Cooper, D., Hoffman, M., Kalla, A., Stander, I. & Lambert, E.  

2003.  Bone mineral density and lifetime physical activity in South African women.  Calcified 

tissue international, 73(5):463-469.  

Micklesfield, L.K., Norris, S.A. & Pettifor, J.M.  2011.  Ethnicity and bone: A South African 

perspective.  Journal of bone and mineral metabolism, 29(3):257-267.  

Micklesfield, L.K., Goedecke, J.H., Punyanitya, M., Wilson, K.E. & Kelly, T.L.  2012.  

Dual‐Energy X‐Ray performs as well as clinical computed tomography for the measurement 

of visceral fat.  Obesity, 20(5):1109-1114.  

Mithal, A., Wahl, D.A., Bonjour, J., Burckhardt, P., Dawson-Hughes, B., Eisman, J.A., El-Hajj 

Fuleihan, G., Josse, R.G., Lips, P. & Morales-Torres, J.  2009.  Global vitamin D status and 

determinants of hypovitaminosis D.  Osteoporosis international, 20(11):1807-1820.  

Moore WM,Roche AF.  1983  Paediatric anthropometry, 2nd ed. Columbus, OH: Ross 

laboratories. 

Morris, F.L., Naughton, G.A., Gibbs, J.L., Carlson, J.S. & Wark, J.D.  1997.  Prospective ten-

month exercise intervention in premenarcheal girls: Positive effects on bone and lean mass.  

Journal of bone and mineral research, 12(9):1453-1462.  

Motala, A.A., Esterhuizen, T., Pirie, F.J. & Omar, M.A.  2011.  The prevalence of metabolic 

syndrome and determination of the optimal waist circumference cutoff points in a rural South 

African community.  Diabetes care, 34(4):1032-1037.  

Mora, S. & Gilsanz, V.  2003.  Establishment of peak bone mass.  Endocrinology and 

metabolism clinics of North America, 32(1):39-63.  

Mozaffarian, D., Hao, T., Rimm, E.B., Willett, W.C. & Hu, F.B.  2011.  Changes in diet and 

lifestyle and long-term weight gain in women and men.  New England journal of medicine, 

364(25):2392-2404.  

Muir, J.M., Ye, C., Bhandari, M., Adachi, J.D. & Thabane, L.  2013.  The effect of regular 

physical activity on bone mineral density in post-menopausal women aged 75 and over: A 



79 | P a g e  

 

 

retrospective analysis from the Canadian multicentre osteoporosis study.  BMC 

musculoskeletal disorders, 14(1):253-253.  

Müller, M., Lagerpusch, M., Enderle, J., Schautz, B., Heller, M. & Bosy‐Westphal, A.  2012.  

Beyond the body mass index: Tracking body composition in the pathogenesis of obesity and 

the metabolic syndrome.  Obesity reviews, 13(S2):6-13.  

Muller, W., Horn, M., Furhapter-Rieger, A., Kainz, P., Kropfl, J.M., Maughan, R.J. & 

Ahammer, H.  2013.  Body composition in sport: A comparison of a novel ultrasound imaging 

technique to measure subcutaneous fat tissue compared with skinfold measurement.  British 

journal of sports medicine, 47(16):1028-1035.  

Nam, S.Y., Kim, K.R., Cha, B.S., Song, Y.D., Lim, S.K., Lee, H.C. & Huh, K.B.  2001.  Low-

dose growth hormone treatment combined with diet restriction decreases insulin resistance 

by reducing visceral fat and increasing muscle mass in obese type 2 diabetic patients.  

International journal of obesity and related metabolic disorders, 25(8):1101-1107.  

Namwongprom, S., Rojanasthien, S., Mangklabruks, A., Soontrapa, S., Wongboontan, C. & 

Ongphiphadhanakul, B.  2013.  Effect of fat mass and lean mass on bone mineral density in 

postmenopausal and perimenopausal Thai women.  International journal of women's health, 

587.  

Navarro, M.d.C., Saavedra, P., Jódar, E., Gómez de Tejada, M., Mirallave, A. & Sosa, M.  

2013.  Osteoporosis and metabolic syndrome according to socio‐economic status, 

contribution of PTH, vitamin D and body weight: The Canadian osteoporosis poverty study 

(COPS).  Clinical endocrinology, 78(5):681-686.  

Nazare, J.A., Smith, J.D., Borel, A.L., Haffner, S.M., Balkau, B., Ross, R., Massien, C., 

Almeras, N. & Despres, J.P.  2012.  Ethnic influences on the relations between abdominal 

subcutaneous and visceral adiposity, liver fat, and cardiometabolic risk profile: The 

international study of prediction of intra-abdominal adiposity and its relationship with 

cardiometabolic Risk/Intra-abdominal adiposity.  American journal of clinical nutrition, 

96(4):714-726.  

Nedungadi, T.P. & Clegg, D.J.  2009.  Sexual dimorphism in body fat distribution and risk for 

cardiovascular diseases.  Journal of cardiovascular translational research, 2(3):321-327.  



80 | P a g e  

 

 

Neve, A., Corrado, A. & Cantatore, F.P.  2013.  Osteocalcin: Skeletal and extra‐skeletal 

effects. Journal of cellular physiology, 228(6):1149-1153.  

New, S.A., Bolton-Smith, C., Grubb, D.A. & Reid, D.M.  1997.  Nutritional influences on bone 

mineral density: A cross-sectional study in premenopausal women.  American journal of 

clinical nutrition, 65(6):1831-1839.  

New, S.A., Robins, S.P., Campbell, M.K., Martin, J.C., Garton, M.J., Bolton-Smith, C., 

Grubb, D.A., Lee, S.J. & Reid, D.M.  2000.  Dietary influences on bone mass and bone 

metabolism: Further evidence of a positive link between fruit and vegetable consumption and 

bone health?  American journal of clinical nutrition, 71(1):142-151.  

Newman, A.B., Kupelian, V., Visser, M., Simonsick, E., Goodpaster, B., Nevitt, M., 

Kritchevsky, S.B., Tylavsky, F.A., Rubin, S.M. & Harris, T.B.  2003.  Sarcopenia: Alternative 

definitions and associations with lower extremity function.  Journal of the American Geriatrics 

Society, 51(11):1602-1609.  

Nicolaou, M., Kunst, A.E., Busschers, W.B., van Valkengoed, I.,G., Dijkshoorn, H., Boateng, 

L., Brewster, L.M., Snijder, M.B., Stronks, K. & Agyemang, C.  2013.  Differences in body fat 

distribution play a role in the lower levels of elevated fasting glucose amongst Ghanaian 

migrant women compared to men.  Plos one, 8(6):e66516-e66516.  

Nieves, J.W.  2005.  Osteoporosis: The role of micronutrients.  American journal of clinical 

nutrition, 81(5):1232S-1239S.  

Nilas, L. & Christiansen, C.  1987.  Bone mass and its relationship to age and the 

menopause.  The journal of clinical endocrinology and metabolism, 65(4):697-702.  

Nur, H., Toraman, N.F., Arica, Z., Sarier, N. & Samur, A.  2013.  The relationship between 

body composition and bone mineral density in postmenopausal Turkish women.  

Rheumatology international, 33(3):607-612.  

Nwosu, B.U. & Maranda, L.  2014.  The effects of vitamin D supplementation on hepatic 

dysfunction, vitamin D status, and glycemic control in children and adolescents with vitamin 

D deficiency and either type 1 or type 2 diabetes mellitus.  Plos one, 9(6):e99646-e99646.  



81 | P a g e  

 

 

O'Dea, J., Dibley, M. & Rankin, N.  2012.  Low sleep and low socioeconomic status predict 

high body mass index: A 4‐year longitudinal study of Australian schoolchildren.  Pediatric 

obesity, 7(4):295-303.  

Paddon-Jones, D., Short, K.R., Campbell, W.W., Volpi, E. & Wolfe, R.R.  2008.  Role of 

dietary protein in the sarcopenia of aging.  American journal of clinical nutrition, 87(5):1562S-

1566.  

Palacios, S., Neyro, J.L., Puertas, J.C. & Fernandez de Cabo, S.  2013.  Clinical profile of 

Spanish postmenopausal women with a diagnosis of osteoporosis and risk factors for 

endometrial pathology, breast cancer, and cardiovascular disease.  Menopause, 20(8):852-

859.  

Pannemans, D., Wagenmakers, A., Westerterp, K.R., Schaafsma, G. & Halliday, D.  1998.  

Effect of protein source and quantity on protein metabolism in elderly women.  American 

journal of clinical nutrition, 68(6):1228-1235.  

Parfitt, A.  2002.  Misconceptions (2): Turnover is always higher in cancellous than in cortical 

bone.  Bone, 30(6):807-809.  

Parfitt, A.M.  1987.  Trabecular bone architecture in the pathogenesis and prevention of 

fracture.  The American journal of medicine, 82(1):68-72.  

Parfitt, A.M., Mathews, C.H., Villanueva, A.R., Kleerekoper, M., Frame, B. & Rao, D.S.  

1983.  Relationships between surface, volume, and thickness of iliac trabecular bone in 

aging and in osteoporosis. implications for the microanatomic and cellular mechanisms of 

bone loss.  The journal of clinical investigation, 72(4):1396-1409.  

Park, J., Song, Y., Sung, J., Lee, K., Kim, Y.S., Kim, T. & Cho, S.  2012.  The association 

between fat and lean mass and bone mineral density: The healthy twin study.  Bone, 

50(4):1006-1011.  

Pasquali, R. & Vicennati, V.  2000.  Activity of the hypothalamic-pituitary-adrenal axis in 

different obesity phenotypes.  International journal of obesity & related metabolic disorders, 

24S47.  

Patel, P. & Abate, N.  2013.  Body fat distribution and insulin resistance.  Nutrients, 

5(6):2019-2027.  



82 | P a g e  

 

 

Pearce, S.H. & Cheetham, T.D.  2010.  Diagnosis and management of vitamin D deficiency.  

British medical journal (clinical research ed.), 340b5664.  

Peng, X., Xie, H., Zhao, Q., Wu, X., Sun, Z. & Liao, E.  2008.  Relationships between serum 

adiponectin, leptin, resistin, visfatin levels and bone mineral density, and bone biochemical 

markers in chinese men.  Clinica chimica acta, 387(1):31-35.  

Pepe, J., Romagnoli, E., Nofroni, I., Pacitti, M.T., De Geronimo, S., Letizia, C., Tonnarini, G., 

Scarpiello, A., D’Erasmo, E. & Minisola, S.  2005.  Vitamin D status as the major factor 

determining the circulating levels of parathyroid hormone: A study in normal subjects.  

Osteoporosis international, 16(7):805-812.  

Pettifor, J.M., Ross, F.P. & Solomon, L.  1978.  Seasonal variation in serum 25-

hydroxycholecalciferol concentrations in elderly South African patients with fractures of 

femoral neck.  British medical journal, 1(6116):826-827.  

Piaggi, P., Thearle, M.S., Bogardus, C. & Krakoff, J.  2013.  Lower energy expenditure 

predicts long-term increases in weight and fat mass.  The journal of clinical endocrinology & 

metabolism, 98(4):E703-E707.  

Pierson R.N. Jr., Wang, J & Boozer, C.N. 1997:  Body composition and metabolic rate. In 

Dalton S, editor: Overweight and weight management, Gaithersburg, Md, Apen Publishers.  

Pilz, S., Tomaschitz, A., Ritz, E. & Pieber, T.R.  2009.  Vitamin D status and arterial 

hypertension: A systematic review.  Nature reviews cardiology, 6(10):621-630.  

Pocock, N.A., Eisman, J.A., Hopper, J.L., Yeates, M.G., Sambrook, P.N. & Eberl, S.  1987.  

Genetic determinants of bone mass in adults. A twin study.  The journal of clinical 

investigation, 80(3):706-710.  

Pollitzer, W.S. & Anderson, J.J.  1989.  Ethnic and genetic differences in bone mass: A 

review with a hereditary vs environmental perspective.  American journal of clinical nutrition, 

50(6):1244-1259.  

Pollock, M.L. & Jackson, A.S.  1984.  Research progress in validation of clinical methods of 

assessing body composition.  Medicine & science in sports & exercise, 16(6):606-613.  



83 | P a g e  

 

 

Pongchaiyakul, C., Limpawattana, P., Kotruchin, P. & Rajatanavin, R.  2013.  Prevalence of 

sarcopenia and associated factors among Thai population.  Journal of bone and mineral 

metabolism, 31(3):346-350.  

Poole, K.E., van Bezooijen, R.L., Loveridge, N., Hamersma, H., Papapoulos, S.E., Lowik, 

C.W. & Reeve, J.  2005.  Sclerostin is a delayed secreted product of osteocytes that inhibits 

bone formation.  Federation of American Societies for Experimental Biology journal, 

19(13):1842-1844.  

Poopedi, M.A., Norris, S.A. & Pettifor, J.M.  2011.  Factors influencing the vitamin D status of 

10-year-old urban South African children.  Public health nutrition, 14(02):334-339.  

Popkin, B.M., Keyou, G., Fengying, Z., Guo, X., Haijiang, M. & Zohoori, N.  1993.  The 

nutrition transition in China: A cross-sectional analysis.  European journal of clinical nutrition, 

47(5):333-346.  

Portale, A.A. & Miller, W.L.  2000.  Human 25-hydroxyvitamin D-1α-hydroxylase: Cloning, 

mutations, and gene expression.  Pediatric nephrology, 14(7):620-625.  

Pouliot, M.C., Després, J.P., Nadeau, A., Tremblay, A., Moorjani, S., Lupien, P.J., Thériault, 

G. & Bouchard, C.  1990.  Associations between regional body fat distribution, fasting 

plasma free fatty acid levels and glucose tolerance in premenopausal women.  International 

journal of obesity, 14(4):293-302.  

Powers, P.S.  1999.  Osteoporosis and eating disorders.  Journal of pediatric and adolescent 

gynecology, 12(2):51-57.  

Prentice, A.  2004.  Diet, nutrition and the prevention of osteoporosis.  Public health nutrition, 

7227-243.  

Prentice, A.  2008.  Vitamin D deficiency: A global perspective.  Nutrition reviews, 66(suppl 

2):S153-S164.  

Querfeld, U., Hoffmann, M.M., Klaus, G., Eifinger, F., Ackerschott, M., Michalk, D. & Kern, 

P.A.  1999.  Antagonistic effects of vitamin D and parathyroid hormone on lipoprotein lipase 

in cultured adipocytes.  Journal of the American Society of Nephrology, 10(10):2158-2164.  



84 | P a g e  

 

 

Raguso, C.A., Kyle, U., Kossovsky, M.P., Roynette, C., Paoloni-Giacobino, A., Hans, D., 

Genton, L. & Pichard, C.  2006.  A 3-year longitudinal study on body composition changes in 

the elderly: Role of physical exercise.  Clinical nutrition, 25(4):573-580.  

Raisz, L.G.  2005.  Pathogenesis of osteoporosis: Concepts, conflicts, and prospects.  The 

journal of clinical investigation, 115(12):3318-3325.  

Ramakrishnan, U.  2002.  Prevalence of micronutrient malnutrition worldwide.  Nutrition 

reviews, 60(suppl 5):S46-S52.  

Ramp, W.K., Lenz, L.G. & Galvin, R.J.  1991.  Nicotine inhibits collagen synthesis and 

alkaline phosphatase activity, but stimulates DNA synthesis in osteoblast-like cells.  

Proceedings of the Society for Experimental Biology and Medicine (New York, N.Y.), 

197(1):36-43.  

Rapuri, P., Gallagher, J., Balhorn, K. & Ryschon, K.  2000.  Smoking and bone metabolism 

in elderly women.  Bone, 27(3):429-436.  

Ravn, P., Cizza, G., Bjarnason, N., Thompson, D., Daley, M., Wasnich, R., McClung, M., 

Hosking, D., Yates, A. & Christiansen, C.  1999.  Low body mass index is an important risk 

factor for low bone mass and increased bone loss in early postmenopausal women.  Journal 

of bone and mineral research, 14(9):1622-1627.  

Ravussin, E., Burnand, B., Schutz, Y. & Jequier, E.  1982.  Twenty-four-hour energy 

expenditure and resting metabolic rate in obese, moderately obese, and control subjects.  

American journal of clinical nutrition, 35(3):566-573. 

Reddy, S.P., Resnicow, K., James, S., Funani, I.N., Kambaran, N.S., Omardien, R.G., 

Masuka, P., Sewpaul, R., Vaughan, R.D. & Mbewu, A.  2012.  Rapid increases in overweight 

and obesity among South African adolescents: Comparison of data from the South African 

national youth risk behaviour survey in 2002 and 2008.  American journal of public health, 

102(2):262-268.  

Reijnders, C.M., Bravenboer, N., Tromp, A.M., Blankenstein, M.A. & Lips, P.  2007.  Effect of 

mechanical loading on insulin-like growth factor-I gene expression in rat tibia.  The journal of 

endocrinology, 192(1):131-140. 



85 | P a g e  

 

 

Reinehr, T., de Sousa, G., Alexy, U., Kersting, M. & Andler, W.  2007.  Vitamin D status and 

parathyroid hormone in obese children before and after weight loss.  European journal of 

endocrinology, 157(2):225-232.  

Reis, J.P., von Mühlen, D., Kritz-Silverstein, D., Wingard, D.L. & Barrett-Connor, E.  2007.  

Vitamin D, parathyroid hormone levels, and the prevalence of metabolic syndrome in 

community-dwelling older adults.  Diabetes care, 30(6):1549-1555.  

Richards, J., Valdes, A., Burling, K., Perks, U. & Spector, T.  2007.  Serum adiponectin and 

bone mineral density in women.  The journal of clinical endocrinology & metabolism, 

92(4):1517-1523.  

Robinson, S., Cooper, C. & Aihie Sayer, A.  2012.  Nutrition and sarcopenia: A review of the 

evidence and implications for preventive strategies.  Journal of aging research, 2012510801-

510801.  

Rolland, Y., Czerwinski, S., Abellan, V.K., Morley, J.E., Cesari, M., Onder, G., Woo, J., 

Baumgartner, R., Pillard, F., Boirie, Y., Chumlea, W.M.C. & Vellas, B.  2008.  Sarcopenia: Its 

assessment, etiology, pathogenesis, consequences and future perspectives.  The journal of 

nutrition, health & aging, 12(7):433-450.  

Rolland, Y., Lauwers-Cances, V., Cristini, C., van Kan, G., Janssen, I., Morley, J.E. & Vellas, 

B.  2009.  Difficulties with physical function associated with obesity, sarcopenia, and 

sarcopenic-obesity in community-dwelling elderly women: The EPIDOS (EPIDemiologie de 

l'OSteoporose) study.  American journal of clinical nutrition, 89(6):1895-1900.  

Rosen, C.J. & Bouxsein, M.L.  2006.  Mechanisms of disease: Is osteoporosis the obesity of 

bone?  Nature clinical practice rheumatology, 2(1):35-43.  

Rosenberg, I.H.  1997.  Sarcopenia: Origins and clinical relevance.  The journal of nutrition, 

127(5 Suppl):990S-991S.  

Rosenberg, L., Zhang, Y., Constant, D., Cooper, D., Kalla, A.A., Micklesfield, L. & Hoffman, 

M.  2007.  Bone status after cessation of use of injectable progestin contraceptives. 

Contraception, 76(6):425-431.  



86 | P a g e  

 

 

Ross, R., Goodpaster, B., Kelley, D. & Boada, F.  2000.  Magnetic resonance imaging in 

human body composition research: From quantitative to qualitative tissue measurement.  

Annals of the New York Academy of Sciences, 904(1):12-17.  

Roubenoff, R.  2003.  Catabolism of aging: Is it an inflammatory process?  Current opinion in 

clinical nutrition and metabolic care, 6(3):295-299.  

Roubenoff, R.  2001.  Origins and clinical relevance of sarcopenia.  Canadian journal of 

applied physiology, 26(1):78-89.  

Rousseau, J., Sornay-Rendu, E., Bertholon, C., Chapurlat, R. & Garnero, P.  2014.  Serum 

periostin is associated with fracture risk in postmenopausal women: A 7-year prospective 

analysis of the OFELY study.  The journal of clinical endocrinology & metabolism, 

99(7):2533-2539.  

Rueda, S., Fernández-Fernández, C., Romero, F., de Osaba, Ma Jesús Martínez & Vidal, J.  

2008.  Vitamin D, PTH, and the metabolic syndrome in severely obese subjects.  Obesity 

surgery, 18(2):151-154.  

Rush, E., Goedecke, J., Jennings, C., Micklesfield, L., Dugas, L., Lambert, E. & Plank, L.  

2007.  BMI, fat and muscle differences in urban women of five ethnicities from two countries.  

International journal of obesity, 31(8):1232-1239.  

Ryan, A.S. & Nicklas, B.J.  2004.  Reductions in plasma cytokine levels with weight loss 

improve insulin sensitivity in overweight and obese postmenopausal women.  Diabetes care, 

27(7):1699-1705.  

Rydén, M., Andersson, D.P., Bergström, I.B. & Arner, P.  2014.  Adipose tissue and 

metabolic alterations: Regional differences in fat cell size and number matter, but differently: 

A cross-sectional study.  The journal of clinical endocrinology & metabolism, 99(10):E1870-

E1876.  

Sahyoun, N.R., Lin, C. & Krall, E.  2003.  Nutritional status of the older adult is associated 

with dentition status.  Journal of the American Dietetic Association, 103(1):61.  

Sambrook, P. & Cooper, C.  2006.  Osteoporosis.  Lancet, 367(9527):2010-2018.  



87 | P a g e  

 

 

Sartorio, A., Maffiuletti, N., Agosti, F. & Lafortuna, C.  2005.  Gender-related changes in 

body composition, muscle strength and power output after a short-term multidisciplinary 

weight loss intervention in morbid obesity.  Journal of endocrinological investigation, 

28(8):494-501.  

Scafoglieri, A., Tresignie, J., Provyn, S., Marfell-Jones, M., George, K., Clarys, J.P. & 

Bautmans, I.  2013.  Accuracy and concordance of anthropometry for measuring regional fat 

distribution in adults aged 20-55 years.  American journal of human biology, 25(1):63-70.  

Schrager, M.A., Metter, E.J., Simonsick, E., Ble, A., Bandinelli, S., Lauretani, F. & Ferrucci, 

L.  2007.  Sarcopenic obesity and inflammation in the InCHIANTI study.  Journal of applied 

physiology, 102(3):919-925.  

Schousboe, J.T., Shepherd, J.A., Bilezikian, J.P. & Baim, S.  2013.  Executive summary of 

the 2013 international society for clinical densitometry position development conference on 

bone densitometry.  Journal of clinical densitometry, 16(4):455-466.  

Schuster, D.P.  2009.  Changes in physiology with increasing fat mass.  Seminars in 

pediatric surgery, 18(3):126-135.  

Scott, D., Blizzard, L., Fell, J., Ding, C., Winzenberg, T. & Jones, G.  2010.  A prospective 

study of the associations between 25-hydroxy-vitamin D, sarcopenia progression and 

physical activity in older adults.  Clinical endocrinology, 73(5):581-587.  

Scragg, R., Sowers, M. & Bell, C.  2004.  Serum 25-hydroxyvitamin D, diabetes, and 

ethnicity in the third national health and nutrition examination survey.  Diabetes care, 

27(12):2813-2818.  

Seamans, K.M. & Cashman, K.D.  2009.  Existing and potentially novel functional markers of 

vitamin D status: A systematic review.  American journal of clinical nutrition, 89(6):1997S-

2008S.  

Segal, K.R., Dunaif, A., Gutin, B., Albu, J., Nyman, A. & Pi-Sunyer, F.X.  1987.  Body 

composition, not body weight, is related to cardiovascular disease risk factors and sex 

hormone levels in men.  Journal of clinical investigation, 80(4):1050.  



88 | P a g e  

 

 

Segal, K.R., Burastero, S., Chun, A., Coronel, P., Pierson, R.N.,Jr & Wang, J.  1991.  

Estimation of extracellular and total body water by multiple-frequency bioelectrical-

impedance measurement.  American journal of clinical nutrition, 54(1):26-29.  

Sellmeyer, D.E., Stone, K.L., Sebastian, A. & Cummings, S.R.  2001.  A high ratio of dietary 

animal to vegetable protein increases the rate of bone loss and the risk of fracture in 

postmenopausal women. Study of osteoporotic fractures research group.  American journal 

of clinical nutrition, 73(1):118-122.  

Shen, Y., Liu, H., Ying, X., Yang, S., Nie, P., Cheng, S., Wang, W., Cheng, X., Peng, L. & 

Xu, H.  2013.  Dose‐dependent effects of nicotine on proliferation and differentiation of 

human bone marrow stromal cells and the antagonistic action of vitamin C.  Journal of 

cellular biochemistry, 114(8):1720-1728.  

Shi, H., Dirienzo, D. & Zemel, M.B.  2001.  Effects of dietary calcium on adipocyte lipid 

metabolism and body weight regulation in energy-restricted aP2-agouti transgenic mice.  

Federation of American Societies for Experimental Biology journal, 15(2):291-293.  

Shimabukuro, M., Kozuka, C., Taira, S., Yabiku, K., Dagvasumberel, M., Ishida, M., 

Matsumoto, S., Yagi, S., Fukuda, D., Yamakawa, K., Higa, M., Soeki, T., Yoshida, H., 

Masuzaki, H. & Sata, M.  2013.  Ectopic fat deposition and global cardiometabolic risk: New 

paradigm in cardiovascular medicine.  The journal of medical investigation, 60(1):1-14.  

Shin, D., Kim, S., Kim, K. & Park, S.  2014.  Importance of fat mass and lean mass on bone 

health in men: The fourth Korean national health and nutrition examination survey 

(KNHANES IV).  Osteoporosis international, 25(2):467-474.  

Shisana, O., Labadarios, D., Rehle, T., Simbayi, L., Zuma, K., Dhansay, A., Reddy, P., 

Parker, W., Hoosain, E. & Naidoo, P. SANHANES-1 team (2013) South African National 

health and nutrition examination survey (SANHANES-1).  Cape town: HSRC press.[online] 

http://www.hsrc.ac.za/en/media-briefs/populationhealth/results-sanhanes1 [2013, 1 

September].  

Shuster, A., Patlas, M., Pinthus, J. & Mourtzakis, M.  2012.  The clinical importance of 

visceral adiposity: A critical review of methods for visceral adipose tissue analysis.  The 

British journal of radiology 85:1-10. 

http://www.hsrc.ac.za/en/media-briefs/populationhealth/results-sanhanes1


89 | P a g e  

 

 

Siervogel, R.M., Roche, A.F., Himes, J.H., Chumlea, W.C. & McCammon, R.  1982.  

Subcutaneous fat distribution in males and females from 1 to 39 years of age.  American 

journal of clinical nutrition, 36(1):162-171.  

Silva, S.T.d., Costa, N.M.B., Franco, F.S.C. & Natali, A.J.  2013.  Calcium and caffeine 

interaction in increased calcium balance in ovariectomized rats.  Revista de nutrição, 

26(3):313-322.  

Silverman, S.L. & Lane, N.E.  2009.  Glucocorticoid-induced osteoporosis.  Current 

osteoporosis reports, 7(1):23-26.  

Simpson, R.U., Hershey, S.H. & Nibbelink, K.A.  2007.  Characterization of heart size and 

blood pressure in the vitamin D receptor knockout mouse.  The journal of steroid 

biochemistry and molecular biology, 103(3):521-524.  

Slemenda, C.W., Hui, S.L., Longcope, C., Wellman, H. & Johnston, C.C., J.  1990.  

Predictors of bone mass in perimenopausal women. A prospective study of clinical data 

using photon absorptiometry.  Annals of internal medicine, 112(2):96-101.  

Snyder, W., Cook, M., Nasset, E., Karhausen, L., Howells, G.P. & Tipton, I.  1974.  Report of 

the task group on reference man.  International commission of radiological protection, 

(23):112.  

Sobal, J., Rauschenbach, B.S. & Frongillo, E.J.  1992.  Marital status, fatness and obesity.  

Social science & medicine, (7-8):915.  

Sommerfeldt, D. & Rubin, C.  2001.  Biology of bone and how it orchestrates the form and 

function of the skeleton.  European spine journal, 10(2):S86-S95.  

Soyka, L.A., Grinspoon, S., Levitsky, L.L., Herzog, D.B. & Klibanski, A.  1999.  The effects of 

anorexia nervosa on bone metabolism in female adolescents.  The journal of clinical 

endocrinology & metabolism, 84(12):4489-4496.  

Stensland, S.H. & Margolis, S.  1990.  Simplifying the calculation of body mass index for 

quick reference.  Journal of the American Dietetic Association, 90(6):856-856.  

St-Onge, M.P., Wang, J., Shen, W., Wang, Z., Allison, D.B., Heshka, S., Pierson, R.N.,Jr & 

Heymsfield, S.B.  2004.  Dual-energy x-ray absorptiometry-measured lean soft tissue mass: 



90 | P a g e  

 

 

Differing relation to body cell mass across the adult life span.  The journals of 

gerontology.series A, biological sciences and medical sciences, 59(8):796-800.  

Strugnell, C., Dunstan, D., Magliano, D., Zimmet, P., Shaw, J. & Daly, R.M.  2014.  Influence 

of age and gender on fat mass, fat-free mass and skeletal muscle mass among Australian 

adults: The Australian diabetes, obesity and lifestyle study (AusDiab).  The journal of 

nutrition, health & aging, 18(5):540-546.  

Stumpf, W.E., Sar, M., Reid, F.A., Tanaka, Y. & DeLuca, H.F.  1979.  Target cells for 1,25-

dihydroxyvitamin D3 in intestinal tract, stomach, kidney, skin, pituitary, and parathyroid.  

Science (New York, N.Y.), 206(4423):1188-1190.  

Syddall, H., Evandrou, M., Cooper, C. & Sayer, A.A.  2009.  Social inequalities in grip 

strength, physical function, and falls among community dwelling older men and women: 

Findings from the hertfordshire cohort study.  Journal of aging & health, 21(6):913-939.  

Tahimic, C.G., Wang, Y. & Bikle, D.D.  2013.  Anabolic effects of IGF-1 signaling on the 

skeleton.  Frontiers in endocrinology, 4(6) doi:10.3389/fendo.2013.00006.  

Takata, S. & Yasui, N.  2001.  Disuse osteoporosis.  Journal of medical investigation, 

48(3/4):147-156.  

Talmage, R., Lester, G. & Hirsch, P.  2000.  Parathyroid hormone and plasma calcium 

control: An editorial.  Journal of musculoskeletal neuronal interactions, 1121-126.  

Tanaka, S., Kuroda, T., Saito, M. & Shiraki, M.  2013.  Overweight/obesity and underweight 

are both risk factors for osteoporotic fractures at different sites in Japanese postmenopausal 

women.  Osteoporosis international, 24(1):69-76.  

Taniguchi, A., Kataoka, K., Kono, T., Oseko, F., Okuda, H., Nagata, I. & Imura, H.  1987.  

Parathyroid hormone-induced lipolysis in human adipose tissue.  Journal of lipid research, 

28(5):490-494.  

Tchernof, A. & Despres, J.P.  2013.  Pathophysiology of human visceral obesity: An update.  

Physiological reviews, 93(1):359-404.  

Teucher, B., Dainty, J.R., Spinks, C.A., Majsak‐Newman, G., Berry, D.J., Hoogewerff, J.A., 

Foxall, R.J., Jakobsen, J., Cashman, K.D. & Flynn, A.  2008.  Sodium and bone health: 



91 | P a g e  

 

 

Impact of moderately high and low salt intakes on calcium metabolism in postmenopausal 

women.  Journal of bone and mineral research, 23(9):1477-1485.  

Thissen, J., Ketelslegers, J. & Underwood, L.E.  1994.  Nutritional regulation of the insulin-

like growth factors*.  Endocrine reviews, 15(1):80-101.  

Thomas, T., Burguera, B., L.J Melton, I.,II, E.J Atkinson, W.M O’Fallon, B.L Riggs & Khosla, 

S.  2001.  Role of serum leptin, insulin, and estrogen levels as potential mediators of the 

relationship between fat mass and bone mineral density in men versus women.  Bone, 

29114-120.  

Tieland, M., Dirks, M.L., van der Zwaluw, N., Verdijk, L.B., van de Rest, O., de Groot, L.C. & 

van Loon, L.J.  2012.  Protein supplementation increases muscle mass gain during 

prolonged resistance-type exercise training in frail elderly people: A randomized, double-

blind, placebo-controlled trial.  Journal of the American Medical Directors Association, 

13(8):713-719.  

Torbergsen, A.C., Watne, L.O., Wyller, T.B., Frihagen, F., Strømsøe, K., Bøhmer, T. & 

Mowe, M.  2014.  Vitamin K1 and 25 (OH) D are independently and synergistically 

associated with a risk for hip fracture in an elderly population: A case control study.  Clinical 

nutrition,34(2015):101-106.   

Toth, M.J., Beckett, T. & Poehlman, E.T.  1999.  Physical activity and the progressive 

change in body composition with aging: Current evidence and research issues.  Medicine 

and science in sports and exercise, 31(11 Suppl):S590-6.  

Tsunenari, T., Tsutsumi, M., Ohno, K., Yamamoto, Y., Kawakatsu, M., Shimogaki, K., 

Negishi, H., Sugimoto, T., Fukase, M. & Fujita, T.  1993.  Age‐and gender‐related changes in 

body composition in Japanese subjects.  Journal of bone and mineral research, 8(4):397-

402.  

Tucker, K.L., Jugdaohsingh, R., Powell, J.J., Qiao, N., Hannan, M.T., Sripanyakorn, S., 

Cupples, L.A. & Kiel, D.P.  2009.  Effects of beer, wine, and liquor intakes on bone mineral 

density in older men and women.  American journal of clinical nutrition, 89(4):1188-1196.  



92 | P a g e  

 

 

Tucker, K.L., Chen, H., Hannan, M.T., Cupples, L.A., Wilson, P., Felson, D. & Kiel, D.P.  

2002.  Bone mineral density and dietary patterns in older adults: The Framingham 

osteoporosis study.  American journal of clinical nutrition, 76(1):245-252.  

Tucker, K.L., Hannan, M.T., Chen, H., Cupples, L.A., Wilson, P. & Kiel, D.P.  1999.  

Potassium, magnesium, and fruit and vegetable intakes are associated with greater bone 

mineral density in elderly men and women.  American journal of clinical nutrition, 69(4):727-

736.  

Turner, R.T. & Sibonga, J.D.  2001.  Effects of alcohol use and estrogen on bone.  Alcohol 

research and health, 25(4):276-281.  

Ujcic-Voortman, J., Bos, G., Baan, C.A., Verhoeff, A.P. & Seidell, J.C.  2011.  Obesity and 

body fat distribution: Ethnic differences and the role of socio-economic status.  Obesity facts, 

4(1):53-60.  

UNSCEAR (United Nations. Scientific Committee on the Effects of Atomic Radiation).  2004.  

Report of the United Nations scientific committee on the effects of atomic radiation. United 

Nations Publications. Accessed on 20 Oct 2014.  

Vague, J.  1985.  Metabolic complications of human obesities: Proceedings of the 6th 

international meeting of endocrinology, Marseille, 30 May-1 June 1985.  Excerpta Medica.  

Vague, J.  1956.  The degree of masculine differentiation of obesities: A factor determining 

predisposition to diabetes, atherosclerosis, gout, and uric calculous disease.  American 

journal of clinical nutrition, 4(1):20-34.  
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ABSTRACT  

Background: Body composition is regarded as a primary determinant of health. South 

Africa is in the nutrition-related non-communicable disease phase of the nutrition transition 

with resultant changes in body composition. The aim of this study is to investigate the effects 

of urbanization, socio-economic status (SES) and lifestyle factors on changes in body 

composition (body mass index, BMI, waist circumference and triceps skinfold) over 5 years 

in rural and urban black South African adults.  

Methods: A total of 1058 men and women aged >30 years from the South African arm of 

the Prospective Urban Rural Epidemiology (PURE) study were included in this 5-year 

longitudinal study. Relationships were assessed using Pearson partial correlations and 

multiple linear regressions. 

Results: The majority (80.8%) of the subjects had only primary school level education or no 

formal education and 88.4% were domestic or informal workers. Baseline dietary intake of 

energy and fat differed significantly between urban and rural residents for both genders (P < 

0.001). Over a 5-year period, BMI and waist circumference increased in both genders, but 

the change was significant for BMI (P<0.01) and waist circumference (P<0.001) in women 

only, indicating an increase in adiposity over time. Urban residency positively predicted 

changes in waist circumference in men (p < 0.05) and women (p < 0.001) as well as change 

in triceps skinfold thickness of men (p < 0.05). Being married positively predicted changes in 

BMI (p < 0.001) and waist circumference (p < 0.001) in men, while age negatively predicted 

changes in triceps skinfold thickness in women (p < 0.001).  

Conclusions: Black African adults in the North-West Province (NWP), particularly the 

women gained body fat over the 5-year period of this study. Urbanization played a significant 

role in the increasing adiposity of subjects in the present study. It is recommended that both 

urban and rural residents should be targeted for public health intervention programs 

centered on healthier lifestyle choices. 

Keywords: Body composition, Urbanization, Socio-economic status, Obesity, Adiposity 

  



116 | P a g e  

 

 

BACKGROUND 

Studies on human body composition span over 150 years with focus on the several body 

components, their distribution, and measurable changes in relation to various intrinsic and 

extrinsic factors [1]. Body composition which has been indicated as a primary determinant of 

health can be assessed in several ways, including anthropometry e.g. height, weight, body 

mass index (BMI), circumference measurements and skinfold thicknesses [2]. BMI as a 

measure of the level of adiposity in relation to height is often used to evaluate obesity [3]. 

Waist circumference is a simple yet sensitive measure of central fat distribution and a good 

predictor of abdominal obesity [4]. Skinfold measurement is an inexpensive and easily 

accessible method of body fat assessment which has been used to identify people at a 

higher risk of insulin resistance [5]. De Koning and colleagues [6] demonstrated that for 

every centimeter increase in waist circumference, there is a two per cent increased 

cardiovascular disease risk, while Nordestgaard and colleagues showed a 26-56% 

increased risk of heart disease for every 4 kg/m2 increase in BMI [7]. 

Socio-economic status (SES) can be defined as an individual’s position on a socio-economic 

scale and is often measured through indicators such as education, income, occupation, and 

place of residence. A low SES is associated with long term weight gain [8], positively 

predicts BMI [9-10], and may contribute to an unfavorable body fat distribution [11]. Lower 

educational attainment and income could lead to unhealthier lifestyle choices in comparison 

with higher SES [8-13]. Lifestyle risk factors also play a role in changes in body composition. 

For instance, physical activity is beneficial in reducing body fat [14-15] while modern inactive 

lifestyles play a very important role in the etiology of obesity [16]. Smoking has also been 

associated with markers of non-communicable diseases including central fat accumulation 

[17]. Previous studies had conflicting results about the effect of urban versus rural residency 

on body composition. In the developed countries, rural residents have higher adiposity while 

the opposite is reported in the developing countries [18-19].  

South Africa is a country in economic and health transition and an example of a typical 

country in the nutrition-related non-communicable disease phase of the nutrition transition 

[18-19]. The South African National Health and Nutrition Examination Survey (SANHANES) 

recently reported a national obesity prevalence of 10.6% and 39.2% for South African adult 

men and women respectively with the highest prevalence of obesity in the urban areas [20]. 

Obesity, especially abdominal obesity was associated with an increased risk for non-

communicable diseases among black South African women [21]. A number of studies have 
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been conducted on the effects of socio-economic status on body composition in Sub-

Saharan Africa [11, 22]. However, to the best of our knowledge, none has focused on the 

effect of urban versus rural residency, socio-economic status and lifestyle risk factors on 

changes in body composition over time among black South African adults. This study is part 

of the Prospective Urban and Rural Epidemiology (PURE) study which is aimed at tracking 

the effects of lifestyle and changing environment exposures on the development of non-

communicable diseases in populations at different stages of epidemiologic transition [23]. 

Thus, the aim of the present study is to investigate the effects of urbanization, SES and 

lifestyle factors on changes in body composition (BMI, waist circumference and triceps 

skinfold thickness) over 5 years in rural and urban black South African adults.  

SUBJECTS AND METHODS 

Study design 

The South African North-West Province (NWP) arm of the PURE (PURE-SA-NWP) study 

commenced with baseline data collection in 2005. Recruitment procedures, study design 

and methodology for PURE South Africa have been previously described in detail [24-25]. In 

summary, 2010 subjects, age > 30 years with no previous HIV diagnosis were recruited from 

6000 randomly selected households in two urban and two rural areas of the NWP in the year 

2005. Seven hundred and twenty two participants were lost to follow up of which 216 are 

deceased, 188 have relocated, 224 refused further contact and 94 were unable to be 

contacted [25]. This sub-study is a longitudinal design including men and women measured 

at baseline in 2005 and at 5 years follow up in 2010. We excluded 221 HIV positive 

participants and nine participants with missing anthropometric data. Hence a total of 1058 

participants (365 men and 693 women) with complete data at baseline and at follow up were 

eligible for inclusion in this study. The study was approved by the Ethics committee of the 

North-West University (NWU), Potchefstroom Campus (NWU-00016-10-A1). All participants 

provided written informed consent. Additional written informed consent for HIV testing was 

obtained from each participant after a pre-counseling session. 

Body composition measurements  

All anthropometric measurements were performed according to standard methods of the 

International Society for the Advancement of Kinanthropometry (ISAK) [26]. Height was 

measured to the nearest 0.1 cm with a stadiometer (Leicester height measure, Seca, 

Birmingham, UK) and weight was recorded on a portable electronic scale to the nearest 0.01 
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kg (Precision Health Scale, A & D Company, Japan). Waist circumference was measured at 

the narrowest point between the lower rib border and the iliac crest and recorded to the 

nearest 0.1 cm with a steel tape (Lufkin, Cooper Tools, Apex NC, USA). Abdominal obesity 

was defined by waist circumference > 94 cm for men and > 80cm for women [27]. Triceps 

skinfolds measurements were performed with a Harpenden skinfold caliper (Baty 

International West Sussex, UK) and the average of two measurements was used for data 

analysis. BMI was calculated by dividing weight in kilograms by height in meter squared. 

Anthropometric nutritional status was determined using the WHO categories of BMI of > 18.5 

as underweight, 18.5-24.99 as normal weight, 25-29.99 as overweight and ≥30 as obese 

[28]. Change (∆) in body composition variables was determined by subtracting body 

composition values of 2005 from 2010 values for each individual. 

Questionnaires 

Structured questionnaires were adapted and used by all countries participating in the PURE 

study to collect socio-demographic and lifestyle information including medication and 

tobacco use [23]. Questionnaires were administered by trained field workers during home 

visits and visits to the Metabolic Unit of the NWU in their language of choice. Validated 

culturally sensitive quantitative food frequency questionnaires (QFFQ) [29, 30] and modified 

Baecke physical activity questionnaires for this population [31] were used as previously 

described by Kruger and colleagues [32]. The food intake was coded and analyzed by using 

the South African Medical Research Council food composition database [33].  

Blood collection and analysis 

Registered nurses collected a fasting blood sample from the antecubital vein using a sterile 

winged infusion set and syringes. Participants’ HIV statuses were determined using the First 

Response ® (PMC Medical, India) rapid HIV card test using whole blood. These tests’ 

results were treated according to the protocol of the Department of Health of South Africa. If 

these tests were positive, results were confirmed with the Pareeshak card test (BHAT Bio-

tech India). Participants who tested positive received counseling from registered counselors 

and were referred for a confirmation CD4 count and treatment at their nearest clinics. 
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SES index 

A SES index was calculated as the sum of the graded categories for the educational level 

attained by the participants, type of occupation, source of household water, access to 

electricity and type of roofing material at baseline. The highest possible score was 14 and 

scores between 0-4, 5-9 and 9-14 indicate a low, moderate and high SES respectively.  

Statistical analysis 

Data were analyzed with IBM SPSS version 22 (IBM Company, Armonk, NY, USA). 

Normally distributed data are presented as means with standard deviation, non-normally 

distributed data as medians and interquartile range. Categorical data were analyzed using 

frequency tables and prevalence of specific conditions was expressed as percentages. 

Pearson partial correlations were used to explore the relationship between socioeconomic 

variables, dietary intakes, physical activity score, and changes in body composition while 

adjusting for age at baseline as a possible confounder. Stepwise multiple linear regressions 

were used to assess the association between SES index, dietary intake, tobacco use and 

physical activity as predictors, and changes in BMI, waist circumference, triceps over five 

years as the dependent variables. Potential confounders like age, marital status, rural or 

urban residence, and menopausal status (for women only) were included in the models. 

Statistical significance was set at p < 0.05. 
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RESULTS 

The majority (80.8%) of all adults had only primary school level education or no formal 

education and 88.4% were domestic or informal workers. Women had a higher BMI, weight, 

waist circumference, and triceps skinfold than men (p < 0.001). Men had a higher energy 

intake and more men than women used tobacco (p < 0.001). Baseline characteristics (i.e. 

2005 data) of the participants (365 men and 693 women) are shown in Table 1. Subsequent 

analyses were carried out separately for men and women due to gender differences 

observed. Figure 1A and 1B show nutritional status based on BMI stratified by urban versus 

rural residency at baseline and at follow up. A higher prevalence of obese urban women 

compared to rural women for baseline (p = 0.005) and follow up (p = 0.01) was observed 

(Figure 1B). Also, at baseline, 63.6% of urban women had abdominal obesity compared to 

50.5% of rural women (p = 0.001), which similarly increased to 69.7% in urban women and 

55.1% in rural women (p < 0.001) at follow up. As shown in Figure 1A, there was no 

significant difference between the percentages of obese men in urban versus rural areas at 

baseline and at follow up nor in abdominally obese men at baseline and at follow up. Over 5 

years, changes were positive and significant for the women’s BMI (p = 0.007) and waist 

circumference (p < 0.001) while the changes for the men were also positive, but not 

significant. 

Dietary intake differed significantly between urban and rural residents for both genders at 

baseline. Mean energy intake for rural men was 7315.8 ± 3733.3 kJ and for urban men was 

9796.2 ± 3733.3 (p < 0.001). Fat intake in grams was 33.9 ± 16.7 for rural men and 66.0 ± 

30.8 for urban men (p < 0.001). Mean energy intake for rural women was 6117.0 ± 2480.2 kJ 

and for urban women was 9099.7 ± 3922.0 (p < 0.001). Fat intake in grams was 32.3 ± 16.9 

for rural women and 68.6 ± 35.9 for urban women (p < 0.001). 

Significant differences were observed for the prevalence of obesity and abdominal obesity 

based on marital status of men. At baseline, 6.3% of married men were obese compared to 

1.3% obese single men (p = 0.02) and 7.7% married men and 2% single men were obese at 

follow up (p = 0.02). The same trend was observed for abdominal obesity, at baseline, 

10.1% married men and 3.9% single men (p = 0.03) also at follow up, 13.5% married men 

and 4.6% single men (p = 0.005) were abdominally obese. 
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Table 1. Descriptive data for the total sample at baseline stratified according to 

gender 

 Men 
(n=365*) 

2005 

Women 
(n=693*) 

2005 

p
a
 

Age at baseline (years), mean ±SD 51.9 ± 10.1 51.8 ± 10.2 0.95 

Socioe-conomic variables     

Stratum of urbanization %(n)    
Urban 49.6 (181) 42.9(297)  
Rural 50.4 (184) 57.1 (396) 0.04 

Education    
None % (n) 41.5 (149) 38.4 (257)  
Low (1 to 7 years) % (n) 42.1 (151) 44.5 (298)  
Intermediate (8 to 12 years) % (n) 15.3 (55) 16.6 (111)  
High (more than 12 years) % (n) 1.1 (4) 0.6 (4) 0.59 

Employed full-time % (n) 59.7 (218) 57.4 (398) 0.77 
Occupation     

Domestic/informal workers % (n) 89.0 (325) 88.0 (610)  
Formally trained/skilled % (n) 4.1 (15) 2.6 (18)  
Professionals % (n) 0.8 (3) 0.6 (4)  
No answer % (n) 6.0 (22) 8.8 (61) 0.23 

Type of roofing    
Tiles, slates &reinforced concrete %(n) 3.6 (13) 3.2(22)  
Galvanized iron % (n) 79.7 (291) 82.0 (568)  
Asbestos % (n) 14.2 (52) 12.4 (86)  
Scrap material % (n) 2.5 (9) 2.5 (17) 0.82 

Electricity % (n) 88.5 (323) 91.3 (633) 0.23 
Piped water in house % (n) 45.5 (166) 36.4 (252) 0.004 

Life style     

Use of tobacco    
Tobacco use % (n) 63.2 (230) 47.2 (325) < 0.001 

Marital Status % (n)    
Living single % (n) 42.2 (152) 47.5 (317)  
Married/cohabiting % (n) 57.8 (208) 52.5 (351) 0.11 

Habitual physical activity    
Physical activity score at baseline, 
median (interquartile range ) 

2.83  
(2.52-3.23) 

2.90  
(2.57 -3.25) 

0.40 

Dietary intake    
Energy intake(Kcal) mean ±SD 8563.0 ±3625.4 7412.87 ± 

3511.98 
< 0.001 

Fat intake(g)mean ± SD 50.1 ±29.5 48.0 ± 32.3 0.33 

Body composition    

BMI (kg/m
2
) 21.0 ± 4.32 27.6 ± 7.41 < 0.001 

Weight (kg) 58.7 ± 12.7 67.9 ± 18.8 < 0.001 
Waist circumference (cm)  77.1 ± 10.6 82.9 ± 13.8 < 0.001 
Triceps skinfold (mm) 9.32 ± 6.09 22.3 ± 9.30 < 0.001 
Obese: BMI > 30 kg/m

2
, %(n) 4.1 (15) 34.9 (242) < 0.001 

Abdominal obesity: waist circumference > 
80cm (women); > 94cm (men),% (n)  

7.4 (27) 56.1 (389) < 0.001 

Abbreviation: BMI body mass index. *Sample size varies due to missing values. a differences between variables. Parametric data are reported as 

mean ± SD, non-parametric data as median and interquartile range or as percentage of the group. 
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Figure 1: Anthropometric nutritional status based on BMI of men (A) and 

women (B) stratified by residence in 2005 and 2010. Prevalence 

estimates based on WHO categories of BMI >18.5 as underweight, 

18.5-24.99 as normal weight, 25-29.99 as overweight and ≥30 as obese 

[27]. 
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There was a positive correlation between SES index and change in waist circumference of 

men (r = 0.12, p < 0.001) and women (r = 0.11, p < 0.001) (Table 2). Level of education had 

positive correlations with change in waist circumference and triceps of women, while 

physical activity score had a positive correlation with ∆ change in BMI of men. Fat intake had 

positive correlations with changes in waist circumference and triceps of both men and 

women, while energy intake only had a positive correlation with waist circumference change 

of women.  

 

Table 2: Pearson correlation between SES variable, lifestyle risk factors at 

baseline and changes in body composition variables 

 Men Women 

 BMI 
change 
(kg/m2) 
(n=364) 

WC 
change 

(cm) 
(n=363) 

Triceps 
change 
(mm) 

(n=358) 

BMI 
change 
(kg/m2) 
(n=691) 

WC 
change 

(cm) 
(n=685) 

Triceps 
change 
(mm) 

(n=569) 

Socio-economic 
variables 

      

Education level 0.03 0.07 0.02 0.04 0.08* 0.09* 
Occupation 
(graded) 

0.02 0.06 -0.03 -0.02 0.01 -0.07 

SES index 0.01 0.12** 0.06 0.01 0.11** 0.07 

Life style       

Physical activity 
score 

0.14* 0.07 0.02 0.06 -0.04 0.03 

Dietary intake       

Energy intake (kJ) -0.02 0.04 0.08 -0.03 0.10* 0.04 
Fat intake(g) 0.08 0.12* 0.14** -0.01 0.11** 0.09* 

Abbreviations: BMI body mass index; WC waist circumference; SES socio-economic status. Partial 

correlations with adjustment for age at baseline measurements. *p < 0.05; **p < 0.001 
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Table 3: Multiple regression analysis for the association between dependent 

variables and predictor variables 

 ∆BMI ∆WC ∆Triceps skinfold 

 Men Women Men Women Men Women 

Model 1: β β β β β β 

Age at baseline -0.08 -0.08 -0.01 -0.08 -0.08 -0.13* 

SES index -0.03 0.04 0.07 0.06 -0.02 0.06 

Physical activity score 0.11* 0.05 0.06 0.03 0.02 0.04 

Fat intake 2005 (kJ) 0.12 -0.01 0.01 -0.00 0.06 0.01 

Tobacco use 

0=Never used/1=Ever used 

-0.05 -0.00 -0.01 0.05 0.04 -0.02 

Marital status 

1=single/2= married/cohabiting 

0.21** 0.03 0.23** -0.01 0.11 -0.06 

Stratum of urbanization 

1=Rural/2=Urban 

-0.06 -0.02 0.17* 0.20** 0.17* 0.06 

Menopausal status 

1=premenopausal/2=postmenopausal 

N/A -0.11* N/A 0.00 N/A 0.03 

Adjusted R2 0.060 0.022 0.062 0.037 0.030 0.016 

Model 2       

Age  -0.07 -0.09 -- -0.08 -0.08 -0.15** 

Marital status 

1=single/2= married/cohabiting 

0.21** -- 0.23** -- 0.11 -0.06 

Stratum of urbanization 

1=Rural/2=Urban 

-0.07 -- 0.17* 0.19** 0.17* 0.05 

Physical activity score 0.12* 0.06 0.06 -- -- -- 

Fat intake  0.12 --   -- -- 
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 ∆BMI ∆WC ∆Triceps skinfold 

 Men Women Men Women Men Women 

SES index -- 0.03 0.07 0.06 -- 0.06 

Menopausal status 

1=premenopausal/2=postmenopausal 

N/A -0.11* N/A -- N/A -- 

Tobacco use 

0=Never used/1=Ever used 

-- -- -- 0.06 -- -- 

Adjusted R2 0.063 0.028 0.071 0.043 0.038 0.022 

Model 1 is the full model; Model 2 is model with the best fit. Abbreviations: ∆ change, BMI body mass index, WC waist 

circumference, SES socioeconomic status. Data adjusted for age at baseline, SES index, physical activity score, fat intake, 

tobacco use, marital status, menopausal status (for women only) and stratum of urbanization. *=p < 0.05, **=p < 0.001 

 

Table 3 shows the multiple regression analysis for the association between body 

composition variables as dependent variables and socio-economic variables and lifestyle 

risk factors as predictors. In the final model of Table 3 (model 2), only marital status and 

physical activity score positively predicted change in BMI for men. In women, only 

menopausal status negatively predicted change in BMI (p < 0.05).  

In the final model of Table 3 (model 2), urban versus rural residency positively predicted 

changes in the waist circumference of both men (p < 0.05) and women (p < 0.001). 

Marriage/cohabitation also positively predicted change in waist circumference for men. SES 

index, marital status, urban versus rural and physical activity score explained 7.7% variation 

in waist change for men. A lesser percentage (4.3%) variations in waist change of women 

were explained by age, SES index, urban versus rural residence and tobacco use.  

Table 3 (model 2) urban versus rural residency was the only positive predictor of change in 

triceps measurements of men while marital status trended. For the women, age was the only 

negative predictor of change in triceps, while 3.8% of variation in triceps change for men was 

explained by age, marital status and urban versus rural residence. A smaller percentage of 

variation (2.2%) in triceps change for women was explained by these same variables and 

SES index.  
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DISCUSSION  

Our study clearly shows an increase in anthropometric measures of body fat in black South 

African women from the North-West Province over 5 years. Urbanization was a major 

predictor of changes in body composition of adult African men and women in our study. 

Urban versus rural residence significantly predicted positive changes in waist circumference 

of men and women as well as triceps skinfold thickness of the men in the present study. 

According to Cohen (2008), food abundance, novelty and variety are some of the factors that 

contribute to the urban and rural environments [34]. Various studies in Sub-Saharan Africa 

have demonstrated higher BMI in urban compared to rural residents [19, 20, 35-38]. 

Christensen and colleagues found abdominal fat thickness and overall obesity to be higher 

amongst the urban residents of Kenya in comparison to their rural counterparts [11]. The 

picture is different in western countries as residents of rural areas have been reported to 

have higher measures of obesity compared to their urban counterparts [18, 39]. The 

significantly higher intake of energy and fat by urban residents compared to rural residents 

observed in our study could also be associated with the significantly higher measures of 

obesity that we observed particularly among urban women. High dietary intakes of energy 

and fat have been positively associated with measures of obesity [13, 40,41]. In our study fat 

intake (Table 2) correlated positively with changes in waist circumference and triceps 

measurement for both genders. There was no significant difference between the fat intake of 

men and women. Dietary fat was not a significant predictor in our regression models which 

could be an indication that our dietary assessment method was not sensitive enough to 

detect individual differences in fat intake. However, our results support the literature that 

higher intake of energy and fat were positively associated with measures of obesity. Even 

though measures of obesity are significantly higher in our urban women compared to their 

rural counterparts, we observed a similar trend of increased obesity in both urban and rural 

areas over the 5 years period (Figure 1B). This could be an indication of nutrition transition 

even in the rural areas and its resultant effects as previously observed [13].  

The significantly higher prevalence of overweight, obese and abdominally obese women 

compared to the men of our study further corroborate results of other studies in Sub-

Saharan Africa [19, 20; 35-38, 42]. The 2003 South African health survey reported a 

prevalence of 31% obesity among urban women compared to 21% among rural women and 

also 10.6% obesity among urban men and 5.1% obesity among rural men [38].  A cultural 

perception among black Africans where overweight or obese women are regarded to be 
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more beautiful, symbols of happiness and higher socio-economic class among the general 

populace could be a reason for this continent-wide phenomenon [38, 43-46]. 

Marital status was a significant predictor of gains in waist circumference and BMI of African 

adult men, but not in the women. A study on an Iranian population showed that marriage 

was associated with increased risk of obesity [47]. In a cross sectional study of American 

men and women, married men were significantly more likely to be obese than single men, 

while marital status was not associated with obesity among women [48]. The significantly 

higher percentage of obese and abdominally obese married men compared to single obese 

men in our study further corroborates the observations of the aforementioned studies. The 

reason for this phenomenom is not very clear but a possible reason could be marriage 

associated lifestyle changes like reduced physical activity and increased food consumption 

[47-48]. 

 

SES status was not significantly associated with changes in body composition when other 

factors were adjusted for in our regression models. Earlier studies reported that SES was a 

significant predictor of BMI and that SES was inversely associated with BMI [9-10]. This is 

contrary to our study result where higher SES index indicated higher BMI, waist 

circumference and triceps skinfold thickness for both sexes (p<0.001 for both). This could be 

because only a few (6.2%) of our study participants were in the high SES range of 10-14 on 

the index scale. A similar trend was also demonstrated for educational status. Low 

educational levels were associated with higher BMI of women in various studies [10, 49, 50]. 

The association with educational level in our study was contradictory. However, our result is 

similar to what was observed by Amoah among Ghanaians [37]. The higher the educational 

level of the women in our study, the greater the gain in waist circumference and triceps 

skinfold. Only 17% of the women had a formal education above primary school level, 

whereas the majority of the women (83%) were educated only up to primary school level. 

The trend was similar for the men as only 16% of the men had been educated beyond 

primary school. Differences in study design, population and statistical analysis, may have 

contributed to the varying results observed in comparison to similar studies. We propose that 

the association between educational level, SES and changes in body composition variables 

might have been different if the majority of our participants were in the high SES index 

category and were educated up to at least completion of secondary school. Moreover, the 

relationship between measures of obesity and SES is complex with heredity factors possibly 

playing a role [51].  
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Age has been established to be a predictor of changes in body composition [52,53]. In our 

study, age predicted change in triceps and tended to predict change in BMI and waist 

circumference for women. The BMI of premenopausal women increased more over time 

compared to postmenopausal women (Table 3). The effect of age on changes in body 

composition was not apparent in the men. Gender related differences in the effect of age on 

body composition variables were also suggested by other studies [52-54].  

Increasing physical activity has been demonstrated to reduce measures of obesity [14,15]. 

Earlier studies had established that habitual physical activity was low in black South African 

women of the NWP [32, 55]. Although physical activity at baseline positively predicted BMI 

change in men, change in BMI represents both lean and fat mass changes. This could mean 

that a higher physical activity score among males predicted a positive increase in both lean 

and fat mass. A reason for the relationship observed between physical activity and changes 

in body composition in our study could be because the majority (78.7%) of our participants 

were in the low physical activity index bracket (physical activity score < 3.3) [32]. 

Another lifestyle risk factor assocated with changes in body composition is smoking which 

has been linked to central fat accumulation [17] and has been shown to have strong 

associations with BMI of women [10]. The lack of association between tobacco use and body 

composition in our study could be as a result of differences in age distribution, sample size 

and study population.  

In our study, age, marital status, urban versus rural residence, habitual physical activity and 

fat intake only explained 6.3% of the change in BMI variation for men. A smaller percentage 

of 2.8% of the change in BMI variation for women was explained by age, habitual physical 

activity, SES and menopausal status. Also small percentages of variations were explained 

for changes in waist circumference and triceps in all models. A higher variation of body 

composition change was explained in the WHO MONICA study [56] while a study on Polish 

men explained only 8% of variation in waist circumference [57]. However, when 

anthropometric parameters were excluded from the WHO MONICA study only 4% of 

variation in waist circumference were explained for men and 5% for women. The reasons for 

smaller variation explained in our study could be because we investigated changes in body 

composition variables and body composition variables at baseline were not included in our 

models [56]. Despite the small percentage of variation explained in our study, the study still 

highlights that SES, lifestyle factors and the urbanization related factors are modifiable risk 
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factors that could be targeted to combat the increasing scourge of obesity among adults in 

these communities.  

Our study is comparable to the general black South African population. For instance, the 

National Nutrition and Health Examination Survey reported an equally high national 

prevalence of 39.9% obesity (BMI>30 kg/m2) among black South African women [20]. The 

overall prevalence of obesity in this study particularly among women further confirms the 

rising concern that South Africa is in the nutrition-related non-communicable disease phase 

of the nutrition transition [12, 13, 20, 58].  

Our study has a number of potential limitations which include the wide range in age with 

relatively small numbers in the youngest and oldest age range. This study was performed in 

black men and women in one province and the results may not be generalizable to the 

greater black South African population. Also, we did not have information on the ownership 

of household assets such as cars, televisions, microwave etc. to create an asset index which 

could have increased the sensitivity of the SES index. 

In conclusion, our 5-year longitudinal study showed that black African adults in the NWP, 

particularly the women are gaining body fat. Residing in an urban environment plays a 

significant role in the increasing adiposity of our subjects. We recommend that both urban 

and rural residents should be targeted for public health intervention programs centered on 

healthier lifestyle choices. This is important to reduce prevalence of overweight and obesity 

which should remain a public health priority.  
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ABSTRACT  

Objective: To examine the association between body composition (fat mass, lean mass and 

body mass index, BMI) and bone health (bone mineral density, BMD and fracture risk) in 

urban black South African women.  

Design: A cross sectional study examining associations between body composition, dietary 

intake (food frequency questionnaire), habitual physical activity (Activity energy expenditure 

(AEE) measured using an accelerometer with combined heart rate monitor and physical 

activity questionnaire) and bone health (BMD using dual-energy X ray absorptiometry, DXA 

and fracture risk).  

Setting: Urban community dwellers from Ikageng in the North-West Province of South Africa 

Participants: One hundred and eighty nine (189) healthy postmenopausal women aged ≥43 

years. 

Results: Fat mass and lean mass were significantly associated with BMD and fracture risk 

when adjusted for potential confounders. However, lean mass and not fat mass remained 

significantly associated with femoral neck BMD (β = 0.49, p <0.001), spine BMD (β = 0.48, 

p< 0.0001) and hip BMD (β = 0.59, p< 0.0001). Lean mass was also negatively associated 

with fracture risk (β = -0.19 p =0.04) when both lean and fat mass were in the same model.  

Conclusion: Lean mass and fat mass were positively associated with femoral neck, spine 

and hip BMDs and negatively associated with fracture risk in urban black South African 

women. Our finding suggests that increasing lean mass rather than fat mass is beneficial to 

bone health. Our study emphasises the importance of positive lifestyle changes, intake of 

calcium from dairy and adequate weight to maintain and improve bone health of 

postmenopausal women.  

Keywords Lean mass, fat mass, bone mineral density, fracture risk, African women 
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INTRODUCTION 

Osteoporosis and obesity are two complex diseases of increasing prevalence and with great 

impact on mortality and morbidity. Similarities identified between these diseases indicate 

some type of pathophysiological link (1). Worldwide, obesity affects over 300 million women 

while osteoporosis affects over 200 million women (2, 3). The South African National Health 

and Nutrition Examination Survey (SANHANES) recently reported a national obesity 

prevalence of 39.2% for South African adult women (4). 

Body mass index (BMI) which is an indicator of adiposity is a height-standardised measure 

of body weight mainly comprised of lean and fat mass. Low BMI has been established to be 

a risk factor for osteoporotic fracture (5–7). However, obesity was recently shown to be a risk 

factor for osteoporotic fracture (8). The mechanical loading of body weight on bone led to the 

belief that obesity may prevent bone loss and osteoporosis (5, 6). Previous studies had 

conflicting results about the individual effect of lean mass and fat mass on bone mineral 

density (BMD) (5, 6, 9–14). Recent studies are showing that lean mass has a greater 

protective effect on BMD in comparison to fat mass (10, 11). Indeed increased fat mass has 

been associated with low BMD and reported not to protect against osteoporosis in Chinese 

men and women (13). A number of studies have been conducted on bone health outcomes 

among South Africans (15–20), but to the best of our knowledge none has focused on the 

relationship between body composition and bone health, particularly BMD and fracture risk, 

among postmenopausal black South African women. Moreover, there is an increasing 

concern about the loss of African women’s inherent advantage of higher BMD which needs 

further investigation (17). Consequently, this study aims to examine the association between 

body composition (BMI, fat mass and lean mass) and bone health (BMD and fracture risk) in 

urban postmenopausal black South African women. 

SUBJECTS AND METHODS 

Study design 

The Prospective Urban and Rural Epidemiology (PURE) study is a 10 year longitudinal study 

aimed at tracking the effects of lifestyle and changing environment exposures on the 

development of non-communicable diseases in populations at different stages of 

epidemiologic transition (21). The South African North-West Province (NWP) arm of the 

PURE (PURE-SA-NWP) study commenced with baseline data collection in 2005 (17). In this 
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sub-study we included postmenopausal women who were measured at 5 and 7 years follow 

up in 2010 and 2012, respectively using a cross-sectional study design. Urban black women 

aged ≥ 43 years from the PURE-SA-NWP study were included. Only participants who 

completed the quantitative food frequency questionnaires (QFFQ) and had undergone dual 

energy X-ray absorptiometry (DXA) measurements at follow up were eligible for inclusion in 

this study (n=189). We excluded women who are HIV positive in the current analysis. Blood 

samples and DXA measurements for each participant were done on the same day and the 

seasons were defined as October to December for spring (season 1) and April to June for 

autumn (season 2). The study was approved by the Ethics committee of the North-West 

University (NWU), Potchefstroom campus (NWU-00016-10-A1). All participants provided 

written informed consent. Another written informed consent for HIV testing was obtained 

from each participant after a pre-counseling session. 

 

Body composition measurements  

Height was measured to the nearest 0.1 cm with a stadiometer (Leicester height measure, 

Seca, Birmingham,UK) and weight was determined on a portable electronic scale to the 

nearest 0.01 kg (Precision Health Scale, A & D Company, Japan) by anthropometrists 

according to standard methods of the International Society for the Advancement of 

Kinanthropometry (ISAK) (22). BMI was calculated (weight in kilograms divided by height in 

meter squared). Women were grouped according to their BMI of either < 25 kg/m2 or ≥ 25 

kg/m2 (overweight and obese).  

Body composition (lean and fat mass) and BMD were measured by a registered 

radiographer with DXA (Hologic Discovery W, APEX system software version 12.7.3.1). 

Whole body, femoral neck (CV = 1.2%), hip (CV = 0.8%) and anterior posterior spine BMD 

(L1–L4, Spine, CV = 0.7%) were measured. Measurements for the non-dominant side of 

each participant were used for data analysis. Low bone mass (osteopenia) was defined by a 

femoral neck T-score between -1.0 and -2.5 standard deviations and osteoporosis was 

defined as a T-score ≤ −2.5 standard deviations (23, 24).  

 

Questionnaires 

Structured questionnaires were adapted and used by all countries participating in the PURE 

study to collect socio-demographic and lifestyle information including medication and 

tobacco use (21). Questionnaires were administered by trained field workers during home 

visits and visits to the Metabolic Unit of the NWU in their language of choice. Validated 

culturally sensitive QFFQ (25, 26) and modified Baecke physical activity questionnaires for 
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this population (27) were used as previously described by Kruger and colleagues (17). The 

food intake were coded and analyzed by using the South African Medical Research Council 

database (28). Fracture risk was measured and assessed using the Black fracture risk score 

(29). Fracture risk questionnaires have been previously used in the black South African 

population (30). An index with a score from 0 to 3 was regarded as low risk; 4 to 6 as 

medium risk and 7 to 11 was high risk (29). 

 

Blood collection and analysis 

Registered nurses collected a fasting blood sample from the antecubital vein using a sterile 

winged infusion set and syringes. Serum samples were prepared and stored in aliquots in 

cryotubes at -80ºC. Serum 25-hydroxy vitamin D (25(OH)D) concentrations were measured 

using the Roche Elecsys 2010 COBAS system (Roche Diagnostics, Indianapolis, IN, USA).  

 

Physical activity 

Habitual physical activity was measured with a modified Baecke questionnaire (27) and 

activity energy expenditure (AEE) was measured using an accelerometer with combined 

heart rate monitor (ActiHeart®, Camtech, UK) for 7 days. Participants were visited by field 

workers on a daily basis to ensure that the ActiHeart® monitor was secure and to record 

possible problems with wearing the device. AEE was determined by means of 60 second 

epochs and data generated by the ActiHeart® were downloaded using a computer interface. 

Total energy expenditure and AEE were calculated (in kJ) with the ActiHeart® software. 

Reliability and validity of using the ActiHeart® to evaluate physical activity in sub-Saharan 

Africans has been previously assessed (31).  

 

Statistical analysis 

Data were analysed with IBM SPSS version 22 (IBM Company, Armonk, NY, USA). 

Normally distributed data are presented as means with standard deviation, non-normally 

distributed data as medians and interquartile range. Categorical data were analysed using 

frequency tables and prevalence of specific conditions was expressed as percentages. 

Independent t-tests were used to compare parametric variables and Mann-Whitney U-tests 

to compare non-parametric variables between groups. Pearson correlations were used to 

explore the relationship between dietary intake, physical activity, BMD, body composition 

and fracture risk while adjusting for possible confounders (i.e. age, height, tobacco use, 

contraceptive use and thiazide use). Prevalence odds ratio (OR) and 95% confidence 

intervals (CI) were evaluated for BMI vs. bone density categories. Separate stepwise 
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multiple linear regressions were used to assess the association between BMI, lean mass, fat 

mass respectively as independent variables, and femoral neck BMD, spine BMD, hip BMD 

and fracture risk, respectively, as the dependent variables. Potential confounders like age, 

25(OH)D, season of data collection, AEE, tobacco use, alcohol consumption, dairy food 

intake, contraceptive use and use of thiazide were included in the models. Another multiple 

regression model was used with both lean mass and fat mass as independent variables of 

BMD measured at the three sites and fracture risk in the same model. We based our power 

calculation for the appropriate sample size for multiple regression analysis based on an 

expected R2 of 0.2, a maximum of 15 independent variables and a confidence level of 0.95 

indicated a sample size of 150 participants (32). Statistical significance was set at p < 0.05. 

Diagnostic tests for multicollinearity were performed.  

 

RESULTS 

Demographic, body composition, health and lifestyle characteristics of the women are 

presented in Table 1. Using the WHO BMI classification, 7.4% of the women were 

underweight, 22.2% had normal weight, and 23.3% were overweight while 47.1% were 

obese. Women with BMI < 25 kg/m2 had significantly lower body fat percentage, lean mass, 

spine BMD, femoral neck BMD, hip BMD, and whole body BMD, but had higher serum 

25(OH)D, higher fracture risk, as well as a higher proportion of osteoporosis in comparison 

to those with a BMI ≥ 25 kg/m2 (Table 1). 

 

The odds of having osteopenia was not significantly different between women with BMI < 25 

kg/m2 compared to overweight and obese women (OR 1.34, 95%CI: 0.72, 2.52, p=0.37). 

However, the odds of having osteoporosis was seven fold higher in women with BMI < 25 

kg/m2 compared to women with BMI ≥ 25 kg/m2 (OR 7.08, 95%CI: 2.95,16.96, p<0.001). Out 

of the women aged 70 years and above, 42.9% had osteoporosis while the highest 

percentage of osteopenia was recorded for women between the ages of 60-69 years 

(52.4%). Among the women aged < 60 years, 34% had osteopenia while 8.7% were already 

osteoporotic. 
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Table 1: Demographic, body composition, health and lifestyle measures of the 

total group as well as between women with BMI < 25 kg/m2 and BMI ≥ 25 kg/m2 

(n=189)* 

Variable Total group 
(n=189) * 

BMI <25 kg/m
2
 

(n=56) 
BMI ≥25 kg/m

2
 

(n=133) 
p# 

Age(years) 61.1 (10.2) 61.0 (11.2) 61.1 (9.79) 0.951 
Body fat % 40.2 (7.43) 31.7 (5.61) 43.8 (4.71) <0.001 
Fat mass (kg) 29.2 (11.9) 15.9 (4.50) 34.9 (9.21) <0.001 
Lean mass (kg) 39.0 (7.29) 31.9 (4.61) 41.9 (6.09) <0.001 
BMI (kg/m

2
) 29.4 (7.57) 20.7 (2.91) 33.0 (5.68) <0.001 

Spine BMD (g/cm
2
) 0.854 (0.144) 0.777 (0.123) 0.886 (0.140) <0.001 

Femoral neck BMD (g/cm
2
) 0.840 (0.133) 0.649 (0.111) 0.773 (0.125) <0.001 

Hip BMD (g/cm
2
) 0.840 (0.152) 0.734 (0.112) 0.882 (0.147) <0.001 

Whole body BMD (g/cm
2
) 0.987 (0.124) 0.914 (0.095) 1.018 (0.122) <0.001 

Fracture risk score 1.73 (1.65) 2.31 (1.70) 1.48 (1.57) 0.002 
AEE (kJ) 1160 (909) 860 (703) 1287 (957) 0.005 
Physical activity score 2.93 (0.49) 2.92 (0.38) 2.93 (0.53) 0.97 
25(OH)D (ng/ml) 30.2 (9.61) 32.9 (9.37) 28.9 (9.49) 0.01 
Tobacco users n (%) 97 (51.3) 35 (62.5) 62 (47.3) 0.06 
Contraceptive users n (%) 100 (53.8) 33 (58.9) 67 (51.5) 0.34 
Thiazide users n (%) 84 (44.4%) 22 (39.3) 62 (46.6) 0.36 
Osteopenic n (%) 75 (39.7) 25 (44.6) 50 (37.6) 0.37 
Osteoporotic n (%) 28 (14.8) 19(33.9) 9 (6.8) <0.001 
 

*Sample size varies due to missing values. BMI = body mass index. BMD = Bone mineral density. AEE = activity energy expenditure, 25(OH)D = serum 25 

hydroxy vitamin D. #Difference between groups with BMI </ ≥ 25 kg/m2. Data are means (SD) or frequency (%) 

 

There was a positive correlation between body composition variables and all BMD 

measurements at different sites, and a negative correlation with fracture risk (Table 2). Dairy 

foods and dietary calcium intakes had significant positive correlations with one or more BMD 

measurements (Table 2). 
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Table 2: Pearson correlation coefficients between dietary intake, physical 

activity, body composition, bone markers and fracture risk for the whole group 

 

BMD =bone mineral density, AEE = activity energy expenditure, 25(OH)D = serum 25 hydroxyl vitamin D. Partial correlation with adjustment for age, tobacco 

use, history of contraceptive use and thiazide use. * p<0.05, ** p<0.001 

 

Table 3 shows the multivariate regression results of the associations of body composition 

variables with BMD measurements. In model 2, BMI and other covariates explained 38% 

variation in femoral neck BMD, but when BMI was replaced with fat mass a lower 

percentage (35%) was explained. When fat mass was replaced by lean mass, an even 

greater percentage of variation (40%) in femoral neck BMD was explained.  

Unadjusted beta-values showed that for each increase in one unit (1 kg) of fat mass there 

was an increase of 0.005 g/cm2 in femoral neck BMD (p<0.001) while for an increase in each 

unit (1 kg) of lean mass there was an increase of 0.010 g/cm2 in femoral neck BMD 

(p<0.001). 

For spine BMD, BMI and other covariates explained 23% of the variation, changing to 25% 

when BMI was replaced by fat mass, while the model with lean mass also explained the 

highest variation of 30% (Table 3). An increase in each unit of fat mass and lean mass was 

associated with similar increases in spine BMD and femoral neck BMD (0.005 g/cm2 

(p<0.001) and 0.010 g/cm2 (p<0.001), respectively). 

 Spine 
BMD 

Femoral 
neck 
BMD 

Hip 
BMD 

Whole 
body 
BMD 

Fracture 
risk 

Fat 
mass 

Lean 
body 
mass 

Body 
mass 
index 

Body composition 

Body mass index 
(kg/m

2
) 

0.40** 0.46** 0.55** 0.51** -0.24** 0.94** 0.80** - 

Fat mass (kg) 0.40** 0.43** 0.52** 0.50** -0.25** - 0.79** 0.96** 
Lean mass (kg) 0.48** 0.48** 0.55** 0.54** -0.25** 0.79** - 0.79** 

Dietary intakes 

Energy intake (kJ) 0.06 0.09 0.02 0.07 -0.08 -0.05 -0.07 -0.04 
Calcium (mg) .068 0.14 0.09 0.16* -0.09 0.06 0.06 0.09 
Vitamin D (µg) -0.07 0.04 -0.02 0.02 -0.07 -0.07 -0.07 -0.10 
Alcohol (g) -0.08 -0.08 -0.06 -0.10 0.03 -0.19* -0.09 -0.22** 
Dairy food (g) 0.12 0.21** 0.12 0.20* -0.15* 0.10 0.10 0.12 

Vitamin D status 

25(OH)D (ng/ml) -0.07 
 

-0.08 
 

-0.06 -0.15* 0.03 -0.18* -0.22** -0.22** 

Physical activity 

AEE (Kcal) 0.05 0.13 0.15 0.07 -0.14 0.28** 0.23** 0.28** 
Physical activity 
score 

0.03 -0.03 0.05 0.04 -0.01 0.10 0.08 0.08 
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The variation in hip BMD explained by BMI, fat mass and lean mass, respectively, and other 

covariates was also 38%, 36% and 40%. Unadjusted beta-values showed that the increases 

in each unit of fat mass and lean mass, respectively, was associated with increases in hip 

BMD of 0.007 g/cm2 (p<0.001) and 0.012 g/cm2 (p<0.001). 

 

Table 3:  Association between BMD as dependent variable and body composition 

parameters as independent variables 

 BMI   Fat 
mass 

  Lean 
mass 

  

Femoral 
neck 
BMD 

β p Adjusted 
R

2
 

β p Adjusted 
R

2
 

β P Adjusted 
R

2
 

Model 1 0.48 <0.001 0.23 0.46 <0.001 0.20 0.51 <0.001 0.26 
Model 2 0.42 <0.001 0.38 0.39 <0.001 0.35 0.49 <0.001 0.40 

Spine 
BMD 

β p Adjusted 
R

2
 

β p Adjusted 
R

2
 

β P Adjusted 
R

2
 

Model 1 0.43 <0.001 0.18 0.44 <0.001 0.19 0.51 <0.001 0.26 

Model 2 0.41 <0.001 0.23 0.38 <0.001 0.25 0.48 <0.001 0.30 

Hip 
BMD 

β p Adjusted 
R

2
 

β p Adjusted 
R

2
 

β P Adjusted 
R

2
 

Model 1 0.57 <0.001 0.32 0.54 <0.001 0.29 0.58 <0.001 0.33 

Model 2 0.53 <0.001 0.38 0.50 <0.001 0.36 0.59 <0.001 0.40 
BMI = body mass index Model 1: unadjusted model. Model 2: adjusted for age, height (except for BMI model), serum 25 hydroxy vitamin D, season, activity 

energy expenditure, dairy food intake, alcohol intake, history of contraceptive use, thiazide use and tobacco use 

 

Table 4 summarizes the association between body composition variables and fracture risk. 

All body composition variables were negatively associated with fracture risk. Individual 

associations were β= - 0.23 (p<0.001) for BMI, β = -0.24 (p<0.001) for fat mass and β = - 

0.31 (p<0.001) for lean mass.  
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Table 4: Association between fracture risk as dependent variable and body 

composition parameters as independent variables 

 BMI   Fat 
mass 

  Lean 
mass 

  

 β p Adjusted 
R

2
 

β p Adjusted 
R

2
 

β P Adjusted 
R

2
 

Model 1 -0.23 0.002 0.05 -0.24 0.001 0.05 -0.31 <0.001 0.09 
Model 2 -0.18 0.03 0.10 -0.16 0.05 0.15 -0.19 0.04 0.15 
 

BMI = body mass index. Model 1: unadjusted model. Model 2: adjusted for, height (except for BMI), 25(OH)D, season, activity energy expenditure, dairy food 

intake, alcohol intake, history of contraceptive use and thiazide use  
 

In Table 5 where lean mass and fat mass were included in the same model, lean mass (β = 

0.45, p<0.001) was positively associated with femoral neck BMD, while fat mass (β= 0.05 p 

= 0.65) was not even though it was retained in the model (Model 1). 

In the final model (Model 2 of Table 5), lean mass, age, height, dairy foods, and tobacco use 

were the only variables associated with femoral neck BMD, while there was no association 

with fat mass. Lean mass, age, height, dairy foods, tobacco use and season explained 

40.1% of the variation in femoral neck BMD of our participants.  

Lean mass and tobacco use were the only variables associated with spine BMD (Model 2 of 

Table 5). Lean mass, age, tobacco use and season explained 29.7% of the variation in spine 

BMD of our participants.  Lean mass, age, height and tobacco were also significantly 

associated with hip BMD and explained 39.6% of the variation in hip BMD of our participants 

(Model 2 of Table 5). 

Body composition variables and dairy foods were negatively associated with fracture risk 

(Table 5). In the final model (Model 2 of table 5), lean mass and dairy foods were the only 

variables significantly associated with fracture risk. Lean mass, dairy foods, height, 25(OH) 

D, AEE, thiazide use and history of contraceptive use explained 14.8% variation in the 

fracture risk of our study population.  
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Table 5: Multiple regression analysis for the association between BMD 

measurements and fracture risk as dependent variables and body composition 

parameters as independent variables 

 Femoral neck 

BMD 

 Spine 

BMD 

 Hip 

BMD 

 Fracture risk  

 β p β p β p β p 

Model 1:         

Fat mass 0.05 0.65 0.06 0.63 0.18 0.13 -0.07 0.62 

Lean mass 0.45 <0.001 0.42 0.002 0.45 0.001 -0.14 0.36 

Age  -0.32 <0.001 -0.12 0.11 -0.21 0.003 N/A N/A 

25(OH)D 0.02 0.82 -0.03 0.72 0.03 0.75 -0.15 0.09 

Season 0.08 0.27 0.13 0.12 0.01 0.91 0.09 0.33 

Height -0.14 0.07 0.01 0.91 -0.12 0.11 -0.17 0.07 

Tobacco use -0.14 0.03 -0.17 0.02 -0.13 0.05 N/A N/A 

Dairy foods 0.14 0.04 0.06 0.39 0.06 0.36 -0.15 0.05 

Alcohol 0.02 0.82 -0.02 0.75 0.04 0.52 -0.03 0.71 

Thiazide use 0.03 0.71 0.08 0.26 -0.02 0.75 0.12 0.11 

Contraceptive use 0.02 0.81 0.00 0.26 0.04 0.53 0.13 0.09 

AEE 0.02 0.76 -0.03 0.97 -0.01 0.88 -0.11 0.18 

Adjusted R2 0.379  0.271  0.379  0.138  

Model 2         

Lean mass 0.49 <0.001 0.48 <0.001 0.59 <0.001 -0.19 0.04 

Age  -0.32 <0.001 -0.11 0.11 -0.22 0.001 N/A N/A 

Height -0.15 0.04 
--

 
--

 -0.16 0.03 -0.16 0.06 

Dairy foods 0.14 0.03 
--

 
--

 
--

 
--

 -0.15 0.05 

25(OH)D -- -- -- -- 
-- -- 

-0.11 0.14 

Season 0.09 0.18 0.12 0.09 
--

 
--

 -- -- 

Tobacco use -0.15 0.02 -0.19 0.007 -0.15 0.02 N/A N/A 

AEE 
--

 
--

 
--

 
--

 
--

 
--

 -0.14 0.08 

Thiazide use 
--

 
--

 
--

 
--

 
--

 
--

 0.11 0.13 

Contraceptive use 
--

 
--

 
--

 
--

 
--

 
--

 0.13 0.10 

Adjusted R2 0.401  0.297  0.396  0.148  
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BMD = bone mineral density. AEE = Activity energy expenditure. 25(OH)D = serum 25 hydroxy vitamin D. Models adjusted for age (except for fracture risk), 

height, serum 25 hydroxy vitamin D, season, activity energy expenditure, dairy food intake, alcohol intake, history of contraceptive use, thiazide use and 

tobacco use (except for fracture risk).
 

 

DISCUSSION 

The results from this cross sectional study indicate that lean mass had a stronger 

association with bone health in comparison to fat mass in urban black South African women.  

The influence of individual body composition variables to BMD remains controversial. While 

some studies demonstrated that lean mass exhibit a positive relationship with BMD (10, 11) 

another reported that lean mass does not have an impact on BMD (14). Some reported 

positive, negative and no association between fat mass and BMD (5, 6, 9). These conflicting 

findings may be due to differences in study design, study population, statistical analysis, 

tools used to measure body composition and skeletal sites measured.  

In our participants, lean mass showed consistent stronger correlations than fat mass at all 

skeletal sites of BMD measurements with the highest correlation value for lean mass and hip 

BMD (r = 0.55, p<0.001) and lowest for fat mass and spine BMD (r = 0.40, p<0.001). These 

results are in agreement with the results of the large Hordaland health study who also 

demonstrated a stronger association between lean mass and femoral neck BMD in middle-

aged and elderly men and women in comparison to fat mass (33). In our study 2.2%, 2.6% 

and 1.6% increase in variation in femoral neck, spine and hip BMDs were explained by lean 

mass and other covariates when fat mass was no longer in the model respectively. These 

findings are consistent with the study that demonstrated a significant beneficial effect of lean 

mass on BMD in both postmenopausal and perimenopausal Thai women (10). It however 

contradicts the result of a study, where they found lean mass not to have an impact on BMD 

of postmenopausal Turkish women when fat mass was taken into account (14). Also, in a 

similar study it was observed that lean mass plus other covariates explained the greatest 

variance in BMD compared to fat mass and other covariates among black premenopausal 

South African women (18). Fat mass and lean mass were both negatively associated with 

fracture risk in separate models in our study, however, only lean mass remained significantly 

associated with fracture risk when both variables were taken into account in the same 

model.  



152 | P a g e  

 

 

The differences in variations explained at different BMD sites in our study is an indication 

that body composition contributes differently at different BMD sites (19, 34). Another 

indication of varying contribution of body composition at different sites of our participants is 

that higher variations were explained by body composition variables (35% to 40%) of femoral 

neck and hip than of the spine BMD (23% to 30%). 

Over half (51.3%) of our participants have either smoked in the past or were current 

smokers. Studies in the past have showed varying relationship between smoking and bone 

health (35-38). Moderate smoking in young women was reported not to be associated with 

low BMD at any site (36). Smoking’s effect on bone loss has been shown to be independent, 

dose-dependent, cumulative and increases fracture risk significantly (35, 38). Tobacco use 

in our study had significant negative associations with BMD at all measured sites.  

Our results indicate that BMI is associated with bone health in urban postmenopausal black 

South African women. The Framingham study (6) suggested that the strong effect of weight 

on BMD is due to load on weight-bearing bones in both men and women. The higher risk for 

osteopenia and osteoporosis among our women with BMI < 25 kg/m2 is consistent with 

results from others (5–7, 39). In a study by Assomaning and colleagues (7), each one unit 

increase in BMI was associated with a significant 12% decrease in risk for osteoporosis, 

however, the study participants of their study were referred for a BMD examination. Such 

referred populations may include a large number of patients with previously recognized risk 

factors for osteoporosis which is a potential selection bias. The lower lean mass and habitual 

physical activity of our participants with BMI < 25 kg/m2 could further explain the lower BMD 

and higher fracture risk observed among this group of our participants. Correspondingly, De 

Laet and colleagues demonstrated that the significance of BMI as a risk factor for low bone 

mass and osteoporosis varies based on level of BMI (40). They reported that a BMI of 

20kg/m2 when compared with BMI of 25 kg/m2 was associated with a nearly twofold increase 

in risk for hip fracture. While a BMI of 30 kg/m2, when compared with a BMI of 25 kg/m2, was 

associated with only a 17% reduction in hip fracture risk (40). Furthermore, Ong and co-

workers recently showed that higher BMD in obesity is not protective against fractures (9), 

and adiposity has been shown to be a risk factor for fractures (8).  

In our study, there was no significant association between 25(OH)D and femoral neck, hip 

and spine BMDs similarly to another study in black South Africans (19). There were 

significant negative correlations between 25(OH)D and measures of adiposity. The majority 

(70%) of our women were overweight or obese which could explain this negative association 
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as adipose tissue may decrease the bioavailability of vitamin D (41). Ethnicity might play a 

role in this observation as a negative relationship has been reported between adipose tissue 

and 25(OH)D concentrations in Hispanic American and African American populations (42). 

The unexpected negative correlation between lean mass and 25(OH)D concentrations is in 

contrast with what was found by Tieland and colleagues (43). This could also be as a result 

of the unique genetic makeup of black South Africans as genetics play an important role in 

determining muscle mass (44). More research is needed to further explore these findings.  

Calcium has been established and extensively described in literature to play an important 

role in bone health (45-47). However, the protective effect of calcium on bone might not be 

evident in postmenopausal women with calcium intakes less than 800 mg/day (46). Total 

calcium intake was only related to whole body BMD in our study. Calcium intake of our study 

participants was low with only 19.6% having intakes higher than 800 mg/day and 9.5% 

having intakes higher than the estimated average requirement of 1000 mg/day (45). These 

low intakes of calcium could explain the high proportion of osteopenia and osteoporosis 

among our participants. Dairy food was associated with bone health among our study 

participants as previously established (47-49). Increasing dairy consumption to meet the 

recommended 2 cups per day (500ml) has been recently demonstrated to likely decrease 

the incidence of osteoporosis, fractures and the associated health care costs (49). Dietary 

energy, magnesium, phosphorus, zinc and vitamin D intakes were unrelated to bone health 

in our study, a result which is consistent with that of Coin and colleagues (50). 

Varying results in the literature on the association between physical activity and bone health 

could be due to differences in the method of assessing physical activity and study population 

(51–53). In our study, reported physical activity measured with a questionnaire had no 

significant correlations with bone health; while physical activity measured using 

accelerometers had significant positive correlations with all body composition variables. This 

could be an indication that combined accelerometry and heart rate monitoring is a more 

sensitive instrument to measure physical activity than questionnaires in this population 

group. Habitual physical activity was not associated with bone health in our regression 

models irrespective of whether it was measured with accelerometer or a questionnaire. A 

reason could be that the majority (89%) of our participants were in the low physical activity 

index bracket of physical activity score at the time of the study (17). Physical activity over 

time may be a mediator of the effect of body composition on bone which may also impact 

BMD directly (54, 55). A gradual increase in the amount of physical activity can help prevent 

decreases in BMD even in postmenopausal women (56). Thus, increasing the habitual 
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physical activity of our participants could still have a beneficial effect on their lean mass 

which could be associated with better bone health. 

Use of thiazide has been demonstrated to have a protective effect on BMD (57,58). Over 

44% of our study population used thiazide, however it was not significantly associated with 

bone health in our regression models. Use of oral contraceptives pills has also been shown 

to have positive effects on BMD (59) while injectable progestin contraception results in 

increased bone loss when compared with women using non-hormonal contraceptives (60). 

Positive history of contraceptives use was not associated with bone health in our regression 

models although 53.8% of our study participants have used contraceptives. We did not 

record the type of contraception used by participants. Injectable progestin contraception and 

oral contraceptive pills are supported by the South African National public health system and 

given freely at clinics (60,61). This inability to distinguish type of contraception used by our 

participants may be a possible explanation for the lack in association with bone health in the 

current study.   

Our study indicates that black women seem to be losing their inherent protection against 

osteopenia and osteoporosis. The proportion of women with osteopenia (39.7%) and 

osteoporosis (14.8%) in our study was higher than previously reported for African American 

women (35% and 5% respectively) (62). Osteopenia was previously reported in both 

premenopausal white (14.4%) and black South African women (9.1%) (18). Osteoporosis 

was already present in women younger than 60 years in our study which further reinforces 

the concerns raised about the future bone health of black South Africans (17, 63).  

There are similarities between the women in our study and the general population of the 

black South African women. For instance, a study carried out in a different South African 

setting reported BMD values for black women comparable to those found in our study (19). 

Also variances explained at the lumbar spine were lower than those explained at the femoral 

neck and hip (18,19). The national Nutrition and Health Examination Survey reported an 

equally high national prevalence of 39.9% obesity (BMI>30 kg/m2) among black South 

African women (4). 

Limitations of this study include its cross-sectional design, thus causal relationships cannot 

be identified. This study was performed in black urban women in one setting and the results 

may not be generalizable to the greater black South African population. Also, we did not 

record the type of contraception used by participants. The wide range in age with relatively 

small numbers in the youngest and oldest age range also made it difficult to assess the true 
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impact of age on bone health. However, it allowed us to show that low BMD and 

osteoporosis were already found in black urban women younger than 60 years. Despite the 

limitations, our study has produced a better understanding of the relationships between body 

composition variables and bone health of urban postmenopausal black South African women 

which could be further investigated. 

In conclusion, our data shows that in urban black South African women, lean mass remained 

a strongly associated with bone health even when adjustment for fat mass was made. Our 

finding proposes that increasing lean mass rather than fat mass is beneficial to bone health. 

Thus, meeting the recommended dietary intake for calcium obtained from dairy products and 

increasing habitual physical activity could have a beneficial effect on bone health. Future 

studies on other factors affecting lean mass and bone health of Africans are recommended. 

The importance of positive lifestyle changes, intake of calcium from dairy and adequate 

weight to maintain and improve bone health of postmenopausal women is highlighted in our 

study and this should be emphasised in public health intervention programmes. 
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Tissues. Edited by Harris TJR. New York: Academic Press; 1995:54-56. [Stoner G (Series 

Editor): Methods and Perspectives in Cell Biology, vol 1.] 

Book with institutional author 

Advisory Committee on Genetic Modification: Annual Report. London; 1999. 



175 | P a g e  

 

 

PhD thesis 
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Preparing illustrations and figures 

Illustrations should be provided as separate files, not embedded in the text file. Each figure 

should include a single illustration and should fit on a single page in portrait format. If a figure 

consists of separate parts, it is important that a single composite illustration file be submitted 

which contains all parts of the figure. There is no charge for the use of color figures. 

Please read our figure preparation guidelines for detailed instructions on maximising the 

quality of your figures. 

Formats 
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 DOCX/DOC (single page only) 
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 PNG (preferred format for photos or images) 
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Figure legends 

The legends should be included in the main manuscript text file at the end of the document, 

rather than being a part of the figure file. For each figure, the following information should be 

provided: Figure number (in sequence, using Arabic numerals - i.e. Figure 1, 2, 3 etc); short 

title of figure (maximum 15 words); detailed legend, up to 300 words. 

Please note that it is the responsibility of the author(s) to obtain permission from the 

copyright holder to reproduce figures or tables that have previously been published 

elsewhere. 
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2, 3 etc.). Tables should also have a title (above the table) that summarizes the whole table; 

it should be no longer than 15 words. Detailed legends may then follow, but they should be 

concise. Tables should always be cited in text in consecutive numerical order. 

Smaller tables considered to be integral to the manuscript can be pasted into the end of the 

document text file, in A4 portrait or landscape format. These will be typeset and displayed in 

the final published form of the article. Such tables should be formatted using the 'Table 

object' in a word processing program to ensure that columns of data are kept aligned when 

the file is sent electronically for review; this will not always be the case if columns are 

generated by simply using tabs to separate text. Columns and rows of data should be made 

visibly distinct by ensuring that the borders of each cell display as black lines. Commas 

should not be used to indicate numerical values. Color and shading may not be used; parts 

of the table can be highlighted using symbols or bold text, the meaning of which should be 

explained in a table legend. Tables should not be embedded as figures or spreadsheet files. 
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additional files. Additional files will not be displayed in the final, laid-out PDF of the article, 

but a link will be provided to the files as supplied by the author. 

Tabular data provided as additional files can be uploaded as an Excel spreadsheet (.xls ) or 

comma separated values (.csv). As with all files, please use the standard file extensions. 

Preparing additional files 
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Certain supported files formats are recognized and can be displayed to the user in the 

browser. These include most movie formats (for users with the Quicktime plugin), mini-

websites prepared according to our guidelines, chemical structure files (MOL, PDB), 

geographic data files (KML).  

If additional material is provided, please list the following information in a separate section of 
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 File name (e.g. Additional file 1) 

 File format including the correct file extension for example .pdf, .xls, .txt, .pptx 
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Additional files should be named "Additional file 1" and so on and should be referenced 

explicitly by file name within the body of the article, e.g. 'An additional movie file shows this 

in more detail [see Additional file 1]'. 

Additional file formats 
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Mini-websites 

Small self-contained websites can be submitted as additional files, in such a way that they 

will be browsable from within the full text HTML version of the article. In order to do this, 
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1. Create a folder containing a starting file called index.html (or index.htm) in the root. 

2. Put all files necessary for viewing the mini-website within the folder, or sub-folders. 
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"/images/picture.jpg" or "http://yourdomain.net/images/picture.jpg" or "C:\Documents 

and Settings\username\My Documents\mini-website\images\picture.jpg") and no link 
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machine. 

5. Compress the folder into a ZIP, check the file size is under 20 MB, ensure that 

index.html is in the root of the ZIP, and that the file has .zip extension, then submit as 

an additional file with your article. 
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American Scientist also provides a list of resources for science writing. For more detailed 
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SI units should be used throughout (liter and molar are permitted, however). 
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ABSTRACT 

Background: Studies have indicated metabolic roles for 25 hydroxyvitamin D (25(OH)D) 

and parathyroid hormone (PTH). The relationship between low serum vitamin D, PTH and 

metabolic traits appear to differ among different ethnicities. The aim of our study is to 

examine the association of serum 25(OH)D and PTH concentration, respectively, with the 

metabolic syndrome while controlling for adiposity in black women in the North West 

Province, South Africa. 

Methods: Using a cross sectional study design, urban black women aged ≥ 43 years 

measured at 7 years follow up from September 2012 to June 2013 of the South African arm 

of the Prospective Urban Rural Epidemiology study were included in this sub study. Only 

participants who had undergone dual energy X-ray absorptiometry (DXA) measurements at 

follow up and were HIV negative were eligible for inclusion in this study (n=209). Multiple 

regression models were used to explore the relationship between 25(OH)D, PTH and body 

composition variables. A separate metabolic syndrome variable was created, excluding 

elevated waist circumference as a diagnostic criterion for logistic regression. Logistic 

regression was used to examine the relationship between 25(OH)D, PTH, PTH:25(OH)D 

ratio, respectively and the metabolic syndrome.  

Results: The prevalence of vitamin D deficiency was 15.9%, and 43.1% of the women had 

the metabolic syndrome. Hypertension was the most common (85.6%) while elevated 

triglyceride was the least common (27.8%) component of the metabolic syndrome. After 

adjusting for age, %body fat, habitual physical activity, tobacco use and season, neither 

25(OH)D nor PTH concentrations showed significant associations with having the metabolic 

syndrome. However, when %body fat was replaced with waist circumference there was a 

weak positive association between 25(OH)D concentration and the metabolic syndrome. No 

significant association was found between PTH:25(OH)D ratio and the metabolic syndrome. 

Conclusions: In conclusion, low serum 25(OH)D concentration was not associated with the 

metabolic syndrome in our black South African women. Although body composition variables 

were positively associated with PTH and the PTH:25(OH)D ratio, serum PTH was not 

associated with the metabolic syndrome. The association between 25(OH)D, PTH and the 

metabolic syndrome was not significantly mediated by adiposity. 
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Key words 25(OH)D; PTH; PTH:25(OH)D ratio; the metabolic syndrome, black South 

African women.  
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INTRODUCTION 

The metabolic syndrome has become a global epidemic, which increases the risk of type 2 

diabetes mellitus, cardiovascular morbidity and mortality [1,2]. It is a cluster of metabolic 

disorders that includes at least three out of the following five criteria: elevated fasting blood 

glucose, hypertension, abdominal obesity, elevated serum triglycerides and low serum high 

density lipoprotein cholesterol (HDL-C) [3].  

A number of studies have indicated metabolic roles for 25 hydroxyvitamin D (25(OH)D) and 

parathyroid hormone (PTH) [4,5]. A comparatively consistent relationship between low 

serum vitamin D and metabolic syndrome has been demonstrated [6-8]. However, the 

relationship between low serum vitamin D and metabolic traits, appear to differ among 

different ethnicities. In America, NHANES III data showed an inverse association between 

vitamin D status and insulin resistance in non-Hispanic whites and Mexican Americans, with 

no relationship observed in black Americans [9]. 

Some studies have associated vitamin D deficiency with excess body weight [10,11], which 

could be as a result of fat-soluble vitamin D getting trapped in excess body fat, thereby 

reducing its bioavailability [12]. Low serum vitamin D is also associated with elevated PTH 

secretion [13] and elevated PTH levels have been linked to obesity [14] and an increased 

risk of the metabolic syndrome [14,15]. The ratio of PTH:25(OH)D has recently been 

demonstrated to be positively associated with measures of insulin sensitivity [16] and with 

the metabolic syndrome [17] and showed that expressing the physiologic interaction 

between PTH and 25(OH)D as a ratio sheds more clarity on their associations with the 

metabolic syndrome [17].  

South Africa is in the nutrition-related non-communicable disease phase of the nutrition 

transition [18] which has given rise to an epidemic of obesity. Previous studies in South 

Africa have shown a high prevalence of the metabolic syndrome among blacks and people 

of Asian-Indian origin [19,20]. To the best of our knowledge, only one study in South Africa 

has examined the association between 25(OH)D, PTH and the metabolic syndrome, but no 

adjustment was made for adiposity [20]. The study found an association between PTH and 

the metabolic syndrome, but no association with 25(OH)D [20]. We postulate that the 

association between 25(OH)D, PTH and the metabolic syndrome will be mediated by 

adiposity. Consequently, the aim of our study is to examine the association of serum 
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25(OH)D and PTH concentration, respectively, with the metabolic syndrome while controlling 

for adiposity in black women in the North West Province, South Africa. 

SUBJECTS AND METHODS 

Study design 

The Prospective Urban and Rural Epidemiology (PURE) study is a 10 year longitudinal study 

aimed at tracking the effects of lifestyle and changing environment exposures on the 

development of non-communicable diseases in populations at different stages of 

epidemiologic transition [21]. The South African North West Province (NWP) arm of the 

PURE (PURE-SA-NWP) study commenced with baseline data collection in 2005 [22]. Using 

a cross sectional study design, urban black women aged ≥ 43 years measured at 7 years 

follow up from September 2012 to June 2013 from the PURE-SA-NWP study were included 

in this sub study. Only participants who had undergone dual energy X-ray absorptiometry 

(DXA) measurements at follow up and were HIV negative were eligible for inclusion in this 

study (n=209). Blood samples and DXA measurements for each participant were done on 

the same day and the seasons were defined as September to December 2012 for spring 

(season 1) and April to June 2013 for autumn (season 2). The study was approved by the 

Ethics committee of the North-West University (NWU), Potchefstroom campus (NWU-00016-

10-A1). All participants provided written informed consent. A separate written informed 

consent for HIV testing was obtained from each participant after a pre-counselling session. 

Body composition measurements  

Height was measured to the nearest 0.1 cm with a stadiometer (Leicester height measure, 

Seca, Birmingham,UK) and weight on a portable electronic scale to the nearest 0.01 kg 

(Precision Health Scale, A & D Company, Japan) by certified anthropometrists according to 

standard methods of the International Society for the Advancement of Kinanthropometry 

(ISAK) [23]. Body fat percentage was measured by a registered radiographer with DXA 

(Hologic Discovery W, APEX system software version 12.7.3.1). Body mass index (BMI) was 

calculated (weight in kilograms divided by height in meter squared). Waist circumference 

was measured midway between the iliac crest and the lower margin of the lowest palpable 

rib in the mid-axillary line using a steel anthropometric tape measure (Lufkin, Apex USA). 

Abdominal obesity was defined as waist circumference ≥ 80cm [3]. Age-specific cut-offs for 
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high body fat percentage were defined as ≥35.8% for women aged 43-49 years and ≥37.7% 

for women aged 50 years and above to indicate adiposity [24].  

Biochemical analyses and blood pressure measurement  

Registered nurses collected blood samples from the ante-brachial vein using a sterile 

winged infusion set and syringes following an overnight fast of at least eight hours. Serum 

samples were prepared and stored in aliquots in cryotubes at -80ºC. All samples were 

analysed at the same time with reagents from the same lot after all the samples were 

collected. Serum cholesterol, triglycerides (TG), HDL-C and plasma glucose were analysed 

on the Cobas Integra 400 Plus (Roche, Basel, Switzerland). Insulin, 25(OH)D concentrations 

and PTH were determined with an electrochemiluminescence immunoassay on the Elecsys 

2010 (Roche, Basel, Switzerland). The inter- and intra assay coefficient of variation (CV) for 

25(OH)D was 10.7% and 7.8% respectively. The inter- and intra assay CV for PTH was 

6.5% and 4.1% respectively. The inter- and intra assay CV of insulin was 2.8% and 2.0% 

respectively. We defined vitamin D deficiency as 25(OH)D < 20 ng/mL, and vitamin D 

insufficiency as 25(OH)D between 21 and 29 ng/mL [25]. Elevated PTH was defined as PTH 

values > 65 pg/mL [26]. We calculated the PTH:25(OH)D ratio by dividing serum PTH in 

pg/mL by serum 25(OH)D in ng/mL. The homeostasis model assessment (HOMA) technique 

was used to calculate insulin resistance (HOMA-IR) based on fasting insulin and glucose 

[fasting insulin (µU/mL)] x [fasting glucose (mmol/L)] / 22.5 [27]. 

After a ten minutes rest, systolic and diastolic blood pressures were measured with a 

validated OMRON HEM-757 instrument (Omron Healthcare, Kyoto, Japan), using 

appropriate sized cuffs for participants. The measurements were carried out in duplicate (5 

minutes apart) on the right upper arm, while the participants were seated upright with the 

right arm supported at heart level.  

Questionnaires and physical activity 

All countries participating in the PURE study used structured and adapted questionnaires to 

collect socio-demographic and lifestyle information including medication and tobacco use 

[21]. Trained field workers administered questionnaires in the language of choice of the 

participants. Habitual physical activity was measured with a modified Baecke questionnaire 

[28] and physical activity scores were obtained as previously described by Kruger and 

colleagues [22]. Habitual activity energy expenditure was also measured using an 

accelerometer with a combined heart rate monitor (ActiHeart®, Camtech, UK) for 7 days. 
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The monitor makes use of a statistical branch model to calculate energy expenditure both on 

activity counts and heart rate [29]. Participants were visited by field workers on a daily basis 

to ensure that the ActiHeart® monitor was secure and to record possible problems with 

wearing the device. The time spent in each physical activity intensity category by each 

individual was also recorded. Activity energy expenditure (AEE) was determined by means 

of 60 second epochs and data generated by the ActiHeart® were downloaded using a 

computer interface. Time and intensity of activity were related back to METS and classified 

as 1.1 – 2.9 METS as light-intensity activity, 3.0 – 5.9 as moderate-intensity activity and 

vigorous activity as >/= 6 METS [30]. Total energy expenditure and AEE were also 

calculated (in Kcal) with the ActiHeart® software. The reliability and validity of using the 

ActiHeart® to evaluate physical activity in Sub-Saharan Africans has been previously 

assessed [31].  

Diagnosis of metabolic syndrome 

Using the harmonized definition, participants with at least three of the following criteria were 

diagnosed to have the metabolic syndrome [3]: elevated waist circumference (≥ 80cm); 

hypertension (diagnosed hypertensive subjects on blood pressure medications and subjects 

with elevated blood pressure of systolic blood pressure ≥ 130 mmHg and/or diastolic blood 

pressure ≥ 85 mmHg); elevated serum triglycerides (≥ 1.7 mmol/L); reduced serum HDL-C 

(<1.3 mmol/L) and subjects on oral hypoglycemic medications or elevated fasting blood 

glucose (≥ 5.6 mmol/L). None of the subjects were on hypolipidemic drugs. A separate 

metabolic syndrome variable was created, excluding elevated waist circumference as a 

diagnostic criterion, due to the strong collinear relationship between body fat percentage and 

waist circumference. For this variable, metabolic syndrome was defined as the presence of 3 

out of 4 criteria. This modified definition of the metabolic syndrome was used for the logistic 

regression analysis, with presence of the metabolic syndrome as dependent variable and 

either body fat percentage or waist circumference as a covariate. 

Statistical analyses 

IBM SPSS version 22 (IBM Company, Armonk, NY, USA) was used for all analyses. 

Normally distributed data are presented as means ± standard deviation. Non-normally 

distributed data was logarithmically transformed and presented as medians and interquartile 

range. Categorical data were analysed using frequency tables and prevalence of specific 

conditions was expressed as percentages. Independent t-tests were used to compare 
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normally distributed variables and Mann-Whitney U-tests to compare non-normally 

distributed variables between groups with metabolic syndrome and without metabolic 

syndrome. Analysis of covariance (ANCOVA) was used to adjust for body fat percentage 

while comparing means of 25(OH)D and PTH between groups with metabolic syndrome and 

without metabolic syndrome. Multiple regressions were used to explore the relationship 

between 25(OH)D, PTH and body composition variables while adjusting for age, physical 

activity score, tobacco use and season as possible confounders based on known 

relationships observed in the literature [4,32], as well as differences found between 

participants with and without the metabolic syndrome. Univariate prevalence odds ratio (OR) 

and 95% confidence intervals (CI) were calculated for 25(OH)D, PTH or PTH:25(OH)D ratio 

to determine the presence of the metabolic syndrome using the modified variable (excluding 

the elevated waist circumference component). Multivariate ORs were then calculated for 

25(OH)D, PTH or PTH: 25(OH)D ratio, adjusting for age, tobacco use, physical activity, body 

fat percentage (or waist circumference) and season in logistic regression. Statistical 

significance was set at p < 0.05.  

RESULTS 

Demographic, body composition and metabolic characteristics of the participants are 

presented in Table 1. Using the World Health Organisation (WHO) body mass index (BMI) 

classification, 69.9% of the women were overweight or obese and 65.5% of the women had 

excessive adiposity using the age specific cut-off points for body fat percentage [24]. Two 

recent South African studies proposed using a higher cut-off value of waist circumference (> 

92cm) to define abdominal obesity for black women [19,33]. A smaller percentage of 49.8% 

of the women were abdominally obese using this cut-off value compared to 71.8% when the 

waist circumference cut-off value of ≥80cm was used (Table 1). The prevalence of vitamin D 

deficiency (25(OH)D < 20 ng/mL) was 15.9%, while the prevalence of vitamin D insufficiency 

(25(OH)D 21 to 29 ng/mL) was 24.4%. The prevalence of elevated PTH (>65 pg/mL) was 

17.7%. 
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Table 1: Demographic, body composition, health and lifestyle measures of the total group as 

well as between women with and without metabolic syndrome (n=209)* 

Variable Total group 
(n=209)

a
 

Women without 
Metabolic 
Syndrome 
(n=119)

a
 

Women with 
Metabolic 
Syndrome 

(n=90)
a
 

p
b
 

Age(years) 59.6 ± 10.6 59.8 ±10.5 59.4 ± 10.9 0.78 
Body fat % 40.4 ± 7.41 38.5 ± 8.11 42.9 ± 5.51 <0.0001 
BMI (kg/m

2
) 29.5 ± 7.58 27.0 ± 7.64 32.8 ± 6.14 <0.0001 

Waist circumference (cm) 89.8 ± 14.4 84.0 ± 14.8 97.3 ± 9.64 <0.0001 
25(OH)D (ng/mL) 30.6 ± 9.52 31.3 ± 9.44 29.7 ± 9.61 0.24 

(0.57
c
) 

PTH (pg/mL) 44.3 (34.2, 58.8) 41.9 (32.7, 54.3) 47.9 (35.1, 63.5) 0.09 
(0.58

c
) 

HOMA-IR 2.67 (1.43, 4.99) 2.14 (1.00, 4.29) 3.33 (1.91, 7.53) <0.0001 
Glucose (mmol/L) 4.74 (4.27, 5.37) 4.48(4.10, 4.88) 5.35 (4.61, 6.37) <0.0001 
Triglycerides (mmol/L) 0.99 (0.74, 1.41) 0.91(0.70,1.22) 1.18 (0.81, 1.79) <0.0001 
HDL-C (mmol/L) 1.19 (0.98, 1.56) 1.46 (1.14, 1.82) 1.05 (0.86, 1.17) <0.0001 
Systolic BP(mmHg)  128.1 ± 22.8 125.0 ± 23.7 132.1 ± 21.1 0.03 
Diastolic BP (mmHg) 81.2 ± 12.6 79.0± 13.5 84.0 ± 10.8 0.005 
AEE (Kcal/day) 884.0 (521.25, 

1622.0) 
737.0 (522.0, 

1314.0) 
1073.0 (494.5, 

1912.0) 
0.09 

Light-intensity activity/ 
day(1.1-2.9 METs) (min) 

192.36 ± 39.1 195.6 ± 38.3 187.84 ± 40.2 0.19 

Moderate-intensity activity/ 
day (3-5.9 METs) (min) 

29.14 ± 37.3 26.1 ± 37.9 33.3 ± 36.3 0.20 

Vigorous activity /day (>6 
METs) (min) 

0.65 ± 1.92 0.65 ± 2.2 0.65 ± 1.39 0.99 

Physical activity score  2.08 (1.43, 2.64) 2.18 (1.61, 2.73) 1.90 (1.29, 2.60) 0.06 
Tobacco users n (%) 100 (47.8) 66 (58.4) 34 (39.5) 0.01 
Elevated fasting glucose n 
(%) 

41 (19.6) 5 (4.7) 36 (44.4) <0.0001 

Elevated triglycerides n (%) 34 (16.3) 9 (8.0) 25 (27.8) <0.0001 
Reduced HDL-C n (%) 118 (56.5) 37 (32.7) 81 (90.0) <0.0001 
Hypertensive n (%) 151 (72.2) 74 (62.2) 77 (85.6) <0.0001 
Abdominal obesity: WC ≥ 
80cm n (%) 

150 (71.8) 62 (53.0) 88 (97.8) <0.0001 

Abdominal obesity: WC ≥ 
92cm n (%) 

104 (49.8) 40 (34.2) 64(71.1) <0.0001 

Excess adiposity 
d
 n (%) 137 (65.6) 66 (55.5) 71 (78.9) <0.0001 

Overweight/ obese n (%) 146 (69.9) 65 (55.1) 81 (90.0) <0.0001 
Vitamin D deficiency (<20 
ng/mL) 

32 (15.9) 16 (13.4) 16 (17.8) 0.44 

Vitamin D insufficiency (21-29 
ng/mL) 

49 (24.4) 32 (28.3) 17 (19.3) 0.23 

Elevated PTH (>65 pg/mL) 37 (17.7) 17(15.2) 20(22.2) 0.20 
a 

Sample size varies due to missing values. BMI = body mass index. 25(OH)D = serum 25 hydroxy vitamin D, 

PTH= parathyroid hormone, HOMA-IR= Homeostasis model assessment Insulin resistance, HDL-C= high density 

lipoprotein cholesterol, BP= Blood pressure. AEE = activity energy expenditure.
 

b 
Difference between groups with and without the metabolic syndrome . t-test/Mann-Whitney test/chi-square test 

c
 Difference between participants with and without the metabolic syndrome, adjusted for body fat percentage 

(ANCOVA) 
d
 age specific cut off values for adiposity based on body fat percentage (≤ 35.8 - > 37.7 %).  

Data presented as mean ± SD for normally distributed data and median (IQR) for non-normally distributed data 
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Actiheart® data for 184 (88.04%) women were available for analysis. Physical activity 

measured by Actiheart® indicated that the women spent on average 13.4% of their time 

(3.21 hours) in light-intensity activity (1.1- 2.9 METs), 2% in moderate-intensity activity (0.49 

hours, 3-5.9 METs) with only 0.005% of total time (0.07 minutes) spent in activities 

representing ≥ 6 METs. In total 107 women (58.2%) accumulated 10 minutes or more on 

daily activities with intensity of 3-5.9 METs, while only one woman accumulated more than 

10 minutes per day on activities representing ≥ 6 METs. Results of the physical activity 

questionnaire also showed a low mean physical activity score for the women, within the 

inactive range from 1 - 3.3 [22]. 

Using the harmonized definition the metabolic syndrome was diagnosed in 43.1% of the 

women with hypertension (85.6%) being the most common and elevated triglycerides 

(27.8%) being the least common component of metabolic syndrome (Table 1). Women with 

the metabolic syndrome had significantly higher body fat percentage, BMI, waist 

circumference and HOMA-IR (all p<0.0001). There was no difference between the mean 

serum 25(OH)D, PTH and age of women with the metabolic syndrome and women without 

the metabolic syndrome, also after adjusting for body fat. The odds of having the metabolic 

syndrome were not different in women who had insufficient serum vitamin D levels 

compared to those with sufficient vitamin D levels (OR 0.86, 95% CI 0.49, 1.52 p=0.61), 

neither was it significantly higher for women with elevated PTH compared to those in the 

normal range (OR 1.60, 95% CI 0.78, 3.27 p=0.20) 

Vitamin D status of women measured in autumn was significantly higher than those 

measured in spring (p<0.001), with mean serum 25(OH)D of 36.5 (±7.30) and 27.5 (±9.23) 

ng/mL, respectively. Similarly more women were vitamin D insufficient in spring compared to 

autumn (55.4% vs. 16.9% respectively, p<0.001). 

Table 2 shows the multiple regression results of the associations between body composition 

variables and 25(OH)D, PTH and PTH: 25(OH)D ratio. In the unadjusted models (model 1) 

all body composition variables were inversely associated with 25(OH)D and positively 

associated with PTH and PTH: 25(OH)D ratio. When age, physical activity score, tobacco 

use and season were adjusted for, the associations between body composition variables 

and 25(OH)D became borderline significant. On the other hand, all body composition 

variables remained positively associated with PTH even after adjustments for possible 

confounders (model 2). Similar associations were found between PTH: 25(OH)D ratio and 
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waist circumference, as well as BMI. Body fat % was not significantly associated with 

25(OH)D or the PTH: 25(OH)D ratio in the adjusted models. 

Table 2: Multiple regression analysis for 25(OH)D, PTH or PTH:25(OH)D ratio on body 

composition variables 

 25(OH)D  PTH  PTH:25(OH)D   

 Β p β p β P 

Waist 
circumference 

      

Model 1- Unadjusted model      

Waist 
circumference 

-0.19 0.01 0.19 0.01 0.18 0.01 

Model 2-Full model       

Waist 
circumference 

-0.14 0.06 0.22 0.003 0.18 0.02 

Age -0.13 0.07 0.27 <0.001 0.15 0.04 
Physical activity 
score  

-0.06 0.38 -0.01 0.89 -0.1 0.44 

Tobacco use 0.08 0.24 -0.00 0.97 0.03 0.71 
Season (1=Spring; 
2=Autumn) 

0.39 <0.001 -0.16 0.03 -0.21 0.01 

BMI       
Model 1- Unadjusted model      

BMI -0.20 0.004 0.22 0.002 0.18 0.01 

Model 2 Full model      

BMI -0.14 0.05 0.23 0.002 0.15 0.04 
Age -0.14 0.05 0.29 <0.001 0.16 0.04 
Physical activity 
score 

-0.06 0.40 0.00 0.97 -0.06 0.45 

Tobacco use 0.07 0.30 0.00 1.00 0.02 0.77 
Season (1=Spring; 
2=Autumn) 

0.40 <0.001 -0.17 0.002 -0.22 0.003 

Body fat %       
Model 1 Unadjusted model      

Body fat % -0.15 0.04 0.27 <0.001 0.14 0.05 

Model 2 Full model      

Body fat % -0.06 0.37 0.26 <0.001 0.10 0.21 
Age -0.11 0.12 0.26 <0.001 0.13 0.08 
Physical activity 
score 

-0.05 0.50 0.01 0.90 -0.07 0.39 

Tobacco use 0.09 0.21 0.01 0.85 0.01 0.90 
Season (1=Spring; 
2=Autumn) 

0.41 <0.001 -0.17 0.02 -0.23 0.002 

Model 1 is unadjusted models 2 is adjusted for age, physical activity, tobacco use and season. WC is waist circumference, BMI is Body mass 

index 
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Logistic regression analysis was used to determine the association between 25(OH)D and 

PTH respectively, with the metabolic syndrome (excluding the elevated waist circumference 

component).  Neither 25(OH)D nor PTH was significantly associated with the metabolic 

syndrome in unadjusted models (model 1). After adjusting for age, body fat, habitual physical 

activity, tobacco use and season, PTH concentrations were still not associated with the 

prevalence of the metabolic syndrome (model 2). However, in similar models, women with 

higher 25(OH)D concentration had a 6% (1.00, 1.11) higher odds of having the metabolic 

syndrome (Table 3, model 3). In these adjusted models physical activity and use of tobacco 

significantly influenced the odds of having the metabolic syndrome (models 2 and 3). Table 3 

shows that women with higher habitual physical activity had 52% to 55% lower odds of the 

metabolic syndrome respectively (models 2 and 3). Tobacco use was inversely associated 

with the metabolic syndrome in the 25(OH)D models although no significant association was 

found in the PTH models.  

In order to investigate the influence of body fat distribution, body fat % was replaced with 

waist circumference in these models and 25(OH)D was found to be significantly associated 

with the metabolic syndrome (Table 3 models 3).  

Table 4 shows the logistic regression results of the association between PTH:25(OH)D ratio 

and the metabolic syndrome (excluding the elevated waist circumference component). No 

significant association was found between PTH:25(OH)D ratio and the metabolic syndrome. 
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Table 3: Multiple logistic regression analysis for the association between 25(OH)D or PTH 

and other covariates and the metabolic syndrome 

Dependent 
variable 

Metabolic syndrome Metabolic syndrome 

 Odds 
ratios 

95% CIs p  Odds 
ratios 

95% CIs P 

Model 1: Unadjusted model       
25(OH)D 1.03 0.98, 1.07 0.24 PTH 1.22 0.17, 8.83 0.84 

  

Model 2 Full model with 25(OH)D Full model with PTH 

25(OH)D 1.04 0.99, 1.10 0.10 PTH 0.41 0.03, 5.25 0.49 

Age (years) 0.99 0.95, 1.03 0.52 Age (years) 0.99 0.95, 1.03 0.65 

Body fat % 1.04 0.97, 1.11 0.28 Body fat % 1.04 0.98, 1.11 0.23 

Physical activity 

score 
0.42 0.20, 0.90 0.03 

Physical activity 

score 
0.47 0.23, 0.95 0.03 

Tobacco use  0.35 0.14, 0.89 0.03 Tobacco use  0.45 0.19, 1.09 0.08 

Season  1.54 0.56, 4.21 0.40 Season  2.00 0.79, 5.04 0.14 

Model 3: Full model with25(OH)D or PTH, waist circumference instead of body fat percentage as covariate 

25(OH)D 1.06 1.00, 1.11 0.04 PTH 0.28 0.02, 3.34 0.31 

Age (years) 1.00 0.96, 1.05 0.93 Age (years) 1.00 0.96, 1.05 0.82 

Waist 

circumference 
1.07 1.03, 1.11 0.002 

Waist 

circumference 
1.06 1.02, 1.10 0.002 

Physical activity 

score 
0.45 0.20, 0.98 0.04 

Physical activity 

score 
0.48 0.23, 0.99 0.05 

Tobacco use  0.39 0.16, 1.00 0.05 Tobacco use  0.51 0.21, 1.23 0.14 

Season  1.82 0.63, 5.24 0.27 Season  2.42 0.91, 6.41 0.08 

Model 4: Full model without 25(OH)D Full model without PTH 

Age (years) 0.98 0.95, 1.02 0.41 Age (years) 0.98 0.95, 1.02 0.41 

Body fat % 1.03 0.92, 1.10 0.28 Body fat % 1.03 0.92, 1.10 0.28 

Physical activity 

score 
0.58 0.31, 1.10 0.09 

Physical activity 

score 
0.58 0.31, 1.10 0.09 

Tobacco use  0.48 0.20, 1.12 0.09 Tobacco use  0.48 0.20, 1.12 0.09 

Model 5: Full model, waist circumference instead of body fat percentage as covariate without 25(OH)D or PTH 

Age (years) 0.99 0.95, 1.04 0.76 Age (years) 0.99 0.95, 1.04 0.76 

Waist 

circumference 
1.05 1.02, 1.09 0.005 

Waist 

circumference 
1.05 1.02, 1.09 0.005 

Physical activity 

score 
0.63 0.33, 1.19 0.16 

Physical activity 

score 
0.63 0.33, 1.19 0.16 

Tobacco use  0.54 0.23, 1.27 0.16 Tobacco use  0.54 0.23, 1.27 0.16 
*Metabolic syndrome excluding the elevated waist circumference component  
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Table 4 Multiple logistic regression analysis for the association between PTH:25(OH)D the 

metabolic syndrome 

Main independent 
variable 

PTH:25(OH)D 

Dependent 
variable 

Metabolic syndrome   

 Odds ratios 95% CIs P 

Model 1: Unadjusted model 

PTH:25(OH)D 1.00 0.83, 1.21 0.996 

Model 2: Full model  

PTH:25(OH)D 0.94 0.74, 1.20 0.62 

Age (years) 0.98 0.95, 1.03 0.45 

Body fat % 1.03 0.97, 1.10 0.30 

Physical activity 

score 
0.42 0.20, 0.87 0.02 

Tobacco use  0.40 0.16, 0.98 0.04 

Season  1.97 0.75, 5.16 0.17 

Model 3: full model, waist circumference instead of body fat percentage as covariate     

PTH:25(OH)D 0.88 0.67, 1.17 0.38 

Age (years) 1.00 0.96, 1.04 0.98 

Waist 

circumference 
1.06 1.02, 1.10 0.003 

Physical activity 

score 
0.44 0.20, 0.93 0.03 

Tobacco use  0.45 0.18, 1.12 0.09 

Season  2.36 0.86, 6.52 0.10 
Model 1 is unadjusted model. All other models adjusted for age, body fat percentage or waist circumference, physical activity, tobacco use and 

season. *Metabolic syndrome excluding the elevated waist circumference component 
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DISCUSSION  

In this study we investigated the relationships between 25(OH)D, PTH, PTH:25(OH)D ratio 

and the metabolic syndrome in black South African women and whether these relationships 

are influenced by adiposity. Our findings indicate a lack of significant associations between 

PTH, PTH:25(OH)D ratio and the metabolic syndrome. Positive associations between body 

composition variables and PTH were, however, found. A low 25(OH)D concentration was 

also not associated with the metabolic syndrome in our black South African women, 

although there were borderline inverse associations between 25(OH)D and waist 

circumference and BMI, respectively. 

The relationships of 25(OH)D and PTH, respectively with the metabolic syndrome are 

controversial. Some studies show inverse associations between 25(OH)D and the metabolic 

syndrome [6-8, 34-36] and positive associations between PTH and the metabolic syndrome 

[14,15]. Other studies have reported no associations between 25(OH)D and/or PTH and the 

metabolic syndrome [14,37]. We found a weak positive association between 25(OH)D and 

the metabolic syndrome when we adjusted for waist circumference. The association was 

small and might not be clinically significant based on the confidence interval of 1.00 to 1.11 

(Table 3 model 5). The lack of negative relationships between the metabolic syndrome and 

25(OH)D, despite the high prevalence (43%) of the metabolic syndrome observed in our 

study could be explained in part by the low prevalence of vitamin D deficiency (15.9%) 

among our study participants. In comparison to our study, higher prevalence of vitamin D 

deficiency was found in studies that showed inverse associations between 25(OH)D and the 

metabolic syndrome [6-8, 34-36]. Another possible contributing factor for the lack in negative 

relationship may be an indication that black individuals are not sensitive to the metabolic 

effects of vitamin D as suggested by Scragg and colleagues [9]. Our results are in 

accordance with a recent study among black South Africans and South Africans of Asian-

Indian origin where 25(OH)D was not associated with the metabolic syndrome [20]. The 

same study [20], however, found a positive association between PTH and the metabolic 

syndrome which is in contrast to the lack of association we found.  

There was no association between PTH:25(OH)D ratio and the metabolic syndrome in our 

study. Our result is contrary to that of an European study among Flemish adults where they 

found the ratio of PTH:25(OH)D was positively associated with having the metabolic 

syndrome [17]. The relationship between the metabolic syndrome and PTH:25(OH)D ratio in 



196 | P a g e  

 

 

their study was mainly driven by serum 25(OH)D concentrations [17]. The lack of association 

between PTH:25(OH)D ratio and the metabolic syndrome in our study could also be 

explained in part by the low prevalence of vitamin D deficiency and low prevalence of 

elevated PTH (17.7%) among our study participants. Waist circumference, which is an 

indicator of abdominal obesity was significantly associated with the PTH:25(OH)D ratio in 

our study. This is similar to the European study where a strong association between 

abdominal obesity and the PTH:25(OH)D ratio was found [17]. Adipose tissue acts as a 

reservoir for vitamin D in the body [12] and in addition to this, abdominal adipose tissue 

releases inflammatory cytokines which further decrease the amount of circulating 25(OH)D 

[38]. The PTH:25(OH)D ratio in our study is driven mainly by PTH as the PTH:25(OH)D ratio 

largely reflects the associations seen between PTH, body composition variables and the 

metabolic syndrome.  

It has been previously postulated that low 25(OH)D and reactive increases in PTH were both 

consequences of obesity [10-12]. Some studies on the other hand have suggested that 

elevated PTH promotes the accumulation of adipose tissue, thereby suggesting the 

possibility that elevated PTH may play a role in the development of obesity [39-41]. Our 

results are consistent with previous reports on positive associations between PTH and 

measures of adiposity [39-42]. This might be an indication that black South African women 

are more sensitive to the metabolic roles of PTH compared to 25(OH)D as suggested by 

George et al. [20]. Body composition variables (BMI, body fat percentage and waist 

circumference) lost their significant inverse associations with 25(OH)D after adjusting for 

potential confounders. Waist circumference however, still tended to be inversely associated 

with 25(OH)D (p = 0.07), which supports the hypothesis that in comparison to subcutaneous 

fat, abdominal adipose tissue has a stronger inverse association with vitamin D status, as 

previously suggested [42-45]. Body fat percentage on the other hand, lost its significant 

relationship with 25(OH)D after adjusting for confounders, which is contrary to the results of 

a study carried out in white Europeans [32]. This lack of association between total body fat 

percentage and 25(OH)D in our study could be explained by the phenomenon of most black 

South African women having a larger percentage of their body fat distributed subcutaneously 

around their hips [46-47]. This could also be an indication that the effect of visceral fat on 

serum 25(OH)D is stronger compared to the effect of subcutaneous fat.  

While 25(OH)D and PTH were not main contributors to the presence of the metabolic 

syndrome in African women in our study, other covariates such as smoking and physical 

activity seemed to make more prominent contributions. The protective effect of higher 
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physical activity on the odds of having the metabolic syndrome in our study is in agreement 

with other studies [48-50]. It is not clear why objective measures of physical activity showed 

no association with the metabolic syndrome in our study. We also found a protective effect of 

the use of tobacco on the odds of having the metabolic syndrome, which is unexpected and 

we cannot fully explain the mechanism behind this. However, we propose that the 

relationship between tobacco use and the metabolic syndrome may, at least in part, be 

through the effect of smoking on body composition [51,52]. In addition, using the harmonised 

definition of the metabolic syndrome, we also found a protective effect of the use of tobacco 

on the odds of having the metabolic syndrome (data not shown). The women with a history 

of tobacco use in our study had significantly lower adiposity compared to those who never 

used tobacco (data not shown). The relationship between smoking and the metabolic 

syndrome has also been shown to be dose responsive with heavy smokers having a higher 

risk of developing metabolic syndrome in comparison to light or non-smokers [53,54]. Due to 

the relatively high cost of cigarettes and tobacco products in South Africa, it is likely that the 

women who used tobacco products among our study participants were light smokers/ 

tobacco chewers. The association observed between use of tobacco and the metabolic 

syndrome in our study might have been different if we had taken into account the quantity of 

tobacco used on a daily basis as previously demonstrated in other studies [53-56]. 

Therefore, the association found between use of tobacco and the metabolic syndrome in our 

study should be interpreted in the light of the peculiarities discussed above and needs 

further investigation. 

Limitations of this study include its cross-sectional design, thus we cannot draw conclusions 

about causality. This study was performed in black urban women and the results may not be 

generalizable to the greater black South African population. Also we could not get accurate 

records from the self-report of the quantity of tobacco used, in order to separate the light 

users and the heavy ones. Despite the limitations, our study has further highlighted the 

differences between what constitutes as risk factors for the metabolic syndrome in black 

Africans compared to other ethnic groups.  

In conclusion, low 25(OH)D concentration was not associated with the metabolic syndrome 

in our black South African women. Although PTH and PTH:25(OH)D ratio were significantly 

positively associated with body composition variables they were not associated with the 

metabolic syndrome. The association between 25(OH)D, PTH and the metabolic syndrome 

was not significantly mediated by adiposity. The relationship between PTH and measures of 

adiposity in black South African women needs to be further investigated.  
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CHAPTER 6  GENERAL SUMMARY, DISCUSSION, 

CONCLUSIONS AND RECOMMENDATIONS 

6.1 INTRODUCTION 

This final chapter provides a summary of the main findings of the three articles that form part 

of this thesis. The results have already been interpreted, discussed and compared with 

relevant literature in Chapters 3, 4 and 5. The recommendations made in this thesis were 

based on the main findings. The main aim and objectives are repeated below for ease of 

reference, followed by the salient observations of the studies and recommendations.  

Aims and objectives  

The main aim of this study was to examine factors (vitamin D status, urbanization, socio-

economic status (SES) and lifestyle risk factors) associated with body composition, including 

bone health, as well as predictors of change in body composition in African adults in the 

North West Province of South Africa.  

The objectives of this study were to: 

 Examine the influence of urbanization, SES and lifestyle risk factors on changes in 

the body composition of black South African men and women from the North West 

Province between 2005 and 2010.  

 Examine the association between body composition (BMI, fat mass and lean mass) 

and bone health (BMD and fracture risk) in urban postmenopausal black South 

African women. 

 Examine the association of serum 25(OH)D and PTH concentration with metabolic 

syndrome, respectively, while controlling for adiposity in urban black South African 

women from the North West Province. 
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6.2 The influence of SES and lifestyle risk factors on changes in the body 

composition of black South Africans 

Changes in body composition over time are inevitable and expected. Our study revealed 

unfavourable changes in body adiposity measurements as indicated by the significant 

increase in BMI, waist circumference and triceps skinfold thickness in black South African 

adults over a 5-year period. Lifestyle changes associated with urbanization and their 

unfavourable associations with measures of obesity have been well documented in 

developing countries (Popkin et al., 1993; Hill et al., 2000; Vorster et al., 2011). Similarly, the 

present study demonstrated that urbanization was the major predictor of changes in body 

composition of adult South African men and women. At both baseline and follow up, women 

from the urban group had significantly higher measures of obesity compared to their rural 

counterparts. Urban residents also had a significantly higher mean dietary energy and fat 

intake compared to rural residents for both genders. It should be noted that even though our 

urban women gained significantly more in body adiposity measurements compared to their 

rural counterparts, the trend of changes in adiposity observed in both rural and urban areas 

over the 5-year period were similar. This could be an indication of unhealthy lifestyle 

transition also in the rural area.  

SES has been reported in the literature to be inversely associated with BMI (Jeffery et al., 

1991; Sundquist & Johansson, 1998). Interestingly, in contrast to the literature our study 

demonstrated that a higher SES was associated with higher measures of adiposity in both 

genders. This could, however, be due to the fact that only a few of our study participants had 

a relatively high SES, whereas the majority of our participants were classified with a low SES 

with no or limited formal education and mainly employed as domestic/informal workers. 

Compared to our study where over 80% of our participants attained a low educational level, 

only 25% of the European study participants were in the low educational level group 

(Sundquist & Johansson, 1998). It was interesting to see that being married was a significant 

predictor of gain in waist circumference and BMI in men, while it had no effect in women.  

6.3 The association between body composition and bone health in urban 

postmenopausal black South African women. 

Black African women were traditionally perceived to be protected from age-related bone loss 

with fewer incidences of non-traumatic fractures in comparison to white women (Aloia, 

1996). Due to lifestyle changes associated with urbanization, however, there is an increasing 
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concern about the loss of African women’s inherent advantage of a higher BMD (Kruger et 

al., 2011). It was previously postulated that obesity is protective of bone health via its weight 

bearing effect (Felson et al., 1993; Ravn et al., 1999; Asomaning et al., 2006). However 

more recent studies have shown an inverse relationship between obesity and bone health 

(De Laet et al., 2005; Tanaka et al., 2013). Obesity prevalence among South African women 

is high with a national prevalence of 39.9% for black South African women (Shishana et al., 

2013). The prevalence of obesity (47.1%), low bone mass (39.7%) and osteoporosis (14.8%) 

in the present study were also high which adds to the concerns about deteriorating bone 

health in black South African women. Our study further revealed that even though fat mass 

and lean mass were both independently associated with bone health, there was a stronger 

association between lean mass compared to fat mass and bone health in black South 

African women. 

6.4 The association of serum 25(OH) D and PTH concentration with metabolic 

syndrome in urban black South African women 

There is a scarcity of information on the association between serum 25(OH)D, PTH and the 

metabolic syndrome among black South Africans. A number of studies have linked low 

serum 25(OH)D and elevated PTH concentrations to an increased risk of the metabolic 

syndrome among Europeans and people of European descent (Reis et al., 2007; Ahlström et 

al., 2009; Lee et al., 2009). In our study, low 25(OH)D concentration was not associated with 

the metabolic syndrome in our black South African women. We found a weak positive 

association between 25(OH)D and the metabolic syndrome when we adjusted for waist 

circumference instead of body fat percentage. This could further corroborate the suggestions 

that abdominal adipose tissue exerts a more important effect on vitamin D status than 

subcutaneous fat (Snijder et al., 2005; Beydoun et al., 2010; Ding et al., 2010; Chacko et al., 

2011). A similar study by George et al. (2013) found no association between 25(OH)D and 

the metabolic syndrome in black and Asian-Indian South Africans. The prevalence of vitamin 

D deficiency among our study participants was low compared to what is usually reported for 

Europeans and blacks living in the western countries. It has been suggested that blacks 

might not be sensitive to the metabolic effects of serum 25(OH)D (Scragg et al., 2004). 

There was no significant association between PTH and the metabolic syndrome in this study 

although body composition variables were positively associated with PTH, contrary to the 

positive association found between PTH and the metabolic syndrome in black and Asian-

Indian South Africans by George and colleagues (2013).  
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In the present study PTH was positively associated with measures of adiposity. However, 

serum 25(OH)D only tended to be inversely associated with waist circumference, body fat 

percentage and BMI after possible confounders were adjusted for. The associations 

observed between PTH and all the measures of adiposity could be an indication that black 

South African women are more sensitive to the metabolic roles of PTH compared to that of 

25(OH)D.  

The ratio of PTH:25(OH)D has recently been demonstrated to be positively associated with 

measures of insulin sensitivity (Stanley et al., 2013) and with the metabolic syndrome 

(Richart et al., 2011). Furthermore, we assessed the relationship between PTH:25(OH)D 

ratio and the metabolic syndrome and did not find an association. This is contrary to the 

result of an European study among Flemish adults (Richart et al., 2011). PTH:25(OH)D ratio 

in the Flemish study was mainly driven by serum 25(OH)D concentrations (Richart et al., 

2011). The lack of association between PTH:25(OH)D ratio and the metabolic syndrome in 

our study could also be explained in part by the low prevalence of vitamin D deficiency and 

low prevalence of elevated PTH (17.7%) among our study participants. Waist circumference, 

which is an indicator of abdominal obesity was significantly associated with the 

PTH:25(OH)D ratio in our study. This is similar to the European study where a strong 

association between abdominal obesity and the PTH:25(OH)D ratio was found (Richart et 

al., 2011). Adipose tissue acts as a reservoir for vitamin D in the body (Wortsman et al., 

2000) in addition to this, abdominal adipose tissue releases inflammatory cytokines which 

further decrease the amount of circulating 25(OH)D (Blum et al., 2008). The PTH:25(OH)D 

ratio in our study is driven mainly by PTH as the PTH:25(OH)D ratio reflects the associations 

seen between PTH, body composition variables and the metabolic syndrome. 

6.5 CONCLUSION 

This thesis highlights the high prevalence of overweight and obesity among black South 

Africans in the North West province. Of note is also the higher than expected prevalence of 

low bone mass among the women from the same population. Urbanization played a 

significant role in the increasing adiposity of black South Africans in the North West province. 

Various factors like easier access to food, more food variety and novelty contribute to the 

urban environment and its effect on body composition. Although this thesis demonstrates 

that dietary energy and fat intakes were significantly higher in the urban compared to the 

rural residents, dietary fat intake was positively correlated with changes in waist 

circumference and triceps measurements in men and women, but regression analysis 
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demonstrated that dietary fat intake was not a significant predictor of changes in body 

composition over five years. This thesis further demonstrates that both lean mass and fat 

mass were independently associated with bone health, but lean mass rather than fat mass 

had a stronger positive association with bone health. Dietary intake and physical inactivity 

also contributed to the bone health of the study participants and the high prevalence of 

overweight and obesity highlighted in this study. Furthermore, smoking and alcohol intake 

were also associated with the sub-optimal bone health and body composition of black South 

African adults in this study. Finally in this thesis, and contrary to literature, low 25(OH)D 

concentration was not associated with the metabolic syndrome, while there was no 

significant association between PTH and the metabolic syndrome in our black South African 

women. 

6.6 RECOMMENDATIONS 

The following conclusions and recommendations for future research were formulated from 

the papers included in this thesis: 

1. Black adults in the North West province are gaining body fat. Scaling up of obesity 

intervention programmes in both urban and rural areas of the North West Province of South 

Africa is recommended.  

2. Increasing lean mass rather than fat mass is beneficial to bone health. Further 

studies on other factors affecting lean mass and bone health of Africans are recommended.  

3. Although 25(OH)D and PTH were not associated with the metabolic syndrome in this 

study, measures of adiposity were positively associated with PTH. Further studies on the 

causal relationship between PTH and measures of adiposity in black South Africans are, 

therefore, recommended. 

4. The importance of positive lifestyle changes which includes increased habitual 

physical activity and healthy diet for maintenance of a healthy body fat percentage, optimal 

bone health and reduced odds of developing the metabolic syndrome was highlighted in this 

study. Public health measures at provincial and national levels should be taken to encourage 

such positive lifestyle changes. 
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5. Finally, attention should also be given to other influencing factors like smoking and 

alcohol intake when developing interventions for obesity, osteoporosis and the metabolic 

syndrome.  
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