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ABSTRACT 

The relationship between body composition, physical activity and dynamic lung volume variables in 

a rural and an urban South African community: The PURE study 

 

The high prevalence of respiratory diseases among South Africans poses a significant challenge to the 

human and medical resources, as well as the economic sector due to related morbidity and mortality.  Poor 

pulmonary function (PF) is associated with higher respiratory disease prevalence and poor prognosis. Body 

composition and physical activity (PA) have mechanical and inflammatory effects influencing respiration. 

Poor body composition, defined by excessive fat mass (FM) and low lean body mass (LBM), can limit 

chest expansion. Physical inactivity promotes pro-inflammatory conditions and thus airway narrowing. 

Both poor body composition and physical inactivity adversely affects dynamic lung volume variables such 

as forced vital capacity (FVC) and forced expiratory volume in one second (FEV1). This study investigated 

the relationship between body composition, PA and dynamic lung volume variables in a rural and an urban 

South African community.  

 

A cross-sectional study design was followed among 476 participants from the South African subset of the 

Population Rural Urban Epidemiology (PURE) study. Body composition was determined by 

anthropometric measurements (body mass, height, waist, and hip circumference and triceps and subscapular 

skinfolds). Subsequently body mass index (BMI), Waist-to-Hip Ratio (WHR) and Waist-to-Height Ratio 

(WHtR) were calculated. Physical activity data were obtained subjectively by means of the International 

Physical Activity Questionnaire (IPAQ) short version. Pulmonary function was measured objectively by 

means of spirometry providing dynamic lung volume variables, FVC, FEV1, FVC/FEV1 and Peak 

Expiratory Flow (PEF).  

 

Results indicated a tendency of participants to be overweight (mean BMI = 26.83kg/m2) despite exceeding 

the American College of Sports Medicine’s PA recommendations for healthy persons by spending an 

average of 277 minutes/week in moderate intensity PA. Following spirometry 85.9% of participants 

demonstrated with normal, 7.4% with obstructive and 6.7% with restrictive patterns as defined by the 

Global initiative for chronic Obstructive Lung Disease (GOLD). The rural and urban community differed 

significantly with regards to age (t = 2.695, p = 0.007), smoking status (t = -2.955; p = 0.003), triceps 

skinfold (t = -5.671; p < 0.001), moderate intensity physical activity minutes/week (t = 2.941; p = 0.003), 

sitting time (t = 3.838; p < 0.001), prevalence of obstructive spirometry ( t = -1.349; p = 0.007), absolute 

FVC (t = -2.372; p = 0.018), absolute FEV1 (t = -2.781; p = 0.006), forced expiratory time (t = - 4.616; p < 

0.001) and quality of spirometry testing (t = 2.174; p = 0.030). During partial correlation, height 

demonstrated statistically significant associations with FVC (r = 0.307; p < 0.001), FEV1 (r = 0.240; p < 

0.001) and PEF (r = 0.154; p = 0.001). Adiposity was negatively associated with dynamic lung volume 
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variables reaching statistical significance between FVC/FEV1 and triceps skinfold (r = -0.134; p = 0.046) 

in the rural community. Consequently, body composition variables significantly predicted the change in 

FVC (R2 = 0.418; p < 0.001), FEV1 (R2 = 0.325; p < 0.001) and PEF (R2 = 0.159; p = 0.002). The association 

between most PA parameters and PF did not reach statistical significance. Walking, however, had a 

beneficial effect on PF with positive associations for FVC (r = 0.094; p = 0.049) and FEV1 (r = 0.149; p = 

0.034) in the study population. 

 

It can be concluded that both body composition and PA has an influence on PF in a rural and an urban 

South African sample. While body composition showed statistically significant associations with dynamic 

lung volume variables, more research is required with regards to PA as walking was the only PA variable 

reaching statistical significance with FVC and FEV1. Primary and secondary prevention and treatment 

programs should, therefore, emphasise a healthy body composition and explore the utilization of PA. 
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OPSOMMING 

 

Die verhouding tussen liggaamsamestelling, fisieke aktiwiteit en dinamiese longvolume 

veranderlikes in ‘n landelike- en stedelike Suid-Afrikaanse gemeenskap: Die PURE-studie 

 

Die hoë voorkoms van respiratoriese siektes onder Suid-Afrikaners stel ‘n betekenisvolle uitdaging aan 

menslike en mediese hulpbronne, sowel as die ekonomiese sektor weens morbiditeit en mortaliteit wat 

daaraan gekoppel is. Swak pulmonêre funksie (PF) word met ‘n hoër voorkoms van respiratoriese siektes 

en swakker prognoses geassosieer. Liggaamsamestelling en fisieke aktiwiteit (FA) het meganiese en 

inflammatoriese effekte wat respirasie beïnvloed. Swak liggaamsamestelling, gedefinieer deur oormatige 

vetmassa en lae skraalliggaamsmassa, kan borskas-uitsetting beperk. Fisieke onaktiwiteit bevorder pro-

inflammatoriese kondisies en lei vervolgens tot lugwegvernouing. In beide gevalle word dinamiese 

longvolume veranderlikes, soos geforseerde vitale kapasiteit (FVK) en geforseerde ekspiratoriese volume 

in een sekonde (FEV1), nadelig beïnvloed. Hierdie studie het die verhouding tussen liggaamsamestelling, 

FA en dinamiese longvolume veranderlikes in ‘n landelike en stedelike Suid-Afrikaanse gemeenskap 

ondersoek. 

 

‘n Dwarsdeursnitstudie-ontwerp is gevolg om die navorsingsvraag te ondersoek by 476 deelnemers van die 

Suid-Afrikaanse onderafdeling van die Population Rural Urban Epidemiology (PURE) studie. Die 

deelnemers se liggaamsamestelling is deur antropometriese metings (liggaamsmassa, lengte, middel- en 

heupomtrek en triceps- en subskapulêrevelvoue) bepaal. Vervolgens is liggaamsmassa-indeks (LMI), 

middel-tot-heupomtrek (MHO) en middel-tot-lengte-verhouding (MLV) bereken. Fisieke aktiwiteitsdata is 

subjektief met behulp van die kort weergawe van die Internasionale fisieke aktiwiteitsvraelys (IFAV) 

ingesamel. Pulmonêre funksie is objektief deur middel van spirometrie gemeet en sluit die volgende 

dinamiese longvolume veranderlikes in: FVK, FEV1, FVK/FEV1 en piek ekspiratoriese vloei (PEV).  

 

Die resultate het aangedui dat die deelnemers ŉ geneigdheid toon om oorgewig te wees (gemiddelde LMI 

= 26.83kg/m2), ondanks die feit dat die deelnemers die American College of Sports Medicine se FA se 

aanbevelings vir gesonde persone oorskry het deur gemiddeld 277 minute per week aan matige intensiteit 

FA te bestee. Spirometriese toetse het daarop gedui dat daar by 85.9% van die deelnmemers normale 

spirometriese patrone teenwoordig was; 7.4% het obstruktiewe spirometriese patrone getoon; en by 6.7% 

was restriktiewe spirometriese patrone aanwesig –  soos deur die Global initiative for chronic Obstructive 

Lung Disease (GOLD) gedefinieer. Die landelike en stedelike gemeenskappe het ten opsigte van ouderdom 

(t = 2.695, p = 0.007); rokerstatus (t = -2.955; p = 0.003); trisepsvelvou (t = -5.671; p < 0.001); matige 

intensiteit FA minute/week (t = 2.941; p = 0.003); sittende tyd (t = 3.838; p < 0.001); voorkoms van 

obstruktiewe spirometrie ( t = -1.349; p = 0.007); absolute FVK (t = -2.372; p = 0.018); absolute FEV1 (t = 
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-2.781; p = 0.006); geforseerde ekspiratoriese tyd (t = - 4.616; p < 0.001); en die kwaliteit van spirometriese 

metings (t = 2.174; p = 0.030) van mekaar verskil. Met inagneming van liggaamsamestelling het deelnemers 

se lengte statisties betekenisvolle assosiasies met FVK (r = 0.307; p < 0.001); FEV1 (r = 0.240; p < 0.001); 

en PEV (r = 0.154; p = 0.001) tydens gedeeltelike korrelasie getoon. Adipositeit het ‘n negatiewe assosiasie 

met dinamiese longvolume veranderlikes getoon wat statisties betekenisvol tussen FVK/FEV1; en 

tricepsvelvou (r = -0.134; p = 0.046) in die landelike gemeenskap was. Veranderlikes van 

liggaamsamestelling voorspel daarom veranderinge in FVK (R2 = 0.418; p < 0.001); FEV1 (R2 = 0.325; p 

< 0.001); en PEV (R2 = 0.159; p = 0.002). Die verhouding tussen die meeste FA-veranderlikes en pulmonêre 

funksie was nie statisties betekenisvol nie. Om te stap, daarenteen, het ‘n voordelige invloed op die hele 

studiepopulasie se pulmonêre funksie getoon met positiewe assosiasies vir FVK (r = 0.094; p = 0.049) en 

FEV1 (r = 0.149; p = 0.034).  

 

Die gevolgtrekking kan gemaak word dat beide liggaamsamestelling en FA ‘n invloed op pulmonêre 

funksie in ‘n landelike en stedelike Suid-Afrikaanse steekproef het. Liggaamsamestelling het statisties 

betekenisvolle assosiasies getoon met dinamiese longvolume veranderlikes. Verdere navorsing word op die 

gebied van pulmonêre funksie en FA word aanbeveel, aangesien stap die enigste veranderlike was wat op 

statisties betekenisvolle assosiasies met FVK en FEV1 gedui het. Primêre en sekondêre voorkomings- en 

behandelingsprogramme moet derhalwe ‘n gesonde liggaamsamestelling beklemtoon en die inkorporering 

van FA in hierdie tipe programme ondersoek. 

 

Sleutelwoorde:  

liggaamsamestelling, fisieke aktiwiteit, pulmonêre funksie, landelik, Suid-Afrika, stedelik 
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CHAPTER 1: INTRODUCTION 

 

1.1 Introduction 

 

In the middle-income country of South Africa, the burden of respiratory diseases is claiming the lives 

of multiple citizens, despite a large proportion of such diseases being classified as preventable and 

treatable (Buist et al., 2007:747; GOLD, 2018:6&7; Scarlata et al., 2012:281). Dynamic lung volume 

variables, defined by means of spirometry, serve as outcome measures of pulmonary function (PF), 

providing information with regards to the presence, progression and prognosis of respiratory diseases. 

Identifying modifiers, such as smoking, in relation to dynamic lung volume variables is key elements 

with regards to prevention and treatment of respiratory diseases. While smoking has long since been 

established as a modifiable pulmonary risk factor, body composition and physical activity (PA) has also 

recently been recognized as independent predictors of PF (Hamer, 2007:3). In a country burdened by 

rural underdevelopment and urban poverty cost-effective, low resource requiring interventions, such as 

improving body composition and increasing PA levels, to address the disease burden posed by chronic 

obstructive pulmonary disease (COPD) and restrictive lung disease (RLD) is of particular interest. With 

this in mind, the aim of our study was established: to determine the relationship between dynamic lung 

volume variables, body composition and PA in a rural and an urban South African community. A 

problem statement was developed in support of the study aim and research objectives were drawn up 

accordingly. 

 

1.2 Problem statement 

 

Pulmonary function is a long-term predictor of morbidity and mortality that are linked to respiratory 

disease, as well as all-cause mortality (Garcia-Aymerich et al., 2007:462; Mihailova & Kaminska, 

2016:17). Chronic obstructive pulmonary disease is the fourth leading cause of mortality worldwide 

and is expected to escalate among the top three leading causes of mortality by 2020 (GOLD, 2017:1). 

While it is commonly known that smoking causes detrimental changes in lung function; many other 

well researched factors including environmental factors, occupational exposure and stress, also exist 

that adversely affect lung function (Garcia-Aymerich et al., 2007:458; Rothenbacher et al., 

1997:1093&1097; Sperandio et al., 2016:25; Wheeler & Ben-Shlomo, 2005:948). An unhealthy body 

composition and a lack of PA might negatively affect PF (Amara et al., 2001:522; Pekkarinen et al., 

2012:83; Supit & Syahruddin, 2015:42). However, more research is required to confirm the relationship 

between body composition, PA and PF (Duong et al., 2013:599). Enhanced PF among COPD patients 

reduce hospital admissions and cost (Garcia-Aymerich et al., 2007:458). Improving PF also decreases 

the burden, Energy Expenditure (EE) and workload of respiration (Karacan et al., 2008:174; McArdle 
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et al., 2014:295 & 915) and leads to an improved quality of life and better general health (Pedreira et 

al., 2005:276). 

 

Clinically, PF is most commonly determined through spirometry - measuring the volume of air which 

can be inhaled and exhaled, as well as the speed at which it is done (Pekkarinen et al., 2012:83). Both 

static and dynamic lung volume variables can be derived from spirometric tests, reflecting different 

aspects of PF (Pitta et al., 2008:1206) and aiding in the diagnosis of obstructive and restrictive 

pulmonary patterns (ACSM, 2014:49). Static variables such as total lung capacity (TLC), functional 

residual capacity (FRC) and vital capacity (VC), which have a closer relationship with anthropometric 

variables such as body mass and height (Mihailova & Kaminska, 2016:22; McArdle et al., 2014:258-

260), affects respiration. Anthropometric factors determine lung size, hence the relationship between 

static lung volume variables and anthropometric variables (Davidson et al., 2014:1006; Quanjer et al., 

1993:5). Karacan et al. (2008:171) reported that VC of the women were significantly less than that of 

the men, due to the men’s greater height, and fat free mass (FFM) – both variables positively correlated 

to PF. Dynamic variables, such as forced vital capacity (FVC) and forced expiratory volume in one 

second (FEV1), have a better relationship to fitness variables and are also markers of efficient respiration 

(Mayfield et al., 1971:591; McArdle et al., 2014:260).  

There are many static and dynamic pulmonary measures used to assess respiration and pulmonary 

morphology, however FEV1 and FVC will be discussed due to its significance to this study. Forced 

expiratory volume in one second is defined as the maximum quantity of air exhaled during the first 

second of expiration, following maximal inspiration (Karacan et al., 2008:170; Pekkarinen et al., 

2012:83). The Global initiative for Chronic Obstructive Lung Disease (GOLD) and the American 

Thoracic Society (ATS) categorise patients with COPD according to their FEV1 in order to determine 

the severity of their disease and to determine airflow obstructions (Baughman et al., 2012:934). 

Classification of disease severity based on FEV1 consist of the following 4 categories according to 

GOLD: GOLD 1- mild and FEV1 ≥ 80% predicted; GOLD 2 – moderate and 50% ≤ FEV1 ˂ 80% 

predicted;  GOLD 3 - severe and 30% ≤ FEV1 ˂ 50% predicted and GOLD 4 – very severe and FEV1 ˂ 

30% predicted (GOLD, 2017:6). Forced vital capacity is an indicator of lung volume, which is the 

greatest volume of air, which can be exhaled with a maximal forced effort after maximal inspiration 

(Karacan et al., 2008:170; Pekkarinen et al., 2012:83). Not only is this measurement used to calculate 

the FEV1/FVC ratio, which is indicative of persistent airflow limitation when post-bronchodilator 

FEV1/FVC is less than 0.70 (GOLD, 2017:4), but also to confirm the presence of restrictive lung disease 

(FVC ˂ 80% of predicted FVC) (Mannino et al., 2005:614).  
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The dynamic interrelationship between these different parameters of lung function, anthropometric 

variables and fitness variables stress the importance of maintaining a healthy body composition (Rowe 

et al., 2017:204) and adhering to PA guidelines, such as those recommended by the American College 

of Sports Medicine (ACSM, 2014:8). A healthy body composition is generally described as having a 

greater lean body mass (LBM) compared to fat mass (FM) and is quantified by a body mass index 

(BMI) of between 18.5 and 24.9 kg/m2; and a fat percentage of 10-22% for men and 20-32% for women 

(ACSM, 2014:63 & 72; NHLBI, 1998:1180). A healthy body composition can primarily be obtained 

by balancing energy intake, through diet, and EE, through regular PA (Karacan et al., 2008:175). 

Aerobic PA of a moderate intensity (40-˂60% of heart rate reserve also quantified as requiring 3-˂6 

Metabolic Equivalents (METs)), lasting at least 30 minutes and performed five days per week, is 

recommended for all healthy 18 to 65-year-olds (Haskell et al., 2007:1083 & 1084; Haskell et al., 

2008:A-4). Activities that are designed to increase LBM, strength and endurance are also recommended 

twice weekly (Haskell et al., 2007:1083-1084). Pulmonary morphology and respiration can be 

improved by adhering to the recommended PA guidelines and maintaining a healthy body composition 

(Nawrocka & Mynarski, 2017:125), thereby reducing functional impairment and disability in various 

respiratory diseases, including, but not limited to COPD (Nici et al., 2006:1390 & 1397; Ries et al., 

2007:6S).  

 

It can be derived that healthy body composition is important, since declined PF has been documented 

among under and overweight individuals (Karacan et al., 2008:169; Maiolo et al., 2003:S33; 

Pekkarinen et al., 2012:83). According to Steele et al. (2009:582) longitudinal studies pertaining to lung 

function have found high amounts of FM to be prognostic of PF decline. Although there are many 

plausible explanations for this prognosis, it can be deduced that excess adiposity mainly causes PF 

decline due to mechanical or inflammatory mechanisms (Steele et al., 2009:582). Mechanically, the 

deposition of excess fat around respiratory structures impede their proper functioning, hence the 

reduction in various spirometric variables (Costa et al., 2016:105; Mihailova & Kaminska, 2016:17; 

Pekkarinen et al., 2012:85; Scott et al., 2012:1; Sperandio et al., 2016:26; Steele et al., 2009:582). 

Furthermore, adipose tissue is also linked to a variety of inflammatory markers, which in the respiratory 

system can lead to the narrowing of the airways (Steele et al., 2009:582), further reducing PF. 

Conversely, high amounts of LBM aid in the maintenance of optimal PF, since it is linked to respiratory 

muscle mass and strength, maintenance of a healthy body composition (due to its higher metabolic 

activity) and functional ability (Karacan et al., 2008:175; Santana et al., 2001:829). The importance of 

LBM is supported by different studies on respiratory diseases demonstrating that a loss of LBM leads 

to adverse effects on inspiratory muscles and PF (Enright et al., 2007:385-388; Santana et al., 2001:830) 

as well as a reduction in PA (Enright et al., 2007:389). Regular physical activity however propagates 

improved musculoskeletal health and increased LBM (Karacan et al.,2008:175; Tammelin, 2009:283) 

and combats FM by assisting in EE (Loya, 2015:703). 
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Controversy still exists regarding the influence that PA has on PF (Menezes et al., 2012:S30). Some 

researchers found positive alterations in dynamic lung volume variables due to PA whereas others failed 

to find any significant influence of PA on PF (Brumpton et al., 2017:282; Hamer, 2007:7; Menezes et 

al., 2012:S31; Sperandio et al., 2016:25). Physical activity is therefore considered as any body 

movement that takes place because of skeletal muscle activity, which requires more energy than the 

resting state (Casperson et al., 1985:2). To objectively quantify PA and the intensity thereof, a 

standardized index of EE, namely METs, can be used (Haskell et al., 2008:C-4). Metabolic equivalents 

are the ratio between the rate of EE during rest (1 MET) and during a specified physical activity (Haskell 

et al., 2008:C-4). Most physical activity questionnaires, including the International Physical Activity 

Questionnaire (IPAQ), use METs to express total activity scores (Booth, 2000:116-118; IPAQ, 2002; 

Van Niekerk, 2014:54) and to classify the intensity of various physical activities as light (requiring ˂ 3 

METs), moderate (requiring 3-˂6 MET’s) and vigorous (requiring ≥ 6 METs) making it possible to 

estimate the total weekly PA (Craig et al., 2003:1382; Haskell et al., 2008:A-4) in a comparable fashion. 

 

Since 1 MET is equal to an oxygen uptake of 3.5mL/kg/min (Haskell et al., 2008:C-4) it can also be 

used to estimate cardiorespiratory fitness (CRF) (Kodama et al., 2009:2030; Lavie et al., 2015:209). 

Higher METs therefore are associated with improved CRF (Kodama et al., 2009:2031) which has 

numerous benefits including reduced inflammation and maintenance of a healthy body composition 

(Kodama et al., 2009:2031; Lavie et al., 2015:209), both key in the mechanism whereby PA improves 

PF. 

 

Considering PA as one of the main predictors of CRF (Lavie et al., 2015:209) and the fact that such 

fitness variables are related to dynamic lung volume variables (Mayfield et al., 1971:591; McArdle et 

al., 2010:260) explains the positive associations found between PA and FVC, between PA and FEV1 

and between PA and delayed lung function decline across all age groups, for healthy-weight and obese 

individuals as well as healthy and respiratory compromised individuals (Nawrocka & Mynarski, 

2017:125; Nystad et al., 2006:1399; Schneiderman-Walker, 2005:321). Physiologically, this 

association can be explained by the anti-inflammatory effect of PA (Hammer, 2006:5; Sperandio et al., 

2016:25) suppressing the production of different inflammatory markers (Garcia-Aymerich et al., 

2007:459 & 462). Physical inactivity leads to increased amounts of inflammatory mediators (Sperandio, 

2016:25) and decreases deep inspiration (Menezes et al., 2012:S31), both negatively affecting PF. Both 

the primary and accessory respiratory muscles are strengthened through PA, improving spirometric 

measurements (Nawrocka & Mynarski, 2017:125). The salutogenic effects of PA on the respiratory 

system is a plausible preventative measure and treatment modality for various respiratory diseases 

(Garcia-Aymerich et al., 2009:999; Nawrocka & Mynarski, 2017:123; Waschki et al., 2011:337).  
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Fortunately, dynamic lung volume variables such as FEV1 are modifiable, since it is influenced by PA 

and body composition, which can be controlled by an individual (Garcia-Aymerich et al., 2007:463). 

A multifactorial approach to PF seems ideal considering the interrelation between body composition, 

PA and PF. In people with inadequate PF, the increased energy cost of respiration contributes to an 

earlier onset of exertion and decreases self-efficacy; and therefore, adversely affects prolonged duration 

of PA (Ehrman et al., 2013:327; Karacan et al., 2008:174). Physical activity is also well known to cause 

beneficial body composition changes (Kesaniemi et al., 2001:S355), which is one of the proposed 

mechanisms by which PF is indirectly enhanced (Garcia-Aymerich et al., 2007:462). Body composition 

is associated with PA, hence the correlation between obesity and a more sedentary lifestyle (Karacan et 

al., 2008:175). Enright et al. (2007:389) also found less PA produces muscle atrophy and lowered LBM. 

The opposite is also true where a healthy body composition is related to higher amounts of PA enhanced 

fitness producing muscle hypertrophy and increased LBM (Mihailova & Kaminska, 2016:23). Physical 

activity and body composition each influence PF, as well as each other. Amara et al. (2001:522) 

postulates that the simultaneous effect of both will have an amplified influence on PF. 

 

Although a multifactorial approach to enhance PF may be a prospective collaborative measure for many 

respiratory diseases, there are currently few studies, which have investigated this approach. 

Furthermore, there is limited and inconsistent evidence with regards to the association body 

composition and PA has with PF respectively. While  many studies have found positive associations 

between body composition, PA and different PF variables (Mihailova & Kaminska 2016:23; Nawrocka 

& Mynarski, 2017:125; Nystad et al., 2006:1403; Schneiderman-Walker, 2005:321) a population-based 

study done by Garcia-Aymerich et al. (2007:462), on participants who were included in the second and 

third Copenhagen City Heart Study (CCHS), found physical activity to be associated with an increase 

in body mass, which in turn was previously associated with increased lung function decline.  Increased 

body mass due to PA can however be attributed to increased FFM, but Costa et al. (2016:108) found 

no relationship between anthropometric measures and respiratory muscle strength in obese and healthy 

weight children.  Additional investigations are therefore warranted regarding the association between 

body composition, PA and PF (Costa et al., 2016:109; Garcia-Aymerich et al., 2007:461-462; Menezes 

et al., 2012:S30; Steele et al., 2009:578). Further there is a paucity of literature concerning effects of 

PA and body composition on respiration among the different ethnic and socio-economic groups (Duong 

et al., 2013:599). This is particularly true for low- and middle-income populations such as Zimbabwe, 

India, Bangladesh, Pakistan, South Africa and Brazil, where respiratory diseases are among the 

prevalent causes of morbidity and mortality and are uprising (Duong et al., 2013:599; Menezes et al., 

2012:S30). The PURE study, which is an international, community based-prospective study 

investigating the global variation in lung function in healthy populations (Duong et al., 2013:600), is 

one of very few studies recently done in South Africa on the topic of PF and the factors that influence 

it. Additional studies are needed to explore the relationship between body composition, PA and PF 
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parameters in low- and middle-income countries. This lack of research has led to the following research 

question: What is the relationship between body composition, PA and dynamic lung volume variables 

in a rural and urban South African community? 

 

Biokineticists, dieticians, general practitioners, pulmonologists and other health care providers, such as 

occupational hygienists, will benefit from this information, since it will assist them in the development 

of preventative measures and treatment plans for persons with respiratory diseases. South Africa is a 

developing country with many rural areas, lacking basic healthcare and resources (Chopra et al., 

2009:1023; Cooke et al., 2011:108), and will benefit from a cost-effective treatment for respiratory 

diseases. 

 

1.3 Objectives 

 

The objectives of this study were to determine:  

• The relationship between body composition and dynamic lung volume variables in a rural and an 

urban South African community. 

• The relationship between PA and dynamic lung volume variables in a rural and an urban South 

African community.  

 

1.4 Hypothesis 

 

This study is based on the following hypotheses: 

• A healthy body composition, consisting of higher LBM and lower FM, will have a significant 

positive relationship with dynamic lung volume variables in a rural and an urban South African 

community. 

• Higher levels of PA will have a significant positive relationship with dynamic lung volume 

variables in a rural and an urban South African community. 

 

1.5 Structure of the dissertation 

 

Chapter 1: Introduction 

Chapter 2: Literature review: The relationship between body composition, physical activity and 

dynamic lung volume variables   

Chapter 3: Article 1:  The relationship of body composition and dynamic lung volume variables in 

a rural and an urban South African community: The PURE study. This article will be 

presented for possible publication in the European Respiratory Journal. 



 

7 

 

Chapter 4: Article 2: The relationship physical activity and dynamic lung volume variables in a 

rural and an urban South African community. This article will be presented for possible 

publication in the Journal of Physical Activity and Health.  

Chapter 5: Summary, conclusions, limitations and recommendations 

 

1.6 Conceptual framework  

 

 

Figure 1-1: Conceptual framework of the larger PURE-study and interlinking subsections of the 

differenct objectives of this dissertation 

 

1.7 Summary 

 

In this chapter pulmonary disease was identified as one of the major contributors to morbidity and 

mortality in the country of South Africa. Pulmonary function, a term used to describe the effectiveness 

with which the pulmonary structures perform different respiratory functions in a coordinated fashion, 

and different modifiers of interest were briefly introduced. The aim of the study was therefore to 

determine the relationship between dynamic lung volume variables, surrogate measures of PF, and the 

modifiers' body composition and PA in a rural and urban South African community. In the problem 

statement the clinical relevance of PF was explained with reference to mortality rates, hospital 

admission, quality of life and general health. Spirometry, the most common pulmonary function test 

was discussed next as well as the different lung volumes and capacities yielded by it. Of these dynamic 

lung volume variables FVC, FEV1 and FVC/FEV1 are of particular interest since they are used to define 

different respiratory diseases and best correlate to the modifiers' body composition and PA. With 
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reference to previous literature the influence body composition and PA has on PF is mentioned as well 

as the basic physiology underlying such relationship. Applicability of weight management and PA 

programs in pulmonary prevention and rehabilitation programs in South Africa concluded the problem 

statement. The lack of current literature on this topic in low and middle-income rural and urban 

countries such as South Africa led to the development of the research objectives which in turn led to 

each hypothesis. Lastly an outline of this dissertation guides the reader to detailed discussion of the 

literature, two respective research articles, and a summarizing chapter. 
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CHAPTER 2: LITERATURE REVIEW: THE RELATIONSHIP 

BETWEEN BODY COMPOSITION, PHYSICAL 

ACTIVITY AND DYNAMIC LUNG VOLUME 

VARIABLES  

 

2.1 Introduction 

 

Impaired pulmonary function (PF) does not merely reflect airflow limitation, but has been associated 

with major cardiovascular risk factors and is predictive of increased cardiovascular- respiratory- and 

all-cause morbidity and mortality (Baughman et al., 2012:942; Coultas et al., 2001:373; Leone et al., 

2009:515; Mannino et al., 2006:120; Schünemann et al., 2000:663; Sperandio et al., 2016:27; Truelsen 

et al., 2001:150; Weiss, 1991:265). A large portion of disability and deaths related to reduced PF are 

attributable to chronic obstructive pulmonary disease (COPD), which is currently the fourth leading 

cause of mortality globally, according to the Global initiative for chronic Obstructive Lung Disease 

(GOLD, 2018:1). Although smoking is a major risk factor for COPD, the adverse effects of other 

researched factors, such as environmental factors, occupational exposure and stress on PF should also 

be acknowledged (Garcia-Aymerich et al., 2007:458; Mannino et al., 2006:116; Rothenbacher et al., 

1997:1093 & 1097; Sperandio et al., 2016:25; Wheeler & Ben-Shlomo, 2005:948). Considering the 

global burden of obesity, an increase in sedentary behaviour and the predicted escalation of COPD to 

the third leading cause of mortality by 2020, emphasises the clinical relevance of further investigating 

and confirming the inverse relationship that empirical literature have found between an unhealthy body 

composition, physical inactivity and PF (Amara et al., 2001:522; Atkinson et al., 2016:44; Duong et 

al., 2013:599; Garcia-Aymerich et al., 2007:462; GOLD, 2018:1; Pekkarinen et al., 2012:83; Supit & 

Syahruddin, 2015:43). 

 

Body composition outside the recommended body mass index (BMI) and body fat percentage (BF%) 

values can be considered unhealthy and detrimental to PF, since reduced ventilatory function was 

previously found at both increased and decreased BMI values (ACSM, 2018:70, 79 & 80; Karacan et 

al., 2008:169; Maiolo et al., 2003:S33; NHLBI, 1998:1180; Pekkarinen et al., 2012:83). The significant 

inverse relationship Steele et al. (2009:582) found between lung volumes and lung capacities and the 

degree of body fatness, as indicated by BMI, BF% and fat mass (FM) was also confirmed in various 

other research studies and can be ascribed to mechanical and inflammatory mechanisms (Costa et al., 

2016:109; Mihailova & Kaminska, 2016:17; Pekkarinen et al., 2012:85; Scott et al., 2012:1; Sperandio 

et al., 2016:26; Steele et al., 2009:582). The distribution of FM in the thoracic and abdominal region, 

designated by an increased waist-to-hip ratio (WHR), is particularly unfavourable with regards to 
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ventilatory mechanics, restricting the movement of the diaphragm, rib cage and chest wall (Santana et 

al., 2001:829; Steele et al., 2009:582). While Scott et al. (2012:8) found a positive association between 

central lean body mass (LBM) and static lung volume variables in males, reductions in LBM and thus 

fat free mass (FFM) is associated with a decline in PF (Thibault et al., 2010:693), because it is related 

to inspiratory muscle wasting and associated loss of inspiratory muscle function (Enright et al., 

2007:388; Santana et al., 2001:830). Furthermore, participation in physical activity (PA) is decreased 

among individuals with lower FFM, which contributes to a higher degree of disability and dependence, 

as well as a progressive increase in FM due to lower energy expenditure (EE) and reduced metabolic 

activity from FFM (Enright et al., 2007:389; Karacan et al., 2008:175). 

 

Increasing sedentary lifestyles not only contribute to the imbalance between energy intake and EE, but 

also perpetuates weaker spirometric outcomes and inadequate PF (Karacan et al., 2008:175). Among 

Norwegian adults, it was found that the level of forced expiratory volume in one second (FEV1) declined 

in accordance with the decline in PA among all age groups, for both sexes in healthy and symptomatic 

individuals (Nystad et al., 2006:1401). Brumpton et al. (2017:280) found similar results and observed 

a mean annual decline of 37 ml for FEV1; 33 ml for forced vital capacity (FVC) and 0.36% in FEV1/FVC 

ratio in inactive participants. Sperandio et al. (2016:25) explained the effect of physical inactivity on 

lung function decline by means of inflammatory pathways, as elevated levels of inflammatory mediators 

and a restrictive spirometric pattern were present in physically inactive participants. Other plausible 

explanations include decreased deep inspiration, the deterioration of FFM, muscle strength and thus 

functional capacity, all of which contribute to lower levels of PA participation (Enright et al., 2007:389; 

Menezes et al., 2012:S31). 

 

Dynamic lung volume variables are thus suggested to be modifiable risk factors for various diseases, 

morbidity and mortality. Vainshelboim et al. (2014:381) support this proposition as they found 

improved PF (∆ FVC % predicted, 6%), exercise tolerance (∆ peak oxygen consumption, 2.6 

ml/kg/min), functional capacity (∆ 6-minute walking distance, 81 m), reduced levels of dyspnoea and 

improved quality of life (QOL) in idiopathic pulmonary fibrosis patients who participated in a 12-week 

exercise training intervention when compared to the control group. Significantly higher percentages of 

predicted FVC and FEV1 were also found in physically active women compared to their physically 

inactive counterparts (Nawrocka & Mynarski, 2017:125).  

 

The benefit PA has on PF parameters is supported by several other studies (Cheng et al., 2003:526; 

Garcia-Aymerich et al., 2007:462; Menezes et al., 2012:S31; Tucker et al., 2017:757; Vainshelboim et 

al., 2014:381). Healthier lifestyles, including abstaining from smoking and following a balanced diet 

are also commonly reflected in physically active individuals, which also positively affect both body 

composition and lung function (Nystad et al., 2006:1403). People with a healthy body composition also 
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tend to lead more active lifestyles, which in turn contribute to improved PF, which increases the 

likelihood of further PA participation due to the absence of respiratory symptoms and difficulty 

breathing. The interaction between body composition, PA and PF should thus be considered for optimal 

interventions. Therefore, a multifactorial approach to PF, focussing on increasing PA, maintaining LBM 

and preventing excess adiposity is suggested (Hamer, 2007:9). 

 

Enhancing and maintaining PF through the recommended multifactorial approach can aid as a form of 

primary prevention among the general public (Hamer, 2007:9). The identification of high-risk 

individuals who are eligible for spirometry and possibly even secondary prevention measures, 

according to body composition and PA status, would then also be possible (Mannino et al., 2005:618; 

Rothenbacher et al., 1997:1098). Furthermore, pulmonary rehabilitation programs, including exercise, 

is equally important, since it reduces respiratory symptoms, such as dyspnoea, it improves QOL and 

exercise capacity and reduces medical care (including hospitalisation) and the associated cost thereof, 

each of which predicts mortality (Nici et al., 2006:1405; Ries et al., 2007:36S; Vainshelboim et al., 

2014:381). Evidence of psychosocial benefits, such as improvements in measures of anxiety and 

depression, was also found in COPD patients who participated in comprehensive pulmonary 

rehabilitation programs (Ries et al., 2007:13S & 36S). Addressing PF through pulmonary rehabilitation 

has favourable influences on systemic effects and comorbidities associated with chronic lung disease, 

thereby alleviating the overall disease burden (Nici et al., 2006:1404). Improved PF has far-reaching 

implications, as it reduces the burden, EE and workload of respiration, leads to improved QOL and 

better general health (Karacan et al., 2008:174; McArdle et al., 2015:295 & 915; Pedreira et al., 

2005:276). 

 

In this chapter, PF is reviewed and how it predicts morbidity and mortality is discussed. Different 

measurements that are used to determine PF are discussed as well as the different static and dynamic 

lung volume variables yielded by such tests, with the emphasis on spirometry. The three basic 

spirometric patterns, normal, obstructive and restrictive, that are identifiable through spirometry are 

examined with reference to the most important spirometric values, namely: FVC, FEV1 and FEC/FEV1 

ratio together with the volume-time and flow-volume curves drawn from these measurements. 

Subsequently, differences between obstructive and restrictive lung diseases (RLD) are explained.  

 

An in-depth discussion, including prevalence, risk factors and pathophysiology follow for the major 

obstructive lung diseases, COPD and asthma. The prevalence and pathophysiology of RLD are also 

reviewed, together with the most common causative conditions. Since body composition and PA are 

considered modifiable risk factors of PF in the current study, both are addressed. The influence of body 

composition on PF is demonstrated by the findings of various research studies using different 

anthropometric measures. Furthermore, the classification of body composition as normal, underweight 
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or overweight according to the different anthropometric measures are mentioned along with the effects 

they have on different lung volume variables. The physiology justifying the relationship between body 

composition and PF conclude this particular section.  

 

The following section focuses on the influence PA has on PF with reference to existing literature. 

Subjective and objective methods of quantifying PA are discussed and how they are related to static 

and dynamic lung volumes in previous studies. Finally, the rationale behind such associations is 

explained on a physiological basis. Concluding this chapter is the clinical relevance of PA programs in 

pulmonary rehabilitation and health due to the inter-relationship between PF, body composition and 

PA. 

 

2.2 Pulmonary function 

 

Describing and understanding the relationship between body composition, PA and dynamic lung 

volume variables, requires an understanding of respiratory physiology and PF. The term “respiratory 

physiology” describes the utilisation of oxygen in metabolic processes on a cellular level or the 

exchange of oxygen and carbon dioxide between a person and the external environment (Widmaier et 

al., 2011:434). In the context of this review, respiratory physiology refers to the gas exchange process 

and its interchangeable term, pulmonary physiology (Widmaier et al., 2011:434), is used instead to 

avoid any confusion. Although the adjective, “pulmonary”, refers to the lungs (Segen’s medical 

dictionary, 2011) other specialised structures, such as the airways and certain muscles are also involved 

in pulmonary physiology (Widmaier et al., 2011:434 & 435). These pulmonary structures are 

responsible for performing some of the major functions of respiration, namely: pulmonary ventilation 

and diffusion of oxygen and carbon dioxide between the blood and the alveoli (Hall, 2011:465).  

 

Pulmonary ventilation occurs mainly in the airways, which is a series of tubes connecting the lungs and 

the external environment (Dancer & Thickett, 2016:226; Widmaier et al., 2011:435). The upper airways 

are directly connected to the external environment and opens up into the trachea, which divides into 

two bronchi; each branching into smaller and smaller tubes (a series of bronchioles) as they progress 

proximally into the lungs where small air containing sacs (alveoli) are found (in increasing amounts) 

from the alveolar ducts to the alveolar sacs, which is where the airways end (Widmaier et al., 2011:435). 

The movement of air between the external environment and the alveoli, through this series of tubes 

describes the first part of PF, known as ventilation (Dancer & Thickett, 2016:226).  

 

The movement of air can be in either one of two directions, from the external environment to the alveoli 

(inspiration), or from the alveoli to the external environment (expiration) (Widmaier et al., 2011:435). 
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Inspiration is an active process, which requires the contraction of the diaphragm and the outward and 

cranial movement of the ribcage in order to develop sufficient negative pressure for air to move into the 

lungs (Dancer & Thickett, 2016:226). Expiration, on the other hand, can occur passively when 

relaxation of the inspiratory muscles (diaphragm, scaleni and external intercostal muscles) and the 

elastic recoil of the lungs reduce the negative pressure in the lungs below that of the external 

environment (Dancer & Thickett, 2016:226; McArdle et al., 2015:257). Expiration can however possess 

an active component with expiratory muscle (internal intercostal and abdominal muscles) contraction 

in cases where respiratory demands are increased, for example during PA (Dancer & Thickett, 

2016:226; McArdle et al., 2015:258). As soon as movement in both directions has occurred, a 

respiratory cycle is completed (Widmaier et al., 2011:435). 

 

Before such a respiratory cycle is completed, another major respiratory function has to occur, namely: 

gas exchange, which is the movement of oxygen and carbon dioxide from- and to the blood and alveoli 

(Dancer & Thickett, 2016:226). Gas exchange occur at the alveoli where tiny capillaries are present in 

the alveolar wall for oxygen to move from the alveoli into the blood, while carbon dioxide moves in the 

opposite direction by means of diffusion (Dancer & Thickett, 2016:226; Widmaier et al., 2011:435 & 

437). In order for gas exchange to take place, the alveoli require adequate ventilation (V) as well as 

perfusion (Q), with maximal gas exchange occurring when V and Q are equal. This ideal ratio is 

however not present throughout the lungs, even for a healthy person, due to gravity-related forces. 

Therefore, ventilation exceeds perfusion in the lung apices with the inverse being true for the lung bases 

(Dancer & Thickett, 2016:226). In the presence of pulmonary diseases, the V-Q ratio can further be 

altered due to various reasons, including airflow limitations during ventilation, resulting in limited gas 

exchange with detrimental consequences, to cellular respiration and other physiological processes 

(Widmaier et al., 2011:453).  

 

The effectiveness with which the pulmonary structures perform these functions and the coordination of 

respiratory processes to work efficiently can be referred to as PF (Dancer & Thickett, 2016:226). 

 

2.2.1 Measuring pulmonary function 

 

A battery of tests called, pulmonary function tests (PFTs), can assess PF objectively. Each individual 

test constitutes to the test battery is used to evaluate a different aspect of respiration (McCarthy, 2010). 

These tests provide the clinician with valuable information regarding the various respiratory structures, 

such as the small- and large airways, the pulmonary parenchyma and the pulmonary capillary bed, and 

can therefore aid in the diagnosis and treatment of respiratory diseases (Ranu et al., 2011:84). 

Pulmonary function tests include carbon monoxide diffusing capacity, formal lung volume 

measurement, bronchodilator response and spirometry, which is the most common PFT used in clinical 



 

21 

 

circumstances (Pekkarinen et al., 2012:83; Pellegrino et al., 2005:984; Ranu et al., 2011:85). 

Spirometry and formal lung volume measurement are used to determine lung volumes, reflecting 

valuable information regarding the different phases of pulmonary ventilation and contributing to the 

classification of overall PF and pulmonary health (Neder et al., 1999:703; Pitta et al., 2008:1206). 

 

Lung volumes can be categorised as either static or dynamic, each representing a different phase of 

pulmonary ventilation (Lutfi, 2017:3). The static category can further be divided into four standard 

volumes (tidal volume, inspiratory reserve volume, expiratory reserve volume and residual volume) and 

four standard capacities (inspiratory capacity, functional residual capacity, vital capacity and total lung 

capacity) (Lutfi, 2017:3).  

 

On the other hand, dynamic measurements are mainly derived from vital capacity and are dependent 

upon the rate of airflow (Lutfi, 2017:3). The different volumes and capacities are not only measured at 

distinct degrees of inspiration and expiration (Lutfi, 2017:3), but are also influenced to various degrees 

by anatomical and physiological measures, such as age, gender, body composition and fitness (McArdle 

et al., 2015:258; Mihailova & Kaminska, 2016:22; Zakaria et al., 2019:47).  

 

However, in the presence of disease and/or trauma these lung volumes and capacities are altered in a 

disease-specific manner and PFTs yielding static and dynamic lung volumes are necessary to determine 

the changes that are present and their influence on overall PF (Anon., 2018). In this regard, static testing 

is advised to evaluate obstructive and restrictive ventilatory defects, while dynamic testing is essential 

for the diagnosis and follow-up of obstructive pulmonary diseases (Lutfi, 2017:3). 

 

2.2.2 Static lung volumes 

 

Static lung volumes and capacities are those measured independently of time (Ruppel et al., 2001:531). 

Lung volumes refer to individual air volumes that are measured, whereas lung capacities are derived 

from adding two or more of those individual lung volumes (Ruppel et al., 2001:531). A visual 

representation of the difference between lung volumes and lung capacities, as well as the lung volumes 

contributing to each capacity is shown in Figure 2.1 (McArdle et al., 2015:259). 

 

Different techniques and methods, such as whole-body plethysmography, nitrogen washout and helium 

dilution can be used to measure a variety of static lung volumes and capacities (Burrows et al., 

1975:588; Lutfi, 2017:3; McArdle et al., 2015:258-260; Ranu et al., 2011:87). These are listed and 

explained in detail below. 
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1. Tidal Volume (TV) refers to the volume of air inhaled or exhaled during one breath. For the average 

healthy person, it usually ranges between volumes of 0.4L and 1.0L air per breath. Physical activity 

can lead to substantial improvements in this particular lung volume. 

2. Inspiratory Reserve Volume (IRV) refers to the maximal volume of air inspired additionally from 

the end of tidal inspiration. For the average person this value ranges between 2.5L and 3.5L. 

3. Expiratory Reserve Volume (ERV) is the maximal volume of air expired following tidal expiration. 

This volume average at 0.8L for women and 1.2L for men. 

4. Total Lung Capacity (TLC) refers to the largest volume of air the lungs can accommodate, thus the 

volume of air in the lungs at the end of a maximal inspiration. Total lung capacity can be obtained 

by adding all the lung volumes together and averages at 4.2L for women and 6.0L for men. 

5. Vital Capacity (VC) refers to the volume of air expired voluntarily following maximal inspiration 

and is the sum of the TV, IRV and ERV. On average, male and female VCs of about 4.8L and 3.2L 

are expected, respectively. 

6. Residual Lung Volume (RLV) refers to the remaining volume of air in the lungs following maximal 

expiration, which is the difference between the TLC and the VC. Average values for women are 

1.0L and 1.2L for men. Such values can however not be obtained from spirometric measurements 

and require more specialised techniques, such as radiology. Any variable that reduces the elasticity 

of the lungs, such as aging and obesity can lead to increases in the RLV. 

7. Functional Residual Capacity (FRC) refers to the volume of air present in the lungs at the end of 

tidal expiration and is therefore the sum of ERV an RLV. Functional residual capacity cannot be 

measured with simple spirometry, but requires the same specialised testing techniques used to 

measure RLV, since RLV constitutes a part of this capacity. 

8. Inspiratory Capacity (IC) refers to the maximal volume of air inspired after tidal expiration and can 

therefore be calculated with the following formula: IC = IRV + TV. The average values yielded by 

this formula for men and women respectively are 3.6L and 2.4L. 

 

 

Figure 2-1: Lung volumes and capacities (adapted from McArdle et al., 2015:259) 
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The volume of air that can be accommodated by the lungs and intra-thoracic airways relies on the 

histological and physiological properties as well as the mechanics of the pulmonary structures and the 

surrounding musculature, organs and other structures (Scott et al., 2012:5; Quanjer et al., 1993:5). 

Changes in static lung- volumes and capacities during heterogeneous physiological and pathological 

conditions depend on breathing mechanics and the physiological determinants of pulmonary ventilation 

affected by these conditions (Lutfi, 2017:3). Information pertaining to static lung volumes makes it 

possible to identify areas of concern and allows clinicians to structure a PA pulmonary rehabilitation 

program accordingly. 

 

2.2.3 Dynamic lung volumes 

 

In contrast to static lung volumes, dynamic lung volumes are measured as a function of time and 

therefore depend on the rate of ventilation (Anon., 2018; McArdle et al., 2015:260). Another 

prerequisite for obtaining dynamic lung volumes are maximal effort for the full duration of the test 

(McArdle et al., 2015:260; Quanjer et al., 1993:6). The four most common dynamic lung variables are 

listed below (Burrows et al., 1975:588; McArdle et al., 2015:259; Pitta et al., 2008:1206; Ranu et al., 

2011:85): 

 

1. Forced Vital Capacity (FVC), which refers to the maximal volume of air that is expired with a 

forceful attempt, following maximal inspiration. Forced vital capacity represents the sum of the 

TV, IRV and ERV and ranges between 3L – 5L for healthy individuals. Increases in certain 

measures of body composition, especially height, and increased PA, can however lead to a larger 

FVC. 

2. Forced expiratory volume timed (FEVt) refers to the volume of air that is expired for a specified 

time period during an FVC manoeuvre. Forced expiratory volume in one second (FEV1) would 

therefore refer to the volume of air that is expired during the first second of an FVC manoeuvre, 

while forced expiratory volume in six seconds (FEV6) refers to the volume of air expired during the 

first 6 seconds of an FVC manoeuvre. 

3. Peak expiratory flow (PEF) is a variable also commonly referred to as peak expiratory flow rate 

(PEFR), since it represents the maximal forced expiratory speed in litres per unit of time. A small, 

handheld, non-invasive and low-cost device called a peak flow meter is normally used to obtain the 

measurement, however it can also be obtained from flow-volume curves produced in spirometry. 

Peak expiratory flow provides the clinician with information regarding the ability to exhale and 

move air through the bronchi. 

4. Maximum voluntary ventilation (MVV) refers to the volume of air expired when repetitive, 

maximal respiratory effort is sustained for an allocated time period. In addition, MVV also reflects 

the ventilatory reserve that is available when the physiological demand is increased, for example, 
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during exercise. Normally, the rate of respiration is indicated by a numerical value, but an 

unrestricted frequency is also allowed. Values of 140L/min-180L/min can typically be expected for 

healthy young males, while values ranging between 80L/min and 120L/min are common in healthy 

young women. In the presence of compromised PF this particular measurement can be decreased 

up to 60%, however ventilatory muscle training can decrease this adverse effect. 

 

Dynamic lung volumes are important in daily activities and QOL, since it predicts the efficiency of 

pulmonary ventilation by means of high air flow sustainability (McArdle et al., 2015:260; Quanjer et 

al., 1993:6). Although dynamic lung volume variables are related to body composition and 

anthropometric measures, fitness variables and PA play a much greater role in predicting dynamic 

measures, such as FEV1 and FVC (Cheng et al., 2003:526; Nawrocka & Mynarski, 2017:125). Menezes 

et al. (2012:S30) found a positive relationship between PA and effort-dependent variables, namely: 

PEF, FEV6 and FVC, which are better clinical measures of obstruction compared to effort-independent 

variables, such as FEV1. Although PA is also strongly associated with other dynamic lung volumes, 

such as MVV (Pitta et al., 2008:1206), the current study focuses mainly on PEF and measures derived 

from spirometry, such as FEV1, FVC, as well as the relationship between these measures since they are 

most commonly used in clinical settings and can be used to indicate the presence of obstructive or 

restrictive lung disease. Spirometry therefore provides a non-invasive, low-cost method for identifying 

and comparing PF and the presence of pulmonary diseases internationally (ACSM, 2018:58; Cooper, 

2008:35; Duong et al., 2013:600; GOLD, 2010:4). 

 

2.2.4 Spirometry 

 

Spirometry is the predominant PFT used in clinical settings around the world (McCarthy, 2010; 

Pekkarinen et al., 2012:83; Ranu et al., 2011:85) and according to Miller et al. (2005:320) it is equally 

valuable for the screening of respiratory health as blood pressure can be for the screening of 

cardiovascular health. Spirometry is considered the gold standard for measuring PF according to GOLD 

international COPD guidelines and the national guidelines, since spirometric tests yield results with 

great accuracy and reproducibility (Barr et al., 2008:433 & 439; GOLD 2010:2; Mortimer et al., 

2003:1904).  

 

In terms of diagnostic purposes, spirometry may be limited to the broader differentiation between 

obstructive and restrictive pulmonary diseases, but it remains a valuable tool for screening nonetheless 

(ACSM, 2018:58; CDC, 2011:1-11; Miller et al., 2005:320) providing guidance with regards to further 

testing and reserving more complicated and invasive tests, only for more thorough diagnosis and 

particular indications (McCarthy, 2010). Furthermore, spirometry can also be utilised in pulmonary 

rehabilitation programs for assessing progression and monitoring patients, as well as in occupational 



 

25 

 

health and safety regimes for pre-employment screening and routine check-ups, especially for those 

working in a high-risk environments exposed to various pollutants which can adversely affect PF 

(GOLD, 2010:3; Miller et al., 2005:320). Since spirometry plays such a central role in pulmonary 

health, it is important to obtain comparable and accurate results through high quality and competent 

spirometry in clinical practice. Such standards are met by preparing the patient and the equipment, the 

quality performance of the test, accurate reference values and careful interpretation of results (Cooper, 

2008:35). 

 

2.2.4.1 Preparation 

 

Preceding spirometric testing, certain preparations, such as routine cleaning, calibration, calibration 

checks and system configuration are to be done by trained personnel in order to prevent cross-infection, 

protect the equipment and produce accurate results (CDC, 2011:4-1; Cooper, 2008:35). Prior to 

administering the test, participant preparation should also be done by screening participants for contra-

indications (listed in Table 1), explaining the purpose and the procedure of the test to the participants, 

as well as informing participants about the various factors (such as tight clothing or accessories, 

incomplete effort and having large meals before the test) which can all influence test results (CDC, 

2011:3-8; Cooper, 2008:35). Contraindications for PFTs include: myocardial infarction within the 

previous month, unstable angina, recent thoracic-abdominal surgery, recent ophtalmic surgery, thoracic 

or abdominal aneurysm and current pneumothorax (CDC, 2011:3-8; Cooper, 2008:35). 

 

2.2.4.2 Measured variables 

 

After all the preparations and safety measures have been completed, participants have to perform a pre-

bronchodilator forced expiratory test in the spirometer (GOLD, 2010:12; PURE, 2014:6) by exhaling 

as long and forcefully as possible after a maximal inspiratory effort (Ranu et al., 2011:85). When the 

test is completed, a trained individual can interpret the results (GOLD, 2010:12; NDD, 2008:8; PURE, 

2014:5). Measurements of FEV1/FVC and flow-volume curves are important for interpretation purposes 

(Cooper, 2008:35). Obstruction of the small and large airways, as well as emphysema can be identified 

from specific patterns depicted in flow volume curves (Cooper, 2008:35). Table 2.1 provides a summary 

of the three basic patterns recognised through spirometry (GOLD, 2010:8). Other common and useful 

variables of spirometry, namely FEV1 and FVC, are generally captured from the volume-time curve 

and expressed as a ratio, which is of greater clinical significance than the absolute FEV1 and FVC 

(Cooper, 2008:35). The results obtained are ideally compared to reference values such as “percentage 

of predicted value” and “lower limit of normal” (LLN) to indicate the presence of airflow obstruction 

(Cooper, 2008:35). 
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Forced expiratory volume in one second and FVC represent the flow of air in both the large and small 

airways and are the variables measured through spirometry that can be used for interpretation purposes 

(CDC, 2011:1-12; GOLD, 2010:5 & 7; Mortimer et al., 2003:1899; OSHA, 2013:27). Forced expiratory 

volume in one second serves as a general indicator of PF while FVC primarily denotes lung volume 

(Karacan et al., 2008:170; Miller et al., 2005:320; Wheeler & Ben-Shlomo 2005:949).  

 

Forced vital capacity is the dynamic version of the static lung volume VC, since it is a VC performed 

with forceful effort, which is a dynamic component (Burrows et al., 1975:588; Quanjer et al., 1993:6). 

Forced vital capacity is defined as the greatest volume of air that can be exhaled with maximal force 

and complete effort after maximal inspiration and is routinely used to confirm the presence of restrictive 

lung disease (GOLD, 2010:8; Karacan et al., 2008:170; Pekkarinen et al., 2012:83; Quanjer et al., 

1993:11). Forced vital capacity is also used in combination with FEV1 to determine the FEV1/FVC 

ratio, which can indicate persistent airflow limitation (GOLD, 2018:22). Since the FVC can be reduced 

by a number of factors, including obesity, and can be present in both obstructive and restrictive diseases, 

the ratio of FEV1/FVC and the FEV1 itself is used as additional outcome measures of spirometric tests 

(GOLD, 2010:8-9; Mannino et al., 2005:613; Melo et al., 2014:123; OSHA 2013:31).  

 

Table 2-1: The three basic patterns recognized through spirometry (adapted from GOLD, 

2010:8) 

 Normal Pattern Obstructive Pattern Restricted Pattern 

FEV1 ˃ 80% predicted ˂ 80% predicted Normal or slightly 

reduced 

FVC ˃ 80% predicted Normal or reduced, 

usually to a lesser degree 

than FEV1 

˂ 80% predicted 

FEV1/FVC ˃ 0.7 ˂ 0.7 Normal or ˃ 0.7 

FEV1 = Forced Expiratory Volume in 1 second; FVC = Forced Vital Capacity 

 

Timed forced expiratory volume is defined as the maximum quantity of air (in litres) exhaled during 

the start of expiration for a specified period of time, following maximal inspiration (GOLD, 2010:5; 

Karacan et al., 2008:170; Pekkarinen et al., 2012:83; Quanjer et al., 1993:11). One second is the 

conventional time allocation for this test, however it is often performed in other time variations, such 

as 6 seconds (FEV6), to provide a surrogate measure for FVC in cases where participants cannot 

complete a full expiratory manoeuvre (GOLD, 2010:5 & 6; Miller et al., 2005:326; Quanjer et al., 

1993:11). For an average healthy person, the FEV1 ranges from 70-80% of the FVC (CDC, 2011:1-7). 
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Over the past few decades, FEV1 has been substantially used with good reproducibility in a variety of 

studies (Enright et al., 2004:237; Mannino et al., 2005:613; Miller et al., 2005:325; Pellegrino et al., 

2005:962; Quanjer et al., 1993:11; Schünemann et al., 2000:657; Tan et al., 2014:145-147; Treulsen et 

al., 2001:145). Additionally, in 2005, the American thoracic society (ATS) and the European 

Respiratory Society (ERS) recommended this spirometric measurement for assessing PF decline over 

time (OSHA, 2013:34; Pellegrino et al., 2005:960). Due to FEV1 only being measured for the first 

second of performing an FVC manoeuvre, the FEV1 measurement is not affected to the same extent as 

FVC by errors in test execution, such as incomplete expiration and therefore yields more accurate results 

(OSHA, 2013:34). Despite FEV1 being the preferred index for the longitudinal examination of PF 

decline, FEV1 also predicts all-cause and smoking-related disease morbidity and mortality, the effect of 

smoking cessation survival in cystic fibrosis (CF) and the severity of airway obstruction (Enright et al., 

2011:1508; GOLD, 2018:28; Scanlon et al., 2000:388; Schneiderman-Walker et al., 2005:321). Both 

the ATS and GOLD societies utilise FEV1 to categorise and stage patients with COPD according to 

different degrees of disease severity (Baughman et al., 2012:934; GOLD, 2010:6; Ries et al., 2007:57S). 

Table 2.2 and 2.3 provide a summary of the classification and stages of COPD according to GOLD and 

the ATS, respectively. 

 

Table 2-2: Global Initiative for Chronic Obstructive Lung Disease (GOLD) classification of 

disease severity in patients with COPD based on FEV1 obtained from pulmonary function tests 

(adapted from GOLD, 2018:29) 

Disease stage Disease severity Post bronchodilator 

FEV1/FVC 

Post bronchodilator FEV1% 

Stage I Mild ˂ 0.70 FEV1.0 ≥ 80% predicted 

Stage II Moderate ˂ 0.70 50% ≤ FEV1 ˂ 80% predicted 

Stage III Severe ˂ 0.70 30% ≤ FEV1 ˂ 50% predicted 

Stage IV Very severe ˂ 0.70 FEV1 ˂ 30% predicted 

FEV1 = Forced Expiratory Volume in 1 second; FVC = Forced Vital Capacity 

 

Table 2-3: Staging of patients with COPD in distinct categories based on the degree of airflow 

obstruction according to the American Thoracic Society (ATS) (Ehrman et al., 2013:321) 

Disease stage Disease severity FEV1% 

Stage I Mild disease FEV1 ≥ 50% of the predicted 

Stage II Moderate disease FEV1 between 35% and 49% of predicted 

Stage III Severe disease FEV1 ˂ 35% of predicted 

FEV1 = Forced Expiratory Volume in 1 second 
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2.2.4.3 Spirograms: Volume-time and flow-volume curves 

 

Spirometric results are normally represented as graphs called spirograms (CDC, 2011:1-7). Two 

different types of spirograms are generally used, namely: volume-time curves and flow-volume curves 

(CDC, 2011:1-7; Cooper, 2008:35). Volume-time spirograms depict both common indices of 

spirometry, FVC and the FEV1, allowing for a general indication and more specific calculation of the 

FEV1/FVC ratio, while the flow-volume spirogram depicts PEF and FVC and provides instantaneous 

airflow rates as a function of the exhaled volume of air (CDC, 2011:1-7 & 1-8; Cooper, 2008:35). 

Spirograms allow a visual representation of normal PF and how it is altered in obstructive and restrictive 

diseases, respectively. The shape and pattern of the spirogram is used in conjunction with the FEV1, 

FVC and FEV1/FVC values aiding in the interpretation of spirometric results (Cooper, 2008:36; GOLD, 

2010:7). The volume-time curve displays the exhaled volume of air (in litres) on the y-axis, while the 

x-axis represents the time duration (in seconds) (CDC, 2011:1-7; GOLD, 2010:9). Plotting a point on 

such a graph will indicates the amount of time it took the individual to exhale the given amount of air. 

In order to use spirograms for interpretive and classification purposes, it is important to be familiar with 

the shape, characteristics and requirements of a normal spirogram. 

 

For an average healthy person, the volume-time curve (as seen in Figure 2.2) should rise sharply and 

evenly from the baseline when the expiratory manoeuvre is initiated, where after a gradual decrease in 

the gradient should be observed until a plateau ≥ 1 second is reached, indicating the end of expiration 

(GOLD, 2010:7; NIOSH, 2012). It should take about 3-4 seconds after expiration was initialised for the 

plateau to occur and roughly another 2 seconds to reach the residual lung volume, adding up to a total 

expiration time of 6 seconds as recommended by the ATS (GOLD, 2010:7; Miller et al., 2005:324). 

The FEV1 indicated by the steep part of the volume-time curve should be at least 70% of the FVC for 

an average healthy person (CDC, 2011:1-7). The length of a normal curve line, measured in the first 

second of expiration, will be larger in comparison to the length of an obstructive or restrictive curve 

line measured in the first second of expiration (CDC, 2011: 1-10).  
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Figure 2-2: Volume-time spirogram indicating a normal curve (adapted from Rodman, 

2014:554) 

 

When PF is impaired, the volume-time curve is altered according to the specific pathology. In the case 

of obstructive pulmonary diseases, airway narrowing during expiration impedes the flow of air out of 

the lungs producing a prolonged expiration time of up to 15 seconds, with increasing obstruction 

causing a delayed onset of the plateau despite maximal effort (GOLD, 2010:7; NIOSH, 2012; OSHA, 

2013:2; Pellegrino et al., 2005:953). A volume-time spirogram representative of obstructive pulmonary 

disease is depicted in Figure 2.3.  

 

Considering the initial part of the volume-time curve in addition to the terminal part is important when 

confirming the presence of obstructive pulmonary diseases to prevent over- or underdiagnosis, since 

other conditions can also cause similar changes to the terminal part of the curve. In obese individuals, 

for example, impaired sustained expiration can also impede the occurrence of the plateau (GOLD, 

2010:9) as seen in obstructive pulmonary diseases. However, in the presence of obstructive changes in 

the airway, the initial part of the volume-time curve has a smaller gradient than the normal curve 

indicating a reduced FEV1 with, or without a normal FVC (Cooper, 2008:36; GOLD, 2010:7). The ratio 

of FEV1/FVC will also decrease accordingly and individuals suffering from obstructive pulmonary 

diseases may be able to expire only 60% or even less - depending on disease severity – in the first 

second of expiration (CDC, 2011:1-10; Cooper, 2008:35). 
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Figure 2-3: Volume-time spirogram indicating an obstructive curve (adapted from Rodman, 

2014:554) 

 

In the case of RLD, the FEV1/FVC ratio is often quite normal (≥ 0.70) or even increased due to the fact 

that both the FEV1 and the FVC is either decreased or the FEV1 is normal while the FVC is decreased 

(CDC, 2011:1-10; GOLD, 2010:9). When the FEV1 is decreased, the same form will be seen in the 

initial part of the curve, as with obstructive disease, where the gradient is much less steep in comparison 

to a normal curve. Due to the presence of decreased TLC in RLD, the amplitude of a volume-time curve 

representing RLD (Figure 2.4), especially the plateau thereof, is lower compared to that of a normal 

curve (Pellegrino et al., 2005:955). Forced vital capacity is found at the end of the plateau, therefore 

this value will consequently occur at a lower volume, reflecting the characteristic decreased FVC found 

in individuals with RLD (CDC, 2011:1-10; GOLD, 2010:9). The characteristic decrease in FVC is 

because RLD reduces the volume of air inspired with subsequent reduction in the expiratory volume 

(OSHA, 2013:2). 

 

Spirometry test reports should also include flow-volume curves that represent characteristic patterns 

and changes in the expiratory flow rate (Cooper, 2008:35; OSHA, 2013:2 & 27). Since these curves are 

produced when a maximal inspiratory effort is followed by a maximal expiratory effort, a graph with 

two limbs is produced, one with a positive expiratory deflection and one with a negative inspiratory 

deflection (Ranu et al., 2011:85). The x-axis of the flow-volume curve represents the exhaled volume 

of air (in litres) while the y-axis represents expiratory airflow (in litres per second), calculated by the 

formula: change in volume/change in time (OSHA, 2013:19; Rodman, 2014:554). Plotting a point on a 

flow-volume curve indicates the speed of airflow for different parts of the respiratory tract, for example 

maximum flow rates between 25% and 75% (FEF25-75%) of the VC are particularly representative of 

the small airways (Ranu et al., 2011:85 & 86; Rodman, 2014:554). Calculating these percentages 

requires the FVC, which can be read from the graph at the intersection of the graph line and the x-axis, 

where the flow equals zero. Peak expiratory flow can also be recorded from the graph and is represented 

by a point plotted at the highest amplitude of the expiratory limb (CDC, 2011:1-8; Ranu et al., 2011:85). 
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Helpful information utilised in the diagnosis of respiratory abnormalities can be provided by flow-

volume curves, especially when comparing the morphology of the curve obtained to the normal curve 

(Cooper, 2008:35; Ranu et al., 2011:86). 

 

 

Figure 2-4: Volume-time spirogram indicating a restrictive curve (adapted from Rodman, 2014: 

554) 

 

The expected appearance of a flow-volume curve obtained from a healthy individual is shown in Figure 

2.5 (CDC, 2011:1-8). With the initiation of expiration there should be a rapid rise in flow from zero 

into the positive expiratory deflection of the graph to the point of PEF, followed by a uniform decline 

in flow as the volume increases to its maximal value when all the air is expelled and the flow reaches 

zero again (GOLD, 2010:10). The decreasing speed of expiration with continued emptying of the lungs 

produces a nearly linear graph line from the PEF to the FVC (GOLD, 2010:10; OSHA, 2013:19). The 

inspiratory deflection is usually represented below the expiratory deflection.  

 

 

Figure 2-5: Flow-volume spirogram indicating a normal curve (adapted from CDC, 2011:1-8) 
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Flow-volume curves are particularly helpful with regards to the diagnosis of obstructive diseases and 

the detection of early airway obstruction, since the curves represent the speed of airflow from different 

respiratory structures (Cooper, 2008:36; GOLD, 2010:10; Rodman, 2014:554). For example, reduced 

PEF can be indicative of early airway obstruction with or without asthma, even in the presence of a 

morphologically normal curve (Cooper, 2008:36; Ranu et al., 2011:86). The reduction in expiratory 

speed is reflected on the flow-volume curve (see Figure 2.6) by a concave, rather than a linear shape in 

the descending expiratory deflection (Pellegrino et al., 2005:953; Ranu et al., 2011:86).  

 

According to Pellegrino et al. (2005:953) such deceleration in the terminal part of the spirogram may 

be the earliest sign of obstructive changes. With increasing degrees of obstruction, the concave dip 

becomes more prominent on the spirogram when severe airway obstruction is present (GOLD, 

2010:10). This pattern is particularly found in severe cases of emphysema where radial support and 

elastic recoil are lost to such an extent that forced expiration causes a pressure-dependant collapse of 

the airways (GOLD, 2010:10; Ranu et al., 2011:86). The concave dip pattern is identified on a flow-

volume curve through the characteristic rapid decline in flow, immediately succeeding the occurrence 

of the PEF (GOLD, 2010:10). Further airway obstruction will continue to impede expiratory airflow 

and lead to air trapping responsible for the characteristic “barrel-shaped” chest of those with advanced-

stage COPD (Ranu et al., 2011:86). In such cases the obstructive and restrictive spirometric patterns 

may be combined into one graph (Ranu et al., 2011:86). 

 

Although flow-volume curves are primarily used to aid in the diagnosis of obstructive diseases, they 

can also depict RLD (GOLD, 2010:10). Typically, the curve shape found in the presence of RLD will 

either mimic that of a normal curve with a linear component in the expiratory deflection or it will be 

convex in appearance, depending on the exact disease and the severity thereof (GOLD, 2010:10; 

Pellegrino et al., 2005:955; Ranu et al., 2011:86).  

 

 

Figure 2-6: Flow-volume spirogram indicating an obstructive pattern (adapted from CDC, 

2011:1-11) 
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A curve with a normal, linear appearance can occur, because airflow is generally well preserved in RLD 

cases (Ranu et al., 2011:86; Rodman, 2014:554). The major difference between a normal and restrictive 

curve is the reduced lung volumes found in restrictive diseases, which is mainly attributed to 

parenchymal abnormalities (GOLD, 2010:10; Ranu et al., 2011:86). Reduced lung volumes lead to 

earlier occurrence of FVC and are reflected on the curve (Figure 2.7) by the lateral displacement of 

FVC leftwards on the baseline in comparison with the normal curve (GOLD, 2010:10; Ranu et al., 

2011:86; Rodman, 2014:554). Such a reduction of the FVC is also indicative of the reduced TLC that 

accompanies RLD most of the time (Pellegrino, 2005:955). Abnormalities in lung volumes and airflow 

can thus be revealed by spirometry, which in combination with clinical history and other tests can lead 

to the diagnosis of obstructive and restrictive lung diseases (Rodman, 2014:555). 

 

 

Figure 2-7: Flow-volume spirogram indicating a restrictive pattern (adapted from CDC, 2011:1-

11) 

 

2.2.4.4 Indications for spirometry 

 

Considering the diagnostic and prognostic value of FVC and FEV1, spirometric testing contributes to 

the referral of smokers and individuals with signs and symptoms of pulmonary disease (GOLD, 2010:3). 

Spirometric tests are regularly used for identifying and diagnosing individuals with respiratory diseases, 

such as COPD, asthma and CF; however, they are not exclusively reserved for this purpose. According 

to the ACSM (2018:60) indications for spirometry can be divided into four main categories, namely 

diagnosis, monitoring, disability/impairment evaluations and public health, as depicted in Table 2.4. 

 

The main diseases indicating spirometry are obstructive and restrictive pulmonary diseases. Spirometry 

can be used for diagnosing these diseases, making prognosis in already diagnosed individuals and also 

monitoring disease progression and the effects of pulmonary rehabilitation simpler and more 

manageable (GOLD, 2010:2 & 3). 
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Table 2-4: Indications for spirometry adapted from the ACSM (2018:60) 

Diagnosis 

• Evaluation of signs, symptoms and abnormal laboratory tests 

• Measurement of disease effect on PF 

• Screening of individuals at risk for pulmonary disease 

• Assessment of pre-operative risk 

• Assessment of prognosis 

• Assessment of health status prior to initiating strenuous PA programs 

 

Monitoring 

• Assessment of therapeutic interventions 

• Description of disease course affecting PF 

• Monitoring of individuals exposed to injurious agents 

• Monitoring for adverse drug reaction for those drugs with known pulmonary toxicity 

 

Disability/impairment evaluations 

• Assessment of patients as part of a rehabilitation program 

• Assessment of risk as part of insurance assessment 

• Assessment of individuals for legislation purposes 

 

Public health  

• Epidemiologic surveys 

• Derivation of reference equations 

• Clinical research 

 

2.3 Obstructive and restrictive lung disease 

 

There are three basic patterns that can be identified from spirometric curves, namely: a normal pattern, 

an obstructive pattern and a restrictive pattern (GOLD, 2010:8). A mixed pattern can however also 

exist, where both obstructive and restrictive impairment is depicted (McArdle et al., 2015:909). 

Restrictive pulmonary diseases represent a vast and diverse group of pulmonary and extra-pulmonary 

diseases (Scarlata et al., 2012:281) that are characterised by decreased lung expansion, decreased TV, 

decreased functional alveolar-capillary units and as the name implies, restricted filling of the lungs with 

air (McArdle et al., 2015:909).  

 

Interstitial lung diseases, such as pulmonary fibrosis, asbestosis and coal worker’s pneumoconiosis are 

the pulmonary cause of RLD with a direct impairment on the lungs and loss of alveolar spaces (McArdle 

et al., 2015:910; Scarlata et al., 2012:283). Restrictive lung disease can however also be secondary to 
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extra-pulmonary conditions affecting lung expansion, such as chronic heart failure, central nervous 

system, neuromuscular, chest wall or endocrine disorders, vitamin D deficiency and metabolic 

syndrome, which includes obesity leading to restricted lower thoracic and abdominal volumes 

(McArdle et al., 2015:911; Scarlata et al., 2012:282 & 283).  

 

Contradictory to RLD, obstructive pulmonary diseases precipitate difficulty with exhalation and 

increase the RLV (McArdle et al., 2015:909). Exhalation is complicated by the obstruction of airflow 

in the small and large airways mostly due to mucociliary dysfunction and excessive smooth muscle 

contraction leading to the narrowing of these airways (GOLD, 2018:4; Hall, 2011:520). The exact cause 

of airway obstruction and inflammation, which are the main features of this group of pulmonary 

diseases, differ for each specific obstructive pulmonary disease, of which the most common ones - 

COPD and asthma - are discussed in more detail subsequently. 

 

2.3.1 Obstructive pulmonary disease 

 

2.3.1.1 Chronic obstructive pulmonary disease 

 

In a data analysis of the Third National Health and Nutrition Examination Survey (NHANES III), 

associations between undiagnosed airflow obstruction and impaired health and functionality was found 

(Coultas et al., 2001:373). It is thus necessary to diagnose obstructive diseases by means of clear 

definitions and diagnostic criteria to prevent, as far as possible, and treat, such impairments.  

 

The Global initiative for chronic obstructive lung disease (2018:6 & 7), defines COPD as a common, 

preventable and treatable health condition characterised by airflow limitations, which is not fully 

reversible, and shows constant symptoms of respiratory nature, such as dyspnoea, cough and sputum 

production (Boyle & Locke, 2004:43). The airway obstruction and consequential airflow limitation, 

usually progressive in nature, is attributable, in varying degrees of inter-individual contribution, to 

airway and alveolar abnormalities, such as parenchymal destruction (emphysema) and small airway 

diseases (chronic bronchitis) with excessive inflammatory responses of the respiratory system (GOLD, 

2018:4; Kim & Criner, 2013:228). Both subcategories (emphysema and chronic bronchitis) of the 

umbrella term, COPD, arise from exposure to, and inhalation of noxious particles and/or toxic gasses 

(Boyle & Locke, 2004:43; Celli et al., 2004:933; GOLD, 2018:4).  

 

Since the primary cause of these respiratory abnormalities is significant exposure to harmful inhalants, 

the prevalence of COPD is frequently associated with, and directly proportional to, the prevalence of 

smoking, air pollution and occupational exposure to hazardous substances (Celli et al., 2004:933; 

GOLD, 2018:4; Naidoo et al., 2005:224; WHO, 2017). Kiraz et al. (2003:246) support the positive 
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association between COPD prevalence and exposure to noxious particles when they found a high 

prevalence of COPD in rural areas of middle-income populations in Turkey where biomass fuel, similar 

to other rural areas of low- and middle-income, was used for cooking and heating purposes in poorly-

ventilated residences, which leads to poor air quality and indoor air pollution (Ehrlich et al., 2003:373; 

Norman et al., 2007:764 & 765; Salvi, 2015:e6; Van Gemert et al., 2015:e49).  

 

In 2000, 19.5% of the disease burden due to indoor air pollution was attributable to COPD (Norman et 

al., 2007:768). Indoor air pollution partially explains the higher prevalence of COPD found among 

women in the national household survey in South Africa, compared to men (Ehrlich et al., 2003:372). 

Indoor air pollution also contributes to the high percentage of COPD-related mortality (90%) (WHO, 

2017) occurring in low- and middle-income countries, ensuing it as the 6th most common cause of 

mortality in these countries (Finney et al., 2013:583). 

 

Regarding occupational exposure, a study done on Ethiopian factory workers, indicated a significant 

correlation between dust exposure and lung function decline when 38.4% of dust-exposed workers 

developed respiratory diseases, which included a 21.8% contribution from chronic bronchitis 

(Mengesha & Bekele, 1998:375 & 379). In South Africa, 624 former gold miners participated in a 

prevalence study to determine the disease burden of silicosis, tuberculosis and COPD following many 

years (average 25.6) of occupational exposure to dust, silica and various other pollutants, such as nitrous 

fumes from blasting operations (Girdler-Brown et al., 2008:640 & 645; Reid & Sluis-Cremer, 1996:11). 

According to spirometric tests done, the prevalence of airflow obstruction in the study by Girdler-

Brown et al. (2008:646) was mild (5.7%), moderate (6.5%) and severe (1.2%) accumulating to a total 

of 13.9% of former miners with airflow obstruction, while 17.7% presented with a chronic cough and 

sputum production for a duration of three months or more.  

 

Besides air pollution (indoor and outdoor) and occupational exposure, smoking also puts an individual 

at risk for developing COPD, in fact, it is considered the main risk factor for COPD (Boyle & Locke, 

2004:42; Mehrotra et al., 2009:840; WHO, 2017). Already in 1996, Reid & Sluis-Cremer (1996:11) 

came to the conclusion that the 30% increase in standardised mortality ratios of Caucasian gold miners 

were largely attributable to the adoption of unhealthy lifestyle behaviour, including smoking, rather 

than mining and the occupational exposure itself. The American Lung Association (ALA) (2008:44) 

supports this conclusion by stating that male and female smokers are twelve and thirteen times, 

respectively, more likely to die from COPD than non-smokers. In another study focussing on tobacco-

attributable deaths in South Africa, a 37% increased COPD mortality was found due to smoking (Sitas 

et al., 2004:396). 
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Considering the contribution of individuals living in informal settlements who are affected by indoor 

air pollution, miners and other persons exposed to harmful substances due to their occupation, as well 

as past and current smokers (19.5% of the deceased in 2016 were smokers) to the South African 

population, one can understand the high prevalence of COPD in South Africa (Stats SA, 2016:16). 

According to Stats SA (2016:23) diseases of the respiratory system (excluding multidrug-resistant and 

extensively drug-resistant tuberculosis, which predominantly express a restrictive pattern) were the 

third most common cause of mortality (9.4%) in 2016 and responsible for a total of 42 798 deaths 

(Dhipu et al., 2016:98; Stats SA, 2018:23). However, it is important to recognise that this mortality rate 

includes a wide variety of respiratory diseases (ranging from J00 to J99 according to the 10th revision 

of the international classification of diseases [ICD-10] (WHO, 2016) and not only those belonging to 

the obstructive subclass.  

 

Further analysis found chronic lower respiratory diseases (ICD-10 J40-J47), such as asthma, 

emphysema and bronchitis, both chronic and acute, to be the 10th most common (2.8%) underlying 

natural cause of death in 2016 and was responsible for 12 659 deaths (Stats SA, 2016:33). In a 

systematic review by Finney et al. (2013:585), the prevalence of COPD in South Africa was described 

for different population groups, according to five different studies undertaken in South Africa:  the 

Burden Of Lung Disease (BOLD) study of 2007 found stage II or higher COPD in 24.8% of the study 

population recruited from Cape Town (Buist et al., 2007:743), a prevalence of 13.4% was found in 

urban gold miners in 2008 (Girdler-Brown et al., 2008:640), among urban non-smokers in a study by 

Lamprecht et al. in 2011 (756) a prevalence of 7.3% was found and in two older studies on urban 

populations, a 4.1% (Myers & Cornell, 1989:190) and 9.3% (Wicht et al., 1977:5) prevalence was found 

respectively.  

 

The varying prevalence between these studies indicates the need for consistent diagnostic criteria 

(Finney et al., 2013:588), such as those provided by spirometry. The rising prevalence of COPD is 

however not only a local problem, but has far-reaching effects, since other developing countries are 

troubled by the same risks and exposure factors as South Africa (Van Gemert et al., 2015:e49). 

Moreover, the prevalence of COPD is expected to rise even higher with the worldwide increase in 

smoking levels (Chan-Yeung et al., 2004: 167; WHO, 2017).  

 

Although COPD is treatable, it was reported to be the 6th leading cause of morbidity and mortality 

worldwide in 2017 with a prevalence of 251 million cases globally in 2016 (WHO, 2017). Furthermore, 

in 2015, this disease caused 3.17 million (5%) deaths globally (WHO, 2017). Early prevention, 

detection and classification by means of clinical symptoms and spirometric testing is therefore of 

paramount importance. 
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Successfully identifying patients with COPD and also classifying the severity thereof requires objective 

and measurable criteria. Both GOLD and the ATS propose using FEV1 as such criteria (Ehrman et al., 

2013:321). Classifying according to FEV1 does however differ slightly for the two organisations and 

are presented in the section on spirometry in Table 2.2 and Table 2.3. 

 

The importance of identifying and classifying individuals with COPD has been stressed and objective 

measures and classification criteria exist to aid in these important processes. Another equally important 

aspect in the management of COPD is prevention. Identifying individuals at risk for the development 

of COPD, aid in prevention by means of early interventions such as education, lifestyle changes and 

risk factor modification (Chan-Yeung et al., 2004:166; Van Gemert et al., 2015:e50). The most 

common risk factors for COPD include indoor and outdoor air pollution, occupational exposure and 

tobacco and cigarette smoke, affecting the small and large airways, as well as the pulmonary 

parenchyma (Ehrman et al., 2013:318; GOLD, 2018:5). Even though tobacco smoke is regarded as the 

most commonly encountered risk factor for COPD, other forms of smoking such as pipe, water pipe, 

cigars and marijuana also pose a great risk (Boyle & Locke, 2004:42; Ehrman et al., 2013:318; GOLD, 

2018:10; Reid & Sluis-Cremer 1996:13 & 14). Besides these major risk factors, host factors, such as 

genetic abnormalities including alpha-1 antitrypsin deficiency, lung growth and development problems, 

the female gender, increasing age, low socio-economic status and poor health status, also predisposes 

an individual to develop COPD (Boyle & Locke, 2004:43; GOLD, 2018:4). Health-related risk factors 

are primarily related to the presence of asthma, airway hyper-reactivity and respiratory infections since 

these diseases are related to airflow limitation, which is a main characteristic of COPD (GOLD, 2018:4). 

The presence of more risk factors places an individual at increased risk for developing COPD, therefore 

risk stratification can be done by means of simple questionnaires. 

 

The successful management of COPD relies heavily on the appropriate pharmaceutical and PA therapy 

that is individualised according to the symptoms presented and the disease contribution of the two 

illnesses associated with COPD, namely emphysema and chronic bronchitis. Complex 

pathophysiological changes occur in the respiratory system due to the inhalation of noxious particles, 

especially oxidative toxins, from air pollution and mainly cigarette smoke, which causes the obstruction 

and destruction present in chronic bronchitis and emphysema, respectively (Ehrman et al., 2013:318; 

Lee et al., 2012:142). 

 

Emphysema 

 

Emphysema is an anatomical pathology of the respiratory system characterised by structural changes, 

such as parenchymal and elastin destruction and abnormal permanent enlargement of the respiratory 

bronchioles, alveoli and distal air spaces of the terminal bronchioles without apparent fibrosis (Boka & 
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Ouellette, 2016; Boyle & Locke, 2004:43; Ehrman et al., 2013:317). The destructive processes and 

enlargements lead to excess air in the lungs, also referred to as air trapping, and is mainly caused by 

many years of smoking, however genetic factors such as alpha-1-antitrypsin protein deficiency can also 

predispose an individual to emphysema (ALA, 2008:40 & 41; Hall, 2011:517; Shapiro, 1999:S29; 

Sharafkhaneh et al., 2008:476). 

 

The predominant mechanism underlying the pathology of emphysema is an imbalance between protease 

and protease-inhibitor activity, which is based on the elastase and anti-elastase hypothesis (Senior & 

Shapiro, 1997:16; Sharafkhaneh et al., 2008:476). The imbalance mainly occurs as a result of increased 

macrophage and neutrophil presence in the lungs (Sharafkhaneh et al., 2008:475). Another mechanism 

involved in the development of emphysema is failure to maintain the integrity of the alveolar wall and 

subsequent alveolar cell wall destruction with impaired capability to repair it (Sharafkhaneh et al., 

2008:475). Chronic inflammation and increased oxidative stress, such as that caused by smoking 

cigarettes, can induce and contribute to the loss of pulmonary tissue (Sharafkhaneh et al., 2008:475). 

 

Inhalation of noxious particles from cigarette smoke (and/or other sources, such as air pollution) has 

immunomodulatory effects and causes derangement of the normal and protective mechanisms of the 

airways (Boyle & Locke, 2004:43; Hall, 2011:517). According to Shapiro (1999:S29), the pathogenesis 

of smoking-induced emphysema can be broken down into three interrelated events, namely:  

 

1) Inflammatory cell recruitment in the distal airspaces of the lungs  

2) Protease release, causing damage to the pulmonary structures  

3) Defective reparation of elastin and other damaged tissue 

 

The constituents of smoke from cigarettes or air pollution, particularly reactive oxygen species, activate 

intracellular signalling cascades that lead to the onset of chronic inflammation through the innate and 

acquired immune response (Lee et al., 2012:143; Sharafkhaneh et al., 2008:475). Alveolar 

macrophages, which are an integral component of the alveolar walls, are activated by the inhaled toxins 

and therefore start to secrete inflammatory mediators, namely inflammatory cytokines (especially 

interleukin-1 [IL-1] and tumour necrosis factor [TNF]), which further enhance the immune response 

(Hall, 2011:427 & 428; Sharafkhaneh et al., 2008:475). One such enhancing mechanism that is 

especially important in the pathophysiology, is the recruitment of neutrophils to the area of 

inflammation by means of chemotaxis (Hall, 2011:428; Sharafkhaneh et al., 2008:475). The neutrophils 

secrete proteases, including elastase, which breaks down the elastin responsible for maintaining the 

elasticity of the alveolar walls and producing elastic recoil following expiration (Boyle & Locke, 

2004:43; Sharafkhaneh et al., 2008:475). In a normal healthy person, protease-inhibitors, such as alpha-

1 antitrypsin, help maintain the structural integrity of the pulmonary system by supressing the 
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destructive actions of proteases (Boyle & Locke, 2004:43). Continuous secretion of proteases will 

however disturb the balance between proteases (such as elastase) and protease-inhibitors (such as alpha-

1 antitrypsin) (Barnes, 2000:271; Boyle & Locke, 2004:43) leading to elastin destruction by means of 

increased protease activity (Sharafkhaneh et al., 2008:475).  

 

In addition to the secretion of cytokines, the alveolar macrophages also secrete proteases, namely 

metalloprotease, which contribute to the protease and protease-inhibitor imbalance and cause 

pulmonary tissue damage together with T-lymphocytes also recruited to the inflammatory cite (Shapiro, 

1999:S30; Sharafkhaneh et al., 2008:475). Tissue damage is further exacerbated by hyper-expansion of 

the lungs via air trapping (Boyle & Locke, 2004:43; Ehrman et al., 2013:319). Elastin destruction causes 

the bronchioles to become narrower and the airways to collapse in the absence of their elastic recoil 

ability (Boyle & Locke, 2004:43; Ehrman et al., 2013:319). Expiration becomes increasingly difficult 

since these mechanisms impede the flow of air from the respiratory tract into the surrounding 

environment, resulting in increased residual volume through air entrapment in the alveoli (Ehrman et 

al., 2013:319; Hall, 2011:517). The increasing volume of air trapped in the alveoli causes hyper-

expansion of the lungs which, together with the tissue damage due to protease activity and T-

lymphocyte mediated apoptosis, destroys 50-80% of the alveolar walls (Hall, 2011:517). The 

destruction and by-products of protease activity serve as a stimulus for further immune cell recruitment, 

which in the absence of effective alveolar maintenance and tissue repair, exacerbate the condition 

(Sharafkhaneh et al., 2008:475).  

 

Chronic bronchitis 

 

Chronic bronchitis is an inflammatory disease defined by certain clinical features, namely the presence 

of a productive cough, resulting from mucous hyper-secretion on the majority of days in three 

consecutive months in two consecutive years, respectively (Boyle & Locke, 2004:43; Ehrman et al., 

2013:317). 

 

Similar to emphysema, the inhalation of, primarily cigarette smoke, but also other harmful substances, 

initiate the inflammatory process, leading to the pathologic foundation of chronic bronchitis namely, 

mucous metaplasia and hyper-secretion by enlarged mucous secreting glands and dilated mucous ducts 

in the large airways responsible for the characteristic features of chronic bronchitis (Boyle & Locke, 

2004:43; Ehrman, 2013:319; Kim & Criner, 2013:229).  

 

The inflammatory process and airway changes are initiated when the inhalation of noxious particles, 

particularly reactive oxygen species, cause chronic stimulation, irritation and injury of the tissue in the 

bronchi and bronchioles (Boyle and Locke, 2004:43; Lee et al., 2012:143). Intracellular signalling 
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cascades are activated by damaged tissue, which releases inflammatory mediators initiating an entire 

complex of secondary changes in the uninjured tissue, known as inflammation (Boyle & Locke, 

2004:43; Hall, 2011:428 & 930). The initiated inflammatory process’ purpose is to inactivate or destroy 

the noxious particles and repair the damaged tissue by bringing immune cells to the affected area, 

however healthy tissues are often adversely affected in the process, particularly in the case of chronic 

inflammation (Hall, 2011:428). 

 

According to Hoidal (1994:8), it is plausible that airway inflammation is directly responsible for the 

development of clinical features, such as sputum (a mixture of saliva and mucous) producing a cough 

associated with chronic bronchitis. Although the exact mechanisms whereby inflammation causes 

mucous metaplasia is not yet fully understood, the involvement of proteases once again, as with 

emphysema, seems to play a key role (Boyle & Locke, 2004:43; Kim & Criner, 2013:230). In the case 

of chronic bronchitis, the proteases serve as potent stimulants of mucous secretion by the growing 

amount of enlarged mucous-secreting goblet cells in the airway epithelium (Boyle & Locke, 2004:43; 

Kim & Criner, 2013:229). The resulting mucous hyper-secretion leads to the presence of thick and 

tenacious mucous in the airways, not only causing luminal occlusion of the airways, but also providing 

an ideal environment for bacterial adherence and reproduction (Boyle & Locke, 2004:43; Hall, 

2011:517). Susceptibility to bacterial infection is further increased by nicotine (contained in cigarettes), 

which mediates partial paralysis of the respiratory epithelium cilia (Hall, 2011:517). The partial 

paralysis compromises the lung’s defence mechanisms by impairing ciliary function and thus 

preventing efficient mucous clearance from the airways (Boyle & Locke, 2004:43; GOLD, 2018:4; 

Hall, 2011:517). 

 

Inefficient mucous clearance is particularly problematic considering the derangements present in the 

stimulation of mucous secreting glands (Hall, 2011:517). Further contributing to decreased luminal 

cross-section is thickening of the epithelial layer as part of the repair and remodelling process synonyms 

with inflammation (Hall, 2011:930). Another primary characteristic of mucosal inflammation 

exacerbating luminal occlusion is oedema (Boyle & Locke, 2004:43; Hall, 2011:517). The combined 

effect of these inflammatory mechanisms, together with persistent infection, leads to chronic airway 

obstruction of the small airways (Hall, 2011:517).  

 

The varying degrees of parenchymal destruction and bronchial obstruction, as well as the disease 

severity, determine the physiological effects and abnormalities that occur. Bronchial obstruction, for 

example, will increase the workload of respiration and complicate the movement of air through the 

bronchioles during expiration by means of increased airflow resistance (Hall, 2011:517; Lutfi, 2017:6). 

The degree of obstruction may also differ from one area to another in the respiratory system leading to 

decreased ventilation in some areas compared to others (Hall, 2011:518). Ventilation discrepancies, 
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together with altered perfusion from loss of pulmonary capillaries during parenchymal destruction, 

influence the V:Q-ratio resulting in both physiological shunts and physiological dead spaces in an 

already compromised lung (Hall, 2011:518; Widmaier et al., 2011:453).  

 

Parenchymal destruction also influences gas exchange, whereby oxygenation of blood and the removal 

of carbon dioxide takes place (Hall, 2011:517). Destruction of the alveoli decrease the alveolar surface 

area available for oxygen uptake and thus also the diffusion capacity of the lungs, leading to increased 

levels of hypoxemia with disease progression (Hall, 2011:518). Hypoxemia can also be exacerbated by 

the increased oxygen demand from increased respiratory workload resulting from respiratory muscles 

working at a mechanical disadvantage due to the hyper-expansion of the lungs (Lutfi, 2017:6). 

Parenchymal destruction mediated loss of pulmonary capillaries, through which blood can pass, also 

markedly increase pulmonary vascular resistance (Hall, 2011:518). The remaining pulmonary 

capillaries have to accommodate larger quantities of blood passing through them, often resulting in 

pulmonary hypertension and subsequent overload of the right ventricle of the heart, increasing the risk 

for right ventricular heart failure (Hall, 2011:518). 

 

2.3.1.2 Asthma 

 

Asthma, another obstructive lung disease, was also previously categorised under the umbrella term 

COPD due to its pathophysiological and clinical similarities (Boyle & Locke, 2004:43; Garcia-

Aymerich et al., 2009:999). In recent years, however, asthma has been classified separately from 

COPD, since the airflow obstruction is sporadic and reversible in nature in contrast with the non-

reversible airflow obstruction characteristics of COPD (Boyle & Locke, 2004:43). 

 

Asthma is a heterogeneous chronic inflammatory airway disease characterised by airway hyper 

responsiveness resulting in airway obstruction and a recurring, but mostly reversible, sequel of 

symptoms including wheezing, dyspnoea, tightness of the chest and coughing, that varies in frequency 

and severity for each individual (GINA, 2018a; NHLBI, 2007; WHO, 2018a). The symptoms of asthma 

are particularly nocturnal in nature and commonly encountered in the early mornings, but can also be 

triggered by exercise, allergen exposure, weather changes, respiratory infections or other stressors and 

need to be reversed by means of medication in cases where they do not subside naturally (ACSM, 

2018:251; GINA, 2018a; WHO, 2018a). 

 

Asthma is the most common paediatric disease (WHO, 2018a) with an overall prevalence across age 

groups ranging between 1-18% of the population in different countries (GINA, 2018a; Masoli et al., 

2004:470; WHO, 2018a). Despite the decline in prevalence from 300 million asthmatics in 2004 to 235 

million asthmatics worldwide in 2018, the lack of basic asthma medication and healthcare in various 
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parts of the world increases the direct and indirect economic burden attributed to asthma-related 

morbidity and mortality (GINA 2018b; Masoli et al., 2004:471; WHO, 2018a). Although asthma is not 

limited to certain demographic areas or ethnical groups, morbidity and mortality rates are higher for 

certain racial groups, the poorly educated, populations living in large cities and those living in poorer, 

developing countries, with 80% of casualties occurring in low and lower-middle income countries 

(GINA, 2018b; Masoli et al., 2004:471; WHO, 2018a). In 2004, Masoli et al. (2004:471) found that 

asthma accounted for about one in every 250 deaths worldwide of which many were preventable in the 

presence of proper healthcare and asthma management programs (GINA, 2018a). This statistic 

emphasises the importance of access to, and implementation of, cost-effective asthma management 

programs, including early and accurate diagnosis, prescription of appropriate pharmaceutical agents and 

provision of conventional pulmonary rehabilitation programs based on risk factors and 

pathophysiology, which will decrease the prevalence of asthma and asthma exacerbations (Garcia-

Aymerich et al., 2009:1003; Masoli et al., 2004:473; NHLBI, 2007). 

 

The development and expression of asthma is influenced by a complex interplay of numerous risk 

factors, broadly divided into two categories: host factors and environmental factors (GINA 2018b; 

NHLBI, 2007; WHO, 2018b). Triggers, not necessarily for the development of asthma, but for 

exacerbation, also exist, namely: cold air, extreme emotional arousal, exercise and even certain drugs, 

such as beta-blockers (WHO, 2018b).  

 

Host factors, including the expression of various genes, gender, early growth characteristics, obesity 

and depression, partially determine an individual’s susceptibility to asthma (GINA, 2018b; NHLBI, 

2007). Several genes are involved in the pathogenesis of asthma with the main focus on those linked to 

atopy, airway hyper-responsiveness and inflammation and the ratio between different T-cells (GINA, 

2018b). In early stages of life factors such as the male gender, accelerated infantile weight gain, 

prematurity and low birth weight, which was also associated with reduced FEV1 and FEV1/FVC ratio, 

increase the risk for asthma (GINA, 2018b). With aging however, adult females are more likely to suffer 

from asthma compared to males, most likely due to anatomical differences in lung and airway size, 

which is initially smaller for males during infancy, but increase beyond that of females as growth takes 

place into adulthood (GINA, 2018b).  

 

Scott et al. (2012:9) also suggest that the obese-asthma phenotype is sexually dimorphic in nature, 

which is likely related to the sex-differences in body composition and inflammatory mechanisms 

involved in the asthma-associated lung function decline. Since host factors are hereditary and generally 

non-modifiable, they are mostly used to identify at-risk individuals for appropriate redistribution and 

optimisation of medical care (GINA, 2018b). Some host factors, such as obesity and depression, are 

however modifiable and influenced by environmental factors, including diet and PA, or a lack thereof. 



 

44 

 

Another way of managing asthma is identifying and treating modifiable risk factors (Brumpton et al., 

2017:282; GINA, 2018a), including some host factors, such as obesity and depression. It is important 

however to recognise the role of modifiable environmental factors, such as diet and PA, in the 

modification of host factors, in this case, obesity. Maternal obesity due to an increased dietary energy 

intake was found to increase the risk of the unborn child for developing childhood asthma (GINA, 

2018b). Another example is depression, often influenced by high stress levels, which are also associated 

with increased risk and prevalence of asthma, possibly explaining the association between urbanisation 

and increased asthma prevalence (GINA, 2018b; Masoli et al., 2004:470; WHO, 2018b). Other 

environmental factors include: in- and outdoor allergens, occupational sensitisers, in– and outdoor air 

pollution, tobacco smoke, infections and microbiomes (GINA, 2018b; NHLBI, 2007; WHO, 2018b). 

  

The exact role of allergens in the development of asthma is not fully understood yet, but for individuals 

suffering from asthma, exposure to allergens can easily cause exacerbations by means of complex 

interactions with host factors (GINA, 2018b; NHLBI, 2007). Masoli et al. (2004:470) have even 

reported an association between the prevalence of asthma, atopic sensitisation and other allergic 

disorders. Indoor allergens include dust mites, furred or feathered pets, mould, fungi, yeast and 

cockroaches, while outdoor allergens are mainly pollen and moulds (GINA, 2018b; WHO, 2018b). 

Occupational allergens are those particularly found in, and mostly restricted to, certain working 

environments such as isocyanates, immunogens, complex botanical and zoological products and other 

irritants leading to alterations in the respiratory system (GINA, 2018b). Occupational allergens 

predominantly affect farmers and other agriculturists, laboratory workers, painters, cleaners and 

employees involved in the manufacturing of plastic (GINA, 2018b).  

 

Another environmental risk factor is air pollution, with increased asthma exacerbations documented in 

highly polluted areas (Masoli et al., 2004:471; NHLBI, 2007) both indoor, from cooking and heating 

with biomass fuel, and outdoor from emissions in high-traffic or industrial areas (GINA, 2018b). 

Tobacco smoke, active and passive, also cause detrimental changes in lung function, with active 

smoking even attenuating the effect of various treatments (GINA, 2018b). Environmental exposure to 

tobacco smoke (passive smoking) can also increase the risk of respiratory illnesses, such as respiratory 

syncytial virus, human rhinovirus and para-influenza virus, which itself is correlated to the 

establishment of an asthmatic phenotype, especially during the early years of life (GINA, 2018b; 

NHLBI, 2007). Micro-organisms and their genetic material, collectively known as microbiomes are 

also involved in the development of various diseases with some exhibiting a protective effect to the 

development of asthma while others increase the risk thereof (GINA, 2018b). The same contrasting 

effect on the risk for asthma development also exist for many of these risk factors (GINA, 2018b), 

stressing the complexity of interactions between risk factors and responses of the immune system.  
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Although host factors play a great part in predisposing an individual to asthma, it is the interplay 

between such host factors, environmental factors and developmental factors, such as the maturation of 

the immune system, that are responsible for the expression and exacerbations of asthma by means of 

sensitisation and other pathophysiological processes (GINA, 2018b; NHLBI, 2007). 

 

The common factor and elementary process caused by all these risk factors, which is at the core of 

asthma’s pathophysiology is inflammation (GINA, 2018b; NHLBI, 2007). Even in the absence of 

symptoms and exacerbation, airway inflammation is chronically present (Ehrman et al., 2013:338; 

GINA, 2018b). Although the inflammatory process can occur throughout the respiratory tract, it 

predominantly affects the medium-sized bronchi (Ehrman et al., 2013:338; GINA, 2018b). 

Inflammatory processes also underlie the complex interplay between airflow obstruction and bronchial 

hyper-responsiveness - a characteristic functional abnormality, which evokes a response and subsequent 

airway narrowing to an otherwise harmless stimulus (GINA, 2018b; NHLBI, 2007). Although hyper-

responsiveness is not fully understood, yet it is linked to inflammation, as well as repair mechanisms 

(Ehrman et al., 2013:338; GINA, 2018b). 

 

Inflammatory processes are initiated via a stimulus-triggered release of numerous cellular mediators, 

including cytokines, leukotrienes, histamine, nitric oxide (NO) and prostaglandins, according to the 

innate immune response (GINA, 2018). Many of these mediators are also involved in allergen-induced 

acute bronchoconstriction (NHBLI, 2007). Acquired immunity can also come into play contributing to 

the inflammatory process by the eosinophils and mast cells through CD4 lymphocytes (NHLBI, 2007). 

It is the interaction between the airways and the variety of cells and mediators involved in airway 

inflammation responsible for changes in the airways inducing airflow limitation and chronic 

inflammation that results in the clinical features of the disease (NHBLI, 2007). The contribution of 

acquired immunity, for example, that causes immune cells to infiltrate the airway wall producing 

oedema and subsequent airflow limitation (NHBLI, 2007).  

 

Besides inflammation, structural changes and remodelling of the airways also takes place, sometimes 

as a means of repair in response to chronic inflammation, but often prior to the onset of any symptoms 

(Ehrman et al., 2013:338; GINA, 2018b; NHLBI, 2007). Remodelling includes the thickening and 

fibrosis of sub-epithelial tissue due to collagen deposition, hyperplasia and hypertrophy of airway 

smooth muscles, angiogenesis due to increased vascular endothelial growth factor and mucosal gland 

hyper-secretion from increased amounts of goblet cells in the airway epithelium and enlargement of the 

glands (Ehrman et al., 2013:338; GINA, 2018b). 
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Airway narrowing is the final outcome of the pathological bronchoconstriction, inflammation-induced 

oedema, airway remodelling, mucous hyper-secretion and airway hyper-responsiveness, resulting in 

airflow limitation and subsequent symptoms associated with asthma (Gina, 2018b; NHBLI, 2007:20).  

 

2.3.2 Restrictive lung diseases 

 

Restrictive lung disease is another diverse group of restrictive ventilatory defects caused by pulmonary 

and/or extra-pulmonary diseases and conditions that restrict lung expansion and cause an abnormal 

decrease in pulmonary ventilation, TV and functional alveolar-capillary units, as well as a restrictive 

pattern during spirometry (McArdle et al., 2015:909; Scarlata et al., 2012:281). In a joint statement, the 

ATS and ERS stated in 2005 that pure lung restriction is characterised by and defined as a reduction in 

the TLC below the 5th
 percentile of the predicted value with normal FEV1/FVC (Pellegrino et al., 

2005:955).  

 

The decrease in TLC is due to reduced lung compliance and individuals suffering from RLD therefore 

exhibit a more pronounced decline in their lung volumes compared to the normal physiological decline 

(for VC: 20-30ml yearly from the age of approximately 20) as a function of age (Hankinson et al., 

1999:183; Kurth & Hnizdo, 2015:8; Scarlata et al., 2012:281). Since TLC is representative of all the 

lung volumes, an abnormal decline in any of the lung volumes warrants further investigation for the 

presence of RLD (Burrows et al., 1975:588; McArdle et al., 2015:259). Spirometers can therefore be 

used as a more cost-effective and practical alternative for the expensive golden standard measurement 

of TLC to detect poor lung function and indicate possible RLD when no obstruction is present (FVC ˂ 

80% of predicted FVC and FEV1/FVC ≥ 0.70) (Mannino et al., 2012:1405 & 1409; Pellegrino et al., 

2005:955). A thorough clinical history and physical examination can further aid in the diagnosis of 

RLD, since various conditions and diseases, including respiratory and primarily, non-respiratory 

diseases and conditions can contribute to impaired lung expansion and subsequent reduction in TLC 

(Lee et al., 2015:729).  

 

The many diseases and conditions that can impair lung expansion, whether pulmonary or extra-

pulmonary, as well as the physiological age-related decline in lung volumes explain why restrictive 

spirometric patterns are relatively common, more than previously thought (Lee et al., 2015:725; 

Sperandio et al., 2016:27). Mannino et al. (2012:1405) analysed data from the BOLD study to determine 

the international prevalence of a restrictive spirometric pattern. They found that 14.2% of the study 

population was affected by some kind of RLD, which is comparable to the prevalence of COPD beyond 

stage I (Mannino et al., 2012:1408). It is important however to take into account the high inter-country 

variability that they found in the prevalence of restrictive spirometric patterns (for men 4.2% in 
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Australia to 42% in the Philippines and for women 5.9% in both Canada and Austria compared to 48.7% 

in the Philippines) (Mannino et al., 2012:1406).  

 

The differences can likely be ascribed to the presence and distribution of risk factors associated with 

RLD. One such risk factor, especially with regards to extra-pulmonary causes of RLD, is the aging of 

the population, which is increasingly noted in recent years (Mannino et al., 2012:1409; Scarlata et al., 

2012:287). In a study evaluating the risk factors associated with restrictive spirometric results, Kurth 

and Hnizdo (2015:7) also mentioned that subjects between the ages of 50 and 69 were significantly 

more likely to have a restrictive pattern than subjects between the ages of 20 and 29. Considering 

participants in the BOLD study were ≥ 40 years of age, therefore factors other than age might have 

played a greater part in the heterogeneity of restricted spirometry prevalence among different countries 

(Mannino et al., 2012:1406).  

 

Exposure to respiratory diseases and noxious particles by means of environmental exposure (mainly air 

pollution) and cigarette smoking, particularly early in life, are examples of other risk factors associated 

with increased prevalence of RLD (Mannino et al., 2012:1410). Both South Africa (Cape Town) and 

the Philippines (Manila) have a high prevalence of respiratory infections with regards to RLD, as 

indicated by the BOLD study (Buist et al., 2007:743; Mannino et al., 2012:1410). The prevalence of 

restrictive spirometry in South Africa (25.2% of males and 31.7% of females) and the Philippines (42 

of males and 48.7% of females) was high, as these countries have a high incidence of tuberculosis 

(19.2% of males and 11.9% of females in South Africa and 14.3% of males and 8% of females in the 

Philippines) (Buist et al., 2007:743; Mannino et al., 2012:1410).  

 

Indoor air pollution resulting from 33% of South African households using biofuel for cooking and 

heating purposes in the year 2000 and causing 24% of acute lower respiratory infections in children 

younger than 5 years of age, is another probable cause of the high prevalence of restrictive spirometry 

in middle-income countries like South Africa afflicted by rural underdevelopment (Norman et al., 

2007:764). Even though the dynamics of South African homes have been changing with increasing use 

of electricity instead of biofuel, those exposed early in life may still bear the consequences of such 

exposure. While indoor air pollution might explain a great deal of restrictive spirometry among South 

Africans, it is likely not representative of the entire population as the social and physical environment 

may differ distinctly between rural and urban communities of the same country (Teo et al., 2009:3). 

The influence of indoor air pollution is largely restricted to the more rural provinces of Limpopo and 

North-West, also seen in the marked exposure differences among the different groups of the population 

(24% in black Africans, 9% in coloureds and only 1-2% in Indian and whites) (Norman et al., 2007:765 

& 767).  
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The high prevalence of restrictive spirometric patterns found in the population-based sample of Cape 

Town can more likely be ascribed to the effects of poverty, urbanisation and industrialisation, including 

outdoor air pollution, occupational exposure and tobacco smoking (Ehrlich et al., 2004:371; Finney et 

al., 2013:587; Mannino et al., 2012:1406; Teo et al., 2009:2). Similar to indoor air pollution, high levels 

of outdoor air pollution do not only increase the risk for RLD, but also for the development of 

respiratory infections, which in itself was suggested as a probable cause for restrictive spirometry 

(Mannino et al., 2012:1410; Norman et al., 2007:765). Poverty and industrialisation may also prompt 

individuals, especially men, to take on jobs with adverse health consequences. Data from the BOLD 

study reflect this phenomenon in South Africa and the Philippines, with 61.9% and 75.2% of men 

respectively spending more than one year in jobs with high dust exposure such as mining (Buist et al., 

2007:743). In many other countries however, similar percentages of the male population spent more 

than one year in dusty jobs, but did not present with the same high prevalence of restrictive spirometry 

(Buist et al., 2007:743; Mannino et al., 2012:1406). It can be argued that those areas, such as Lexington, 

USA are more developed, less burdened by poverty and has better health resources and preventative 

measures in place to combat the adverse effects of occupational exposure to noxious particles.  

 

Mannino et al. (2012:1410) also reinforce the role of respiratory irritants, such as air pollutants and 

particularly tobacco smoke in the development of RLD with the large proportion of the South African 

and Philippian population (56.9% and 40.6% of South African men and women and 52.5% of Philippian 

men), the two countries with the highest prevalence of restricted spirometry, who were current smokers 

(Buist et al., 2007:743). Cross-sectional data for the general United States (US) adult population (20-

79 years of age) from the NHANES yielded an overall age-standardised restrictive spirometric pattern 

prevalence of 7.2% for the years 1988-1994 and 5.4% for the years 2007-2010 and support restricted 

spirometry as a manifestation of smoking, since the prevalence of a restrictive pattern was increased 

among current smokers for both of these study periods (Kurth & Hnizdo, 2015:13; Sperandio et al., 

2016:25).  

 

The results in Kurth and Hnizdo’s (2015:13) study are consistent with another study that found 79% of 

men with a restrictive pattern to be current smokers (Lee et al., 2015:728). The decline in restrictive 

pattern prevalence among the US adult population between the two NHANES study periods can 

possibly be explained by the decrease in individual risk factors, such as smoking, according to the lower 

portion of current smokers (23.5%) in the 2007-2010 population compared to the 1988-1994 period 

(27.9%) (Kurth & Hnizdo, 2015:10).  

 

Various other individual risk factors, such as extremes of body composition denoted by a very low or 

very high BMI, and other pro-inflammatory conditions including physical inactivity are also associated 

with increased prevalence of RLD. Timely recognition of the risk factors and associated conditions are 
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important, since the natural course of such conditions may be altered by early recognition and 

intervention reducing the risk or severity of restriction (Kurth & Hnizdo, 2015:13; Lee et al., 2015:728 

& 730; Mannino et al., 2003:543; Scarlata et al., 2012:281; Sperandio et al., 2016:25 & 26). 

 

The exact pathophysiology of RLD depends on the nature of the restriction: intrinsic, when it is caused 

by diseases of the lung parenchyma or extrinsic, when caused by extra-parenchymal diseases or 

conditions (Lee et al., 2015:729; Scarlata et al., 2012:282-284). Intrinsic lung restriction causes direct 

impairment or loss of alveolar spaces and stems from inflammatory processes in the lungs, 

accompanying diseases of the respiratory system, that scar the lung tissue and/or fill the airspaces with 

exudates or debris (Lee et al., 2015:729; Scarlata et al., 2012:283). On the other hand, extrinsic lung 

restriction is due to altered respiratory muscle function and impaired lung expansion, a secondary effect 

of a wide array of heterogeneous primarily non-respiratory diseases, mostly those affecting the chest 

wall, pleura, respiratory musculature or the nervous system (Lee et al., 2015:729; Scarlata et al., 

2012:282). 

 

Reduced pulmonary compliance in congestive heart failure, for example, occurs secondary to 

pulmonary oedema and left ventricular hypertrophy which decrease the space in the thoracic cavity 

(Ehrman et al., 2013:260; McArdle et al., 2015:910). Weakness of the respiratory muscles are also 

involved in the genesis of restriction due to congestive heart failure (Evans et al., 1995:628; Scarlata et 

al., 2012:283; Walsh et al., 1996:335). Respiratory muscle weakness also occurs with micronutrient 

insufficiencies and endocrine disorders and is secondary to myopathy caused by the disease (Scarlata 

et al., 2012:283). Similarly, maximal respiratory efforts are limited by hyposthenia, particularly 

profound during inspiration, in neuromuscular diseases (McArdle et al., 2015:911; Scarlata et al., 

2012:283). Eventually the defective ventilatory drive disrupts the ventilation-perfusion ratio and 

increases the physiological dead space (Scarlata et al., 2012:283). Therefore, ventilation is not only 

compromised by diseases involving the nervous system, but also by ribcage and chest wall disorders 

like kyphoscoliosis - a condition characterised by excessive anteroposterior and lateral curvature of the 

thoracic spine impeding normal diaphramatic movement and ribcage expansion (McArdle et al., 

2015:911). Furthermore, the energy required for respiration is increased in musculoskeletal conditions 

and chest wall diseases, imposing an increased workload on the respiratory musculature to overcome 

the stiffness associated with these conditions (Scarlata et al., 2012:283).  

 

With regards to extrinsic causes, another group of diseases worth mentioning is metabolic disorders, 

such as diabetes mellitus. These diseases share some of the same the physiological pathways similar to 

the intrinsic causes of restriction, including inflammation, fibrosis of the lung parenchyma and chest 

wall and pulmonary blood vessel and capillary micro-angiopathy (Lee et al., 2015:729). Myopathy and 

neuropathy, which are common factors involved in the pathology of restriction due to extrinsic causes, 
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also play a role in the development of restriction from metabolic diseases (Ehrman et al., 2013:96; 

McArdle et al., 2015:911). 

 

Regardless the cause and exact disease process however, the pathogenesis of restrictive abnormalities 

manifests in the following three areas of pulmonary ventilation: lung compliance, lung volumes and 

capacities and the physiological work of breathing (McArdle et al., 2015:909).  

 

Restrictive lung diseases can broadly be divided into five main categories based on the locus of the 

causing condition: maturational, pulmonary, cardiovascular, neuromuscular and musculoskeletal 

(McArdle et al., 2015:910 & 911). Different conditions, responsible for reduced lung volumes with 

their associated restrictive spirometric patterns and other respiratory symptoms, are listed in Table 2.5 

together with their aetiology under each of the five categories. 

 

Table 2-5: Conditions and their aetiologies classified according to the five categories involved in 

the development of lung restriction (adapted from McArdle et al., 2015:910 & 911) 

1. Maturational 

Condition Aetiology 

Abnormal foetal lung development Premature birth (decreased lung tissue) 

Respiratory distress syndrome (hyaline 

membrane disease) 

Insufficient lung maturation due to prematurity 

Aging Physiological effects of aging and cumulative effects of 

exposure to pollution, smoking and noxious particles 

2. Pulmonary 

Idiopathic pulmonary fibrosis Unknown 

Coal workers’ pneumoconiosis Repetitive inhalation of coal dust over 10-12 years 

Asbestosis Long-term asbestos exposure 

Pneumonia Inflammatory process due to bacteria, microbes and 

viruses 

Adult respiratory distress syndrome Acute lung injury 

Bronchogenic carcinoma Tobacco usage 

Pleural effusions Cirrhosis 

Fluid accumulation in the pleural space 
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3. Cardiovascular 

Pulmonary oedema Increased hydrostatic pressure in the pulmonary 

capillaries due to left ventricular failure 

Pulmonary emboli Complications of venous thrombosis 

 

4. Neuromuscular 

Spinal cord injury Trauma-related paralysis of the respiratory muscles 

Amyotrophic lateral sclerosis Degenerative disease of the respiratory muscle 

Poliomyelitis Viral infectious disease attacking the motor nerves 

Guillain-Barré syndrome Demyelinating disease of the motor neurons 

Neuromuscular diseases, such as muscular 

dystrophy, myasthenia gravis, tetanus etc. 

Diseases of the neuromuscular system with heterogenic 

causes resulting in muscle wasting and chronic muscle 

weakness 

5. Musculoskeletal 

Diaphragmatic paralysis Loss/impairment of motor function of diaphragm muscle 

due to specific lesion 

Kyphoscoliosis Excessive anteroposterior and lateral spinal curvature of 

unknown cause 

Ankylosing spondylitis Inherited chronic inflammatory spinal disease 

 

Some other known causes of restrictive abnormalities, not listed in Table 2.5, include: rheumatoid 

arthritis, immune diseases, metabolic disorders, including extreme obesity and physical trauma. 

Physical trauma could result from a broad range of incidents, such as penetrating wounds, radiation, 

burns, poisoning and complications from medicine (McArdle et al., 2015:909). 

 

2.4 Body composition and pulmonary function 

 

Many factors determining PF, such as aging and genetic predisposition, cannot be altered in a favourable 

manner. Body composition and anthropometric measures (with the exception of stature) can however 

be modified and controlled on an individual basis in favour of PF, whether as a preventative measure 

or to improve spirometric results (Creutzberg et al., 1998:396; Enright et al., 2007:385-388; Steele et 

al., 2009:582). Body composition refers to the ratio of FM and FFM (muscle, water and bone), as well 

as the distribution thereof while anthropometric measures such as height, body mass, circumferences 
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and skinfolds are physical measurements of the human body’s size, shape, proportion and composition 

(Dictionary of sport and exercise science and medicine, 2008; Durnin & Womersley, 1974:77).  

 

Anthropometric measures govern lung size – an important histological property contributing to static 

lung volumes – and are therefore often used to demonstrate the effect of body composition on lung 

volumes (McArdle et al., 2015:258; Pellegrino et al., 2005:950; Quanjer et al., 1993:5). The effect of 

anthropometric measures on lung volumes can particularly be observed through gender-related 

differences in static lung volumes, as demonstrated in a study by Karacan et al. (2008:171) who found 

the VC of women to be significantly less than that of the men, due to the men’s greater height, body 

mass and FFM. With regards to FFM (all body mass excluding FM), it is important to note that, although 

often interchangeably used, it differs from LBM, which includes small amounts of essential fats, such 

as those found in the spleen (Dictionary of sport and exercise science and medicine, 2008; Durnin & 

Womersley, 1974:77). High amounts of either FFM or LBM can however be used to describe a healthy 

body composition.  

 

Various studies, undertaken among several age groups, have found associations between PF and body 

composition, stressing the importance of a healthy body composition (Alvarez et al., 2016:449; 

Davidson et al., 2014:1009; Enright et al., 2007:388; Karacan et al., 2008:176; Santana et al., 

2001:829). Scott et al. (2012:4) demonstrate the salutogenic effect of a healthy body composition on 

PF through the positive association that was found between LBM in the thoracic, abdominal and pelvic 

regions and static lung volumes, including ERV. An unhealthy body composition on the other hand can 

contribute to obstructive and/or restrictive spirometric patterns (Costa et al., 2016:109; Pekkarinen et 

al., 2011:85; Steele et al., 2009:579; Zakaria et al., 2019:47) through the alterations excessive FM 

causes in structural properties and ventilation mechanics (Melo et al., 2014:123-124). The increased 

presence of fat in both the thoracic and abdominal regions impairs normal lung expansion, elasticity 

and mobility of the surrounding structures, which leads to reduced lung volumes (Melo et al., 

2014:123). This is due to respiratory muscles being encumbered and resistance to diaphragm 

contraction being increased through physical obstruction by the excessive adipose tissue covering the 

thorax and abdomen (Melo et al., 2014:123). 

 

Dynamic lung volume variables are also related to anthropometric measurements and body 

composition, but to a lesser extent and via a different pathway than static lung volume variables 

(Sperandio et al., 2016:25; Suresh et al., 2015:1124). The inflammatory responses caused by excessive 

body fatness have a greater impact on dynamic lung volume variables, compared to the mechanical 

effects of such excess fat (Scott et al., 2012:5; Sperandio et al., 2016:25; Yeh et al., 2011:7). 
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2.4.1 Body composition and anthropometric measurements 

 

Measurement and analysis of body composition is beneficial, since it contributes towards the 

understanding of disease processes and thus the composition of effective interventions and risk 

stratification (Williams, 2010:1332). Various standardised and reliable laboratory and field methods, 

varying in terms of accuracy, cost and complexity can be used to determine body composition in order 

to draw comparable and reproducible associations between body composition, PA and PF (ACSM, 

2018:70-77).  

 

2.4.1.1 Height and body mass 

 

Basic anthropometric measurements include body mass and height (Stewart et al., 2011:18). According 

to Pellegrino et al. (2005:950) one of the variables best correlated with PF is standing height, especially 

considering the contribution of trunk length towards this measurement, since it determines the size and 

therefore different volumes and capacities of an individual’s lungs (Quanjer et al., 1993:5; Santana et 

al., 2001:830). In fact, John Hutchinson (1846:154), the inventor of the spirometer, regarded it, together 

with body mass, age and pathology as one of the major determinants of ventilatory function. 

 

Body mass is equally important seeing that excessive mass loss, particularly of LBM, and subsequent 

low body mass, has a detrimental effect on PF with a poor prognosis of survival and functional 

performance in respiratory diseases, including COPD and CF (Creutzberg et al., 1998:400; Enright et 

al., 2007:389). Considering the relationship between diaphragm muscle mass and an individual’s height 

and body mass - mass loss exceeding 30% of the predicted body mass is particularly problematic since, 

at this point it is associated with reduced diaphragmatic muscle mass, and surface area, as well as 

possible reduction in the sarcomeres and contractility of the diaphragm (Arora & Rochester 1982:67; 

Enright et al., 2007:388). Contrarily, diaphragm mobility and breathing mechanics, which influence 

lung volumes and therefore PF, are adversely affected by excessive mass gain and conditions such as 

overweight and obesity (Melo et al., 2014:120; Suresh et al., 2015:1124). The inverse relationship 

between mass gain and FEV1 and VC is deemed a predisposing factor for long-term adverse effects 

(especially in already obese individuals) comparable to those posed by smoking, environmental factors 

and acute respiratory diseases (Costa et al., 2016:109; Melo et al., 2014:122). 

 

2.4.1.2 Body mass index 

 

Body mass index, calculated by the formula, body mass (kg)/height (m)2 is used as a surrogate of fatness 

and reflects body size (Alvarez et al., 2016:447). Although no distinction between FM and LBM is 

made by BMI, it remains inevitable since it is the most common index used to categorise individuals as 
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underweight, normal weight, overweight or obese (Alvarez et al., 2016:447). Additionally, many 

studies investigating the relationship between PF and body composition up to date, have used BMI as 

an anthropometric measure and indication of general fatness (Alvarez et al., 2016:448; Costa et al., 

2016:106; Davidson et al., 2014:1005; Karacan et al., 2008:170; Mihailova & Kaminska, 2016:23; 

Steele et al., 2009:578; Suresh et al., 2015:1119). The rationale for using BMI, especially in large 

population-based studies is the easy administration, low cost and little resources it requires (Pedreira et 

al., 2005:280). However, BMI fails to account for unhealthy imbalances between the major 

metabolically active components contributing to body composition, which explains why various studies 

found both extremes of BMI weakly or non-significantly related to a decline in PF, while others found 

increases in BMI to be positively related to lung function (Alvarez et al., 2016:447; Karcan et al., 

2008:169; Lazarus et al., 1998:37; Maiolo et al., 2003:S36; Pedreira et al., 2005:279; Santana et al., 

2001:828; Scott et al., 2012:2; Suresh et al., 2015:1125).  

 

Typically, height, body mass and BMI are used as anthropometric indices to monitor growth and 

nutritional status in children and adults with respiratory diseases. However, considering the lack of these 

techniques to indicate the ratio of FM to LBM and the distribution thereof, it is best advised not to use 

them as sole predictors to a certain outcome, but rather to use them in combination with other 

anthropometric measurements, such as WHR and BF% (Alvarez et al., 2016:449; Williams et al., 

2010:1332). 

 

2.4.1.3 Skinfold measurement 

 

Skinfold measurement provides an indication of regional fatness and has been considered as an accurate, 

available and low-cost method to determine, from the measured values by means of equations, FM and 

FFM in individuals burdened by pulmonary disease (Hronek et al., 2013:6). In a study by Lazarus et al. 

(1998:37) a significant negative association was found between subscapular skinfold thickness - 

representing chest wall fat – and FVC. Percentage BF, FM and LBM can also be estimated from skinfold 

measurements after which it can be used to determine an individual’s risk for lung function impairment 

(Karacan et al., 2008:169; Lazarus et al., 1998:36; Scott et al., 2012:2; Stewart et al., 2011:3).  

 

Karacan et al. (2008:174) found PF to be negatively correlated to FM, but positively to LBM. 

Conflicting findings in the literature that use BMI to draw associations between body composition and 

PF, can likely be ascribed to the opposing influences FM and LBM have on lung mechanics and 

inflammation - the proposed mechanisms through which body composition influence PF (Lazarus et 

al., 1998:40; Maiolo et al., 2003:S33; Scott et al., 2012:2). 
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Another factor to be considered, which may elucidate the gender-related differences in associated 

strength between FM and PF is the distribution of BF (Steele et al., 2009:581). Although skinfold 

thickness measurements may give an indication of peripheral fat distribution, the accuracy of these 

measurements can easily be compromised especially among obese individuals (Stewart et al., 2011:6). 

Therefore, in this regard, more clinically valuable measurements are waist circumference and WHR.  

 

2.4.1.4 Waist and hip circumferences 

 

While measurements of BMI and BF% aid in the classification of excess BF according to severity (mild, 

moderate or severe), the general pattern of regional fat distribution can be determined through waist 

and hip circumference, as well as WHR (Melo et al., 2014:121; Scott et al., 2012:2). Although waist 

circumference once again does not discriminate between LBM and FM, clinicians can roughly 

determine whether surplus adipose tissue is present in the abdominal region, since a waist circumference 

of ≥ 102cm for males and ≥ 88cm for females is indicative of obesity (ACSM 2018:48; Scott et al., 

2012:8; Peng et al., 2015:2). 

 

Increased abdominal fat, represented by a waist circumference above the norm, was found to be 

detrimental with regards to PF (ACSM, 2018:73; Steele et al., 2009:582). Decreases in ERV, FEV1 and 

FEV1/FVC ratio were found among individuals with an increased waist circumference in different 

studies (Costa et al., 2016:109; Pekkarinen et al., 2011:87; Steele et al., 2009:582). Hip circumference, 

although not holding much clinical value in terms of PF outcomes when used alone, is required for the 

calculation of WHR using the following formula: WHR = waist circumference (cm)/hip circumference 

(cm) (McArdle et al., 2015:801). 

 

Traditionally, WHR has been used in a similar fashion as BMI to screen for overweight and obesity, 

thereby identifying individuals with increased health risks (ACSM, 2018:71; Ehrman et al., 2013:116). 

In contrast to BMI assessing heaviness, WHR evaluates the general pattern of fat distribution as android 

or gynoid, thus indicating the presence of higher and more detrimental amounts of android fat as the 

WHR increases (McArdle et al., 2015:802; Melo et al., 2014:121). An android or central pattern of fat 

distribution, most commonly encountered among men and characterised by an “apple-shaped-figure”, 

has negative effects on the respiratory system due to the deposition of fat, mainly in the upper body, 

such as the abdominal, thoracic, chest and neck area (McArdle et al., 2015:801; Melo et al., 2014:123; 

Pekkarinen et al., 2011:87).  

 

A gynoid pattern of fat distribution, on the other hand, holds less danger due to fat that is deposited in 

the lower body around the hips and thighs, typically causing a “pear-shaped-figure” (McArdle et al., 

2015:801). Women are more likely to be affected by this, partially explaining why some studies found 
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a greater decline in PF among men than women, despite women generally having a higher BF% and 

lower LBM compared to men (Karacan et al., 2008:175; Steele et al., 2009:583; Zakaria et al., 2019:46). 

Regardless the likelihood of women to accumulate fat in the gynoid region, the significance of reduced 

android fat on static lung volumes remains, as proven by Scott et al. (2012:5) who found an increase of 

20 ml in the ERV of women per 100g decrease in android fat.  

 

Contradicting results found by Scott et al. (2012:8) showed no significant associations of static or 

dynamic lung function with body mass, waist circumference or fat mass in males, while in females, fat 

mass served as a considerable predictor of declining PF. A positive association was however found 

between central LBM and static lung function in males, which may suggest a greater importance of 

central LBM in males compared to central FM. In females, however, central lean mass had either a 

neutral or negative effect on PF, possibly due to the poorly understood positive association it has with 

neutrophilic airway inflammation in females (Scott et al., 2018:8). 

 

The relationship between body composition and PF is thus complex and no simple anthropometric 

measure, such as waist circumference, alone can be used to accurately determine body composition or 

the relationship it has with PF (Scott et al., 2012:8; Steele et al., 2009:582). However, each 

measurement serves as a helpful tool in the interpretation and classification of body composition 

according to BMI, whether in support of the BMI classification or contradicting it. 

 

2.4.2 Classification of body composition 

 

Anthropometric measures such as BMI, WHR, waist circumference and skinfolds are all examples of 

field methods used to classify body composition and provide one with invaluable information regarding 

general health and risk stratification. In order to identify and treat those with increased health risks, 

especially those at risk for the development of cardiovascular diseases, the classification of body 

composition based on comparisons of anthropometric measures and corresponding reference values is 

important (ACSM, 2018:70). Individual measures, such as BMI for example, are commonly used to 

determine whether a person is underweight, at a normal weight or overweight, since it is a quick and 

easy, low-cost method to identify those who would benefit from certain health interventions, such as 

nutritional advice and participation in PA programs, especially when working with large groups of 

people (Lazarus et al., 1998:40; Pedreira et al., 2005:280). Similar means of classification also exist for 

WHR and fat percentage (ACSM, 2018:73, 79 & 80). Considering the limitations of each 

anthropometric measure, it is possible to wrongly classify individuals based on the outcomes of a single 

measurement alone, therefore healthcare practitioners need to carefully interpret the outcome of each 

measurement, taking into account other measurements and using their own discretion when determining 
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health risks (Table 2.6) by classifying individuals as either having a healthy or unhealthy body 

composition ( including underweight, overweight and normal weight obesity). 

 

Although overweight and obesity represents an unhealthy body composition, frequently related to 

impaired PF, this relationship also holds true for being underweight (Karacan et al., 2008:169; Lazarus 

et al., 1998:40; Maiolo et al., 2003:S33; Pekkarinen et al., 2012:83). The relationship between body 

composition and PF can thus be described as an “inverse U relationship” with decreasing PF found in 

both underweight and overweight represented by both ends of the U and optimal PF found at a body 

composition represented by the mid-section bend of the U (Suresh et al., 2015:1124). 

 

Table 2-6: Classification of disease risk according to body composition as determined by BMI and 

waist circumference adapted from the ACSM (2018:63) 

  Disease risk relative to normal weight 

and waist circumference 

Body composition 

classification 

BMI (kg/m2) WHR  

Men ≤ 102 cm 

Women ≤ 88 cm 

WHR 

Men > 102 cm 

Women > 88 cm 

Underweight < 18.5 - - 

Normal 18.5 – 24.9 - - 

Overweight 25.0 – 29.9 Increased High 

Obese class I 30.0 – 34.9 High Very high 

Obese class II 35.0 – 39.9 Very high Very high 

Obese class III ≥ 40.0 Extremely high Extremely high 

BMI = Body mass index; WHR = Waist-to-hip ratio 

 

2.4.2.1 Normal body mass 

 

The term, “healthy body composition”, can be used to describe the body composition at the mid-section 

of the U-curve, representing optimal PF with the best values for different dynamic lung volume 

variables and the lowest risk for not only pulmonary disease, but also many other diseases. A healthy 

body composition comprises a greater percentage of LBM compared to FM and is quantified by the 

ACSM (2014:70 & 77) as having a BMI between 18.5 and 24.9 kg/m2 with a fat percentage of 10-22% 

for males and 20-32% for females.  

 

Suresh et al. (2015:1124) found the best PF at 21 years of age among individuals with a BMI at the 

high end of normal and overweight category. These findings are however contradicted by the results of 
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Pekkarinen et al. (2011:87) who found signs of obstructive tendencies in normal and slightly overweight 

individuals. The inconsistency in the literature can be attributed to the use of terms, such as “normal 

weight” and “overweight”, that are defined, in most cases, by body mass and BMI that fail to account 

for the unhealthy imbalance between FM and LBM (Maiolo et al., 2003:S36). The use of the term 

“healthy body composition” implies a multi-component model to classify body composition and is more 

accurate.  

 

In recent years, this non-distinct classification of body composition has however been recognised and 

has given rise to the term “normal weight obesity”, representing the paradoxical presence of normal 

body mass and/or BMI with concomitant high adiposity as determined by BF% and/or elevated risk 

factors for cardiometabolic diseases (Alvarez et al., 2016:448; Ehrman et al., 2013:180). Although 

normal weight obesity was associated with decreased PF in CF and poses an increased health risk, 

further studies are required to investigate the clinical impact it has on PF (Alvarez et al., 2016:448).  

 

2.4.2.2 Underweight 

 

Another common phenomenon precipitating a decline in PF is weight loss, often leading to individuals 

being classified as underweight according to BMI (BMI < 18.5 kg/m2) (ACSM, 2018:70; Karacan et 

al., 2008:169; Maiolo et al., 2003:S33; Pekkarinen et al., 2012:83). In patients with CF, a life-

threatening, autosomal recessive genetic disorder, weight loss, mainly due to growth retardation and a 

negative energy balance caused by metabolic derangements of the illness, is especially detrimental to 

PF (Creutzberg et al., 1998:396; Enright et al., 2007:385; Pedreira et al., 2005:276; Williams et al., 

2010:1332). Loss of body mass also provides prognostic value regarding survival for persons with CF 

and other pulmonary diseases, such as COPD, independent of PF and gas exchange (Creutzberg et al., 

1998:396; Enright et al., 2007:385; Williams et al., 2010:1338).  

 

The major problem with loss of body mass, especially with regards to pulmonary diseases, is that it 

does not only compromise FM but also LBM, with a selective tendency of LBM depletion noted when 

compared to control groups despite relative preservation of FM (Alvarez et al., 2016:451; Creutzberg 

et al., 1998:396; Enright et al., 2007:385). Diminished LBM negatively affects skeletal muscle mass, 

including primary and additional muscles of respiration, decreasing both inspiratory and expiratory 

capacity with concomitant decreases in many other lung volume variables and a possible increase in 

RLV (Creutzberg et al.,1998:396; Enright et al., 2007:388; Pedreira et al., 2005:279). In COPD 

patients, loss of LBM also leads to a greater number of doctor’s visits and poorer prognosis, although 

it was said to not affect QOL (Thibault et al., 2010:693). 
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Furthermore, a decline in PA levels, which are inversely associated with PF, are also noted with reduced 

muscle mass (Creutzberg et al., 1998:396; Enright et al., 2007:388). The findings of Enright et al. 

(2007:388) are in accordance with the literature when poor inspiratory muscle work capacity, poor 

functional capabilities, reduced diaphragm thickness and reduced PA levels were found in CF patients 

with severe illness and compromised LBM. A study investigating the relationship between body 

composition and PF in elderly men and women (Karacan et al., 2008:176) also found reduced LBM, 

resulting from sarcopenia due to aging, to have adverse effects on PF, which in turn negatively affects 

PA. Santana et al. found similar results (2001:830) where elderly subjects in the lowest LBM tertile had 

the lowest values for FVC and FEV1. 

 

2.4.2.3 Overweight and obesity 

 

Accompanying the decrease in LBM with aging is an unfavourable increase in FM, which negatively 

affects PF (Karacan et al., 2008:176; Santana et al., 2001:827). The presence of such excess adiposity 

is detrimental to PF, because FM is the variable that best predicts changes in ERV (Alvares et al., 

2016:452; Costa et al., 2016:109). The negative effects of overweight (25 kg/m2 ≤ BMI ≤ 30 kg/m2) 

and obesity (BMI ≥ 30 kg/m2) on PF can be seen in the significant negative correlation that Karacan et 

al. (2008:171) and Santana et al. (2001:828) found between adiposity indices, such as BMI and BF%, 

and measures of PF, namely FVC and FEV1 in elderly populations.  

 

The negative relationship between PF and increasing adiposity, however does not only hold true for the 

elderly, but applies throughout a person’s lifetime and was confirmed in various studies across different 

age groups and populations (Alvarez et al., 2016:451; Davidson et al., 2014:1009; Maiolo et al., 

2003:S33). In a systematic review by Melo et al. (2014:122) it was reported that among various studies, 

overweight was associated with decreased FEV1 in six studies, obesity with decreased TLC in three 

studies and decreases in FRC and ERV were also found in four studies. The negative relationship 

between PF and obesity already starts during childhood when the onset of obesity after five years of 

age was found to adversely affect lung function at 21 years of age (Suresh et al., 2001:1125). Although 

weight gain is inevitable during growth, and reasonably so, it appears that increasing BMI beyond 

values of overweight adversely affects PF in children, possibly due to its potential effect on chest wall 

dynamics (Suresh et al., 2015:1124). Hutchinson (1846:164) found the same tendency of VC to increase 

up to a certain point with increasing body mass, after which it began to decrease among the severely 

overweight. 

 

Even though restrictive respiratory patterns are most commonly observed among obese people, 

obstructive patterns are also often noted (Leone et al., 2009:512; Melo et al., 2014:124; Zakaria et al., 

2019:47). While many studies found the grossly overweight and obese to have reduced PF, as observed 
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by decreases in lung volumes, such as ERV, FRC and flow rates at low volumes, as well as increased 

RV, more recent studies have found a negative effect on PF with even slight increases in adiposity 

indices above the suggested index for a healthy body composition (Lazarus et al., 1998:40; Maiolo et 

al., 2003:S33; Pekkarinen et al., 2012:87).  

 

Inconsistencies in the literature regarding the overweight category can be explained by the insensitivity 

of BMI and body mass to distinguish between the opposing effects of FM and LBM on PF, especially 

since the accuracy of reference equations increased when FM and FFM was included (Cotes et al., 

2001:844; Lazarus et al., 1998:37; Maiolo et al., 2003:S33).  

 

These findings were further supported by a study from Alvarez et al. (2016:449) on adolescents and 

adults with CF, who found that greater adiposity is independently associated with reduced PF and that 

PF is worse in individuals with normal range body mass and BMI, but high FM relative to FFM 

compared to obese and overweight individuals. Despite these contradictions, general consensus exists 

that further weight gain, beyond the ranges of a healthy body composition leading to overweight and 

obesity, ascribed to a positive energy balance caused by excessive dietary intake compared to total 

energy requirements and lack of EE through PA, which accelerates the decline in PF (Maiolo et al., 

2003:S33; Melo et al., 2014:124; Suresh et al., 2015:1125).  

 

2.4.2.4 Abdominal obesity 

 

Abdominal obesity, which is said to be the key determinant of the association between impaired PF and 

metabolic syndrome, is a condition characterised by excessive truncal fat. Therefore, certain measures, 

such as supraspinal and abdominal skinfolds (contributing to BF% as well), sagittal abdominal 

diameter, waist circumference and WHR has been used to examine and explain its relationship with PF 

(Ehrman et al., 2013:633; Lazarus et al., 1998:36; Leone et al., 2009:512; Pekkarinen et al., 2012:87; 

Peng et al., 2015:2).  

 

Pekkarinen et al. (2012:84) examined the influence of abdominal obesity on lung function in a healthy, 

non-smoking population and found its effects most notable in the FEV1/FVC ratio with which it was 

inversely correlated. Another principal finding of the study was the obstructive spirometric tendency 

present in slightly overweight and even normal weight individuals with abdominal obesity (Pekkarinen 

et al., 2012:87). Similarly, Leone et al. (2009:514) found abdominal obesity to be strongly related to 

lung function impairment in normal-weight individuals. Not only does abdominal obesity predispose 

individuals to obstructive pulmonary diseases, but also increase the risk for restrictive patterns, marked 

by reduced lung volumes, due to the inhibition of the two primary inspiratory movements: diaphragm 

contraction and rib movement (Leone et al., 2009:512; Melo et al., 2014:124). 
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 The distribution of adipose tissue may therefore be another possible explanation for inconsistency in 

the literature regarding the overweight category, since patterns of fat distribution is a significant 

determinant of health, prognosis and PF (ACSM, 2018:71; Karacan et al., 2008:176). A central pattern 

of fat distribution increases the amount of visceral fat and can lead to abdominal obesity predisposing 

individuals to many chronic diseases and adverse conditions due to the negative mechanical effects 

abdominal fat exerts on the lungs and other organs, since it is situated in the abdominal and thoracic 

cavities (Melo et al., 2014:123; Yeh et al., 2011:7).  

 

Furthermore, the negative association between a central pattern of fat distribution and PF in adults was 

already noted in the 1990’s, with an ever-increasing body of evidence found among a variety of 

populations in recent years (Lazarus et al., 1998:37; Leone et al., 2009:515; Pekkarinen et al., 2012:87; 

Santana et al., 2001:829; Yeh et al., 2011:7). It is therefore possible that decreased PF some studies 

have found among overweight individuals might be due to the distribution of adipose tissue in the 

abdominal area when compared to other studies that found no detrimental effect of being overweight 

on PF, since they might have included individuals with a gynoid pattern of fat distribution. 

 

2.4.3 Physiological effects of overweight and obesity on pulmonary function 

 

The consequences of overweight and obesity have been extensively studied and established in the last 

few years, but a lack of consensus still exists regarding the physiological mechanisms leading to adverse 

lung function outcomes (Melo et al., 2014:120). Higher susceptibility of obese individuals for many 

chronic diseases, including sleep apnoea and other pulmonary diseases, has however been ascribed to 

adiposity that mediated metabolic and structural changes, hence its involvement in the underlying 

physiology. While structural changes disturb the well-balanced coaction of various structures that are 

required for optimal lung mechanics, metabolic changes disturb chemical homeostasis, offsetting 

inflammatory pathways (Melo et al., 2014:120 & 123). Accordingly, the variety of potential 

mechanisms whereby increased BF negatively affects lung function have been broadly categorised as 

mechanical and inflammatory (Steele et al., 2009:582). 

 

Understanding the mechanical pathways of how obesity influences PF requires knowledge of normal 

respiration, as well as the structural changes taking place in the presence of increased fatness and its 

consequences. During a normal breathing pattern, the diaphragm contracts, pushing the contents of the 

abdominal cavity forward and downward during inhalation (Melo et al., 2014:123). Simultaneously, 

the external intercostal muscles contract, causing a forward and upward traction on the ribs (Melo et 

al., 2014:123).  
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In obese individuals, however, the deposition of fat in the abdominal and thoracic areas, alters the 

relationship between the lungs, chest wall and diaphragm, hindering their mechanics and impeding 

proper functioning, as reflected by reduced spirometric values (Costa et al., 2016:105; Mihailova & 

Kaminska, 2016:17; Pekkarinen et al., 2012:85; Scott et al., 2012:5; Sperandio et al., 2016:26; Steele 

et al., 2009:582). Excessive intra-abdominal fat accumulation causes an elevation of intra-abdominal 

pressure, superior displacement and compromised descending capacity of the diaphragm during 

inspiration, therefore restricting lung inflation and reducing the functional volume in the thoracic cavity 

(Holley et al., 1967:481; Scott et al., 2012:1; Steele et al., 2009:582). Additionally, compliance of the 

chest wall and thus the respiratory workload is increased by thoracic adiposity, contributing to a volume 

reduction of the chest cavity (Costa et al., 2016:105; Pekkarinen et al., 2012:83; Scott et al., 2012:1).  

 

Besides the direct loading effect, another factor contributing to poor ventilatory mechanics is the 

impairment of airway, intercostal and thoracic skeletal muscle function since it further reduces 

diaphragm mobility and rib cage expansion – the two primary inspiratory movements (Melo et al., 

2014:121 & 124; Pekkarinen et al., 2012:83; Steele et al., 2009:582). Steele et al. (2009:582) suggested 

that the extent of these mobility impairments depend on the absolute volume of abdominal fat, leading 

to the deterioration of lung function with increasing degrees of obesity (Melo et al., 2014:123).  

 

The negative mechanical effect of obesity on lung function is primarily noted in static variables, such 

as the ERV and FRC (Scott et al., 2012:5; Steele et al., 2009:582). Since FRC represents the equilibrium 

point between elastic retractions of the lungs and chest wall, conditions that limit chest wall expansion 

will inevitably decrease the remaining volume of air in the lungs after spontaneous expiration (Melo et 

al., 2014:123). Due to a lower ERV, normal breathing in obese individuals occurs closer to the RV, 

which together with a smaller tidal volume, leads to rapid shallow breathing (Costa et al., 2016:105; 

Holley et al., 1976:447). Such a breathing pattern may explain the abnormalities in regional ventilation, 

mild hypoxemia and higher alveolar-arterial oxygen discrepancies, that are sometimes noted in obesity, 

since they disturb the ventilation-perfusion ratio by means of reduced ventilation in the lower lung zones 

(Holley et al., 1976:447; Pekkarinen et al., 2011:85). 

 

Inflammatory mechanisms occurring via the innate immune pathway may also further elucidate the role 

of adipose tissue in the pathogenesis of respiratory diseases and declining lung function (Hamer, 

2007:8; Leone et al., 2009:513; Melo et al., 2014:120; Scott et al., 2012:5; Steele et al., 2009:582). 

Adipose tissue serves as both an endocrine and paracrine organ, generating large quantities of 

metabolically active hormones, such as pro-inflammatory adipokines and other bio-active mediators 

(Hamer, 2007:8; Leone et al., 2009:514; Melo et al., 2014:120). As the degree of obesity increases, the 

size of adipocytes and number of macrophages contained in the adipocytes also increase, partially 

explaining the higher expression of pro-inflammatory cytokines in obese individuals, as well as the 
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positive correlation between fat mass and circulating levels of interleukin 6 (IL-6), tumour necrosis 

factor alpha (TNF-α) and leptin (Hamer, 2007:8; Leone et al., 2009:514). Therefore, chronic or 

intermittent oxygen deficiency in the tissue, resulting from hypoxemia, can further stimulate the 

excretion of adipokines from adipose tissue (Leone et al., 2009:514). The abundance of such materials 

in obese individuals creates a pro-inflammatory state associated with the underdevelopment of the 

lungs, atopy, bronchial hyper-responsiveness and an associated increased risk for asthma (Melo et al., 

2009:120).  

 

In addition, larger amounts of free fatty acids circulating in the blood contribute to the pro-inflammatory 

state as they can render nuclear factor modulated pro-inflammatory gene activation (Hamer, 2007:8). 

The suggestion that adipose tissue can thus act as an additional source of systemic inflammation, which 

in turn leads to impaired PF, is supported by various recent studies. It was found that inflammatory 

markers are positively associated with increased fatness, visceral obesity, lung function decline, 

respiratory diseases and especially dynamic lung volume variables, such as FVC, due to the local effects 

of inflammatory mediators in the lungs, reducing airway diameter (Leone et al., 2009:514; Scott et al., 

2012:5; Steele et al., 2009:582).  

 

In order to maintain optimal PF, respiratory homeostasis through coordinated action of the structures 

comprising the respiratory system, ventilated lungs and gas diffusion through the alveolar-capillary 

barrier is essential (Melo et al., 2014:123). Since increased adiposity alters the delicate respiratory 

balance, measures focussed on the reduction of body fatness can have clinical implications for the 

development of pulmonary rehabilitation programs, particularly those concerning nutritional targets and 

physical activity programs in order to improve PF and mitigate the burden of respiratory disease (Steele 

et al., 2009:582). A summary of the research investigating the influence of body composition on PF is 

provided in Table 2.7 below.  
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Table 2-7: Mapping the evidence – body composition and pulmonary function 

Author Year Title Study design Method: Body composition Method:  

Pulmonary function 

Outcome 

Alvarez et 

al. 

2016 Body composition and 

lung function in cystic 

fibrosis and the 

association with 

adiposity and normal-

weight obesity 

Cross-

sectional 

pilot study 

Two-component model using air displacement 

plethysmography: thoracic gas volume was 

directly measured and used to calculate total 

body volume and subsequent body density. 

BF% calculated according to Siri equation and 

subsequent calculation of FM and LBM. 

Weight: BOD-POD 

Height: stadiometer. 

BMI was also calculated. 

Conventional spirometry 

methods and ATS standards 

(Percentage predicted FEV1) 

Among subjects with CF the predicted FEV1% was positively 

associated with FFM index and inversely associated with FM index 

after adjusting for age, sex and BMI. Excess adiposity especially in 

the form of NWO corresponded to lower FFM index and lung 

function (predicted FEV1%) in subjects with CF. 

Amara et al. 2001 Lung function in older 

humans: the contribution 

of body composition, 

physical activity and 

smoking. 

Allometric 

model and 

randomised 

sample. 

Randomised 

observational 

study. 

Field methods 

Body mass: calibrated lever-balance scale 

Height: stadiometer 

Skinfold thickness (bicep, tricep, supra-iliac and 

sub-scapular): Harpenden calliper 

Total body density was calculated according to 

Durnin and Wormersley’s equation. 

BF% and LBM was calculated using Siri’s 

equation. 

Spirometry according to ATS 

recommendations (FEV1) 

Elderly individuals with a greater FFM tended to be associated with 

an above average lung function performance especially with regards 

to forced expiratory function. 

Costa et al. 2016 Influence of body 

composition on lung 

function and respiratory 

muscle strength in 

children with obesity. 

Cross-

sectional 

study 

Body mass: digital scale 

Height: stadiometer 

BMI was calculated and the Anthro plus 

program was used to determine ɀ-scores. 

Waist circumference: tape measure 

Fat mass and lean mass (kg and %): 

bioimpedance device 

 

Respiratory muscle strength: 

MIP and MEP with an 

analogue pressure gauge 

Lung function (slow VC, FVC 

and MVV): Spirometry 

according to ATS 

recommendations 

Children with obesity had reduced lung function values (FEV1% and 

FEV1/FVC %) compared to ideal-weight children, while no 

significant differences were found between the respiratory muscle 

strength of obese and ideal-weight children. 
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Davidson et 

al. 

2014 Obesity negatively 

impacts lung function in 

children and adolescents 

Retrospective 

study 

Body mass: calibrated scale 

Height: stadiometer 

Standardised anthropometric methods were 

used. 

Epi Info software was used to calculate BMI and 

determine age- and sex-specific BMI percentiles 

and BMI ɀ-scores 

Spirometry, lung volumes and 

diffusing capacity 

measurements were performed 

according to ATS guidelines. 

Obesity in children and adolescents were associated with a general 

decrease in lung volume measurements, which could lead to 

increased respiratory symptoms and reduced functional capacity. 

Enright et 

al. 

2007 The influence of body 

composition on 

respiratory muscle, lung 

function and diaphragm 

thickness in adults with 

cystic fibrosis 

Observational 

cross-

sectional 

study 

Body mass: electronic balance 

Height: stadiometer 

BMI was calculated 

FFM in CF patients: DEXA 

FFM in healthy subjects: bioelectrical 

impedance 

Diaphragm thickness was 

measured with ultrasound. 

FEV1, FVC and FEV1/FVC 

ratio were measured by dry 

wedge spirometry. 

TLC, RV, RV/TLC and FRC 

were obtained by helium 

dilution using a wash-in 

technique. PImax representing 

inspiratory muscle function 

was measured with an electric 

manometer and computer 

software. 

In CF with normal FFM diaphragm thickness is relatively well-

preserved, but it is suggested that the loss of FFM and worsening 

disease results in a loss of inspiratory muscle function, lung function 

and is associated with significant diaphragm atrophy 

Holley et al. 1967 Regional distribution of 

pulmonary ventilation 

and perfusion in obesity 

Empirical 

study 

Body mass: > 20kg above the desirable 

predicted body mass for gender and height. 

Static lung volumes were 

measured by means of the 

radioactive xenon technique 

There may be significant ventilation/perfusion abnormalities on a 

regional basis in obese individuals, closely related to their reduced 

ERV’s. 

Karacan et 

al. 

2008 Relationship between 

body composition and 

lung function in elderly 

men and women 

Cross-

sectional 

Body mass: digital electronic scale Height: 

Harpenden stadiometer %BF: Skinfolds were 

taken at the tricep and suprailiac sites for 

women and at the thigh and subscapular sites for 

men in order to calculate BF% and subsequent 

FFM from Sloan and Weir’s equation. 

Spirometry was used to obtain 

FVC and FEV1 according to 

the ATS recommendations. 

Body composition and fat distribution are significant predictors of 

lung function in the elderly. Adiposity and FM (BF% and BMI) 

together with reduced LBM have negative effects on lung function in 

elderly men and women. 
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Lazarus et 

al. 

1998 Effects of body 

composition and fat 

distribution on 

ventilatory function in 

adults. 

Cross-

sectional data 

from a pilot 

survey. 

Anthropometric measures of height, weight, 

waist and hip girth, as well as skinfold thickness 

(biceps, triceps, subscapular, mid-abdominal, 

supraspinal and medial calve) were obtained by 

trained observers using standardised methods 

and regularly calibrated equipment. 

BMI and WHR were calculated. 

%BF was also calculated using the method 

suggested by Frisancho. FM and FFM were also 

estimated. 

Spirometry: flow-volume loops 

were recorded according to 

ATS recommendations. 

FVC was used as a measure of 

ventilatory function. 

The importance of body composition as an influential factor for 

ventilatory function has been previously underestimated by failure to 

adequately distinguish between FM and LBM through measures such 

as BMI. In this study, higher levels of body fat were associated with 

decreased ventilatory function in adults suggested by the negative 

association between FVC and FM (partially mediated by mechanical 

effects). The positive association found between LBM and FVC 

might have been mediated by muscle strength. 

Leone et al. 2009 Lung function 

impairment and 

metabolic syndrome 

Cross-

sectional 

population-

based study 

Data obtained included: 

Waist circumference measured with a non-

elastic tape and calculated BMI. 

 

Spirometry according to best 

satisfaction of ATS/ERS 

statement. 

(FEV1, FVC and FEV1/FVC 

ratio). 

Data from a standardised 

questionnaire including 

questions regarding respiratory 

symptoms. 

A positive independent relationship was found between lung function 

impairment and metabolic syndrome in both sexes, and can largely be 

ascribed to abdominal obesity. 

Maiolo et al. 2003 Body composition and 

respiratory function 

Systematic 

review 

LBM and FM and the distribution thereof Spirometric variables and 

respiratory gas exchange. 

A central pattern of fat distribution was found to be negatively 

associated with airway function while increases in muscle mass result 

in linear increases for all spirometric variables in healthy persons. 

Mejbel & 

Abdul-

Wahab 

2016 Study the effects of 

obesity and body fat 

distribution on the 

spirometric pulmonary 

function test 

Case control 

study 

Body mass and height: digital height and weight 

scale. 

BMI was calculated accordingly. 

Waist circumference: tape measure 

Skinfold thickness (supra-iliac and subscapular): 

calliper. 

Body density was calculated according to the 

equation of Durnin and Wormersley 

BF% was calculated with the Siri equation. 

Spirometry 

(FVC, FEV1, FEV1/FVC, 

Forced expiratory flow at 25%, 

50% and 75% and PEFR). 

Obesity is associated with a restrictive rather than obstructive pattern 

of lung impairment. It was further concluded that excessive body fat 

(BF%) and abdominal obesity (WC) have adverse effects on lung 

function and it is suggested that they be used when evaluating lung 

function of individuals with a high BMI. 
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Melo et al. 2014 Obesity and lung 

function: a systematic 

review 

Systematic 

review 

BMI used to classify obesity Plethysmography or 

spirometry 

Obese individuals had reduced lung volumes and capacities compared 

to normal-weight individuals. It was suggested that a restrictive 

pattern is associated with obesity since reduced TLC, FVC and FEV1, 

were the most representative findings amongst the different samples. 

Mihailova, 

A & 

Kaminska, I 

2016 Lung volumes related to 

physical activity, 

physical fitness, aerobic 

capacity and body mass 

index in students 

Cross-

sectional 

study 

Height: measuring tape 

Bioelectircal impedance used to obtain body 

mass and BMI 

Spirometry (actual and 

predicted values of VT, BF, 

MV, ERV and VC). 

Reduced lung volumes were associated with lower aerobic fitness, 

lower physical fitness and lower amount of weekly PA. Healthier 

BMI was associated with higher VO2max in men and women. 

Pedreira et 

al. 

2005 Association of body 

composition and lung 

function in children with 

cystic fibrosis 

Cross-

sectional 

study 

Body mass: digital scale 

Height: stadiometer 

BMI and BMI ɀ-scores were calculated. 

FM and LBM: DEXA 

DEXA derived ɀ-scores were also obtained for 

both components 

Plethysmography according to 

ATS guidelines (FEV1) 

A strong association was found between FEV1% predicted and BMI, 

stronger than that of FM and LBM. Both LBM and FM were 

positively correlated with PF although the latter did not reach 

statistical significance. 

Pekkarinen 

et al. 

2012 Relation between body 

composition, abdominal 

obesity, and lung 

function 

Cross-

sectional 

Standing height 

Waist circumference 

Abdominal sagittal diameter 

Body composition (body mass, LBM, muscle 

mass and BMI) was measured with the InBody 

device based on bioelectrical impedance 

analysis  

Flow-volume spirometry and 

DLCO according to ERS 

standard with curves and 

values selected (FVC, FEV1, 

FEV1/FVC ratio, PEF, 

FEF50%, FEF75%, FEV6, 

DLCO, DLCO/VA, VC and 

ERV) according to ATS/ERS 

standards. 

Both LBM and muscle mass demonstrated a significant positive 

relationship with DLCO. No significant relationship was found 

between spirometry and body composition. FEV1/FVC ratio was 

lower in subjects with a higher WC and abdominal-sagittal diameter 

to such an extent that even normal-weight and slightly overweight 

subjects with abdominal obesity had an obstructive tendency in 

spirometry. 

Santana et 

al. 

2001 Relation between body 

composition, fat 

distribution, and lung 

function in elderly men. 

Cross-

sectional 

Body mass: scale 

Height: stadiometer 

BMI was calculated 

Waist and hip circumference: metal measuring 

tape 

WHR was calculated 

Spirometry according to ATS 

recommendations (FVC and 

FEV1) 

A central pattern of fat distribution is negatively associated with PF 

in elderly men while the amount of muscle mass is positively 

associated with lung function in elderly men. 
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SAD was measured with a portable, sliding-

beam abdominal calliper 

Total body fat, total fat-free tissue mass and 

BF% was measured by means of DEXA. 

Scott et al. 2012 Relationship between 

body composition, 

inflammation and lung 

function in overweight 

and obese asthma. 

Cross-

sectional 

Body mass: calibrated electronic scale 

Height: stadiometer 

WC: inelastic tape 

LBM, FM: DEXA 

BF% were calculated  

Dynamic lung function (FEV1, 

and FVC) was measured 

through spirometry. 

Static lung function (TLC, 

FRC, and ERV) was measured 

by means of a computerised 

plethysmograph system. 

Measurements were done 

according to ATS/ERS 

guidelines. 

Body composition and systemic and airway inflammation 

independently influence PF. The influences these factors have on PF 

are sexually dimorphic in nature. Android and upper body fat were 

negatively associated with lung function in females and LBM in the 

android region was positively associated with lung function in males. 

In females however, lean tissue was positively associated with 

neutrophilic airway inflammation and in-depth examination thereof is 

suggested to understand the mechanism driving such an association. 

The decline in lung function associated with the obese-asthma 

phenotype is multifactorial in origin involving a complex interplay 

between the distribution of lean and fat mass. 

Steele et al. 2009 Obesity is associated 

with altered lung function 

independently of physical 

activity and fitness 

Cross-

sectional 

analysis 

Body mass: Seca scale 

Height: stadiometer 

WC: metal tape 

Body composition was measured using an 

electrical impedance device and the following 

was calculated from the data obtained: BMI, 

WHR, FM, LBM and BF%. 

 

Spirometry according to ATS 

recommendations (FEV1 and 

FVC). 

Lung function in a cohort of white British adults with a family history 

of Type 2 Diabetes was negatively associated with the degree of 

obesity and central fat distribution independent of objectively 

measured PA and aerobic fitness. The negative effect of central fat 

was stronger in men than women. 

Suresh et al. 2015 Impact of childhood 

anthropometry trends on 

adult lung function 

Prospective 

study 

Body mass was recorded at delivery. 

Body mass (scale) and height (stadiometer) was 

recorded during the three follow-up visits. 

All the body mass measurements were 

converted into ɀ-scores. 

BMI was also calculated. 

Spirometry according to ATS 

recommendations (FVC, FEV1, 

FEF, FEF25-75). 

ɀ-Scores for lung function 

values were computed. 

Catch-up growth in early life has a positive influence on adult lung 

function, but only up to 5 years of age after which additional weight 

gain (more than that of normal growth) and the onset of obesity 

adversely affect adult lung function.  

Williams et 

al. 

2010 Body composition 

assessed by the 4-

Case-control 

study 

2-component model of body composition which 

distinguished FM and FFM were calculated 

Spirometry according to ATS 

and ERS standards (FEV1) 

Boys with CF were shorter and heavier than their healthy 

counterparts, but had a body composition within the normal range. 
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component model and 

association with lung 

function in 6-12-y-old 

children with CF 

according to measurements obtained from 

anthropometry, hydrometry, DEXA and 

densitometry. 

4-component model of body composition used 

values of bone mineral content, body mass, 

body volume and total body water to derive 

values for mineral, water, fat and protein. FM 

and FFM were then also calculated. 

Girls with CF however, had a lower FM than healthy girls and it was 

associated with reduced lung function. 

Yeh et al. 2011 Obesity in adults is 

associated with reduced 

lung function in 

metabolic syndrome and 

diabetes: the strong heart 

study 

Multi-centre 

prospective 

study 

Participants were included in the metabolic 

syndrome group if they met certain 

requirements, including the following: 

abdominal obesity (WC > 102 cm in men and > 

88 cm in women). 

Spirometry (FVC and FEV1) Reduced lung function is associated with metabolic syndrome and it 

is suggested that lung function impairment already presents before 

the onset of this disease, likely due to the effects of obesity and 

inflammation. 

Zakaria et 

al. 

2019 Gender differences and 

obesity influence on 

pulmonary function 

parameters 

Retrospective 

study 

Body mass: standardised electronic weighing 

machine 

Height: stadiometer 

BMI was calculated 

Spirometry according to ATS 

standards 

Mean values of PFT parameters were higher in men than women. No 

significant differences were observed in mean PFT parameters among 

different BMI categories, although BMI had a greater effect on PFT 

parameters in men compared to women. Significant weak positive 

correlations were found between BMI and FEV1/FVC ratio. BMI 

seems to be associated with a restrictive spirometric pattern. 

ATS = American thoracic society; BF = Breathing frequency; BF% = Body fat percentage; BMI = Body mass index; CF = Cystic fibrosis; DEXA = Dual-energy X-ray absorptiometry; DLCO = Diffusion capacity; ERS = European 

respiratory society; ERV = Expiratory reserve volume; FEF = Forced expiratory flow; FEV1 = Forced expiratory volume in one second; FEV6 = Forced expiratory volume in six seconds; FFM = Fat free mass; FM = Fat mass; FRC 

= Functional residual capacity; FVC = Forced vital capacity; kg = kilogram; LBM= Lean body mass; MEP = Maximum expiratory pressure; MIP = Maximum inspiratory pressure; MV = Minute ventilation; MVV = Maximum 

voluntary ventilation; NWO = Normal weight obesity; PA = Physical activity; PEF = Peak expiratory flow; PEFR = Peak expiratory flow rate; PFT = Pulmonary function test; PImax = Maximal inspiratory pressure; RV = Residual 

volume; SAD = Sagittal abdominal diameter; TLC = Total lung capacity; VA = Alveolar volume; VC = Vital capacity; VO2max = maximum rate of oxygen consumption; VT = Tidal volume; WC = Waist circumference; WHR = 

waist-to-hip ratio; % = percentage. 
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2.5 Physical activity and pulmonary function 

 

Physical activity, which has repeatedly been demonstrated to delay premature mortality and reduce the risk 

of developing chronic diseases and health conditions, takes on an increasingly important role in respiratory 

healthcare through primary prevention and in pulmonary rehabilitation programs. The inclusion of PA in 

pulmonary rehabilitation programs for respiratory diseases such as COPD, asthma, CF, pulmonary fibrosis, 

bronchiectasis and lung cancer has been suggested in different studies (Garcia-Aymerich et al., 2009:1003; 

Nici et al., 2006:1404; Ries et al., 2007:6S; Waschki et al., 2011:337).  

 

Physical activity is defined as any bodily movement resulting from skeletal muscle contraction, producing 

a substantial increase in the caloric requirements above that of resting EE (Caspersen et al., 1985:126). In 

order for PA to yield health-related benefits, one should at least adhere to the minimum PA 

recommendations by the centres for disease control and prevention and the American College of Sports 

Medicine (ACSM, 2018:4). According to these recommendations, participation in moderate intensity (40-

˂60% of heart rate reserve also quantified as requiring 3-˂6 METs) aerobic PA with a duration of 30 

minutes per day (whether continuous or in accumulative bouts of 10 minutes each) should take place at 

least five days per week (ACSM, 2018:4; Haskell et al., 2007:1083 & 1084; Physical activity guidelines 

advisory committee, 2008:A-4). Alternatively, participation in vigorous intensity (≥60% of heart rate 

reserve or ≥ 6 METs) aerobic PA with a duration of 20 minutes per day should take place on at least three 

days of the week.  A combination of the two guidelines can also be followed. 

 

It is however important to consider the dose-response relationship between PA and health when setting 

certain rehabilitation goals and desired outcomes. This relationship, indicating that some activity is better 

than none and more activity, up to a certain point, is better than less, is particularly important where weight 

loss is the primary goal of pulmonary rehabilitation (for example in restrictive lung diseases caused by 

obesity) since additional PA beyond the minimum requirements may be required to achieve weight loss 

(ACSM, 2018:5).  

 

In addition to the general Frequency, Intensity, Type and Time (FITT) recommendations for healthy adults 

(18-65 years) it is also suggested that activities aimed at the maintenance or increase of muscular strength 

and endurance be performed at least twice a week (Haskell et al., 2007:1083-1084). Individuals affected 

by a selective depletion in LBM, such as aging individuals or those suffering from CF and even COPD, 

will especially benefit from adhering to this recommendation. The provided recommendations are however 

often challenged through the limitations imposed on those suffering from pulmonary diseases as well as 

those above 65 years of age (Nici et al., 2006:1391). Therefore, there are special considerations and 

additional or adapted recommendations for geriatrics and people with different pulmonary diseases 

(ACSM, 2018:194, 255 & 260; Nici et al., 2006:1393-1395).  
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The positive relationship between PA and PF has been documented in various research studies (Brumpton 

et al., 2017:282; Garcia-Aymerich et al., 2007:462; Menezes et al., 2012:S31; Nystad et al., 2006:1403). 

In addition, Nawrocka and Mynarski (2017:125) found that adhering to the global recommendations on PA 

for health is associated with lung volumes and capacities, particularly with regards to FVC & FEV1. Earlier 

studies, across different age groups and populations, also found higher values of FEV1, FEV6 and FVC in 

physically active individuals, as opposed to those leading a sedentary lifestyle (Cheng et al., 2003:526; 

Garcia-Aymerich et al., 2007:461; Menezes et al., 2012:S29-S30;). Furthermore, age-related decline in PF 

can be reduced through participating in PA, seeing that high levels of PA corresponds to approximately 

three to five years of the normal decline in FEV1, according to Nystad et al. (2006:1403).  

 

The benefits of PA are however not limited to improved spirometric outcomes, but has far-reaching 

implications, especially for those affected by pulmonary diseases. Some of the benefits include decreased 

oxygen cost and energy requirement of respiration, improved oxygen uptake, reduced dynamic 

hyperinflation, reduction in the occurrence and severity of respiratory symptoms, such as dyspnoea, 

improved respiratory muscle strength and also extra-pulmonary effects, such as improved LBM, improved 

exercise tolerance and CRF, better QOL and ultimately, reduced morbidity and mortality (Kodama et al., 

2009:2031; Nawrocka & Mynarski, 2017:125; Nici et al., 2006:1390 & 1393).  

 

The adoption of physically active lifestyle from early childhood is supported by the significantly higher 

lung function and growth rates in lung function indices found among physically active nine- to eleven-year-

old Chinese girls, compared to physically inactive Chinese girls of the same age, especially since PA 

patterns developed during childhood are likely to extend into adulthood (Ji et al., 2013:2). Maintaining 

adequate levels of PA with increasing age is equally important, as the decline in lung function 

accompanying the decrease in PA was most noticeable in the oldest age group of participants in the HUNT 

study (Nystad et al., 2006:1403). Physical activity is therefore integral to maintaining adequate respiratory 

function (Cheng et al., 2003:527). 

 

2.5.1 Measurement of physical activity 

 

In light of PA’s many health benefits and the public burden inflicted by sedentary behaviour, public health 

experts were encouraged to strive for internationally coordinated efforts to develop a tool which could 

evaluate and track PA on an international population-based level (Booth, 2000:119; Rütten & Abu-Omar, 

2004:281). The international consensus group on PA measurement was therefore working toward the 

development of reliable, valid and widely acceptable PA measuring instruments (Booth, 2000:119). The 

International Physical Activity Questionnaire (IPAQ), which was developed in 1998 in Geneva as an 

international tool to subjectively measure PA, provided part of the solution to the problem (Craig et al., 

2003:1381; IPAQ, 2002).  



 

72 

 

In addition to the subjective measures of PA, the need for objective measures also exist to directly measure 

PA, especially in studies concerning the effect of PA on PF in the elderly, due to decreased accuracy of 

subjective PA questionnaires with increasing age (Nawrocka & Mynarski, 2017:123; Tammelin, 

2009:284). Activity monitors ranging from pedometers to tri-axial accelerometers are becoming evident in 

the monitoring of PA in non-laboratory settings, such as population-based field studies (Nici et al., 

2006:1401). Although these activity monitors can be useful to objectively measure a patient’s daily activity 

in a pulmonary rehabilitation setting, many of these devices are less sensitive to upper extremity movements 

– often emphasised in such programs due to respiratory muscle strengthening – than to lower extremity 

movements. Therefore, further research is required on the role of activity monitors in clinical pulmonary 

rehabilitation assessments (Nici et al., 2006:1401). It is important to acknowledge the limitations and 

possible over or under estimation of both subjective and objective PA measurement instruments (Maddison 

et al., 2007; Nici et al., 2006:1401; Tammelin 2009:284) when interpreting the relationship between PA 

and PF. 

 

2.5.1.1 Accelerometers 

 

Up until recently, very few studies have used accelerometers to assess the effect of PA on PF, but as an 

emerging and suggested method (in combination with PA diaries) to accurately and objectively measure 

PA in studies and surveys they have been put to use in some more recent studies (Nawrocka & Mynarski, 

2017:124; Nici et al., 2006:1401; Tammelin, 2009:284). One such study was undertaken by Nawrocka and 

Mynarski (2017:124) who used ActiGraph GT3X tri-axial accelerometers and PA diaries to objectively 

measure which percentage of participants met the global recommendations on PA for health and to what 

extent it correlated with PF. In the study, a significant correlation between objectively measured weekly 

moderate PA and lung volume variables were found (Nawrocka & Mynarski, 2017:125). One of the earliest 

studies to find an association between accelerometer determined PA of daily living and restrictive lung 

disease also used the ActiGraph tri-axial accelerometer (Sperandio et al., 2016:24 & 27). Furthermore, a 

study by Watz et al. (2009:264) found significant PA limitations, as measured by the biaxial accelerometer, 

in COPD patients from Gold stage II / BODE score 1, which corresponds with the findings of earlier studies 

that found reduced accelerometer or pedometer measured PA in patients with severe COPD, compared to 

healthy individuals.  

 

Although there is a definite use of objective PA monitors, such as accelerometers, in the pulmonary 

rehabilitation environment, it is often costly to use in epidemiological studies or for public health 

surveillance (Maddison et al., 2009). The high cost associated with measuring PA by means of objective 

activity monitors, such as the accelerometer, leads to the use of a viable and practical alternative in many 

studies namely PA questionnaires, such as the IPAQ, successfully validated against an accelerometer (Craig 

et al., 2003:1387). 
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2.5.1.2 Questionnaires 

 

Self-report, by means of PA questionnaires, is a practical method to assess PA in large study populations 

in both developed and developing countries (Booth, 2000:114). Therefore, this method is increasingly being 

used in many prevalence studies and population-based, cross-sectional and cohort studies assessing the 

relationship between PF and PA (Brumpton et al., 2017:278; Hallal et al., 2003:1894; Ji et al., 2013:2; 

Menezes et al., 2012:S28; Rütten & Abu-Omar, 2004:282). For example, the 1993 Petolas birth cohort 

study (n = 5249) assessed PA through self-report of participants at 11 and 15 years of age by an interviewer 

who administered PA questionnaires with high reliability and moderate concurrent validity, with reference 

to pedometers, covering leisure time and commuting PA to assess the relationship between PA and PF 

(Menezes et al., 2012:S28). In the study, self-reported PA was related to improved effort-dependant 

pulmonary parameters, such as FVC and FEV6, especially among girls (Menezes et al., 2012:S30).  

 

A prospective study (n = 1713) among Chinese schoolgirls also found a significant positive relationship 

between pulmonary parameters (lung function growth) and PA as reported in self-administered PA 

questionnaires (Ji et al., 2013:4). In addition, the association between self-reported PA and lung function 

among a Norwegian cohort was investigated by Nystad et al. (2006:1400) who found improved PF among 

physically active participants (similar to Amara et al. (2001:524 & 534)). Another study also utilised a PA 

questionnaire and concluded that the rate of FEV1, FEV1/FVC and PEF decline was slightly slower in 

physically active participants with asthma compared to those who were physically inactive (Brumpton et 

al., 2017:282). Furthermore, PA was associated with reduced risk of asthma and COPD exacerbations 

(Garcia-Aymerich et al., 2009:1003; Garcia-Aymerich et al., 2006:777). 

 

Recall PA questionnaires may be the most practical method to measure PA, especially in large populations, 

but they tend to over- or underestimate true PA, which might lead to poor correlations between self-reported 

PA and objectively measured PA (Maddison et al., 2007). Therefore, it is important to compare the results 

of studies using subjective measures of self-reported PA to studies using objective measures of PA to 

confirm the positive effect of PA on PF parameters. Additionally, comparing results from studies using 

different PA questionnaires is difficult since each questionnaire is configured differently, commonly 

causing it to only assess a certain activity domain, such as leisure time PA. The answers are also influenced 

by seasonality, culture and demographics (Booth, 2000:117). The IPAQ was developed in order to 

overcome these problems to a great extent and allow for the international comparison of research results 

(Craig et al., 2003:1381; IPAQ, 2002; Tammelin, 2009:284). 
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2.5.1.3 International physical activity questionnaire 

 

The versatility and suitability of the IPAQ for application in rural and urban areas, different cultures, socio-

economic statuses and geographical regions has made this international method for subjectively quantifying 

PA useful, especially in large studies involving diverse populations (such as the population rural urban 

epidemiology (PURE) study) (Craig et al., 2003:1389; Duong et al., 2013:600; Van Niekerk, 2014:53). 

This questionnaire went through considerable reliability and validity testing in 12 different countries (Craig 

et al., 2003:1381). After testing, it was found that the questionnaire has acceptable measurement properties 

that can be used as a common tool for widespread comparisons of health-related PA as well as for the 

purpose of research (IPAQ, 2002; Maddison et al., 2007). The results of the tests found 75% of test-retest 

correlations to be higher than 0.65 and an overall estimation of PA to be moderately correlated (r = 0.3) to 

a 7 day measurement of an accelerometer (Craig et al., 2003:1385).Although the short version of the IPAQ 

was used during the PURE study, and other prevalence studies, the long version has also been used to 

determine PA participation to investigate the association between PA and PF (Hallal et al., 2003:1895; 

Mihailova & Kaminska, 2016:18).  

 

In Latvia, 191 students from a tertiary institution were divided into three levels of PA: low, moderate and 

high, according to the IPAQ scoring guidelines to determine the correlation between PA level and PF 

(Mihailova & Kaminska, 2016:19). Following statistical analysis, a significant positive association was 

found between higher levels of PA and higher lung volumes, particularly VC (Mihailova & Kaminska, 

2016:22). Even though Rütten et al. (2003:375) raised certain methodological issues and further research 

was suggested to improve the IPAQ’s quality, it remains one of the few tools for PA measurement that 

underwent substantial reliability and validity testing (Craig et al., 2003:1388).  

 

In addition, this questionnaire was based on the current PA recommendations (Tehard et al., 2005:1536). 

It was also structured to assess each component of the FITT principle among different activity domains 

using metabolic equivalents of tasks (METs) to express total activity scores and provide categorical (low, 

moderate and high) indicators, as well as continuous (MET-minutes/week) indicators of PA in a comparable 

fashion (Craig et al., 2003:1382; Gauthier et al., 2009:S54; Rütten & Abu-Omar, 2004:281). 

 

2.5.2 Classification of physical activity 

 

Metabolic equivalents are a standardised way to classify the absolute intensity of a variety of physical 

activities and is based on the amount of energy such activities require in comparison to the amount of energy 

required during rest (1 MET) (Physical activity guidelines advisory committee, 2008:C-4). Physical 

activities that require ˂ 3 METs are classified as low intensity physical activities while those requiring 3- 
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˂ 6 MET’s and ≥ 6 METs are classified as moderate and vigorous intensity physical activities, respectively 

(Physical activity guidelines advisory committee, 2008:A-4). 

 

Currently, most of the literature investigating the effect of PA on PF found that increased levels of PA 

yielded greater respiratory benefits and spirometric improvements compared to decreased levels of PA 

(Amara et al., 2001:528; Cheng et al., 2003:526; Garcia-Aymerich et al., 2006:775; Garcia-Aymerich et 

al., 2007:462; Garcia-Aymerich et al., 2009:1002; Mihailova & Kaminska, 2016:21; Nystad et al., 

2006:1401; Ries et al., 2007:17S; Waschki et al., 2011:336). These findings align with the positive dose-

response relationship between increasing levels of PA and health, stating that greater physiological 

improvements including, but not limited to, reduced minute ventilation, reduced HR at a given workload, 

reduced PF decline and risk for respiratory disease development and/or exacerbations, improved aerobic 

capacity and improved lung volumes are obtained when performing physical activities requiring a higher 

intensity (ACSM, 2018:5; Amara et al., 2001:532; Haskell et al., 2007:1084; Garcia-Aymerich et al., 

2009:1001; Garcia-Aymerich et al., 2007:462; Mihailova & Kaminska, 2016:23; Nici et al., 2006:1393; 

Ries et al., 2007:18S). For these reasons, vigorous intensity physical activities are recommended, if 

tolerable for individuals suffering from COPD (ACSM, 2018:259). 

 

Various studies also suggested high intensity (60-85% of 1RM) strength training for individuals with COPD 

based on the outcomes of increased health-related QOL, which decreased dyspnoea performing activities 

of daily living and decreased fatigue (Ehrman et al., 2013:331). Tucker et al. (2017:756-757) also proposed 

that higher intensities may elicit greater PF improvements and increase survival rates for CF patients given 

the increase in dynamic lung volume variables (FEV1 and FVC) and decrease the lung clearance index they 

found in CF patients following a single bout of maximal exercises. It is however important to acknowledge 

the acute transient risk for the occurrence of adverse events during participation in vigorous intensity 

physical activities, especially for those with pre-existing cardiovascular disease (Haskell et al., 2007:1088; 

Kesaniemi et al., 2001:S358; Physical activity advisory committee, 2008:A10).  

 

Moderate intensity physical activities can be beneficial in this regard since they simultaneously attenuate 

the risk of adverse events and sustain the health benefits associated with PA (Haskell et al., 2007:1088). 

Although a study by Garcia-Aymerich et al. (2009:1002) found that high intensity physical activities had 

apparent pulmonary benefits, including reduced risk of asthma exacerbation, they failed to include 

information regarding exercise-induced asthma, which can be triggered by participating in high intensity 

physical activities (ACSM, 2018:252).  

 

Bearing in mind the restrictions and exercise intolerance present in many respiratory diseases, as well as 

the all-important outcome of long-term adherence and maintenance of a physically active lifestyle, low 

intensity physical activities should not be disregarded (Nici et al., 2006:1393; Ries et al., 2007:18S; 
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Vandelanotte et al., 2013:7). Although low intensity activities may not provide the same physiological 

benefits acquired by moderate to high intensity activities, it still renders certain clinical benefits, such as 

improvement in symptoms, health-related QOL and performance of activities of daily living (Ries et al., 

2007:18S). In a population-based cohort study among individuals with COPD, those reporting low levels 

of PA still had a lower risk of hospital admission due to COPD than those reporting very low levels of PA 

(Garcia-Aymerich et al., 2006:755). Brumpton et al. (2017:280) also found the decline in FEV1, FVC, 

FEV1/FVC ratio and PEF slightly less in those reporting very low and low levels of PA compared to their 

inactive counterparts supporting the theory that some PA is better than none, despite the benefits being less 

than those observed with greater levels of PA (Physical activity guidelines advisory committee, 2008:A-8).  

 

Although it has been proven that PA is inversely associated with all-cause mortality and produces a vast 

range of health benefits with salutogenic effects in many diseases, including coronary heart disease, 

diabetes, osteoporosis and certain cancers, there is still a certain amount of controversy around the influence 

of PA on PF and the dose required to elicit optimal improvements in pulmonary health (Kesaniemi et al., 

2001:S357; Menezes et al., 2012:S30; Tucker et al., 2017:757). A summary of the research investigating 

the influence of PA on PF is provided in Table 2.8 below. 
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Table 2-8: Mapping the evidence: physical activity and pulmonary function 

Author Year Title Study design Method: Physical activity Method:  

Pulmonary function 

Outcome 

Amara et al. 2001 Lung function in older 

humans: the contribution of 

body composition, physical 

activity and smoking  

Stratified 

random cross-

sectional study 

The Minnesota leisure-time physical 

activity questionnaire was used to assess 

PA. 

A low-resistance turbine linked to computerised 

data collection (validated against spirometry) 

was used to record FEV1 

High intensity PA in the elderly may be a 

more important contributor to forced 

expiratory function than previously 

recognised. 

Brumpton 

et al. 

2017 Physical activity and lung 

function decline in adults 

with asthma: the HUNT 

study 

Population-

based cohort 

study 

Participants were questioned with regards 

to their average hours of light and hard 

leisure-time PA per week in the last year. 

Commuting to work was included as 

leisure-time activity. 

Flow-volume spirometry was done according to 

ATS guidelines 

Some suggestions of slightly less decline 

in FEV1, FEV1/FVC ratio and PEF 

existed for physically active asthma 

participants compared to their inactive 

counterparts.  

Cheng et al. 2003 Effects of physical activity 

on exercise tests and 

respiratory function 

Cross-sectional 

study and 

longitudinal 

study 

Cardiorespiratory fitness was determined by 

a maximal treadmill test according to the 

Blake protocol. Physical activity was 

assessed by self-reported regular exercise 

patterns three months prior to testing. 

Spirometry. 

Measurements included FEV1, FVC and 

FEV1/FVC 

Physical activity was associated with the 

maintenance of cardiovascular and 

respiratory function. Change in PA habit 

is associated with change in 

cardiorespiratory fitness, while 

respiratory function change did not 

contribute much to the association in 

adults during a five-year follow up. 

Menezes et 

al. 

2012 Physical activity and lung 

function in adolescents: the 

1993 Pelots (Brazil) birth 

cohort study 

Birth cohort 

study 

(prospective, 

longitudinal, 

observational 

study) 

Self-reported leisure time PA through a 

questionnaire administered at 11 and 15 

years of age. Leisure-time PA, including 

sports practice in- and outside of school, as 

well as commuting PA was covered by the 

questionnaire. 

Spirometry (a battery-operated portable 

spirometer was used). 

Outcome variables included FVC, FEV1, FEV6 

and PEF. 

PA in adolescents is related to improved 

lung function particularly among girls. 

Strategies to promote PA are urgently 

required to improve general health and 

PF. 

Ji et al. 2013 Physical activity and lung 

function growth in a cohort 

of Chinese school children: a 

prospective study 

Prospective 

study 

(longitudinal 

population-

based cohort) 

Self-administered questionnaire on habitual 

PA completed in classrooms under the 

guidance of trained investigators. 

Frequency and duration of both indoor and 

outdoor sports, as well as free playing 

Spirometry. A portable electric spirometer was 

used. Measurements included: FVC, FEV1, 

FEF25, FEF75 and FEF25-75. 

A significant positive relationship 

between PA and lung function growth in 

Chinese girls were found. 
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during the previous year was covered by the 

questionnaire. 

Garcia-

Aymerich et 

al. 

2006 Regular physical activity 

reduces hospital admission 

and mortality in chronic 

obstructive pulmonary 

disease: a population based 

cohort study 

Population-

based cohort 

study 

Self-administered questionnaire on regular 

PA in the previous 12 months 

discriminating between sedentary and 

active persons with respect to maximal 

oxygen uptake. Physical activity variables 

included: PA at work, PA during leisure 

time, jogging, cycling in winter and cycling 

in summer. 

Spirometry by means of an electric spirometer. 

Parameter measured included: FEV1 and FVC. 

Performance of regular PA by COPD 

patients is associated with a reduction in 

the risk of hospitalisation with COPD and 

all-cause respiratory mortality. The 

results provide evidence that future 

COPD guidelines should consider 

including recommendations that 

encourage patients to maintain or 

increase their PA levels. 

Garcia-

Aymerich et 

al. 

2007 Regular physical activity 

modifies smoking-related 

lung function decline and 

reduces risk of chronic 

obstructive pulmonary 

disease 

Random 

population 

sample 

Ongoing 

prospective 

cohort 

Questionnaires. Physical activity at each 

examination was classified into three 

categories: low, moderate and high. 

Baseline and follow-up PA levels were 

combined to obtain mean values for each of 

the categories. 

Spirometry. 

Lung function parameters included FEV1 and 

FVC. 

Symptoms such as dyspnoea and sputum were 

also recorded by questionnaire. 

Moderate to high levels of regular PA are 

associated with an attenuation of lung 

function decline and a lower risk of 

COPD at the population level. 

Garcia-

Aymerich et 

al. 

2009 Prospective study of physical 

activity and risk of asthma 

exacerbations in older 

women 

Prospective 

analysis in the 

Nurses’ health 

study 

A questionnaire was used to determine PA. 

Weekly time spent in a variety of leisure-

time PA was determined and multiplied by 

the MET value. All activities were 

combined to yield a METˑhour/week score. 

Baseline asthma severity measures: symptoms 

between flares, symptoms in the last 4 weeks, 

medication in the last 12 months and days kept 

from work or usual activities due to asthma. 

Exacerbations (defined by hospital admission, 

emergency department visit or urgent office visit 

for asthma exacerbation) in the 12 months prior 

to baseline measurement and during follow-up 

were also noted. 

Regular PA was associated with reduced 

risk of asthma exacerbation and therefore 

supports the inclusion of PA advice in 

asthma guidelines and the promotion of 

research regarding the effects of exercise 

training programs on the physical course 

of asthma. 

Nystad et 

al. 

2006 Association between level of 

physical activity and lung 

function among Norwegian 

men and women: the HUNT 

study 

Population-

based study 

Questionnaires assessed the level of PA in 

1985 and 1995. In 1985 and 1995 PA 

dimensions included frequency, intensity 

and duration assessed by three questions 

about exercise. In 1995 a single question 

was included and response categories 

reflected either low or high levels of PA. 

Flow-volume spirometry was recorded according 

to ATS recommendations. The outcome 

measurement was FEV1. 

A high level of PA corresponds to about 

3-5 years of normal decline in in FEV1 

(30 ml/year), and may therefore 

overcome the disadvantages of a decline 

in FEV1 by increasing age. 
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Nawrocka, 

A. & 

Mynarski, 

W. 

2017 Objective assessment of 

adherence to global 

recommendations on 

physical activity for health in 

relation to spirometric values 

in non-smoker women aged 

60-75 years 

Cross-sectional Weekly PA was assessed by means of an 

ActiGraph GT3X triaxial accelerometer. 

Acceleration data was collected for three 

axes: vertical, medio-lateral and anterior-

posterior and was combined into a vector 

magnitude score. PA monitors were worn 

for seven consecutive days of the week, 

excluding sleeping time and time spent in 

water activities. 

Forced spirometry tests were performed using a 

hand-held spirometer according to ATS 

guidelines. Values obtained included FVC, 

FEV1, FEV15/FVC and PEF. 

Meeting the criteria of global 

recommendations on physical activity for 

health is associated with better FVC and 

FEV1 parameters in healthy elderly 

women. 

Sperandio 

et al. 

2016 Restrictive pattern on 

spirometry: association with 

cardiovascular risk and level 

of physical activity in 

asymptomatic adults 

Cross-sectional Physical activity in daily life: ActiGraph 

triaxial accelerometer worn for seven days. 

The device was not worn during sleeping 

time and water-based activities. Duration 

and intensity of PA was measured by the 

accelerometer. 

Spirometry was done according to ATS 

recommendations. A hand-held spirometer was 

used. Measurements included: FEV1, FVC and 

FEV1/FVC ratio 

A restrictive spirometric pattern was 

common among asymptomatic adults and 

showed an association with objectively 

measured physical activity in daily life. 

After adjustment for physical activity in 

daily life a restrictive pattern was still 

associated with cardiovascular risk 

factors.  

Tucker et 

al. 

2017 A single bout of maximal 

exercise improves lung 

function in patients with 

cystic fibrosis 

Intervention 

study 

An exhaustive, maximal cardio-pulmonary 

exercise test was performed on an 

electronically braked cycle ergometer 

according to the Godfrey protocol. 

Different physiological measurements were 

also obtained during the test period. 

Comprehensive PF assessment including: 

spirometry, impulse oscillometry, exhaled nitric 

oxide, diffusion capacity and lung clearance 

index. These assessments were performed prior 

to and 10 minutes after a maximal exercise test. 

Spirometry was performed according to ATS 

guidelines. Measurements obtained by 

spirometry were FEV1, FVC, FEV1/FVC ratio 

and FEF25-75. The MVV was calculated. 

A significant increase in spirometric 

function and decrease in LCI following a 

single bout of exercise in CF patients. 

The magnitude of improvement in PF 

was related to peak work and peak 

pulmonary ventilation during exercise. A 

small volume of exercise may thus 

transiently improve lung function. 

Waschki et 

al. 

2011 Physical activity is the 

strongest predictor of all-

cause mortality in patients 

with COPD 

Prospective 

cohort study 

A multisensory armband was used to assess 

PA. The level of PA and step counts per 

day were assessed over a period of five to 

six consecutive days for a minimum of 22.5 

hours daily. 

Post-bronchodilator spirometry was used to 

assess lung function. 

Objectively measured PA is the best 

predictor of mortality in COPD patients 

compared to a broad range of other 

prognostic assessments. Physical activity 

level also provides some of the best 

independent prognostic information for 

COPD patients. 
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Watz et al. 2009 Physical activity in patients 

with COPD 

Case-control 

study 

Six-minute walk test. 

Parameters of PA included daily steps, 

minutes of moderate PA and PA level. A 

multi-sensor armband, using a biaxial 

accelerometer, was used to measure PA. 

COPD patients were classified according to 

GOLD criteria and dyspnoea was assessed 

according to the modified medical research 

council’s dyspnoea scale. 

In patients with stage II COPD according 

to GOLD, PA is reduced. PA in patients 

with COPD is not completely reflected 

by clinical characteristics of disease 

severity. 

ATS = American thoracic society; CF= cystic fibrosis; COPD = Chronic Obstructive Pulmonary Disease; FEF25 = Forced expiratory flow at 25% of the vital capacity; FEF75 = Forced expiratory flow at 75% of the vital 

capacity; FEF25-75 = Forced expiratory flow between 25% and 75% of the vital capacity; FEV1 = Forced Expiratory volume in one second; FEV6 = Forced expiratory volume in six seconds; FVC = Forced Vital Capacity; 

GOLD = Global initiative for chronic obstructive lung disease; HUNT = Nord-Trøndelag Health Study; LCI = lung clearance index; MET = Metabolic equivalent; MVV = Maximum voluntary ventilation; PA = Physical 

Activity; PEF = Peak expiratory flow 
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2.5.3 Physiological effects of physical activity on pulmonary function 

 

The exact mechanisms underlying the positive relationship between PA and PF are complex and not fully 

understood, yet (Brumpton et al., 2017:282; Waschki et al., 2011:336). However, some studies have 

proposed physiological perspectives on this matter, thereby supporting the credibility of the relationship 

and contributing to the body of evidence supporting PA as a preventative measure and treatment modality 

for various respiratory conditions (Brumpton et al., 2017:282; Enright et al., 2007:388; Garcia-Aymerich 

et al., 2007:462; Hamer, 2007:8; Menezes et al., 2012:S31; Sperandio et al., 2016:25).  

 

The most significant of these perspectives is most likely the anti-inflammatory effect of PA (Garcia-

Aymerich et al., 2007:459; Hamer, 2007:9; Sperandio et al., 2016:25). In a review conducted by Hamer 

(2007:6) 27 of 40 observational studies documented an inverse relationship (retaining significance even 

when adjusted for measures of fatness) between PA and one or more inflammatory markers, including C-

reactive protein (CRP), IL-6, TNF-α and fibrinogen that is involved in the pathogenesis of obstructive and 

restrictive respiratory diseases (Sperandio et al., 2016:26). The same suppressed production of 

inflammatory mediators (CRP, IL-6, TNF-alpha and intracellular adhesion mollecule-1), together with 

enhanced anti-inflammatory markers, and the synthesis of exhaled nitric oxide and prostacyclin from the 

vascular endothelial cells and manganese superoxide dismutase from the tissue cells, was proposed by 

Garcia-Aymerich et al. (2007:462) as an explanation for the decreased lung function decline and COPD 

risk in active smokers who participated in regular PA.  

 

Considering the inflammatory nature of the pathology underlying most respiratory diseases, whether 

smoking related or not, as well as the elevated levels of inflammatory markers seen in sedentary individuals, 

this approach may be very important, because it represents a biological antagonistic interaction between 

pro-inflammatory conditions and behaviour (such as smoking and inactivity) and anti-inflammatory 

behaviour, such as PA participation (Garcia-Aymerich et al., 2007:459 & 461; Sperandio et al., 2016:25 & 

26). Reduced levels of inflammatory markers may attenuate airway inflammation and various symptoms 

that jeopardise the patency of the airways, such as excessive mucous secretion, oedema, collagen deposition 

and smooth muscle contraction, which could lead to decelerated PF decline and improved spirometric 

outcomes (Brumpton et al., 2017:282; Menezes et al., 2012:S31).  

 

Another physiological explanation involves the deceleration of the progressive respiratory system 

involution, which occurs with aging and the increasing of disease severity, mainly due to inactivity-

mediated loss of LBM (Amara et al., 2001:532; Enright et al., 2007:388; Santana et al., 2001:830). It can 

be argued that participating in PA, particularly in activities that focus on muscle strengthening, aid in 

decreasing the rate of PF decline by improving muscle quantity, quality, strength and coordination. These 
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qualities are required by the primary and accessory respiratory muscles to overcome the elastic recoil of 

the lungs and resistance of the chest wall to collapse, as well as to generate sufficient force for the 

performance of effort-dependent respiratory manoeuvres, such as those used in spirometry to measure lung 

volumes (Amara et al., 2001:531; Brumpton et al., 2017:282; Nawrocka & Mynarski, 2017:125; 

Vainshelboim et al., 2014:385).  

 

Improved respiratory muscle strength, together with increased deep inspiration, thoracic mobility and 

sputum clearance occurring during PA, could result in more functional breathing patterns to possibly 

increase lung clearance index and maximal oxygen uptake with 15-20% in a few months, while reducing 

dynamic hyper-inflation, bronchial hyper-responsiveness and thus airway resistance, as well as perceived 

dyspnoea (Brumpton et al., 2017:282; Kanstrup & Ekblom, 1978:713; Tucker et al., 2017:757; 

Vainshelboim et al., 2014:385). Lastly, Nystad et al. (2006:1403) also proposed that physically active 

individuals may lead an overall healthier lifestyle by abstaining from smoking and maintaining a healthy 

diet, which may contribute to improved PF. 

 

2.6 The interrelationship between body composition, physical activity and pulmonary function 

 

An unhealthy body composition and physical inactivity are increasingly being recognised as modifiable 

risk factors for poor PF. The relationship between body composition and PA, however, resulted in a 

continous debate whether positive health outcomes – also relating to PF – occur soley as a result of 

improving either variable or due to a favourable interrelation between all the variables (Hamer, 2007:3). 

Considering the influence altered PF has on body composition and PA, further complicates this relationship. 

In order to thoroughly investigate the interrelation between PA, body composition and PF, the effects each 

of these variables has on the other needs to be understood, together with their underlying mechanisms. 

While the effects that both body composition and PA have on PF have been discussed earlier in this chapter, 

the following section focuses on the relationship between PA and body composition, as well as their 

combined effects on PF and the feedback alterations it brings about. 

 

2.6.1 Benefits of physical activity 

 

It is known that PA has a wide variety of health benefits and causes beneficial body composition changes 

(ACSM, 2018:9; Kesaniemi et al., 2001:S355). Garcia-Aymerich et al. (2007:462) have even proposed the 

positive alterations in body composition as one of the indirect mechanisms through which PA enhances PF. 

The maintenance of a healthy body composition depends on energy balance, which is the ratio between 

energy intake through diet and EE through PA (ACSM, 2018:287; Karacan et al., 2008:175). Participation 

in PA, which has a contribution of 15-30% towards total daily EE, substantially increases the caloric 
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requirements above that of the resting state (McArdle et al., 2015:192; Physical activity advisory 

committee, 2008:C1).  

 

In order to meet the energy requirements imposed by skeletal muscle during aerobic PA, stored fat, which 

is the most abundant source of potential energy in the body, needs to be metabolised and delivered to the 

skeletal muscle, thereby reducing the total amount of fat in the body (McArdle et al., 2015:150). The 

reduction of BF can also positively influence fat distribution and WHR, according to You et al., 

(2006:1215), who found a preferential decrease in abdominal adipocyte size in obese females when adding 

PA to a dietary weight loss program. Other macronutrients, such as carbohydrates can also be used to fuel 

skeletal muscle contraction through a process called glycolysis, especially during more anaerobic types of 

PA, therefore preventing the storage of such energy in the form of fat (McArdle et al., 2015:141).  

 

Further promoting EE is the increase in LBM through muscle hypertrophy and increased bone mineral 

density, which is predominantly a result of resistance training (ACSM, 2018:94, 95 & 161; Mihailova & 

Kaminska, 2016:23). Since skeletal muscle tissue is more metabolically active than fat tissue, an increase 

in LBM elevates the basal metabolic rate, comprising 60-75% of one’s total daily EE (ACSM, 2018:95; 

McArdle et al., 2015:192). Physical activity mediated elevation in EE above that of energy intake will 

therefore promote healthy weight-loss primarily through reductions in the amount of FM as opposed to age- 

and disease-related weight loss, which is governed by reduced LBM (Alvarez et al., 2016:451; Karacan et 

al., 2008:175; Physical Activity Guidelines Advisory Committee, 2008:G4-10).  

 

Although PA seems to only have a modest effect on weight loss compared to dietary interventions, the 

LBM-sparing effect thereof contributes to greater muscular fitness, a term used to describe muscle 

endurance, strength and power (ACSM, 2018:95; NHLBI, 1998:1185; Physical Activity Guidelines 

Advisory Committee, 2008:G5-31). Enhanced muscular fitness also has many other health benefits, 

including those related to PA capacity such as the improvement or maintenance of bone mass (related 

inversely to osteoporosis), musculotendinous integrity (related to a lower risk of injury) and ability to 

perform activities of daily living (related to improved QOL and psychosocial factors) (ACSM, 2018:95). 

These improvements further promote PA participation, which in turn improves pulmonary morphology and 

respiration mechanics (Karacan et al., 2008:176; Kesaniemi et al., 2001:S357).  

 

If energy imbalances are regarded as the most significant predictor of fat deposition, the opposite should 

also hold true where physically inactive lifestyles relate to reduced EE and leads to a progressive increase 

in FM (Karacan et al., 2008:175). In sedentary individuals, the absence of PA-preserved LBM causes an 

age-related decline in LBM to further disrupt the energy balance, leading to significant adverse changes in 

body composition (Karacan et al., 2008:175). 
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2.6.2 Physical activity and obesity 

 

While a healthy body composition promotes PA, a correlation also exists between obesity and a more 

sedentary lifestyle (Karacan et al., 2008:175). Lower levels of PA have repeatedly been found in overweight 

and obese individuals, aggravating the adverse health consequences of obesity and contributing to the 

inability to lose weight (Hallal et al., 2003:1896; Haskell et al., 2007:1087; Physical Activity Guidelines 

Advisory Committee, 2008:G4-16; Tammelin, 2009:284). Regarding obesity as an epidemic associated 

with and essentially causing many diseases, disabilities and discriminations in the world, helps to explain 

the lack of PA so often observed among the overweight and obese population (Ehrman et al., 2013:113; 

NHLBI, 1998:1178). Each of the associated factors pose its own restrictions on the FITT principal and are 

often perceived as barriers towards PA participation. The presence of obesity-related comorbidities, linked 

to the pro-inflammatory effect of FM and physical inactivity, may place individuals with overweight and 

obesity in a high-risk category, necessitating often costly medical screening and supervised exercise testing 

before the commencement of a PA program (ACSM, 2018:37; NHLBI, 1998:1178; Yeh et al., 2011:7). 

Additionally, PA may also require the appropriate supervision and monitoring of signs and symptoms, 

depending on the severity of comorbidities, to prevent adverse events during PA (Ehrman et al., 2013:131).  

 

Although many overweight and even obese people are otherwise apparently healthy and not affected by the 

above-mentioned constraints, other barriers such as decreased functional ability, restrict their daily living 

activities and limit PA. Excess android and thoracic fat exerts a negative mechanical effect on the 

respiratory system, eventually limiting prolonged PA through impaired thoracic skeletal muscle function, 

dyspnoea, increased Rating of Perceived Exertion (RPE) and earlier onset of fatigue induced by 

dysfunctional ventilation, reduced lung volumes and increased work load and energy cost of breathing 

(Costa et al., 2016:105; Karacan et al., 2008:176; Mihailova & Kaminska, 2016:2 & 7; Pekkarinen 2012:83; 

Scott 2012:1). Similarly, the Range of Motion (ROM) required for functionality and practice of PA, is also 

mechanically restricted through excessive fat tissue surrounding the joints and a subsequent lack of 

stretching (Ehrman et al., 2013:131).  

 

Restricted ROM, together with increased body mass, poor balance and coordination place a great handicap 

on obese and overweight individuals preventing them to use various equipment. For example, they are 

prevented from using bicycles as a means of transport and their functional ability to get up from the ground 

is also limited (ACSM, 2018:288; Ehrman et al., 2013:129). Even simple daily living activities, such as 

walking and climbing stairs is not always practical, especially for those with a BMI ≥ 40 kg/m2, due to gait 

abnormalities, joint pain during weight-bearing activities and the presence of musculoskeletal or 

orthopaedic conditions (ACSM, 2018:288; Ehrman et al., 2013:128). Furthermore, the additional mass of 

excessive fat that needs to be moved against the force of gravity elevates the energy cost of movement 
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contributing to fatigue (McArdle et al., 2015:202). Another probable cause to the reluctance of participating 

in PA involves psychosocial factors relating to discrimination and low self-esteem, which is beyond the 

scope of this review. 

 

Similarly, pulmonary-compromised individuals also experience an earlier onset of exertion, breathlessness 

and reduced self-efficacy due to the increased energy cost of breathing imposed by increased airway 

resistance and the involvement of additional respiratory muscles that are recruited to overcome the 

resistance (Ehrman et al., 2013:327). Accordingly, such symptoms adversely affect daily living activities 

and participation in PA, especially those of increased intensity and prolonged duration that in turn, have 

greater health and body composition benefits (Coultas et al., 2011:374; Enright et al., 2007:388; Karacan 

et al., 2008:176; Mannino et al., 2006:546). 

 

2.6.3 The interrelation between body composition, physical activity and pulmonary function 

 

Symptom-mediated reductions in activity levels and thus the adoption of increasingly sedentary behaviour 

alter body composition in an unfavourable manner that is particularly detrimental in individuals with 

respiratory diseases, such as COPD and CF were selective depletion of FFM is caused by metabolic changes 

inherent to disease pathophysiology (Creutzberg et al., 1998:396; Ehrman et al., 2013:353). Regardless the 

disease, however, inadequate body composition further compromises PA and respiratory function, thereby 

activating a vicious feedback cycle (Figure 2.8) further disturbing homeostasis (Enright et al., 2007:389; 

Karacan et al., 2008:176; Widmaier et al., 2001:9).  

 

The same feedback cycle can be reversed by simply altering one of the modifiable risk factors (for example, 

increasing PA), as it would lead to primary (direct influence of increased PA on PF) and secondary (indirect 

effect of increased PA, via improved body composition, on PF) positive alterations in other variables 

(Garcia-Aymerich et al., 2007:459 & 462; Sperandio et al., 2016:25). Modifying both risk factors will 

however have more far-reaching effects. The possibility that poor PF, unhealthy body composition and 

sedentary behaviour share at least some of the same causal pathways by means of inflammatory and 

mechanical mechanisms could explain such a feedback system, however very few studies have examined 

this possibility and more research is required on this topic (Hamer, 2007:8). Regardless of the existence of 

mutual causal pathways, various studies have suggested that numerous mechanisms independently link 

both PA and body composition to respiratory mechanics and inflammation, the two fundamental 

mechanisms governing PF (Hamer, 2007:9; Scott et al., 2012:2; Steele et al., 2009:582). Therefore, it is 

suggested that the simultaneous effect of body composition and PA would have an amplified influence on 

PF.  
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Figure 2-8: The interrelationship between decreased pulmonary function, physical inactivity and an 

unhealthy body composition 

 

Primary prevention programs should therefore include screening, especially in high-risk populations or 

environments, by means of spirometry, body composition assessment and PA questionnaires (such as the 

IPAQ) to identify individuals in need of further interventions (Mannino et al., 2003:393; Scarlata et al., 

2012:286). Public health education and pulmonary rehabilitation programs should also include dietary 

guidelines and PA promotion strategies to increase awareness and motivate communities to engage in 

healthy behaviour through the modification of risk factors (Hamer, 2007:9; Ji et al., 2013:4; Menezes et 

al., 2012:S31). In order to optimise pulmonary rehabilitation, individuals with respiratory diseases should 

not only receive drug therapy, but should also consult with a dietician regularly and participate in supervised 

scientifically-based PA programs that are designed according to the individual’s needs, respiratory status 

and comorbidities (Vainshelboim et al., 2014:386).  

 

Furthermore, pulmonary rehabilitation programs should incorporate regular spirometric testing to monitor 

disease progression, as well as efficiency of drug, dietary and PA therapy (GOLD, 2010:3). The current 

research is of great value for the pulmonologist, dietician, biokineticist and other healthcare professionals 

who are involved in pulmonary rehabilitation programs, especially those practicing in third world countries 

where there is a lack of resources and funding, because the strategies are low-cost and require little 

infrastructure and equipment.  
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2.7 Summary 

 

Pulmonary function, which refers to the efficiency whereby various pulmonary structures interact in a 

coordinated fashion to perform the tasks of ventilation and gas exchange, can be modified by the effect of 

body composition and PA on dynamic lung volume variables. In order evaluate the influence of these 

modifiable risk factors, a wide selection of PFT’s can be used to provide invaluable information with 

regards to different processes and structures of respiration, primarily by means of static and dynamic lung 

volumes and capacities depending on the PFT selected.  

 

In this study, the PFT of interest is spirometry, as it is a relatively low-cost, non-invasive method that is 

suitable for use in large population groups and under most circumstances. Spirometry provides the clinician, 

especially in combination with a thorough history and physical examination, with sufficient clinical 

information (FVC, FEV1; FVC/FEV1; volume-time and flow-volume curves) to identify individuals who 

are at risk for or suffering from respiratory diseases. It also helps distinguish between obstructive and 

restrictive respiratory diseases, according to ATS and GOLD standards and evaluate disease progression 

and treatment effectiveness. 

 

In the case of obstructive lung diseases, primarily constituted by COPD - an umbrella term for emphysema 

and chronic bronchitis - and asthma, a decrease in FEV1 will typically be noted during spirometry with a 

subsequent increase in RLV when measured by more sophisticated PFTs. Increased difficulty in expiration 

results from airflow obstruction and inflammation in both the small and large airways. Although 

inflammation is a chronic feature of asthma and COPD, the reversibility and nature of airflow obstruction, 

as well as aetiology, distinguish these diseases from one another. Alternatively, RLD, whether of pulmonary 

or extrapulmonary origin, precipitates difficulty with inspiration, because functional alveolar capillary units 

decrease and lung expansion is limited, therefore the ability to fill the lungs with air is suppressed. In the 

case of RLD’s, decreased TV and FVC will mainly be noted during PFT’s. Although exposure to harmful 

substances and noxious particles serves as a risk factor for both obstructive and restrictive lung diseases, 

unhealthy body composition and a sedentary lifestyle also present a profound increase in the chance to 

develop these conditions, especially considering the mechanical constraints and pro-inflammatory state 

imposed by fat tissue and physical inactivity.  

 

Body composition, which refers to the ratio and distribution of fat, muscle and bone mass, is measured by 

anthropometry and is closely related to static lung volumes as it governs lung size and expansion. Increased 

abdominal and thoracic fat leads to altered structural properties and ventilatory mechanics hindering lung 

expansion and thereby reducing lung volumes and capacities. Due to the pro-inflammatory characteristics 

of fat tissue, an inverse relationship between FM and dynamic lung volumes also exists, however it is not 
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as pronounced. However, the maintenance of LBM is important considering the role of additional 

respiratory muscles in breathing, especially when oxygen demands are increased during PA and also with 

the presence of respiratory diseases where additional respiratory efforts are required to overcome airflow 

resistance. Furthermore, LBM aids in caloric expenditure, as it is metabolically active and also improves 

functional ability and exercise capacity. Therefore, it is important to maintain a healthy body composition 

that consists of a greater percentage of LBM compared to FM, because it is associated with improved PF 

and poses the lowest risk for pulmonary diseases, as opposed to being obese, overweight or underweight. 

Measurements such as BMI, WHR, BF%, FM and LBM are therefore used in collaboration with simple 

anthropometric measurements to classify body composition and identify individuals in need of health 

interventions, such as nutritional advice and PA participation. 

 

Physical activity is often used to achieve a healthy body composition, because, as implied by its definition, 

it substantially increases caloric expenditure above resting values through skeletal muscle contraction 

(which also preserves LBM) that is responsible for body movements. A direct positive association between 

PF and PA however also exists, as seen in the dynamic lung volumes and capacities, such as FVC, FEV1 

and FEV6, of individuals adhering to the global recommendations on PA for health benefits. For those 

suffering from respiratory diseases, PA participation also alleviates respiratory signs and symptoms with 

concomitant improvements in QOL and other non-pulmonary outcomes. Although the exact mechanisms 

underlying the salutogenic effect of PA on PF may not be fully understood, the relationship seems to be 

mediated by its anti-inflammatory effects that decelerate respiratory system involution and LBM-

preserving effects of PA.  

 

In order to ensure adherence to the minimum PA requirements, objective (accelerometers) and subjective 

(questionnaires such as IPAQ) methods are used to establish the level of PA participation. Although the 

optimal dose-response relationship for different respiratory diseases is yet to be established, lower intensity 

PA (although better than no PA) may not be sufficient to achieve optimal health benefits, while high 

intensity PA brings about greater benefits, but also greater risk for the occurrence of adverse events, such 

as injury. It therefore seems as if activities of a moderate intensity pose the lowest risk with the greatest 

benefit and is therefore suggested. Acknowledging the restrictions imposed by respiratory diseases, low 

intensity PA should however not be discarded, but used as a starting point to reduce sedentary behaviour 

and bring about some beneficial health outcomes. 

 

Therefore, it can be concluded that unhealthy body composition and physical inactivity are modifiable risk 

factors of poor PF. Not only do body composition and PA each influence PF, but also each other, while at 

the same time PF affects both body composition and PA. The relationship between body composition and 

PA is demonstrated by increasing sedentary lifestyles observed at higher degrees of obesity, while the 
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increase in LBM and decrease in FM typically observed in the physically active depicts the effect of body 

composition on PA. While PA directly improves PF through its anti-inflammatory effects, positive 

alterations in body composition as a resulting of an active lifestyle has been suggested as one of the indirect 

mechanisms whereby PA improves PF.  

 

Similarly, improved body composition reduces the mechanical burdens of breathing that are imposed by 

excessive abdominal and thoracic fat while encouraging PA participation, thereby again improving PF. In 

both cases, improved PF precipitate higher levels of PA due to the reduced energy cost of breathing, 

respiratory symptoms and exertion, indicating the existence of a feedback system between body 

composition, PA and PF, possibly through shared causal pathways. Therefore, it can be deduced that a 

favourable interrelation exists between body composition, PA and PF, bringing about greater positive health 

outcomes, which would increase the efficiency of preventative measures and pulmonary rehabilitation 

programs that incorporate both PA and nutritional advice as an integral part of the prevention and/or 

treatment regime. 
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THE RELATIONSHIP BETWEEN BODY COMPOSITION AND DYNAMIC LUNG VOLUME 

VARIABLES IN A RURAL AND AN URBAN SOUTH AFRICAN COMMUNITY: THE PURE 

STUDY 

 

ABSTRACT [214] 

 

Introduction: In South Africa, there are few studies validating determinants of pulmonary function (PF) – 

a predictor of morbidity and mortality. The aim was to establish the relationship between body composition 

and PF in a rural and urban South African community. 

 

Materials and methods: A cross-sectional study was conducted (n = 476) on a subset of the Prospective 

Urban Rural Epidemiology (PURE) study. Body mass, height, circumferences and skinfolds were measured 

and Body Mass Index (BMI), Waist-to-Hip Ratio (WHR) and Waist-to-Height Ratio (WHtR) were 

calculated. Forced Vital Capacity (FVC), Forced Expiratory Volume in one second (FEV1) and Peak 

Expiratory Flow (PEF) was determined through spirometry. 

 

Results: Participants were overweight (mean BMI = 26.83 kg/m2). According to the Global initiative for 

chronic Obstructive Lung Disease (GOLD), 85.9% of participants demonstrated normal spirometric 

patterns, whereas 7.4% and 6.7% demonstrated obstructive and restrictive spirometric patterns, 

respectively. Partial correlation yielded significant associations between height and FVC (r = 0.307; p < 

0.001), FEV1 (r = 0.240; p < 0.001) and PEF (r = 0.154; p = 0.001). Measures of adiposity were negatively 

associated with PF, reaching significance (r = -0.134; p = 0.046) between FEV1/FVC and triceps skinfold 

in the rural community. In the regression analysis, body composition was significantly associated with FVC 

(R2 = 0.418; p < 0.001), FEV1 (R2 = 0.325; p < 0.001) and PEF (R2 = 0.159; p = 0.002).  

 

Discussion: A significant positive relationship was found between body composition and PF in a rural and 

urban South African community. Primary and secondary prevention programs for respiratory diseases 

should include an element of a healthy body composition. 

 

Keywords:  

body composition, pulmonary function, dynamic lung volume variables, rural, urban, South African 
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THE RELATIONSHIP BETWEEN BODY COMPOSITION AND DYNAMIC LUNG VOLUME 

VARIABLES IN A RURAL AND AN URBAN SOUTH AFRICAN COMMUNITY: THE PURE 

STUDY 

 

Introduction 

 

Pulmonary function (PF) is an important long-term predictor of respiratory disease, as well as all-cause 

morbidity and mortality [1, 2]. Impaired lung function could increase the frequency and intensity of 

respiratory symptoms [3]. Body composition is an important predictor and mediator of PF, as decreased 

lung volumes and capacities were found in both over- and underweight individuals [4, 5, 6, 7].  

 

In the last decade multiple studies were conducted, investigating the relationship between PF and body 

composition found reductions in total lung capacity (TLC), functional residual capacity (FRC), forced vital 

capacity (FVC), forced expiratory volume in one second (FEV1), expiratory reserve volume (ERV) and 

FEV1/FVC among obese individuals [3, 4, 8, 9]. The inverse relationship found between body mass gain, 

FEV1 and vital capacity (VC) is deemed a predisposing factor, especially in already obese individuals, for 

long-term adverse effects, such as accelerated PF decline, comparable to those posed by smoking, 

environmental factors and acute respiratory diseases [4, 8]. Studies reflecting obstructive spirometry among 

normal and only slightly overweight individuals confirm the detrimental effect of adipose tissue on PF [7]. 

Decreases in ERV, FEV1 and FEV1/FVC ratios found among individuals with increased waist 

circumference and abdominal sagittal diameter indicate the importance of fat distribution [4, 7, 9]. The 

accumulation of fat in the abdominal and thoracic areas is particularly detrimental, since it reduces 

diaphragm and rib cage mobility, thereby impairing normal lung expansion, as well as the elasticity and 

mobility of the surrounding structures, which ultimately reduces lung volumes [8]. 

 

The negative relationship between PF and fat mass (FM), was also confirmed by Karacan et al. [5] in an 

elderly population. In addition, a positive correlation was found between PF and fat-free mass (FFM), which 

is all-body mass excluding FM. Positive associations found between dynamic lung volume variables, such 

as FVC, FEV1, and lean body mass (LBM), which includes FFM as well as small amounts of essential fats, 

in the thoracic, abdominal and pelvic areas also support the protective effect of FFM on PF [7, 10]. Larger 

quantities of FFM in men can thus be a contributing factor of the significantly higher vital capacities 

documented among males compared to their female counterparts [5]. In cystic fibrosis patients, the contrary 

was found where a loss of FFM led to poor inspiratory muscle function and associated diaphragm atrophy 

[11]. It was suggested by Karacan et al. [5] that reductions in lung volumes and capacities in those with 

reduced FFM are a direct reflection of diminished respiratory muscle strength. The selective tendency of 
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FFM depletion and the relative perseverance of FM, in pulmonary compromised individuals and the elderly, 

are therefore particularly detrimental to PF [12].  

 

However, inconsistencies with regards to the physiological mechanisms underlying the relationship 

between PF and body composition still exist [8]. The multifactorial origin of declined PF associated with 

changes in body composition and the complex interplay between the opposing influences of fat and lean 

mass on respiratory mechanics and inflammation contribute to these inconsistencies [10]. Structural 

changes due to altered body composition disturbs the well-balanced co-action of the various respiratory 

structures that are required for optimal lung mechanics [8]. Simultaneous downward and forward movement 

of the abdominal content due to diaphragm contraction and upwards and forwards movement of the rib 

cage due to external intercostal muscle contraction is hindered by the resistance abdominal adiposity poses 

to diaphgmatic contraction [8]. Furthermore, unhealthy body composition, represented by increased 

adiposity and diminished LBM also incur metabolic changes, thereby disturbing chemical homeostasis, 

which offsets inflammatory pathways [8]. The relative contribution of adiposity towards such systemic 

inflammation is dependent upon age, gender and disease status [13]. 

 

The prevalence and distribution of risk factors, such as unhealthy body composition among a population 

predict the disease profile of such a population [14]. Previous studies show heterogeneity in the prevalence 

of Chronic Obstructive Pulmonary Disease (COPD), as well as certain risk factors between urban and rural 

populations of Sub-Saharan Africa [14, 15]. In the rural region of Uganda, 16.2% of study participants 

suffered from COPD [15] compared to the 23.8% of the study population in urban Cape Town, South Africa 

[14]. The elevated presence of respiratory diseases in the urban community coincides with less satisfactory 

body composition (BMI = 24.6 kg/m2 and 29.5 kg/m2 for men and women respectively) - a known risk 

factor for diminished lung function [14]. Contrarily, healthy body compositions (BMI = 22.2 kg/m2 and 

23.7 kg/m2 for men and women respectively), were documented in rural Uganda where a lower percentage 

of the study population had diminished lung function [15]. Differences in body composition could possibly 

be explained by the greater prevalence of fast food outlets, smoking and sedentary lifestyles (due to 

motorized transport and mechanisation) in urban areas. Occupational exposure to smoke, dust, fumes or 

strong smells, such as those associated with working underground in the mining industry, is another risk 

factor men working in urban areas are often exposed to [16]. In the middle-income country of South Africa, 

afflicted by urban poverty and rural underdevelopment, respiratory risk factors are thus associated with 

urbanisation and industrialisation [16]. 

 

While the repercussions of increased adiposity and reduced FFM on PF have been increasingly studied in 

developed countries over the past few years, limited data exists that relates to developing countries, such 

as South Africa [8]. Considering the degree of inter-country PF variability, Duong et al. [17] stress the need 
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to explore this relationship in both a rural and urban South African community. The purpose of this study 

was therefore to determine the relationship between body composition and dynamic lung volume variables 

in both a rural and an urban South African community. 

 

Methods 

Study design 

 

In this cross-sectional study, data was obtained in the year 2015 from a representative subset of the larger, 

international, longitudinal, community-based, prospective, Population Rural Urban Epidemiology (PURE) 

study, of which the design and aim are published elsewhere [17, 18]. Ethical approval was obtained for the 

larger PURE study (Ethics number: NWU-00058-16-S1) and for secondary data analysis (Ethics number: 

NWU-00089-18-S1) from the Health Research Ethics Committee of the North-West University in 

Potchefstroom, South Africa. 

 

Participants 

 

A total of 924 participants, between the ages of 34 and 80 years, residing in either rural Ganyesa or urban 

Ikageng in the North-West Province of South Africa were involved in this study. The country of South 

Africa and these communities were selected for the larger PURE study, based upon their addition to social, 

political and economic heterogeneity to the entire study population and the feasibility of long-term follow-

up [18].  

 

Sampling of households within the selected communities was designed to achieve a broadly representative 

sample of the community [18]. Recruitment differed for each area, although in less developed countries 

and rural areas methods, such as community announcements, followed by personal household visits, were 

predominantly used [18]. To be included in the study, participants had to be 30 years or older, with no 

reported chronic diseases other than those of a respiratory nature, such as COPD or asthma. Participants 

with any self-reported acute illnesses were excluded to prevent any possible confounding factors. 

Participants suffering from chronic respiratory diseases were included in the current study, as well as 

healthy individuals, because a need for both cost-effective prevention and treatment methods for chronic 

respiratory diseases exists and the study’s results might aid in the development of such treatments. All 

participants completed an informed consent form after the purpose of the study was explained to them, 

together with the possible benefits and risks thereof. Confidentiality was ensured by assigning numbers to 

each participant during the analysis to maintain their anonymity. 
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Only participants reporting the required information and adhering to certain quality measures were included 

in the statistical analysis. The exclusion process for statistical analysis is represented in Figure 1. 

 

 

Figure 1: Exclusion of participants for statistical analysis 

 

Demographic information 

 

Each participant’s demographic information, including their age, ethnicity and gender, was collected by 

means of a questionnaire designed specifically for the global PURE study. Each participants’ smoking and 

asthma status was recorded on the spirometer preceding the spirometry measurement44444. 

 

Body composition 

 

All anthropometric measurements were done by qualified individuals. The participants were barefoot and 

wore minimal clothing, according to the standardised protocols of the International Society for the 

Advancement of Kinanthropometry (ISAK) [19]. Every anthropometrist was accompanied by an assistant 

to aid in the positioning of the tape measure and the recording of the data [19, 20]. For all the measurements, 

an average of two measurements was taken. Basic anthropometric measurements, namely body mass (kg) 

and height (m) were recorded using a calibrated electronic scale and a Frankfort plane against a flat wall 

Total number of participants = 924 

Number of included participants = 476 

Remaining participants = 863 

No spirometry data (non-collection of data or 

participant refusal) (n = 61) 

Insufficient quality grade 

Incomplete (n = 112) 

Quality Grade D & F (n = 104) 

n = 387 



 

114 

 

[19]. Body mass index was calculated by dividing body mass by height squared. Waist and hip 

circumference were measured in centimetres with a non-stretchable tape measure and used to calculate the 

waist-to-hip ratio (WHR) as well as waist-to-height ratio (WHtR). Calve circumference was also measured. 

Two skinfolds, the triceps and subscapular skinfold were measured in millimetres with a Harpenden 

skinfold calliper (model HSB-BI) manufactured by Baty International LimitedTM (http://www.harpenden-

skinfold.com/) [21, 19]. Anthropometric and body composition measures were classified according to the 

American College of Sports Medicine’s [22] reference values. 

 

Physical activity 

 

The short version of the International Physical Activity Questionnaire (IPAQ) was administered in the 

participants’ home languages by a well-trained staff member who fully understood the content thereof, in 

order to subjectively measure PA [23]. In the year 2000 the IPAQ was tested in 12 countries, and according 

to the results 75% of test-retest correlations were higher than 0.65 while overall PA estimation was 

moderately correlated (r=0.3) to a 7-d measurement of an accelerometer confirming the reliability and 

validity of the IPAQ [24]. Total activity scores were then expressed in minutes spent in a specific metabolic 

equivalent (MET). 

 

Pulmonary function 

 

Participants had up to eight trials to perform a prebronchodilator forced expiratory test with a portable 

EasyOneTM spirometer (ndd Medical Technologies, United Kingdom). Trained personnel were involved in 

administering the tests in order to ensure good quality spirometry. Before the commencement of the test, 

any tight clothing or accessories that could have restricted spirometry was removed and nose clips were 

applied. A trial run was given after which maximal effort and forced expiration were measured from a 

standing position for a minimum time of six seconds. Three successful attempts had to be done in order to 

complete the section. The three scores for the following dynamic lung volume variables: FVC, FEV1, and 

peak expiratory flow (PEF), were recorded. Spirometer calibration was done with a three-litre syringe 

before the onset of testing after which daily calibration checks were done according to American Thoracic 

Society (ATS) and European Respiratory Society (ERS) guidelines. During system configuration, predicted 

values were set according to the National Health and Nutrition Examination Survey (NHANES) norms 

[25], while interpretation, indicating the presence of obstruction, was set according to the Global initiative 

for chronic Obstructive Lung Disease’s (GOLD) standards [26, 27].  
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Procedure 

 

During the recruitment process, the study personnel explained the PURE study protocol to prospective 

participants in their home language (Setswana) while providing them with the opportunity to ask questions. 

Informed consent forms were then signed by those who chose to participate in the study, after which their 

demographic information was gathered by means of a questionnaire. Anthropometric measurements were 

taken next. First basic measurements of height and body mass and then more complex measures, such as 

circumferences and skinfolds. Lastly, spirometric testing took place. Concluding the procedure were 

individual discussions with each participant concerning all their test results.  

 

Statistical analysis  

 

The software package, Statistical Package for the Social Sciences (SPSS) version 25 was used to perform 

the statistical analysis. Descriptive statistics included the reporting of frequencies, means and standard 

deviations of demographic, body composition and dynamic lung volume variables. An independent sample 

T-test was done to investigate differences between the rural and urban communities, while a one-way 

Analysis of Variance (ANOVA) was used to explore differences in lung function across three BMI 

classifications (underweight, normal weight and overweight/obese). Partial correlation and multiple 

regression analyses were used to determine the relationship between dynamic lung function measurements 

(dependent variable) and anthropometric measurements (independent variable) representative of body 

composition. All analyses were adjusted in terms of age, gender, smoking status and presence of asthma 

and PA. In order to determine the statistical significance, the p-value was set at p ≤ 0.05. 

 

Results 

 

Demographic characteristics for the included participants are provided in Table 1. In both communities, 

women (n = 348) were far greater represented than men (n = 128).  Between the two populations, 

statistically significant differences were present in age (t = 2.695, p = 0.007) and smoking status (t = -2.955; 

p = 0.003). Participants residing in the urban community were generally older (mean age = 60.36 years) 

than those in the rural community (mean age = 58.09) and also included a greater number of current smokers 

(rural = 13.77%; urban = 24.89%) and asthmatic individuals (rural = 3.64%; urban = 5.24%). In both 

communities, however, the majority of participants did not suffer from asthma and reported to be former 

smokers. 

 

Anthropometric characteristics (Table 2) were similar for the two communities, with the mean BMI falling 

inside the overweight category. Mean WHtR was 0.57 for both communities, while waist circumference 
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differed with only 0.03 cm and WHR with 0.01. Both being slightly, but not significantly, higher in the 

urban community. The distribution of body fat, however, varied among the two populations, with a greater 

percentage of fat in the android region, as indicated by non-significantly larger subscapular (rural = 27.05 

mm, urban = 25.87 mm) and significantly larger (t = -5.671; p < 0.001) triceps skinfold (rural = 32.03 mm, 

urban = 25.62 mm) among rural participants. 

 

Table 1: Demographic characteristics of the study population 

 Study population Rural Urban 

 Mean SD Mean SD Mean SD 

Age (years) 59.18 9.15 58.09 8.68 60.36 9.51 

 

 N % N % n % 

Gender       

Female 348 73.11 177 71.66 171 74.67 

Male 128 26.89 70 28.34 58 25.33 

Smoking status       

Current smoker 91 19.12 34 13.77 57 24.89 

Former smoker 381 80.04 211 85.42 170 74.24 

Non-smoker 4 0.84 2 0.81 2 0.87 

Asthma status       

Diagnosed asthma 21 4.41 9 3.64 12 5.24 

Non-asthmatic 453 95.17 237 95.95 216 94.32 

Unsure 2 0.42 1 0.41 1 0.44 

SD = standard deviation; n = number of participants; % = percentage; 

 

Table 2: Anthropometric characteristics of the study population 

 Study population Rural Urban 

Mean SD Mean SD Mean SD 

Body mass (kg) 66.97 19.25 66.14 18.83 67.88 19.69 

Height (m) 1.58 0.77 1.59 0.79 1.58 0.76 

BMI (kg/m2) 

Waist circumference (cm) 

Hip circumference (cm) 

Calve circumference (cm) 

Triceps skinfold (mm) 

Subscapular skinfold (mm) 

WHR 

WHtR 

26.83 

89.32 

102.02 

34.25 

28.95 

26.48 

0.88 

0.57 

7.97 

15.66 

17.51 

5.21 

12.63 

14.23 

0.08 

0.11 

26.44 

89.30 

101.56 

34.22 

32.03 

27.05 

0.88 

0.57 

7.85 

15.91 

17.09 

5.24 

12.55 

14.09 

0.07 

0.11 

27.25 

89.33 

102.51 

34.28 

25.62 

25.87 

0.87 

0.57 

8.09 

15.42 

17.97 

5.19 

11.87 

14.40 

0.08 

0.10 

SD = standard deviation; BMI = body mass index; WHR = waist-to-hip ratio; WHtR = waist-to-height ratio; kg = kilogram; m = metre; 

kg/m2 = kilogram per metre squared; cm = centimetre; mm = millimetre;  
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Table 3: Spirometric results of the study population 

 Study population Rural Urban 

 Mean SD Mean SD Mean SD 

       

Forced vital capacity       

Absolute (L) 2.296 0.691 2.368 0.721 2.218 0.651 

Predicted (L) 2.634 0.599 2.675 0.582 2.589 0.615 

Percentage of predicted (%) 88.26 21.05 89.23 21.60 87.20 20.44 

LLN (L) 1.937 0.514 1.977 0.496 1.895 0.530 

       

Forced expiratory volume in one second       

Absolute (L) 1.724 0.577 1.794 0.590 1.648 0.555 

Predicted (L) 2.064 0.514 2.099 0.493 2.027 0.535 

Percentage of predicted (%) 86.76 33.84 88.31 34.14 85.08 33.52 

LLN (L) 1.461 0.427 1.497 0.402 1.423 0.449 

       

FEV1/FVC       

FEV1/FVC ratio 0.75 0.12 0.76 0.13 0.74 0.10 

Percentage of predicted (%) 78.676 6.554 78.841 7.357 78.498 5.571 

LLN 68.128 5.744 68.307 6.424 67.935 4.912 

       

Peak expiratory flow       

Absolute (L/min) 4.440 1.818 4.530 1.785 4.340 1.853 

Predicted (L/min) 5.715 1.351 5.803 1.279 5.621 1.422 

LLN (L/min) 3.748 1.090 3.837 1.004 3.651 1.170 

       

Forced expiratory flow rate at:       

25% of the vital capacity (L/min) 3.881 1.806 3.999 1.786 3.754 1.822 

50% of the vital capacity (L/min) 2.275 1.249 2.443 1.283 2.094 1.188 

75% of the vital capacity (L/min) 0.638 0.457 0.715 0.519 0.555 0.363 

       

Forced expiratory time (s) 7.332 5.581 8.414 7.206 6.164 2.498 

       

Quality grade n % n % n % 

A 222 46.64 101 40.89 121 52.84 

B 99 20.80 59 23.89 40 17.47 

C 155 32.56 87 35.22 68 29.69 

       

       

Prevalence of obstructive and restrictive lung diseases n % n % n % 

Obstructive lung disease 35 7.4 22 8.9 14 6.1 

Restrictive lung disease 32 6.7 18 7.3 13 5.7 

SD = Standard deviation; n = number of participants; % = percentage; LLN = Lower limit of normal; FEV1 = forced expiratory volume in one 

second; FVC = forced vital capacity; L = litre; L/min = litre per minute; s = seconds;  

 

Spirometry results are presented in Table 3. Normal spirometry [26] was found in 85.9% of the study 

population, while 7.4% presented with obstructive lung disease and 6.7% with Restrictive Lung Disease 

(RLD). The burden of obstructive lung disease was significantly larger in the rural community than the 
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urban community (t = -1.349; p = 0.007). When comparing absolute dynamic lung volumes our participants 

obtained to the lower limit of normal (LLN), 77.5% of participants exceeded LLN for FVC, 64.7% for 

FEV1 and 62.6% for PEF. The FEV1/FVC ratio also appeared normal, being 0.76 for the rural community 

and 0.74 for the urban community. Statistically significant differences were found between the absolute 

FVC (t = -2.372; p = 0.018) and FEV1 (t = -2.781; p = 0.006) of the rural and urban community. Another 

major difference (t = 2.174; p = 0.030) with regards to spirometry can be found in the quality grade with 

52.84% of urban participants achieving quality grade A compared to 40.89% of rural participants.  

 

In Figure 2, the mean of absolute FVC, FEV1, and PEF are depicted for three different BMI classifications: 

underweight, normal weight and overweight/obese. Significant differences were found between groups for 

FVC (p < 0.001) and FEV1 (p = 0.029). From the graph, it is clear how FVC and FEV1 decreases with 

increasing adiposity, while PEF remains more constant across all three weight ranges. Even though some 

changes are only modest with both decreasing and increasing BMI, optimal PF is still found in the normal 

body mass range. 

 

 

Figure 2: Mean of dynamic lung volume variables from the study population according to BMI 

classification (underweight, normal weight, overweight/obese) 

 

Partial correlations between dynamic lung volume variables and anthropometric measures are demonstrated 

in Table 4. Height was correlated statistically significant with FVC (p < 0.001) and FEV1 (p < 0.001) for 

the overall study population as well as for each community individually. A statistically significant 

relationship was also found between height and PEF for the overall (r = 0.154, p = 0.001) and the rural (r = 

0.188, p = 0.005) study population, but not for the urban community (r = 0.103, p = 0.144). Both weight 

and waist circumference correlated negatively with FVC and FEV1 for the overall and urban study 

population. Lung volume variables correlated positively for weight and negatively for waist circumference 

in the rural population. However, none of these correlations reached statistical significance. 
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Table 4: Partial correlations between dynamic lung volume variables and anthropometric measures 

 Study population Rural Urban 

Correlations r   p r p R p 

FVC (L) and:      

Body mass (kg) -0.031 0.515 0.045 0.507 -0.074 0.290 

Height (m) 0.307 <0.001* 0.290 <0.001* 0.298 <0.001* 

Waist circumference (cm) -0.054 0.260 -0.090 0.181 -0.040 0.572 

Hip circumference (cm) 0.081 0.089 0.073 0.279 0.094 0.182 

Triceps skinfold (mm) -0.035 0.460 -0.058 0.385 -0.065 0.357 

Subscapular skinfold (mm) -0.017 0.719 -0.028 0.680 0.035 0.618 

      

FEV1 (L) and:       

Body mass (kg) -0.030 0.535 0.036 0.595 -0.061 0.388 

Height (m) 0.240 <0.001* 0.227 0.001* 0.227 0.001* 

Waist circumference (cm) -0.025 0.603 -0.035 0.604 -0.039 0.580 

Hip circumference (cm) 0.071 0.135 0.047 0.484 0.091 0.195 

Triceps skinfold (mm) -0.020 0.670 -0.070 0.295 -0.029 0.682 

Subscapular skinfold (mm) -0.006 0.905 -0.006 0.933 0.042 0.549 

      

FEV1/FVC (%) and:      

Body mass (kg) -0.014 0.772 0.006 0.925 0.005 0.946 

Height (m) 0.051 0.283 0.077 0.255 -0.004 0.957 

Waist circumference (cm) 0.021 0.660 0.022 0.742 -0.013 0.854 

Hip circumference (cm) 0.008 0.868 -0.002 0.973 0.001 0.991 

Triceps skinfold (mm) -0.067 0.163 -0.134 0.046* -0.026 0.715 

Subscapular skinfold (mm) 0.028 0.563 0.080 0.234 0.002 0.974 

      

PEF (L/min) and:      

Body mass (kg) 0.027 0.579 0.063 0.351 -0.008 0.905 

Height (m) 0.154 0.001* 0.188 0.005* 0.103 0.144 

Waist circumference (cm) 0.003 0.946 -0.015 0.821 0.023 0.747 

Hip circumference (cm) -0.007 0.886 -0.031 0.650 0.021 0.767 

Triceps skinfold (mm) -0.029 0.552 -0.021 0.750 -0.043 0.539 

Subscapular skinfold (mm) 0.010 0.828 -0.011 0.869 0.046 0.516 

r = Pearson correlation coefficient; p = statistical significance value; FVC= forced vital capacity; FEV1 = forced expiratory volume in one 

second; PEF = peak expiratory flow; L =litre; kg = kilogram; m = metre; cm = centimetre; mm = millimetre; % = percentage; L/min = litre 

per minute;  

* = Statistically significant 

 

When examining the effect of body fat parameters, a negative correlation was observed between triceps 

skinfold and each of the lung volume variables for the entire study population, the rural community and the 

urban community. The correlation between triceps skinfold and predicted FEV1/FVC reached statistical 
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significance (r = -0.134, p = 0.046) in the rural population. The subscapular skinfold also demonstrated a 

negative correlation with FVC and FEV1 for the study population and the rural community, although it was 

not statistically significant. 

 

In the regression analysis between dynamic lung volume variables and body composition (Table 5), after 

adjusting for possible confounders (age, gender, smoking status, presence of asthma and physical activity), 

absolute FVC and FEV1 was significantly associated with body composition for each community and the 

study population as a whole. Statistical significance was also reached for the correlation of PEF with body 

composition for the total study population (R2
study population = 0.159, pstudy population = 0.002) and the rural 

community (R2
rural = 0.158, pstudy population = 0.007).  

 

Table 5: Regression analysis between dynamic lung volume variables and body composition 

 Study population Rural Urban 

 
R2 p F R2 p F R2 p F 

FVC (L) 0.418 <0.001* 11.037 0.423 <0.001* 7.264 0.421 0.001* 4.157 

FEV1 (L) 0.325 <0.001* 6.102 0.297 0.001* 4.091 0.360 0.038* 2.279 

FEV1/FVC (%) 0.019 0.722 0.611 0.037 0.417 1.014 0.050 0.998 0.074 

PEF (L/min) 0.159 0.002* 3.493 0.158 0.007* 3.070 0.177 0.461 0.950 

R2 = coefficient of determination, p = statistical significance value; F = F statistic; FVC = forced vital capacity; FEV1 = forced expiratory 

volume in one second; PEF = peak expiratory flow; L = litre; L/min = litre per minute 

* = Statistically significant 

 

Discussion 

 

The key finding was that body composition and fat distribution correlate with dynamic lung volume 

variables, particularly FVC and FEV1, in both rural and urban communities. When observing the rural and 

urban population together, a significant association can also be drawn between PEF and body composition. 

Similarly, Costa et al. [4] also found the association between lung function and body composition to be 

most pronounced for FVC and FEV1. This study’s data thus confirms the results of previous studies 

reporting a significant influence of body composition on lung function [4, 5], therefore stressing the 

importance of a healthy body composition in prevention programs for pulmonary diseases. However, these 

findings contradict Pekkarinen et al. [7] who found no significant relationship between body composition 

and dynamic lung volume variables yielded by spirometry. The contrasting results may arise from their 

usage of the InBodyTM device (InBody 3.0; Biospace, Seoul, Korea), which relies on bio-electrical 
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impedance (BIA), as opposed to manual measurements of body composition. While both skinfold 

anthropometry and BIA have been deemed accurate and cost-effective measures of FM and FFM in subjects 

with pulmonary diseases [28, 29], the margin for human error is generally larger with manual methods, 

particularly in extremely obese individuals. In this study, however, researchers were unable to determine 

FM and FMM from skinfold measurements due to insufficient sites that were measured, therefore causing 

BIA measured body composition in the study of Pekkarinen et al. to better represent true body composition 

compared to the manual methods used in this study. Furthermore, the study population of Pekkarinen et al. 

[7] was healthy adults from a developed country and thus the possible confounding effect of education level 

and socio-economic status, which was not controlled in either of these studies, should be considered. 

 

In this study, body composition was mostly homogenous between the rural and urban communities with 

the only significant difference being the triceps skinfold thickness. Although both populations were 

overweight according to mean BMI, fat distribution, as determined by skinfolds and circumferences, varied 

between the two populations in this cohort with larger triceps and subscapular skinfolds in the rural 

community, indicating a more central pattern of fat distribution. Previous studies in Sub-Saharan Africa 

however found greater heterogeneity in body composition between rural and urban communities based on 

BMI. In the Burden of Obstructive Lung Disease (BOLD) study Buist et al. [14] reported similar high BMI 

for their study participants from urban Cape Town whereas Van Gemert et al. [15] found contrasting results 

with normal BMI in their study population from rural Uganda. However, it should be noted that participants 

in this current study were, on average, more than 10 years older than participants in the Ugandan study, 

which could partially explain the difference in body composition considering the detrimental effect of age 

on body composition [5, 15].  

 

Despite the majority of this study’s population being former smokers, only 7.4% demonstrated obstructive 

spirometry as classified by GOLD criteria [26]. These findings compare best with results from the national 

household survey of adults in South Africa [16]. The national household survey included rural and urban 

areas across all nine provinces and reported a COPD prevalence of 2.3% and 2.8% in men and women 

respectively [16]. However, many of the subjects were between the ages of 15 and 23 years, which is a lot 

younger compared to the mean age (59.48 years) of the participants in this study [16]. A much higher COPD 

prevalence (23.8%) was reported in a South African cohort of Cape Town, forming part of the BOLD study 

[14] compared to the urban community in this study (5.7%). The prevalence of COPD reported in the BOLD 

study exceeded values typically reported in previous studies [14]. High levels of tuberculosis were also 

reported for this population [14] in contrast with this study’s cohort, which could partially explain the 

variation in COPD prevalence considering the strong association previously found between tuberculosis 

and chronic bronchitis in a South African population [16].   
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While previous studies found a greater burden of COPD among urban countries, a significantly larger 

portion of the rural community in the study was affected by COPD. Differences in body composition can 

possibly explain these results, since the triceps skinfold, a measurement of adiposity, was also significantly 

higher in the rural community population. The 8.9% prevalence of obstructive lung disease in the rural 

community of this study is however still far less than the 16.2% found in rural Uganda where the prevalence 

of tuberculosis was low [15]. Discrepancies in COPD prevalence can possibly and partially be ascribed to 

greater biomass smoke exposure in previous studies [15, 16] when compared to that of the current study, 

as electricity is more readily available in recent years for cooking and heating purposes in both rural and 

urban South African communities [1]. Smoking cessation among the majority of the study participants may 

also have reduced lung function decline [1] opposed to high smoking rates reported in studies with greater 

COPD prevalence [14, 15].   

 

In contrast, a higher prevalence of RLD (7.3%) was found in the rural community than Van Gemert et al. 

[15] found in rural Uganda (1.4%). Comparing mean age (58.09 years) and BMI (26.44 kg/m2) of the rural 

community of this study to that of the population from Uganda (45.0 years; 22.2 kg/m2; 45.4 years; 23.7 

kg/m2 in men and women respectively) [15] could partially explain the disparity, since aging and obesity is 

listed as extrapulmonary causes of RLD [30; 31]. In the urban community, however, only 6.1% of 

participants were affected by RLD compared to 25.2% of men and 31.8% of women from urban Cape Town 

in the BOLD study [30]. As with obstructive lung disease, the high prevalence of tuberculosis and the large 

proportion of current smokers in Cape Town are most likely responsible for these discrepancies [14, 30] 

 

Lastly, the exclusion of spirometry data not meeting quality grade A, B or C could have led to the high 

percentage (85.9%) of normal spirometric patterns found in this study, ruling out the possibility of false-

positive results for obstructive or restrictive patterns. Unfortunately, specifications on quality grade are not 

available for previously mentioned studies to evaluate the effect of poor-quality spirometry [14, 15, 16]. 

Another interesting finding is the low PEF values found in this study population (78% of predicted in the 

rural and 77% of predicted in the urban area). In comparison, these values are even lower than the PEF 

values (87% predicted for men and 88% predicted for females) found among individuals with chronic 

bronchitis in a study by Ehrlich et al.  [16]. Caution should be taken when comparing these results, however, 

since PEF in this study was derived from spirometry while a Tru-Zone mini-peak flow meterTM (Trudell 

Medical International, London, Ontario, Canada) was used by Ehrlich et al. [16]. 

 

Previous studies investigating the effect of body composition on PF established height as one of the most 

important determinants of PF [7, 17]. Karacan et al. [5] demonstrated this theory when finding the VC of 

men, who were taller, to be greater than that of women. Similarly, each of the dynamic lung volume 

variables that were measured in the study, besides FEV1/FVC, had a significant positive relationship with 
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height. These results were expected as anthropometric measures, particularly height, governs lung size and 

thus lung volumes [32]. Failure of the relationship between FEV1/FVC and height to reach statistical 

significance may be due to the fact that both variables in the equation are affected by height to some extent.  

Considering the study population as a whole, optimal PF was found in the normal BMI range compared to 

decreased FVC, FEV1 and PEF noted among the overweight/obese and underweight categories. These 

results support the theory of a threshold range for body mass and BMI (above or below weight), which PF 

adversely affects [33]. Failure of these relationships to reach statistical significance may be ascribed to the 

inability of body mass to distinguish between lean mass and FM, which has opposing effects on PF [10].  

 

Despite the contrasting effect of body mass on dynamic lung volume variables in the two distinct 

communities, the negative relationship of FVC and FEV1 with measures of adiposity (skinfolds and 

circumferences) was similar for the study population, rural and urban communities. These findings, 

although not statistically significant, are aligned with previous studies investigating the adverse effects of 

adiposity on PF [4, 5, 9, 12]. The adverse effects of android fat (as indicated by waist circumference) on 

PF could possibly have been attenuated by the high number of females in this study. Differences in body 

fat distribution between genders may accentuate the adverse mechanical effects of excessive body fat on 

lung function among men, who are more likely to exhibit abdominal obesity compared to the gynoid pattern 

of females [6, 7, 9]. However, multiple previous studies hardly found any influence of abdominal fat on PF 

in men while inverse associations between dynamic lung volume variables and measures of abdominal 

adiposity such as waist circumference, WHR and sagittal diameter was found in women [7, 9, 10]. 

 

The relationship of adiposity with FEV1/FVC and PEF seems to be more complex, varying for different 

adiposity measures between the two communities. The negative association that was found between waist 

circumference and FEV1/FVC in the urban community confirms the results of Pekkarinen et al. [7] who 

found lower FEV1/FVC ratios in healthy Finnish adults with larger abdominal sagittal diameter and waist 

circumference. Non-significant negative associations were observed between hip circumference and PEF 

in the study population and rural community, the last of which the same association was also found with 

FEV1/FVC. The current findings may be explained by the tendency of women to accumulate fat, which 

adversely affects PF [10, 34], around the hip area. Another possible explanation is the theory of Scott et al. 

[10], which suggests a positive association between neutrophilic airway inflammation, which leads to a 

decline in dynamic lung volume variables and gynoid lean mass in females. In order to confirm this theory, 

further research is required as the circumferences do not distinguish between FM and LBM. 

 

Finally, triceps skinfold had a negative association with FEV1/FVC and PEF for the study population, the 

urban community and the rural community. The quantity of subcutaneous fat was also much higher in the 

rural community compared to the urban community. This complements the results of Davidson et al. [3] 
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who found the lowest FEV1/FVC in obese children and adolescents. Interestingly, the subscapular skinfold 

did not demonstrate that same negative association with FEV1/FVC. None of the previous studies 

investigated utilised triceps and subscapular skinfolds, besides Karacan et al. [5]. No associations were 

however drawn between the skinfolds and FEV1/FVC or PEF in this study.  

 

Strengths and limitations 

 

More anthropometric measures than most previous studies examining the effect of body composition on 

lung function were collected, which provided some information regarding fat distribution. Two major 

strengths of this study are the large study population in both the rural and urban communities and the 

inclusion of only high-quality grade (A-C) spirometric data in the statistical analysis, ruling out the 

possibility of false-positive results for obstructive or restrictive pulmonary diseases. Furthermore, 

measuring lung function objectively through spirometry, a method that has been extensively validated and 

used in other studies, and interpreting the results according to GOLD criteria makes it possible to compare 

this study’s results with previous research. The non-invasive nature and cost-effectiveness of spirometry 

also make this method feasible for use in large populations and future studies. 

 

There are some limitations to consider when interpreting the results of this study. Firstly, the cross-sectional 

nature of the analysis does not account for causality and requires longitudinal follow-up to truly investigate 

the effect of body composition on PF.  

 

Secondly, the recruitment methods, particularly home visits, as well as data collection at a centralised 

location during specified time frames may have led to the under-representation of working adults, especially 

those working overtime, shifts or in a different town and could explain the large number of females 

compared to males in the study population. Caution has to be taken when generalising the current findings 

to other rural and urban communities of middle-income countries as the community dynamics may vary 

from this population, which could be biased towards females.  

 

Thirdly, some degree of residual confounding may still be present despite adjustment for major risk factors 

of lung function decline, namely smoking status, gender, age, asthma status and level of physical activity. 

Such confounding may be due to measurement errors and the influence of risk factors that were not 

controlled, such as diet, socio-economic status and education level, which was beyond the scope of this 

study.  

 

Finally, the failure to collect sufficient anthropometric data for the calculation of fat percentage and muscle 

mass may have attenuated the strength of the relationship between lung function and anthropometric 
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variables other than height, as individual anthropometric measures such as body mass, waist circumference 

and single skinfold measures cannot accurately describe body composition. Anterior-posterior chest breadth 

is another anthropometric measure to consider in future studies, as the size of the thoracic cavity partially 

determines lung size and thus TLC.  

 

Conclusion 

 

Based on the present findings, a significant positive relationship exists between body composition and 

dynamic lung volume variables in a rural and an urban South African community. These associations are 

independent of age, smoking status, presence of asthma, gender and level of physical activity. Given the 

non-modifiable nature of PF determinants, besides smoking and occupational exposure, these results may 

be particularly useful in primary and secondary prevention programs, because body composition can be 

modified and controlled to some extent, particularly with the involvement of dieticians and physical activity 

specialists. Future studies with a longitudinal design and more comprehensive body composition analysis 

are required to elucidate the physiological mechanisms underlying the relationship between PF and body 

composition. 
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The relationship between physical activity and dynamic lung volume variables in a rural and an 

urban South African community: The PURE study 

 

ABSTRACT   

 

Background: Few studies in middle-income countries have investigated physical activity’s (PA) influence 

on pulmonary function (PF). The purpose of this study was to determine the relationship between PA and 

dynamic lung volume variables in a rural and an urban South African community. 

 

Methods: A cross-sectional design was used involving 476 participants from the Prospective Urban and 

Rural Epidemiological (PURE) study. Physical activity was measured subjectively, while PF was 

determined through spirometry. Outcome variables included: Forced Vital Capacity (FVC), Forced 

Expiratory Volume in one second (FEV1), and Peak Expiratory Flow (PEF). 

 

Results: Of the participants, 85.9% presented with normal-, 7.4% with obstructive- and 6.7% with 

restrictive spirometry. Participants spent 277 minutes/week in moderate intensity PA, exceeding PA 

recommendations for health. Walking demonstrated a significant positive association with FVC (r = 0.094; 

p = 0.049) and FEV1 (r = 0.149; p = 0.034) in the study population and the rural community respectively. 

Other PA parameters were not significantly associated with PF.  

 

Conclusion: Dynamic lung volume variables were positively associated with various PA measurements in 

a rural- and urban South African community, although statistical significance was only reached for walking. 

Future studies should focus on promoting and implementing PA for the prevention and treatment of lung 

diseases. 

 

Keywords:  

physical activity, pulmonary function, dynamic lung volume variables, rural, urban, South African 
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Introduction 

 

The global increase in sedentary behavior across all ages over the past few decades has contributed to the 

escalation of pulmonary disease, since increased PF declines and lower dynamic lung volume variables 

were found associated with decreasing levels of physical activity.1-4 Chronic obstructive pulmonary disease 

(COPD) is currently the fourth leading cause of mortality worldwide and is predicted to rank third in the 

year 2020.5 Exacerbations in those suffering from asthma, a common obstructive lung disease, were also 

inversely associated with PA.6 Physical activity therefore consistently places individuals in lower-risk 

categories, according to clinical guidelines, such as PF.7-9 

 

Pulmonary function refers to the effectiveness with which the pulmonary structures perform ventilation and 

gas exchange and the coordination of these processes.10 Dynamic lung volume variables, such as forced 

vital capacity (FVC) - the maximal volume of air forcefully expired after maximal inspiration - and forced 

expiratory volume in one second (FEV1) - the maximal volume of air expired during the first second of 

forceful expiration following maximal inspiration – yielded through spirometry, measures different aspects 

of ventilation and are used as surrogate measures of PF.11 Despite research pertaining to the health benefits 

of PA, its role in pulmonology was only investigated in recent years and is yet to be fully established.6,12,13 

 

Mihailova and Kaminska reported that among students aged from 20-36 years old, higher lung volumes 

were associated with higher aerobic fitness, physical fitness and weekly PA.9 Menezes et al also found 

improved FVC, forced expiratory volume in six seconds (FEV6) and FEV1 in adolescents who were 

physically active at both 11 and 15 years of age compared to those who were inactive at either or both of 

these time periods.8 Pulmonary function among healthy, non-smoking elderly women who met the global 

recommendations on physical activity for health was well-preserved and exceeded the predicted values for 

FVC and FEV1.3 Attenuated annual decline in PF, reduced risk of asthma exacerbations and reduced risk 

for COPD were also found among those who regularly participated in moderate to high levels of PA.1,6,12 

Further confirmation of such results could lead to a greater understanding and utilization of modifiable risk 

factors, other than smoking, in the prevention and treatment of PF decline.1 Waschki et al concluded that 

objectively measured PA best predicts mortality in COPD patients compared to various other assessments 

and is an invaluable prognostic tool.14  

 

The physiological plausibility underlying the salutogenic effect of PA on PF mainly relies on the anti-

inflammatory effects of PA, as opposed to the pro-inflammatory state promoted by physical inactivity.7,12,13 

In a review by Hamer, 27 of 40 observational studies found inverse associations between PA and one or 

more inflammatory markers involved in the pathogenesis of pulmonary diseases. Inflammatory markers  

included C-reactive protein, interleukin-6, tumor necrosis factor-alpha and fibrinogen.7,13 Reduced 



 

136 

 

concentration of inflammatory mediators may mitigate airway inflammation and the resulting symptoms, 

such as excessive mucus production, edema, collagen deposition and smooth muscle contraction, which 

threaten the patency of the airways.1,8 

 

It is further argued that improvements in PF occur secondary to PA through PA-mediated improvements in 

body composition.2 Physical activity, particularly those related to muscle strength, are important in effort-

dependent respiratory maneuvers, since respiratory muscle quantity, quality, strength and coordination (all 

required by the primary and accessory respiratory muscles) are improved by being physically active.3 

Nawrocka and Mynarski reported that meeting the strength exercise criterion, as outlined in the global 

recommendations on PA for health, increased the likelihood of participants reaching 100% of the predicted 

FVC and FEV1 values.3 

 

Another secondary effect of PA is an improved breathing economy, which is associated with a greater lung 

clearance index and maximal oxygen uptake, as well as reduced dynamic hyper-inflation, bronchial 

hyperresponsiveness and perceived dyspnea.1,15,16 An improved breathing economy due to PA is achieved 

through greater respiratory muscle strength, increased deep inspiration, greater thoracic mobility and 

sputum clearance.1,3,15 Furthermore, the likelihood exists that physically active individuals lead healthier 

lifestyles, which includes abstaining from smoking and having healthy dietary habits, which may further 

contribute to improved PF.4 

 

In developing countries, such as South Africa, that are afflicted by urban poverty and rural 

underdevelopment, increasing sedentary lifestyles and smoking are likely to have adverse effects on PF.12,17 

The urban transition and late industrialization in developing countries caused the epidemic of chronic 

diseases to shift from developed countries to developing countries as the environmental transition also 

affected various behaviors such as PA.18 The levels of PA decreased as a result of mechanization, both in 

the working environment and at home and changes in the method of commuting came into fruition with the  

availability of public transport and an increase in ownership of motor vehicles, as well as changes in the 

built environment.18 This rapid urbanization and industrialization led to a shift in global health priorities, 

the need for both cost-effective treatment and the prevention of pulmonary diseases in sub-Saharan Africa 

still exists.8,19 

 

Besides a few studies, however, COPD and associated risk factor prevalence and interaction in sub-Saharan 

Africa, an area with a high prevalence of comorbid respiratory infections such as tuberculosis, is poorly 

studied.19-21 Furthermore, these studies do not include any PA data in order to draw correlations with PF. 

The variability of PF and PA in a diverse rural and urban South Africa motivate the need to explore the 

relationship between PF and PA in these communities.20-22 The purpose of this study was therefore to 
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determine the relationship between PA and dynamic lung volume variables in both a rural and an urban 

South African community. 

 

Methods 

Study design 

 

A cross-sectional study design was followed utilizing data, which was collected from a representative 

subset of the larger international longitudinal community-based prospective Population Rural Urban 

Epidemiology (PURE) study in the year 2015. The design and aim of the PURE study are published 

elsewhere.18,22 

 

Participants 

 

Participants for the larger PURE study were recruited by means of a selection process during which 

countries for participation were selected first, then communities from those countries and lastly households 

in these identified communities. The choice of both country and community selection was based on 

economic, social and political heterogeneity as well as the feasibility for long-term follow-up 

opportunities.18 The method of approaching households varied between communities with community 

announcement by the community leader and individual door-to-door visits in some of the rural 

communities, while technology-based methods, such as email were used in developed countries to invite 

individuals to a central clinic.18   

 

Nine hundred and twenty-four (924) participants in the original PURE study (from South Africa) were 

enrolled in the current study. Prior to enrolment, the purpose of the study and potential risks and benefits 

associated with it were explained; after which each prospective participant completed an informed consent 

form. Numbers were assigned to each participant in order to anonymize the participants and ensure 

confidentiality. Following an elimination process outlined in figure 1, the study population consisted of 128 

females and 348 males (ntotal = 476) between the ages of 34 and 80 years old, residing in either rural Ganyesa 

or urban Ikageng in the North-West Province of South Africa.  

 

The inclusion criteria of the population, were having an age equal to or above 30 years and no reported 

chronic diseases besides those of a respiratory nature, such as COPD or asthma. Participants were excluded 

from the study if they had any self-reported acute illness in order to prevent any possible confounding 

factors. This particular study population was selected due to the heterogeneity previously found between 

urban and rural communities with regards to PF, as well as the general diversity of these two communities 

and the lack of research in developing countries, such as South Africa. Both healthy and pulmonary 
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compromised individuals were included in the study, because a need exists for both cost-effective 

prevention and treatment methods for chronic respiratory diseases,19 and the results from the study might 

aid in their development. The ethical approval for the primary PURE study (Ethics number:  NWU-00058-

16-S1) and for secondary data analysis (Ethics number: NWU-00089-18-S1) was obtained from the Health 

Research Ethics Committee of the North-West University.   

 

 

Figure 1: Exclusion of participants for statistical analysis 

 

In order to be included in the statistical analysis, all the required data had to be reported, therefore, patients 

with missing or incomplete data were excluded from the analysis (Figure 1). Furthermore, participants with 

incomplete spirometry or insufficient quality grade spirometry were also excluded from the statistical 

analysis, because inclusion of such data could lead to the drawing of inaccurate conclusions. 

 

Demographic information 

 

A questionnaire designed specifically for the global PURE study was used to obtain the demographic 

information of every participant. 

 

Body composition 

 

Anthropometric measurements of body mass (kg), height (m), waist circumference (cm) and hip 

circumference (cm) were done according to the protocols of the International Society for the Advancement 

Total number of participants = 924 

Number of included participants = 476 

Remaining participants = 863 

No spirometry data (non-collection of data or 

participant refusal) (n = 61) 

Insufficient quality grade 

Incomplete (n = 112) 

Quality Grade F (n = 104) 

n = 387 
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of Kinanthropometry (ISAK).23 Calculations were done to determine more complex measurements of body 

composition, such as body mass index (BMI) using the following formula: BMI = weight (kg) ÷ height2 

(m).  

 

Physical activity 

 

Physical activity was subjectively measured by means of the International Physical Activity Questionnaire 

(IPAQ).  The IPAQ was tested in 12 countries, and according to the results 75% of test-retest correlations 

were higher than 0.65 while overall PA estimation was moderately correlated (r = 0.3) to a 7 day 

measurement of an accelerometer confirming the reliability and validity of the IPAQ. The short version of 

the questionnaire was conducted in the home language of the study participants by well-trained study 

personnel who fully understood the content and purpose of the questionnaire. The questionnaire documents 

the participants’ PA in the past seven days.24-25 All four components of the physical activity FITT 

(Frequency, Intensity, Time and Type) principle  were also assessed by means of this questionnaire.26-27 

The total activity scores are expressed in minutes spent in a specific metabolic equivalent (MET).27-29 The 

time spent in a specific MET category, determined by the amount of energy expended in comparison with 

resting energy expenditure (EE) (1 MET), was divided as follows: moderate intensity PA (3-6 METs) and 

vigorous intensity PA (≥ 6 METs).30 

 

Pulmonary Function 

 

Trained study personnel assisted participants to use a portable EasyOneTM spirometer (ndd Medical 

Technologies, Andover) for prebronchodilator forced expiratory testing. The spirometer was calibrated 

using a 3L syringe before use and daily calibration checks were done thereafter according to the American 

Thoracic Society (ATS)/European Respiratory Society’s (ERS) guidelines.31 During system configuration, 

predicted values were set according to the National Health and Nutrition Examination Survey (NHANES) 

norms,32 while interpretation, indicating the presence of obstruction, was set according to the Global 

initiative for chronic Obstructive Lung Disease (GOLD) standards33-34. Preceding the spirometric 

measurement any tight clothing or accessories which could restrict spirometric efforts were removed, nose 

clips were applied and a trial run was performed. During spirometry trials (up to 8 trails) the researchers 

encouraged participants to blow as hard and as long as possible and guided them according to the feedback 

of the spirometer in order to achieve good quality spirometry. As soon as the participants were ready, 

maximal effort and forced expiration were measured for a minimum of six seconds (with the participants 

in a standing position). In order to complete the test, three successful attempts were required. The following 

results were recorded: the best three scores for FVC, FEV1 and peak expiratory flow (PEF). 
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Procedure 

 

During the recruitment process, researchers explained the PURE study protocol to participants in their home 

language (Setswana), after which the participants had an opportunity to ask questions. All the prospective 

participants signed informed consent forms acknowledging their understanding of the study’s protocol and 

the possible risks and benefits associated with the study, as well as giving their permission for the 

procedures of the study. The participants’ demographic information was collected next by means of a 

questionnaire created for the purposes of the PURE study by an independent researcher. The IPAQ was 

then completed by participants to obtain PA data followed by spirometric testing. In conclusion, each 

participant had an individual session with study personnel during which his/her test results were discussed. 

 

Statistical analysis 

 

For the statistical analysis, the software package Statistical Package for the Social Sciences (SPSS) version 

25 was used. Descriptive statistics were done first and included frequencies, means and standard deviations 

of demographic information, PA data and dynamic lung volume data. To investigate the differences 

between the rural and urban communities, an independent sample T-test was performed. Partial correlation 

and multiple regression analysis were used to determine the relationship between dynamic lung function 

measurements (dependent variable) and PA measurements (independent variable). All the analyses were 

adjusted in terms of age, gender, smoking status, presence of asthma and certain anthropometric measures 

(body mass, height, waist- and hip circumference). Statistical significance was set at p ≤ 0.05. 

 

Results 

 

Table 1 describes the study population (n = 476) which consisted of 247 individuals residing in the rural 

area of Ganyesa and 229 residing in urban Ikageng. The proportion of current smokers was significantly 

higher (t = -2.955; p = 0.003) among the urban community (rural = 13.77%; urban = 24.89%) although in 

both cases the majority of the subjects were former smokers (rural = 85.42%; urban = 74.24%).  

 

Asthma status was homogenous among the two communities with most of the study population being non-

asthmatic (95.17%). The participants had a mean age of 59 years (SD = 9.151) and were classified as 

overweight according to mean BMI (26.83 kg/m2) (SD = 7.97). Although the urban community was 

significantly older (t = 2.695, p = 0.007) than the rural community, they presented with similar 

anthropometric variables namely body mass, height and BMI. 
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Table 1: Demographic characteristics of the study population 

 Study population Rural Urban 

 Mean SD Mean SD Mean SD 

Age (years) 59.18 9.151 58.09 8.68 60.36 9.51 

Body mass (kg) 66.97 19.25 66.14 18.83 67.88 19.69 

Height (m) 1.58 0.77 1.59 0.79 1.58 0.76 

BMI (kg/m2) 26.83 7.97 26.44 7.85 27.25 8.09 

       

 n % n % N % 

Gender       

Female 348 73.11 177 71.66 171 74.67 

Male 128 26.89 70 28.34 58 25.33 

Smoking status       

Current smoker 91 19.12 34 13.77 57 24.89 

Former smoker 381 80.04 211 85.42 170 74.24 

Non-smoker 4 0.84 2 0.81 2 0.87 

Asthma status       

Diagnosed asthma 21 4.41 9 3.64 12 5.24 

Non-asthmatic 453 95.17 237 95.95 216 94.32 

Unsure 2 0.42 1 0.41 1 0.44 

SD = standard deviation; BMI = body mass index; kg = kilogram; m = meter; kg/m2 = kilogram per meter square; n = number of 

participants; % = percentage 

 

Physical activity characteristics derived from the IPAQ are shown in Table 2. Activity indexes were similar 

for both communities with work index being the largest, followed by leisure index (Figure 2). The stairs 

index was zero for both communities. The urban community spent significantly (t = 2.941; p = 0.003) more 

time being physically active than the rural community, as indicated by the weekly minutes spent in the 

moderate-intensity MET category. Moderate intensity PA (277 minutes/week) were however performed 

more frequently than vigorous-intensity PA (52 minutes/week) in both communities. Time spent walking 

in the urban community (289 minutes/week) was higher (t = 1.907; p = 0.057) compared to the rural 

community (238 minutes/week). However, sitting time was noticeably increased (t = 3.838; p < 0.001) 

among urban subjects (324 minutes/week) compared to rural subjects (268 minutes/week). 

 

The spirometric results of the rural and urban communities where compared and are presented in Table 3. 

The majority of the study population (85.9%) presented with normal spirometry, while obstructive and 

restrictive spirometric patterns were found among 7.4% and 6.7% of the study population, respectively. 

The prevalence of obstructive patterns was significantly greater in the rural community than the urban 

community (t = -1.349; p = 0.007). When comparing absolute dynamic lung volumes, the participants 

obtained to the lower limit of normal (LLN), 77.5% of participants exceeded LLN for FVC, 64.7% for 

FEV1 and 62.6% for PEF. The FEV1/FVC ratio also appeared to be normal at 0.76 for the rural community 
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and 0.74 for the urban community. Significant differences were observed between the two communities, 

for absolute FVC (t = -2.372; p = 0.018), FEV1 (t = -2.781; p = 0.006) and forced expiratory time (t = - 

4.616; p < 0.001) which were on average, 2.25 seconds longer in the rural community.  The quality of 

spirometry was also significantly higher (t = 2.174; p = 0.030) in the urban community (quality grade A = 

52.84%; quality grade B = 17.47%; quality grade C = 29.69%) than the rural community (quality grade A 

= 40.89%; quality grade B = 23.89%; quality grade C = 35.22%). 

 

Table 2: Physical activity characteristics of the study population 

 Study population Rural Urban 

 Mean SD Mean SD Mean SD 

       

Activity indexes       

Physical activity index 

Work index 

4.98 

2.82 

1.60 

0.79 

4.96 

2.80 

1.73 

0.83 

5.00 

2.84 

1.45 

0.76 

Commute index 0.24 0.70 0.25 0.74 0.23 0.66 

Stairs index 

Sport index 

Leisure index 

0.00 

0.07 

1.85 

0.00 

0.46 

0.88 

0.00 

0.04 

1.87 

0.00 

0.28 

0.90 

0.00 

0.11 

1.83 

0.00 

0.60 

0.86 

       

Minutes spend in specific MET-category/week       

Vigorous intensity 52 143 52 138 52 148 

Moderate intensity 277 285 240 261 318 304 

 

Walking minutes/week 

 

263 

 

285 

 

238 

 

215 

 

289 

 

344 

       

Sitting minutes/week 295 157 268 150 324 159 

SD = Standard deviation, MET = Metabolic Equivalent of Task 

 

 

Figure 2: Comparison of physical activity indexes among the study population, rural and urban 

community  

2.82 2.8 2.84

0.24 0.25 0.23

0.07 0.04 0.11

1.85 1.87 1.83

Study population Rural Urban

Work index

Commute index

Sport index

Leisure index
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Table 3: Spirometrically derived dynamic lung volume variables from the study population, rural 

and urban community   

 Study population Rural Urban 

 Mean SD Mean SD Mean SD 

       

Forced vital capacity       

Absolute (L) 2.296 0.691 2.368 0.721 2.218 0.651 

Predicted (L) 2.634 0.599 2.675 0.582 2.589 0.615 

Percentage of predicted (%) 88.26 21.05 89.23 21.60 87.20 20.44 

LLN (L) 1.937 0.514 1.977 0.496 1.895 0.530 

       

Forced expiratory volume in one second       

Absolute (L) 1.724 0.577 1.794 0.590 1.648 0.555 

Predicted (L) 2.064 0.514 2.099 0.493 2.027 0.535 

Percentage of predicted (%) 86.76 33.84 88.31 34.14 85.08 33.52 

LLN (L) 1.461 0.427 1.497 0.402 1.423 0.449 

       

FEV1/FVC       

FEV1/FVC ratio 0.75 0.12 0.76 0.13 0.74 0.10 

Percentage of predicted (%) 78.676 6.554 78.841 7.357 78.498 5.571 

LLN 68.128 5.744 68.307 6.424 67.935 4.912 

       

Peak expiratory flow       

Absolute (L/min) 4.44 1.818 4.53 1.785 4.340 1.853 

Predicted (L/min) 5.715 1.351 5.803 1.279 5.621 1.422 

LLN (L/min) 3.748 1.090 3.837 1.004 3.651 1.170 

       

Forced expiratory flow rate at:       

25% of the vital capacity (L/min) 3.881 1.806 3.999 1.786 3.754 1.822 

50% of the vital capacity (L/min) 2.275 1.249 2.443 1.283 2.094 1.188 

75% of the vital capacity (L/min) 0.638 0.457 0.715 0.519 0.555 0.363 

       

Forced expiratory time (s) 7.332 5.581 8.414 7.206 6.164 2.498 

       

Quality grade n % n % n % 

A 222 46.64 101 40.89 121 52.84 

B 99 20.80 59 23.89 40 17.47 

C 155 32.56 87 35.22 68 29.69 

Prevalence of obstructive and restrictive lung diseases n % n % n % 

Obstructive lung disease 35 7.4 22 8.9 14 6.1 

Restrictive lung disease 32 6.7 18 7.3 13 5.7 

SD = Standard deviation; n = number of participants; % = percentage; LLN = lower limit of normal; FEV1 = forced expiratory volume in 

one second; FVC = Forced vital capacity; L = liter; L/min = liter per minute; s = seconds 

 

Neither moderate, nor vigorous intensity PA had a statistically significant relationship with dynamic lung 

volume variables in the study population during partial correlation (as seen in Table 4), after controlling for 

possible confounders, namely: age, gender, smoking status, presence of asthma and body composition. A 
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graphical representation of the influence that moderate and vigorous intensity PA has on the FVC and FEV1 

in the study population is presented in Figure 3. 

 

Table 4: Partial correlations between dynamic lung volume variables and physical activity measures  

 Study population Rural Urban 

Correlations r   P R P r P 

FVC (L) and:      

Vigorous intensity PA (min/wk) 0.022 0.645 -0.040 0.533 0.072 0.308 

Moderate intensity PA (min/wk) 0.062 0.198 0.129 0.055 0.001 0.990 

Walk (min/wk) 0.094 0.049* 0.016 0.605 0.125 0.074 

Time spent sitting (min/wk) -0.083 0.080 -0.106 0.112 -0.044 0.528 

FEV1 (L) and:       

Vigorous intensity PA (min/wk) 0.017 0.725 -0.042 0.595 0.051 0.466 

Moderate intensity PA (min/wk) 0.050 0.297 0.133 0.094 0.006 0.931 

Walk (min/wk) 0.091 0.057 0.035 0.604 0.149 0.034* 

Time spent sitting (min/wk) -0.090 0.059 -0.104 0.120 -0.045 0.519 

PEF (L/min) and:      

Vigorous intensity PA (min/wk) 0.024 0.615 -0.014 0.838 0.049 0.487 

Moderate intensity PA (min/wk) 0.082 0.085 0.105 0.118 0.071 0.310 

Walk (min/wk) 0.046 0.332 0.021 0.759 0.075 0.290 

Time spent sitting (min/wk) -0.090 0.058 -0.113 0.091 -0.062 0.377 

r = Pearson correlation coefficient; p = statistical significance value; FVC= forced vital capacity; FEV1 = forced expiratory volume in one second; PEF = peak expiratory flow; PA = physical activity; 

L =liter; min/wk = minutes per week; % = percentage; L/min = liter per minute, * = Statistically significant 

 

Another PA measure which positively corresponded with lung function was walking minutes per week. In 

fact, this association reached statistical significance for FVC (r = 0.094, p = 0.049) when considering the 

study population as a whole and for FEV1 (r = 0.149, p = 0.034) among the urban participants. Finally, a 

non-significant negative correlation was found between all the dynamic lung volume variables and the time 

spent sitting.  

 

In the regression model (Table 5) PA explains the variance of FVC (41.6%) for the study population better 

than it does for FEV1 (32.9%). Similarly, sitting time explains 41% of the variance in FVC and 32.5% of 

the variance in FEV1. In contrast, hardly any of the variance in PEF (16.4%) is explained by our linear 

model. None of these results however reached statistical significance.  
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Figure 3: The association of moderate and vigorous intensity physical activity on the FVC and 

FEV1 of the study population, respectively  

 

Table 5: Regression analysis between dynamic lung volume variables and moderate and vigorous 

physical activity  

 Study population Rural Urban 

 R2 p F R2 P F R2 p F 

FVC (L) 0.416 0.052 2.592 0.415 0.112 2.019 0.429 0.179 1.650 

FEV1 (L) 0.329 0.100 2.095 0.295 0.281 1.284 0.372 0.128 1.919 

PEF (L/min) 0.164 0.107 2.044 0.166 0.309 1.205 0.178 0.336 1.134 

R2 = Correlation coefficient; p = statistical significance value; F = F statistic; FVC = forced vital capacity; FEV1 = forced expiratory 

volume in one second; PEF = peak expiratory flow; L = liter; L/min = liter per minute, 

* = Statistically significant 

 

Discussion 

 

In our cohort, individuals with higher, subjectively-measured PA, presented with better PF compared to 

more sedentary individuals. Only a few studies have been done that investigated the relationship between 

PA and PF in developing low- and middle-income countries burdened by respiratory diseases, increasing 
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smoking rates and sedentary behavior.8,12,20 This study, therefore, is one of the first to examine the 

association between dynamic lung volume variables and PA in the middle-income country of South-

Africa.22 The findings are in accordance with the results from previous studies in higher-income 

countries.1,3,4.9,12 Higher lung function and lung function growth rates were also found in physically active 

Chinese school girls.2 Similarly, Menezes et al found that PA is related to improved lung function in 

Brazilian adolescents, with the relationship being more pronounced among girls.8 However, caution should 

be taken when comparing these results to the results from this study, as both elastic recoil and lung function 

decline with increasing age, while children are at a stage of lung function growth and have greater elastic 

recoil.2 Adjusting for age and other confounding factors, such as smoking, asthma status and body 

composition, as was done in this study, should however rule out bias induced by such factors.  

 

Another important factor to consider when comparing the results from this study with previous studies is 

the intensity, time and type of PA, as it is likely to differ not only between age groups, but also between 

races, demographic areas and different income countries. According to the American College of Sports 

Medicine, the American Heart Association’s primary PA recommendation is that all healthy 18- to 65-year-

old adults should engage in moderate-intensity aerobic activity for a minimum of 150 minutes per week or 

vigorous-intensity aerobic activity accumulating to at least 60 minutes a week or an equivalent combination 

of the above.30 On average, the study population spent 277 and 52 minutes per week engaging in moderate 

and vigorous-intensity PA respectively, thus exceeding these minimum PA requirements for health. The 

time spent taking part in PA of moderate intensity was more than five times greater than the time spent 

taking part in vigorous-intensity PA. The results are therefore consistent with previous studies,1,9,12 

indicating greater participation in moderate activity than in vigorous-intensity PA.  

 

The urban community’s involvement in PA of a moderate intensity is significantly higher than that of the 

rural community. One possible explanation for this could be improved infrastructure in Ikageng, as well as 

its close proximity to the town of Potchefstroom with many gymnasiums, sports, and other facilities, as 

well as initiatives, such as the Park Run, that promote participation in PA. This theory is supported by the 

slightly higher sport index (0.11) in the urban community compared to the rural community (0.04).  

 

Another influential factor is the involvement of the North-West University in a variety of community 

service and research projects in Ikageng that are focused on health and physical activity.35-37 These projects 

often entail health screenings, physical activity participation at community halls and education. Although 

the urban community had a higher activity level than the rural community, their sedentary time was also 

significantly greater. This may be the result of urbanization promoting a more sedentary lifestyle8 through 

mechanizing and an increase in sitting time, which is offset by the availability and popularity of computers 

and the Internet,2 as well as a shift in the urban community’s occupational structure.38-39   
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Brumpton et al reported an increased tendency of active participants in Norway to pursue more sedentary 

careers.1 In our cohort of middle-income SA, however, the work, and other activity indexes, were very 

similar between the two communities, suggesting that the participants were employed in professions that 

are more physical in nature.40  

 

Although not statistically significant, both leisure and commute indexes were slightly higher in the rural 

community. This may indicate more active means of transport, such as walking and cycling, in the rural 

community, while the use of public transport and ownership of private vehicles may be higher in the urban 

community, which might also further explain the increase in sitting time. Additionally, this would imply 

that the additional walking minutes in the urban population is not achieved through commuting, but rather 

through structured PA, possibly forming part of an exercise program, such as walking on a treadmill. 

Furthermore, the level of education and socio-economic status may thus be important determinants of PA, 

however, it was beyond the scope of the current study and more studies are required in this regard. 

 

Furthermore, the results support those of Nawrocka and Mynarski who found higher percentages of 

predicted spirometric variables in elderly women meeting the global recommendations on physical activity 

for health, compared to their inactive counterparts.3 Although the majority of the participants in this study 

did not achieve 100% or more of the predicted values, the  majority of them still exceeded the Lower Limit 

of Normal, as well as requirements for normal spirometry (> 80% of predicted) according to the GOLD 

criteria.33 The FEV1/FVC ratio of the study population also appeared normal. The presence of asthma and 

prior smoking habits could possibly account for the discrepancies in lung function as participants in 

Nawrocka and Mynarski’s study were healthy, non-smoking females.3  

 

The findings in the study are comparable with questionnaire-defined COPD prevalence (2.3% in men and 

2.8% in women) from the national household survey of adults in South Africa, including rural and urban 

areas across all nine provinces.17 It was also the only Sub-Sharan study making use of PEF (measured with 

a Tru-Zone mini-peak flow meter, Trudell Medical International, London, Ontario, Canada), reaching 

104%, 103%, 87% and 88% of the predicted values for healthy men, healthy women and men and women 

with chronic bronchitis, respectively.17 Spirometrically-determined PEF in the study population was much 

lower, averaging at 78% of the predicted value. Differences in PEF could partially be ascribed to the 

different methods used to obtain PEF, as well as the high mean age (59.84 years) of our participants 

compared to the large proportion of subjects in the age category 15-23 years in the study by Ehrlich et al.17  

 

In contrast with the 5.7% of the urban cohort suffering from COPD, another urban South African population 

identified 23.8% of participants with COPD by means of spirometry and questionnaires.20 A high 
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prevalence of restrictive lung disease (RLD) was also noted in the cohort with 31.8% of women and 25.2% 

of men affected20 compared to 6.1% of the study’s urban population. In the rural area of Uganda, Van 

Gemert et al also made use of questionnaires and spirometry and reported a prevalence of 16.2% for COPD 

and 1.4% for RLD.21 Although the rural community in this study demonstrated a lower prevalence of COPD 

(8.9%), but they were more affected by RLD (7.3%). 

 

The substantial difference in PF can be explained by the difference in risk factor distribution, since 

participants of Cape Town with the highest COPD and RLD prevalence reported high levels of previous 

tuberculosis, occupational exposure and smoking.20 The presence of tuberculosis and asthma was lower in 

Uganda and cigarette smoking was only prominent among men, but most of the population were affected 

by biomass smoke.21 Furthermore, participants from Uganda were the youngest (45-years-old) and had the 

lowest mean BMI (22.2 kg/m2 and 23.7 kg/m2 in men and women, respectively), partially explaining their 

low prevalence of RLD.21 Significant differences in FVC and FEV1 in this study cohort can also be 

explained by their risk profiles, as decreased PF was noted in the urban community, which was significantly 

older and included a larger number of current smokers. However, it is possible that PA may have attenuated 

the adverse effects of aging and smoking on PF, considering Garcia-Aymerich et al found lower lung 

function decline and COPD risk in smokers with moderate to high levels of PA participation.12 Longitudinal 

studies are however required to confirm this theory. 

 

In contrast to the population in this study, neither the Cape Town nor the Ugandan cohort reported any PA 

participation.20-21 The negative correlations found between time spent sitting and FVC, FEV1, and PEF 

strengthen the theory that the addition of physical inactivity to the risk profile could at least partially account 

for the discrepancies found in PF between sites. Participation in both walking and moderate-intensity PA 

correlated positively with FVC, FEV1, and PEF. This supports the theory of Brumpton et al that modifiable 

lifestyle factors other than smoking is involved in the prevention of PF decline.1 The effect of vigorous-

intensity PA on PF is however less consistent. Brumpton et al also found the lowest PF decline among 

participants with very low levels of PA and proposed the increased probability of vigorous activities to 

induce asthma symptoms, particularly in individuals suffering from exercise-induced asthma, as an 

explanation.1 According to Mihailova and Kaminska, improved physical fitness and aerobic capacity, 

obtained by the maintenance of high weekly levels of vigorous-intensity PA, are main contributors to 

improved PF.9 Considering the fact that the urban community spent, in total, 79 minutes per week more 

than the rural community engaging in PA, the possibility of improved physical fitness and aerobic capacity 

among the urban community is possible. This would allow for higher minute ventilation and a delayed 

onset of respiratory symptoms, compared to individuals with lower fitness and aerobic capacity. 
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Strengths and limitations 

 

The strengths of the study include a large study population in a middle-income country that is rarely studied, 

as well as the inclusion of both a rural and urban community. Measuring PF objectively through cost-

effective, non-invasive spirometry, a popular method which underwent extensive validation, and 

interpreting such results according to GOLD criteria is another strength of the study, as this allows for 

comparison of the findings with findings of previous studies. Furthermore, only high-quality grade 

spirometry was included in the statistical analysis, ruling out the possibility of false-positive results for 

obstructive or restrictive pulmonary diseases. Standardized protocols were also implemented by trained 

study personnel for the measurement of covariates, such as body composition reinforcing comparability 

and reproducibility. 

 

Due to the cross-sectional nature of the analysis, it was not possible to monitor how changes in PA over a 

certain period of time affect PF. Longitudinal studies and randomized control trials are required to 

investigate the effect of moderate and vigorous-intensity PA on PF. Recruitment methods – particularly 

home visits – and data collection at centralized locations during predetermined time frames, may have led 

to the under-representation of working adults, particularly those working overtime and/or shifts. Not only 

is this a possible explanation for the large number of females in the study population, but could also affect 

the work index that was reported. While it was possible to control for gender and most of the major PF risk 

factors, such as age, body composition, smoking and asthma status, other confounding factors, such as 

socioeconomic status and level of education, which were assessed, could have affected the results. 

Furthermore, PA data was gathered subjectively by means of self-report through a questionnaire, instead 

of using objective measures, such as accelerometry. Such direct measurements of PA are often expensive 

and impractical in population-based studies. Self-report is influenced by the ability to accurately recall, 

which is especially controversial in the elderly, and participants may have over- or underestimated PA 

levels. Therefore, making use of standardized questionnaires, which underwent considerable reliability and 

validity testing, such as the IPAQ that was used, helped minimize misclassification and bias. 

 

Conclusions 

 

The study indicated a positive relationship between moderate PA and dynamic lung volume variables in a 

rural and urban South African community. Walking may be a suggested PA modality as it led to significant 

improvements in both FVC and FEV1. The effect of vigorous-intensity PA on PF differed between the two 

communities, warranting further investigation into the etiology of this relationship and other confounding 

factors, such as education level and socioeconomic status. Not only do the findings reinforce the importance 
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of PA promotion strategies, but also highlight the necessity of intervention studies in these communities to 

determine the optimal dose-response relationship for effective prevention and treatment programs. 
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CHAPTER 5: SUMMARY, CONCLUSIONS, LIMITATIONS AND 

RECOMMENDATIONS 

 

5.1 Summary 

 

The high prevalence of poor pulmonary function (PF) and its associated diseases are of great concern in 

South Africa. Pulmonary pathology and dysfuntion negatively impacts the individual life, thus lending the 

incumbent to be a non-contributing member ot the South African society. The pulmonary diseased patient 

therefore burdens the already struggling South African economy by not seeking employment but relying 

on a state provident fund and medical aid to cover high medical and compensation expenses. The South 

African state coffer is limited and is currently being extended. Knowledge with regards to modifiable PF 

risk factors are therefore imperative. 

 

The maintenance of healthy body composition and a physically active lifestyle are integrated modifiable 

risk factors that are capable of altering dynamic lung volume variables. These lifestyle factors were 

previously underestimated and, especially in South Africa, under applied in the prevention and treatment 

of pulmonary diseases. The overreaching aim of the Population Rural Urban Epidemiology (PURE) study 

was to investigate the health transition of chronic lifestyle diseases among rural and urban participants. This 

particular study aimed to determine the relationship between body composition, physical activity (PA) and 

dynamic lung volume variables in a rural and an urban South African community. In order to reach the aim, 

the study objectives were to determine: 

 

• The relationship between body composition and dynamic lung volume variables in a rural and an urban 

South African community. 

• The relationship between PA and dynamic lung volume variables in a rural and an urban South African 

community. 

 

Chapter 1 served as the research proposal providing a brief introduction to the research problem. The 

research question, objectives and hypothesis, upon which this study is based, were then developed based 

on the problem statement. The dissertation is submitted in article format. Based on the above-mentioned 

format, a literature review (Chapter 2) and two articles (Chapter 3 and 4, respectively) are included. Each 

article will be submitted to a relevant and accredited research journal. 

 

In order to answer the research objective, relevant literature was reviewed in Chapter 2: Literature review: 

The relationship between body composition, physical activity and dynamic lung volume variables. Based 
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on previous literature, PF refers to the effectiveness with which the lungs and other structures in the 

pulmonary system perform respiratory functions in a coordinated fashion to enable efficient pulmonary 

ventilation and alveolar-blood oxygen and carbon dioxide diffusion. The maintenance of adequate PF, 

denoted by static and dynamic lung volumes and capacities, is crucial in the prevention and prognosis of 

pulmonary diseases, which is currently one of the leading causes of mortality in South Africa. The current 

study aims to correlate international literature supporting the positive effect of habitual PA on PF, to South 

African evidence. 

 

In order to monitor static and dynamic lung volume variables objectively, a battery of tests, referred to as 

PF tests, can be performed. Each of these tests evaluate different aspects of respiration. One such test, which 

is of particular interest due to its non-invasive nature, versatility, easy administration in population-based 

studies, low cost and resource requirement, is spirometry. Although spirometry poses certain restrictions 

with regards to the measurement of static lung volumes, it provides valuable information that is relevant to 

the diagnosis of obstructive and restrictive respiratory diseases in the form of volume-time and flow-volume 

spirograms as well as the following dynamic lung volume variables: Forced Expiratory Volume in one 

second (FEV1), Forced Vital Capacity (FVC), Forced Expiratory Volume in one second/Forced Vital 

Capacity ratio (FEV1/FVC) and Peak Expiratory Flow (PEF).  

 

Obstructive lung diseases are broadly divided into Chronic Obstructive Pulmonary Diseases (COPD), an 

umbrella term for chronic bronchitis and emphysema, and asthma. Despite being preventable and treatable, 

COPD has been projected to remain among some of the top causes of mortality by 2020, particularly when 

taking into account people’s ever-increasing smoking rates. This is of particular concern in South Africa, a 

country that is burdened by both in- and outdoor air pollution from rural underdevelopment, rapid 

urbanisation and industrialisation. 

 

Another concerning factor for South Africa, which coupled with poverty and low socio-economic status, is 

the high prevalence of respiratory infections, not only among infants and children, but also among adult 

men who divert to high-risk occupations, such as mining (that are linked to restrictive lung diseases, such 

as tuberculosis and silicosis). Other risk factors for these pulmonary diseases include increasing age and 

poor body composition often precipitated by sedentary lifestyles, which in itself contributes to a decline in 

PF.  

 

An extensive body of empirical evidence demonstrates the adverse effects of people being both 

underweight, which is more likely to be found in rural areas, and being overweight or obesity, which is 

commonly encountered in urban areas, on PF. Combining the loss of Lean Body Mass (LBM) and an 

increase in Fat Mass (FM) mechanically restricts diaphragm movement, leading to decreased lung volumes 
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and capacities. As body composition variables are modifiable, greater focus should be placed on the 

maintenance of a healthy body composition by means of dietary interventions and PA programs. 

 

Physical activity not only helps maintain a healthy body composition and abate age-related PF decline, but 

also contributes to pulmonary healthy primarily because of its anti-inflammatory effect opposing the 

underlying inflammation which forms that basis of pulmonary diseases. Sedentary lifestyles worldwide are 

attributed to companies relocating to urban environments and requiring blue collar employees. Therefore, 

many rural citizens migrate to cities with the intention of securring an occupation. Due to the advances in 

technology, blue collar occupations have become less physically demanding compared to earlier decades. 

Although rural communities generally still follow a more physical line of work, they are often neglected in 

health and fitness promotion campaigns. 

 

From the literature it is clear that both body composition and PA are independently associated with PF. 

Although multiple pulmonary surveillances have been conducted internationally in high income countires 

few studied the interrelation between PF, body composition and PA in rural and urban areas of middle-

income countries such as South Africa. Therefore, these relationships were explored in this study, which 

are presented in the two respective research articles (Chapter 3 and 4). 

 

The first research article, titled “The relationship between body composition and dynamic lung volume 

variables in a rural and an urban South African community: The PURE study” by Jonck and Van Oort is 

presented in Chapter 3 and will be submitted to the European Respiratory Journal for publication. The main 

purpose of this study was to establish the relationship between body composition and dynamic lung volume 

variables in a rural and an urban South African community. In order to investigate these relationships, 

body composition was determined by means of anthropometric measurements (body mass, height, 

circumferences and skinfolds), calculating body mass index (BMI), Waist-to-Hip Ratio (WHR) and Waist-

to-Height ratio (WHtR) while dynamic lung volume variables (FVC, FEV1, FEV1/FVC and PEF) were 

spirometrically determined. When considering all these variables, body composition was found to have a 

significant positive association with dynamic lung volume variables in both the rural and the urban South 

African communities. Height, in particular, had a significant positive correlation with pulmonary function, 

while increased thoracic and abdominal adiposity (although not significant) had an adverse effect on PF. 

 

Chapter 4 contains the second research article, titled “The relationship between physical activity and 

dynamic lung volume variables in a rural and an urban South African community: The PURE study” by 

Jonck and Van Oort, which was prepared for publication in the Journal of Physical Activity and Health. 

The aim of this study was to determine the relationship between PA and dynamic lung volume variables in 

a rural and an urban South African community. To establish the relationship, PA was subjectively 
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quantified by means of the International Physical Activity Questionnaire (IPAQ), while the following 

dynamic lung volume variables were determined through spirometry: FVC, FEV1, FEV1/FVC and PEF. 

Dynamic lung volume variables demonstrated a non-statistically significant positive relationship, with 

different intensities of PA, but a statistically significant positive relationship with walking, a type of PA. 

 

Each article in the thesis has been written according to the selected journal’s author guidelines. For 

examination purposes, uniformity and consistency was maintained by keeping the font and spacing of this 

thesis the same throughout. Furthermore, all the tables and figures are presented within the relevant text 

rather than at the end of the article or by means of a separate document. 

 

5.2 Conclusions 

 

The conclusions that were drawn from the study are presented in accordance with the set objectives from 

each research article by means of hypothesis testing (Chapter 1). 

 

Objective 1: Hypothesis 1: 

To determine the relationship between body 

composition and dynamic lung volume 

variables in a rural and an urban South African 

community 

 

A healthy body composition, consisting of 

higher lean body mass and lower FM, will have 

a significant positive relationship with dynamic 

lung volume variables in a rural and an urban 

South African community. 

 

Body composition demonstrated a significant association with PF for the entire population, explaining 42% 

of the variance in FVC (p < 0.001), 33% in FEV1 (p < 0.001) and 16% in PEF (p = 0.002). Most of the 

associations were explained by the influence of height – the only anthropometric variable, besides triceps 

skinfold, showing a significant association with each of the dynamic lung volume variables (FVC: r = 0.307, 

p < 0.001; FEV1: r = 0.240, p < 0.001; PEF: r = 0.154, p = 0.001). Despite the clear influence of body 

composition on PF, none of the effects could exclusively be assigned to LBM as measurements of body 

composition were non-specific in this regard. Anthropometric variables, skinfold measurements in 

particular, better described FM. While the different measurements of FM showed an overall inverse 

association with dynamic lung volume variables, the only association reaching statistical significance (r = 

-0.134; p = 0.046) was between triceps skinfold and FEV1/FVC ration in the rural community. A decrease 

in FM had a positive effect on dynamic lung volume variables considering the negative association different 

surrogates of FM showed with FVC, FEV1, FEV1/FVC and PEF. Loss of subcutaneous upper body fat 

seemed to be particularly important in rural communities. Hypothesis 1 is therefore partially accepted.  
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Objective 2: Hypothesis 2: 

To determine the relationship between PA and 

dynamic lung volume variables in a rural and 

an urban South African community. 

 

Higher levels of PA will have a significant 

positive relationship with dynamic lung volume 

variables in a rural and an urban South African 

community. 

A positive association was found between dynamic lung volume variables and different PA measurements 

in both the rural and urban South African communities. One such PA measurement was walking minutes 

per week, for which the association reached statistical significance with FVC (r = 0.094; p = 0.049) in the 

whole study population and with FEV1 (r = 0.149; p = 0.034) in the urban community who spent 

significantly more time walking (t = 1.907; p = 0.057) than the rural community. Not only walking time, 

but also time spent in moderate intensity PA (t = 2.941; p = 0.003) was significantly greater in the urban 

community. A lower prevalence of obstructive spirometry was found in the urban community, who 

demonstrated higher levels of PA compared to the rural community, indicating a protective effect of PA on 

dynamic lung volume variables. While different intensities of PA did not show any significance with 

regards to PF, the type of activity may be of particular importance, as walking demonstrated a significant 

overall positive relationship with FVC as well as with FEV1, the latter of which was only noted in the urban 

community. Hypothesis 2 is therefore partially accepted. 

 

In conclusion, the findings in the present study show that in a rural and an urban South African community, 

a healthy body composition and physically active lifestyle can modify PF in a positive manner by improving 

dynamic lung volume variables. The promotion of a healthy lifestyle, including smoking cessation, the 

following of a balanced diet, and participation in PA may, therefore, present a cost-effective solution to the 

management of pulmonary diseases in rural and urban South African communities. 

 

A combination of nutritional interventions, such as reducing caloric intake and PA participation maximising 

caloric expenditure, are used across the world to contest the ever-increasing rate of obesity by placing an 

individual in a negative energy balance. Implementing such strategies in developing, middle-income 

countries with a high respiratory disease prevalence, such as South Africa, is of paramount importance as 

being overweight, as found in the study population, and obesity do not only predispose individuals to a 

variety of non-communicable diseases, but also perpetuates PF decline. Fat mass is inversely associated 

with dynamic lung volume variables through mechanical restrictions posed on chest expansion and 

diaphragmatic movement. This hinders filling of the lungs with air. The pro-inflammatory qualities of fat 

tissue may further exacerbate inflammation – one of the main features of respiratory diseases – and cause 

subsequent airway narrowing, which reduces measures of airflow, such as FVC, FEV1 and PEF. 
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Weight loss, focussing on a reduction in FM, may thus be of particular importance in rural communities 

for whom FM was significantly greater in this study compared to the urban community. Such differences 

could, among others, be ascribed to a greater likelihood of rural communities being reluctant to distance 

themselves from the traditional belief that a bigger body size in African women is indicative of wealth and 

wellbeing. Introducing PA into a weight loss program will help maintain LBM while losing FM, since it 

has a protective effect on LBM while simultaneously burning fat through increased energy requirements. 

Although it was not possible to determine the exact effect of LBM on PF, the maintenance thereof retains 

significance with regards to functionality and thus PA participation remains an important component in 

weight management. 

 

Physical activity also acts as an independent predictor of PF, since positive associations were found between 

measures of PA and dynamic lung volume variables. Physiologically, this relationship can be explained by 

the anti-inflammatory effect of PA opposing the pro-inflammatory environment associated with pulmonary 

diseases. While further research is required to determine the optimal dose-response relationship, activities 

of an aerobic nature may be especially beneficial since walking demonstrated a significant positive 

association with FEV1 in the urban community, for example. The same effect was not noted in the rural 

community, however, as they spent less time walking compared to their urban counterparts.  

 

In developing countries, the decline in PA may be attributed to many factors, including urbanisation 

accompanied by mechanisation, increased motorised transport and increasing sedentary leisure time 

activities, such as playing computer games and watching television. In contradiction with traditional beliefs, 

the urban community spent significantly more time being physically active than the rural community. This 

phenomenon may be due to better infrastructure in urban areas compared to rural areas where basic 

infrastructure has improved over the last few years with the addition of proper sanitation and running water. 

However, these improvements reduce walking time in rural communities and in the absence of further 

infrastructure additions, such as exercise facilities, they cause a decline in activity levels. Higher FM that 

was noted among rural participants could also have affected activity levels adversely, since persons with a 

greater amount of body fat often find PA more difficult and therefore tend to avoid it. 

 

It is possible that PA and body composition share some of the same casual pathways with regards to PF, 

thereby influencing one another and reinforcing the outcome each has on PF. In this study, an example of 

such reinforcement could be seen in the urban community, where there was a significantly lower prevalence 

of obstructive spirometry despite the population being significantly older and including a significantly 

greater number of current smokers than the rural community (two major risk factors for PF decline). Unlike 

the rural community, urban participants had significantly less subcutaneous fat in the upper body and spent 

significantly greater amounts of time participating in moderate intensity PA compared to the rural 
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community. One should therefore ask the question, could a healthy body composition and PA ameliorate 

the adverse effects of smoking and aging on the pulmonary system, thereby preserving dynamic lung 

volume variables and the associated risk of pulmonary disease? 

 

Despite the independent and secondary beneficial outcomes of PA on PF and other chronic lifestyle 

diseases, sedentary behaviour is becoming a global epidemic. Health priorities should shift towards 

prevention by educating communities with regards to the benefits and guidelines of PA, empowering people 

to make healthy lifestyle changes and promoting self-efficacy. Strategies on the incorporation of the 

required PA into daily living should also be developed to increase adherence and facilitate behavioural 

change.   

 

5.3 Limitations of the study 

 

There are some limitations that need to be taken into account in the determination of the relationship 

between body composition, PA and dynamic lung volume variables, namely:  

 

• Besides skinfolds acting as a surrogate of fatness, anthropometric measurements are unable to 

distinguish between FM and LBM and are therefore insufficient for the calculation thereof. This could 

have attenuated the strength of the relationship between dynamic lung volume variables and body 

composition as opposing effects of FM and LBM has been suggested. 

• The population’s education level and socio-economic status are not known, which could have led to 

confounding effects on their PF, since these factors are associated with knowledge regarding pulmonary 

risk factors, as well as access to infrastructure, including the availability of sports grounds, gymnasiums 

and medical care facilities and resources. 

• Due to the large study population, objective measures of PA were impractical and expensive. Data 

surrounding PA were therefore gathered subjectively by means of self-reporting through the IPAQ, 

which is known to present some form of bias, usually over-reporting PA. 

• Some level of confounding may have been present due to the effects of dietary habits, which is a major 

determinant of body composition and an influential factor with regards to inflammation and PA.  

• The generalisation of the current findings may be partially restricted due to the overrepresentation of 

female subjects in both communities. The results may be more relevant to African women than men 

and careful interpretation is required when applying the findings to men. 
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5.4 Recommendations 

 

Based on the above-mentioned limitations of the study, the following recommendations can be made for 

future research: 

 

• In cases where more sophisticated methods of body composition measurements, such as air 

displacement plethysmography and bioelectrical impedance analysis is impractical, a full 

anthropometric profile should be recorded, where possible, as it also includes the measurement of 

anterior-posterior chest breadth, which contributes to the size of the thoracic cavity and therefore 

influences lung volumes. However, a full anthropometric profile is time-consuming, particularly when 

it comes to large, population-based studies. Therefore, for research purposes, a minimum requirement 

should be a restricted anthropometric profile, which allows for the calculation of fat percentage and 

subsequent LBM, with selected additional measurements, as required. 

• Questions regarding socioeconomic status and education level should be included in the demographic 

questionnaire, since it may provide more concrete associations between dynamic lung volumes and PA 

by eliminating confounding effects through adjustment during statistical analysis. 

• If possible, PA information should be collected by using objective methods, such as accelerometers to 

prevent recall and reporting bias. Due to this method often being expensive and difficult to implement 

practically, especially in rural areas, the level of agreement between the IPAQ (subjective method) and 

reliable objective methods of PA measurement methods in a rural and an urban South African 

population should be determined in order to interpret the study’s results more accurately.  

• Data collected with regards to dietary habits, should be included in the statistical analysis in order to 

adjust for the confounding effects on PA, PF and particularly body composition. 

• In addition to household visits, recruitment methods should include work-place visits in order to reach 

more men in the population. Different work environments could also be made available as testing 

centres for the commencement of physical testing, which could enable a larger percentage of the male 

workforce to participate in the study. 

 

5.5 Future research 

 

There is potential scope for future research that could focus on some of the following aspect in the field of 

study: 

 

• The optimal frequency, intensity, time and type of PA for favourable changes in different dynamic lung 

volume variables. Intervention studies are recommended during which PF is measured at a baseline and 

again following a PA intervention. Different groups could be assigned different types and intensities of 
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PA with the control group not participating in any additional PA. This would allow researchers to 

explore the effects of different PA parameters on different dynamic lung volumes in order to determine 

PA guidelines specific to pulmonary disease for application in pulmonary rehabilitation programs. 

• The physiology underlying the relationship between LBM and PF. Understanding the mechanisms 

whereby LBM could influence PF may shed some light on the controversy regarding this component 

of body composition. Physical activity specialists would also benefit from such knowledge and 

findings, as it could guide them in the development of effective PA programs for pulmonary 

rehabilitation. 

• The combined effect of body composition and PA on dynamic lung volume variables and therefore PF. 

Confirming an integrated relationship between body composition, PA and PF could alter the multi-

disciplinary team dynamics and case management increasing treatment effectiveness. Pulmonologists, 

dieticians and biokineticists (or other exercise specialists) would each play a role in the treatment and 

prevention of pulmonary diseases if such a relationship could be confirmed, thereby maximising patient 

care and minimising risk factors not only for pulmonary disease, but also other non-communicable 

diseases. 

• Factors responsible for the differences between rural and urban communities with regards to body 

composition, PA and PF. Identifying determinants of PA, body composition and PF could help guide 

interventions and adapt them to fit a particular population, thereby increasing their effectiveness. 
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Appendix C: Chapter 3 – Journal guidelines 

 

European Respiratory Society research 

journals manuscript submission 

guidelines 

Before submitting a manuscript to the ERS research journals (the European Respiratory 
Journal and ERJ Open Research), please read these guidelines carefully. Adherence to the guidelines 
will help to ensure smooth and prompt peer review. The other ERS journals (European Respiratory 
Review and Breathe) have their own specific manuscript preparation guidelines. 
All submissions to the ERS research journals are handled via the ScholarOne Manuscripts platform, 
which provides detailed instructions about the submission process. If you experience problems or 
require any further assistance, please contact the submission helpline direct on +44 114 2672864 or 
contact Sarah Cleveland, ScholarOne Manuscripts coordinator. 

• Overlapping publications, preprints and publication ethics 

• Manuscript preparation 

• Original articles 

• Review and series articles 

• Letters and correspondence 

• Online supplementary material and video summaries 

• Guidelines for reporting research findings 

• Data availability and publication 

• Registering clinical trials 

• Permission to re-publish materials 

• Authorship 

• ORCID 

• Conflict of interest 

• Proofs 

• Correction policy 

• Appendix: sources of statistical information 

Overlapping publications and publication ethics top 
Authors submitting a paper to the ERS research journals do so on the understanding that neither the 
work nor any part of its essential substance, tables or figures have been or will be published or 
submitted to another scientific journal or are being considered for publication elsewhere. This must 
be stated in the cover letter. This restriction does not apply to conference abstracts, articles 
deposited on non-peer-reviewed recognised community preprint servers such 
as medRxiv, bioRxiv and PeerJ Preprint, or material published under legal requirements for clinical 
trials reporting, but includes work published in another language. Preprint publication should be 
declared at the time of submission, and versions of a manuscript that have been altered as a result 
of the peer review process may not be deposited. After acceptance, authors are requested to update 
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the preprint server record with a link to the final published version of the article on the journal 
website. 
It is the authors' responsibility to ensure that submitted manuscripts are not duplicate publications; 
they must declare any simultaneous submissions of similar or related manuscripts at the point of 
submission and must include electronic copies of these manuscripts as a supplement to their 
submission. If there are any concerns following submission, the editors reserve the right to take 
appropriate action. 

The ERS uses Crossref Similarity Check (powered by iThenticate) software. Submitted articles are 
screened and compared to previously published sources. Manuscripts revealing a high proportion of 
similarity to single or multiple published sources will be examined carefully, and the Chief Editors 
reserve the right to approach authors for an explanation (as per the Committee on Publication Ethics 
recommendations of procedures to follow in the event of suspected plagiarism in a submitted 
manuscript). 

As a member of the Committee on Publication Ethics, the ERS follows the COPE codes of conduct 
and best practice guidelines. 

Manuscript preparation top 
Presentation of manuscripts should be consistent with the Recommendations for the Conduct, 
Reporting, Editing, and Publication of Scholarly Work in Medical Journals, as recommended by the 
International Committee of Medical Journal Editors (ICMJE). 
Brief requirements for journal articles are summarised in the following table. The requirements are 
outlined in more detail below. 

Article type Word limit 

Figures and 

tables*  References 

Online 

supplement Abstract 

Original research 3000  8  40  Accepted 

Yes, 250 

words 

Editorials 1500  2  30  Not accepted No 

Review and 

series articles 5000  5  200  Accepted 

Yes, 250 

words 

Research letters 1200  1  15  Not accepted No 

Correspondence 800  1  10  Not accepted No 

Task force 

reports, 

guidelines and 

consensus 

statements 8000  15  250  Accepted 

Yes, 250 

words 

*The number of figures and tables in the above summary refers to the combined number; for example, letters can have either one figure or one 
table, not one of each. 
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For further general guidance on how to write papers, please refer to: Sterk PJ, Rabe KF. The joy of 
writing a paper. Breathe 2008; 4: 224-232, and guidelines for authors on how to write scientific 
articles to be published in English at www.ease.org.uk/publications/author-guidelines 
Authors are reminded that they should not imply that any opinions or views expressed in their article 
are those of the journal. 

General 

• Write the manuscript in UK English. 

• The manuscript file you submit must be saved in rich text format (.rtf) or as a Microsoft Word document 

(.doc or .docx). 

• Describe abbreviations and unusual terms at the first time of use. 

• Symbols as defined by the ad hoc working group of the Commission of the European Communities 

(see Eur Respir J 1993; 6: Suppl. 16) are recommended. 

• Système International (SI) units are recommended. 

• Equations should be created as normal text. 

Title page 

• Provide a concise and informative title, limited to 90 characters (including spaces). 

• Include a list of all contributing authors and all of their affiliations, with a clear indication of who is 

associated with each institution. 

• Supply the full correspondence details for the corresponding author, including e-mail address. Only one 

corresponding author per manuscript should be provided. 

• Provide a 256-character (including spaces) summary of the "take home" message of your paper, which 

can be used to publicise your study via social media. 

Tables 

• Insert tables into the main text document using the Table function in your word processing package. Do 

not supply tables in a separate file. 

• Number tables consecutively with Arabic numerals. 

• Limit data to a sensible number of significant figures. 

• Avoid large tables if possible. Large tables are difficult to display on small screens or A4 printouts. 

• Provide a clear footnote for each table, making sure all abbreviations and symbols used are defined. 

• For reference numbering schemes, citations made in tables should continue in numerical order from the 

point in the main body text where the table is first cited. 

Figures 

• FILE FORMAT 
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• Supply line-art figures in JPG, JPEG, TIF, TIFF, Adobe Illustrator (.ai) or EPS format. Please ensure image 

files are not layered and that the image size does not exceed 180 x 250mm. Graphs or bar charts may be 

supplied in Excel or similar spreadsheet format. PDF's can be uploaded but the figure legend must be 

included on the PDF. 

• Supply halftone and photographic images in PSD, JPG, JPEG, TIF or TIFF format. Minimum resolution 

should be 300 dpi at the final printable size (90 mm to 180mm wide maximum). 

• Don’t embed images in the main manuscript file. Supply them separately. 

• If your figures were originally created in another format that contains extra information (e.g. embedded 

data in an Excel graph), consider supplying them as supplementary material (Original Articles only). 

• SIZE AND QUANTITY 

• Figures constitute a key element of manuscripts submitted to the ERS research journals. However, 

figures should be limited (both in size and number) to those required to show the essential features 

described in the manuscript. 

• Avoid large figures comprising many individual parts: as a maximum, each individual figure must fit to a 

single PDF page of the journal, with sufficient space for its accompanying caption. 

• If you have a large number of figures, consider publishing some of them as an online supplement. 

• Images should be submitted in as close a size as possible to the final print size. There are three options: 

90, 140 or 190 mm.  

• COLOUR FIGURES 

• There is a charge for presenting figures in colour in the printed edition of the European Respiratory 

Journal; figures can be presented in colour online free of charge in both the European Respiratory 

Journal and ERJ Open Research. 

• There is no charge for presenting figures in colour in ERJ Open Research. 

• Please remember that people are likely to print your manuscript on a black-and-white printer. Your 

colour figures need to be comprehensible when printed in this format. 

• FIGURE PRESENTATION 

• All submitted figures must be clearly named and numbered. 

• Whether for images, drawings or graphs, use no more than four panels for a single figure. These should 

be labelled as a), b), c) and d). 

• In photographic and halftone images, show only the areas of interest with enough surrounding area for 

orientation purposes. 

• Radiographic images should be of high quality and combined into one array, such as posteroanterior and 

lateral views. Each panel should be sized identically. 
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• When several photographic or halftone images of a given type are being shown, please reproduce them 

all at the same magnification. 

• Photomicrographs must have internal linear scale markers (scale bars), since the size and magnification 

may be altered when the figure is printed or displayed on screen. 

• Images should correspond in appearance to the tonal relations of the original radiograph (i.e. showing 

the bones white on a dark background), with the patient's right to the observer's left. CT scans and 

magnetic resonance images should employ the internationally accepted 'view from below'. 

• Label your images such that all important details are clearly marked, but avoid obscuring large areas of 

the images with excessive labelling. 

• Use a sans serif font (such as Arial or Helvetica) for labelling, and ensure that the font is legible, of 

reasonable size and uniform throughout all the figures in your manuscript. 

• Ensure that bar charts and graphs have a white background, with no shading or gridlines. 

• Use greyscale shading on bar charts and graphs (different weights can be used, e.g. from 0% (white) to 

100% (black) for purposes of differentiation), in preference to hatching and patterning. 

• Do not use three-dimensional effects in the presentation of bar charts. 

• For reference numbering schemes, citations made in figures should continue in numerical order from 

the point in the main body text where the figure is cited. 

• GUIDELINES FOR HANDLING IMAGE DATA 

• If an image has been enhanced electronically, please explain the alterations that have been made 

and submit the original image along with the enhanced one. Keep an electronic set of original 

images, since our reviewers might ask you to modify their content and the display modus. 

• The Council of Science Editors has established four basic guidelines for handling image data, 

which authors submitting to the ERS research journals are urged to comply with. 1) No specific 

feature within an image may be enhanced, obscured, removed or introduced. 2) Adjustments of 

brightness, contrast or colour balance are acceptable if they are applied to the whole image and 

as long as they do not obscure, eliminate or misrepresent any information present in the 

original. 3) The grouping of images from different parts of the same gel, or from different gels, 

fields or exposures must be made explicit by the arrangement of the figure (e.g. by using 

dividing lines) and in the text of the figure legend. 4) If the original data cannot be produced by 

an author when asked to provide it, the acceptance of the manuscript may be revoked. 

• CAPTIONS 

• Provide a clear caption for each figure. 

• Captions should be brief and not repetitive of information given in the text. 

• All abbreviations should be expanded. 
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• Where appropriate, captions should include the imaging technique used, the body part imaged and any 

noteworthy details. 

• Mention any use of internal scale bars. 
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• Financial support for the study should be acknowledged in a separate support statement; financial 
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• A copy of any paper cited as "in press" and not yet available online should be uploaded to the 

submission platform as supporting material. 

Original articles top 
Original articles should not exceed 3000 words (you do not need to include the abstract, references, 
tables and figure captions in this word count). If your manuscript exceeds this limit, please state the 
final word count and explicit reasons for exceeding the limit in your covering letter. 
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• Provide details of the species and/or strain and number of animals involved in the study. 

• The editors will reject work that does not conform to acceptable ethical criteria. 

• STUDY DESIGN 
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• Clearly state the main study objective(s). 

• Consider sample size and whether you have enough subjects to reliably address the research question. 

• Manuscripts reporting clinical trials should include details of the sample size calculation (i.e. the 

expected effect size, power, level of statistical significance and one- or two-sided test). 

• For systematic reviews, make sure that the keywords used to search electronic medical databases cover 

different terminology (for example, tumour or cancer) and spelling (for example, randomised or 

randomized). 

• METHODS 

• Provide an overview of the main tests or experiments. 

• Describe the methods and apparatus in sufficient detail to allow other workers to evaluate or reproduce 

the tests/experiments. 

• For methods that have been published before, provide a reference only, or a reference and brief 

description. 

• Identify drugs and chemicals, including generic name, dosage and route of administration. 

• Provide manufacturers’ names and addresses (city and country) for equipment, drugs, chemicals and 

software as necessary, but not in a separate section. 

• ANALYSIS 

• Clearly state and define the main outcome measure(s). 

• Briefly state the statistical methods used during the analysis if they are standard. Describe any new 

methods and justify their use. 

• In the case of single- or multicentre trials with blinded intervention, the code must have been broken at 

the end of the study in the presence of the responsible investigator of each centre. The code and the data 

will then be available to each participating centre. The first author should make provisions so that if 

needed, the data are available to the editors for independent statistical analysis. 

• Seek advice from a statistician on the appropriate methods of analysis and whether results have been 

interpreted correctly. 

Results 

• Keep the results section brief. 

• Describe the baseline characteristics or condition of patients or animals. 

• Focus on the important results, i.e. those that help to address the research question. 

• Present most data in figures or tables, not in the text. Use the text to emphasise or summarise the most 

important observations. 

Discussion 
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• At the beginning of the discussion, summarise the main results, and show how they have addressed the 

research question. 

• Make sure that the conclusions are consistent with the results and are pertinent to the research 

question. 

• Describe the limitations of the study and/or analysis, and discuss their possible implications for the 

conclusions. 

• Emphasise the new and important aspects of the study. 

• Try to explain contradictory or unexpected results, or discrepancies with previous findings. 

Review and series articles top 
Review articles provide an overview and discussion of recent and current studies/practices in a 
particular area of respiratory research. 

They should include an abstract of no more than 250 words, which provides an overview of the full 
article and which is easily understood without reference to the text. 

Review articles should not exceed 5000 words (you do not need to include abstract, references, 
tables and figure captions in this word count); if manuscripts exceed this limit, please state the final 
word count and give your reasons for exceeding the limit in your covering letter. 

The total number of figures and/or tables should be limited to no more than five. 

Given the nature of review articles, it is appropriate to include a higher number of references than in 
original articles, but this should not exceed 200 in total. 

Letters and correspondence top 
Research letters are case study articles, preliminary studies or short reports presented in the format 
of a letter to the editor. 

Research letters do not contain an abstract. 

Research letters should not exceed 1200 words (you do not need to include references, tables and 
figure captions in this word count) and should have no more than 15 references. One figure or one 
table may be included. 

Correspondence can be submitted for discussion of recently published articles and other topical 
matters; correspondence articles should not exceed 800 words (you do not need to include 
references, tables and figure captions in this word count) and should have no more than 10 
references. One figure or one table may be included. 

The ERS research journals will not publish online supplementary material for letters or 
correspondence. 

Online supplementary material and video summaries top 
Authors of original or review articles have the option of providing more detailed methodology, 
supplementary data or figures, and accompanying videos, as an online supplement. This is optional, 
at the discretion of the author and/or editor. The ERS research journals will not accept 
supplementary material for editorials, letters or correspondence. Documents should be uploaded as 
"Supplementary material" during the submission process. 
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Authors of accepted original research articles or letters to the editor may submit a video summary to 
accompany their manuscript. These should be a short summary, in English, of the study – they must 
not go beyond the scope of the paper. They will be published via YouTube and embedded as data 
supplements on the journal website. In order to gain maximum impact, it is recommended that video 
summaries be submitted as soon as possible after acceptance. Further details will be provided after 
acceptance. 

Online supplementary material will not be edited by the publications office, and will be published 
online as it is supplied. 

Guidelines for reporting research findings top 
Randomised controlled trials must conform to the CONSORT statement, which provides a set of 
recommendations comprising a list of items to report and a patient flow diagram. For other study 
designs, authors are strongly recommended to consult the following reporting guidelines: studies of 
diagnostic accuracy (STARD); preferred reporting items for systematic reviews and meta-analyses 
(PRISMA); observational studies in epidemiology (STROBE); meta-analyses of observational studies 

in epidemiology (MOOSE); standard protocol items: recommendations for interventional trials (SPIRIT) 
and animal research reporting of in vivo experiments (ARRIVE). 
In some cases, the chief editor may require that authors make available the data on which their 
findings are based, or provide documentation relating to the protocol of their study. 

Data availability and publication top 
We encourage authors to make the datasets underlying their manuscript available, when this is 
practical, either publicly or upon request. Datasets can be shared publicly via subject-specific or 
general online repositories, or by submitting them as online supplementary material. The PLoS 
journals provide useful guidance on data repositories and sharing. 
The ERS research journals encourage data sharing through the Dryad data repository. Dryad is an 
international repository for the datasets underlying articles in the sciences and medical research. 
Datasets published by Dryad are accessible to all readers, and the sharing of raw data in this way 
enables other researchers to validate study findings and perform new analyses. 

If you wish to deposit your dataset with Dryad, we can help by creating a “stub” or holding page, 
ready for you to access and to deposit your data, at the point that your manuscript is accepted for 
publication in the journal. Although an author fee is payable when depositing data with Dryad, the 
ERS has allocated funds to cover deposit fees for an introductory period, which will be available on a 
strictly first come, first served basis. 

Authors should still continue to submit supplementary methods, results, figures and tables in the 
same way for publication as an online article supplement on the journal site; the Dryad repository 
should be used to archive the datasets that underlie the study published by the journal. 

Once you have successfully deposited a dataset, it will be allocated a unique DOI by Dryad, thereby 
establishing a permanent link that you can use to cite your dataset. 

For a more detailed overview of how to deposit your data with Dryad, please click here. 

Registering clinical trials top 
In order to be published in the ERS research journals, any clinical trials started after January 1, 2006 
must be properly registered. The ICMJE defines a clinical trial as any research project that 
prospectively assigns human subjects to intervention or concurrent comparison or control groups to 
study the cause-and-effect relationship between a medical intervention and a health outcome. 
Medical interventions include drugs, surgical procedures, devices, behavioural treatments, process-
of-care changes and the like. 
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http://www.consort-statement.org/mod_product/uploads/MOOSE%20Statement%202000.pdf
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http://www.nc3rs.org.uk/page.asp?id=1357
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http://www.plosone.org/static/policies#footnote2
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http://www.ersjournals.com/authors/research-ms-preparation#TOP


 

178 

 

The ICMJE accepts registration in any registry that is a primary register of the WHO International 
Clinical Trials Registry Platform (ICTRP) or in ClinicalTrials.gov, which is a data provider to the WHO 
ICTRP. 
The ICMJE is expanding the definition of the types of trials that must be registered and will begin to 
implement the World Health Organization definition of clinical trials for all trials that began enrolment 
on or after July 1, 2008. The World Health Organization's definition of clinical trials is: "any research 
study that prospectively assigns human participants or groups of humans to one or more health-
related interventions to evaluate the effects on health outcomes". 

The ICMJE does not consider results posted in the same clinical trials registry in which the primary 
registration resides to be previous publication if the results are presented in the form of a brief (500 
word) structured abstract or table (including data on patients enrolled, key outcomes and adverse 
events). When submitting to the ERS research journals, authors should specify where the clinical 
trial is registered and disclose all posting in registries of results of the same or closely related work. 

For further details on current ICMJE policy, please refer to the ICMJE or N Engl J Med 2007; 356: 
2734-2736. 
Authors are reminded that in addition to the above there may be legal requirements regarding 
registration of clinical trials, and publication of summaries and other material in public 
repositories. The ERS will not regard any publication of material under these requirements as 
prior publication. 

Permission to re-publish materials top 
The ERS research journals discourage the use of previously published figures and tables, or any 
other material previously published elsewhere, unless it is absolutely essential. If you need to 
include such material in your manuscript, you must obtain permission from the copyright owner (or 
their licensee, if appropriate) before you submit your manuscript. The copyright owner may be the 
publisher, and not the original author. In order to secure the re-use of the material in question, you 
may be required to pay a fee to the original publisher. Some copyright holders or licensees will not 
provide permission for publication, which precludes the material from being published in the printed 
or online versions of the ERS research journals. 

Authors should be aware that externally produced questionnaires are often subject to copyright 
restrictions, meaning that their use, reproduction and modification may be restricted. Before using, 
modifying or reproducing questionnaires, you should contact the copyright holder or their licensee to 
seek their support and gain written permission for reproduction and/or modification of the 
questionnaire, as necessary. If you are unsure about usage, modification and reproduction of 
questionnaires, you should contact the copyright holder/creator of the questionnaire in the first 
instance. Should concerns arise regarding the use, reproduction and modification of questionnaires, 
the ERS reserves the right to take appropriate action. 

Once your manuscript has been accepted for publication, the ERS publications team will contact you 
requesting copies of all the written permission agreements you have obtained. 

Authorship top 
There is no maximum for the number of authors of a manuscript, although the final submitted version 
of the manuscript must have been approved by all co-authors. 

Authorship credit should be based on fulfilment of all of the following four criteria: 

1. substantial contributions to either: the conception and design of the work; or the acquisition, analysis or 

interpretation of data for the work; and 

2. drafting the article or revising it critically for important intellectual content; and 

3. final approval of the version to be published; and 
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4. agreement to be accountable for all aspects of the work, in ensuring that questions related to the 

accuracy or integrity of any part of the work are appropriately investigated and resolved. 

All people listed as authors should qualify for authorship, and all those who qualify should be listed. 

Acquisition of funding, collection of data, or general supervision of the research group does not 
justify authorship. 

Writing assistance from medical writers or agencies must be detailed the acknowledgements section 
or, if appropriate, the author list. 

As manuscripts must have been approved by all authors prior to submission, any changes to the list 
of authors that are proposed after manuscript submission require written approval from all named 
authors; this is in accord with the procedures outlined by the Committee on Publications Ethics 
(COPE). 

Collaborators 

Contributors who do not meet the criteria for authorship stated above should be listed in the 
acknowledgements section, by stating their names and affiliation details. 

Examples of those who might be acknowledged include: people or collaborating bodies who 
contributed materially to the paper but whose contributions do not justify authorship; a person who 
provided purely technical help or writing assistance; a department leader who provided only general 
support. 

If the study was performed in collaboration with or on behalf of a particular body (for example, 
ISAAC), the names and affiliation details of members of that body or group should be listed in an 
acknowledgements section. 

ORCID top 
The ERS manuscript submission and publishing systems support the use of ORCID researcher 
identifiers. Authors who wish to have their ORCID associated with their manuscript should log in to 
the submission system and edit their personal account to include their ORCID and to authorise 
ORCID to link to their ScholarOne account. This must be done prior to manuscript acceptance. 

The ORCID website (orcid.org) contains resources for authors. ERS has also created a brief guide to 
creating and maintaining your ORCID profile. 

Conflict of interest top 
Any conflict of interest for a given manuscript and for all authors of a manuscript must be dealt with 
according to the statement of the ICMJE (the 'Vancouver Group') as published in Lancet 1993; 341: 
742. Editors and reviewers must disclose to the Chief Editor any personal or financial relationship 
that could bias their opinion and decision in the peer-review process. 
Each author must complete the ICMJE conflict of interest form and these must be uploaded during 
manuscript submission. Peer review will not begin until all authors have provided conflict of interest 
declaration forms. 
Authors must acknowledge all financial support for the work (including, but not limited to, support 
from pharmaceutical companies, medical device companies and electronic nicotine delivery system 
companies) and other financial or personal conflicts of interest that are both connected and 
unconnected with the work. It is each author's responsibility to fill in this form correctly. Each author 
must complete their own conflict of interest declaration form. Corresponding authors should not 
complete forms on behalf of other authors, but corresponding authors can upload forms for other 
authors once they have been completed. If multiple forms are uploaded by one author, it is 
recommended that all the forms are placed in a .zip file before uploading. The ERS and the editors 
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reserve the right to take appropriate action if these forms have not been filled in correctly. A 
statement reflecting the disclosures made will be added to the manuscript at publication. 

The ERS and the editors adhere to the European Respiratory Society policy on tobacco industry 
funding. The ERS does not accept contributions from authors who receive funding from the tobacco 
industry or from electronic nicotine delivery system companies that are wholly or partially owned by 
tobacco companies. Authors will be asked to disclose any funding and/or conflict of interest related 
to the tobacco industry. In the case of disclosure of a conflict of interest any time after January 1, 
2000 by the person concerned, there will be a 5-year ban from the date of disclosure before that 
person is allowed to participate actively in an ERS event again. In the case of the discovery of a 
conflict of interest, which was not disclosed by the person concerned, there will be a ban for life from 
participating actively in any ERS activity, including all ERS publications and scientific and intellectual 
contributions of any type. The same principle will apply to any other real or perceived, direct or 
indirect links with the tobacco industry, such as the holding of shares, speaking at or attending 
meetings organised by the tobacco industry. Any person found to be maintaining a relationship (as 
defined above) with, or receiving funding from, the tobacco industry after January 1, 2013 will be 
banned for life from involvement in any ERS activity including membership, all ERS publications, 
scientific and intellectual contributions of any type. 
On manuscript submission, authors will be asked if they comply with this policy. If you have any 
queries regarding this, please contact the ERS publications office. 

Proofs top 
Before publication, a PDF proof will be sent by e-mail to the corresponding author. Please mark up 
any corrections and return them to the ERS publications office within 48 hours by email. Late return 
may delay publication. 

Correction policy top 
Corrections to ERS research journals articles that have already been published will be made at the 
discretion of the chief editor(s). For articles that have been published in their final version (with page 
numbers) for longer than two years, only important corrections, in particular relating to the reporting 
of the methods or findings of the study, or to the understanding of the manuscript, will be considered. 

Appendix: Sources of information for statistical analyses, study design and data 

presentation top 
The statistical advisors of the European Respiratory Journal and ERJ Open Research recommend the 
following series of papers on the use of statistics, in particular those articles on repeatability, 
reproducibility, regression and correlation analyses and confidence intervals, and comparisons of 
means and proportions. 

1. Bland JM, Altman DG. Correlation, regression and repeated data. BMJ 1994; 308: 896. 

2. Bland JM, Altman DG. Regression towards the mean. BMJ 1994; 308: 1499. 

3. Altman DG, Bland JM. Diagnostic tests 1: sensitivity and specificity. BMJ 1994; 308: 1552. 

4. Altman DG, Bland JM. Diagnostic tests 2: predictive values. BMJ 1994; 309: 102. 

5. Altman DG, Bland JM. Diagnostic tests 3: receiver operating characteristic plots. BMJ 1994; 309: 188. 

6. Bland JM, Altman DG. One- and two-sided tests of significance. BMJ 1994; 309: 248. 

7. Bland JM, Altman DG. Some examples of regression towards the mean. BMJ 1994; 309: 780. 

8. Altman DG, Bland JM. Quartiles, quintiles, centiles, and other quantiles. BMJ 1994; 309: 996. 
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9. Bland JM, Altman DG. Matching. BMJ 1994; 309: 1128. 

10. Altman DG, Bland JM. The normal distribution. BMJ 1995; 310: 298. 

11. Bland JM, Altman DG. Calculating correlation coefficients with repeated observations: Part 1, correlation 

within subjects. BMJ 1995; 310: 446. 

12. Bland JM, Altman DG. Calculating correlation coefficients with repeated observations: Part 2, correlation 

between subjects. BMJ 1995; 310: 633. 

13. Altman DG, Bland JM. Absence of evidence is not evidence of absence. BMJ 1995; 311: 485. 

14. Bland JM, Altman DG. Multiple significance tests: the Bonferroni method. BMJ 1995; 310: 170. 

15. Altman DG, Bland JM. Presentation of numerical data. BMJ 1996; 312: 572. 

16. Bland JM, Altman DG. Logarithms. BMJ 1996; 312: 700. 

17. Bland JM, Altman DG. Transforming data. BMJ 1996; 312: 770. 

18. Bland JM, Altman DG. Transformations, means and confidence intervals. BMJ 1996; 312: 1079. 

19. Bland JM, Altman DG. The use of transformations when comparing two means. BMJ 1996; 312: 1153. 

20. Altman DG, Bland JM. Comparing several groups using analysis of variance. BMJ 1996; 312: 1472-1473. 

21. Bland JM, Altman DG. Measurement error. BMJ 1996; 313: 744 

22. Bland JM, Altman DG. Measurement error and correlation coefficients. BMJ 1996; 313: 41-42. 

23. Bland JM, Altman DG. Measurement error proportional to the mean. BMJ 1996; 313: 106. 

24. Altman DG, Matthews JNS. Interaction 1: Heterogeneity of effects. BMJ 1996; 313: 486. 

25. Matthews JNS, Altman DG. Interaction 2: compare effect sizes not P values. BMJ 1996; 313: 808. 

26. Matthews JNS, Altman DG. Interaction 3: How to examine heterogeneity. BMJ 1996; 313: 862. 

27. Altman DG, Bland JM. Detecting skewness from summary information. BMJ 1996; 313: 1200. 

28. Bland JM, Altman DG. Cronbach's alpha. BMJ 1997; 314: 572. 

29. Altman DG, Bland JM. Units of analysis. BMJ 1997; 314: 1874. 

30. Bland JM, Kerry SM. Trials randomised in clusters. BMJ 1997; 315: 600. 

31. Kerry SM, Bland JM. Analysis of a trial randomised in clusters. BMJ 1998; 316: 54. 

32. Bland JM, Kerry SM. Weighted comparison of means. BMJ 1998; 316: 129. 

33. Kerry SM, Bland JM. Sample size in cluster randomisation. BMJ 1998; 316: 549. 

34. Kerry SM, Bland JM. The intra-cluster correlation coefficient in cluster randomisation. BMJ 1998; 316: 

1455. 
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35. Altman DG, Bland JM. Generalisation and extrapolation. BMJ 1998; 317: 409-410. 

36. Altman DG, Bland JM. Time to event (survival) data. BMJ 1998; 317: 468-469. 

37. Bland JM, Altman DG. Bayesians and frequentists. BMJ 1998; 317: 1151. 

38. Bland JM, Altman DG. Survival probabilities (the Kaplan-Meier method). BMJ 1998; 317: 1572. 

39. Altman DG, Bland JM. Treatment allocation in controlled trials: why randomise?BMJ 1999; 318: 1209. 

40. Altman DG, Bland JM. Variables and parameters. BMJ 1999; 318: 1667. 

41. Altman DG, Bland JM. How to randomise. BMJ 1999; 319: 703±704. 

42. Bland JM, Altman DG. The odds ratio. BMJ 2000; 320: 1468. 

43. Day SJ, Altman DG. Blinding in clinical trials and other studies. BMJ 2000; 321: 504. 

44. Altman DG, Schulz KF. Concealing treatment allocation in randomised trials. BMJ 2001; 323: 446-447. 

45. Vickers AJ, Altman DG. Analysing controlled trials with baseline and follow up measurements. BMJ 2001; 

323: 1123-1124. 

46. Bland JM, Altman DG. Validating scales and indexes. BMJ 2002; 324: 606-607. 

47. Altman DG, Bland JM. Interaction revisited: the difference between two estimates. BMJ 2003; 326: 219. 

48. Bland JM, Altman DG. The logrank test. BMJ 2004; 328: 1073. 

49. Deeks JJ, Altman DG. Diagnostic tests 4: likelihood ratios. BMJ 2004; 329: 168-169. 

50. Altman DG, Bland JM. Treatment allocation by minimisation. BMJ 2005; 330: 843. 

51. Altman DG, Bland JM. Standard deviations and standard errors. BMJ 2005; 331: 903. 

52. Altman DG, Royston P. The cost of dichotomising continuous variables. BMJ 2006; 332: 1080. 

53. Altman DG, Bland JM. Missing data. BMJ 2007; 334: 424. 

54. Petrie A, Sabin C. Medical Statistics at a Glance. 2nd Edn. Blackwell Publishing, 2006. 

55. Kirkwood B, Sterne JAC. Essential Medical Statistics. 2nd Edn. Blackwell Science, 2003. 

56. Bland M. Introduction to Medical Statistics. 3rd Edn. Oxford University Press, 2000. 

57. Barker DJP, Rose G. Epidemiology in Medical Practice. 5th Edn. Elsevier, 1997. 

58. Rothman KJ. Epidemiology: an Introduction. Oxford University Press, 2002. 

59. Silman AJ, Macfarlane GJ. Epidemiological Studies: a Practical Guide. 2nd Edn. Cambridge University 

Press, 2002. 

For the Chinese version click here 
For the Spanish version click here 
This page was updated on 26 June, 2019 
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Appendix D: Chapter 4 – Journal guidelines 

 

Authorship Guidelines 
The Journals Division at Human Kinetics adheres to the criteria for authorship as outlined by the 
International Committee of Medical Journal Editors*: 

Each author should have participated sufficiently in the work to take public responsibility for the 
content. Authorship credit should be based only on substantial contributions to: 

a. Conception and design, or analysis and interpretation of data; and 
b. Drafting the article or revising it critically for important intellectual content; and 
c. Final approval of the version to be published. 

Conditions a, b, and c must all be met. Individuals who do not meet the above criteria may be listed 
in the acknowledgments section of the manuscript. *Uniform requirements for manuscripts submitted 
to biomedical journals. (1991). New England Journal of Medicine, 324, 424–428. 

Open Access 
Human Kinetics is pleased to allow our authors the option of having their articles published Open 
Access. In order for an article to be published Open Access, authors must complete and return the 
Request for Open Access form and provide payment for this option. To learn more and request 
Open Access, click here. 
 

Manuscript Guidelines 
JPAH is a peer-reviewed journal. Manuscripts reporting Original Research, Public Health Practice, 
Technical Notes, Brief Reports, or Reviews will be reviewed by at least two reviewers with expertise 
in the topical field, and the review process usually takes 6 to 8 weeks. A double-blind method is used 
for the review process, meaning authors and reviewers remain unknown to each other. 

All types of manuscripts submitted to JPAH are judged on the following primary criteria: adherence 
to accepted scientific principles and methods, the significant or novel contribution to research or 
practice in the field of physical activity, clarity and conciseness of writing, and interest to the 
readership. There are no page charges to contributors. 

Manuscripts generally should not exceed 25 pages (~5,000 words including everything except title 
and abstract pages; the word limit includes the reference section). Reviews should not exceed a 
total of 30 pages and Brief Reports should not exceed 15 pages. Major exceptions to these criteria 
must be approved through the Editorial Office before submission. Submissions should not include 
more than 10 tables/graphics, and should follow the Uniform Requirements for Manuscripts 
Submitted to Biomedical Journals (visit ICMJE for more detail). JPAH welcomes and encourages the 
submission of supplementary materials to be included with the article. These files are placed online 
and can be accessed from the JPAH website. Supplemental material can include relevant 
appendices, tables, details of the methods (e.g., survey instruments), or images. Contact 
the Editorial Office for approval of any supplemental materials. 
 

Standardized Publication Reporting Guides 
JPAH highly recommends that authors refer to relevant published reporting guidelines for different 
types of research studies. Examples of reporting guidelines include: 

• Consolidated Standards of Reporting Trials (CONSORT) 
• Meta-analysis of Observational Studies in Epidemiology (MOOSE) 

https://hk.pubfactory.com/page/openaccess/open-access
mailto:jpah@hkusa.com?subject=JPAH
http://www.icmje.org/about-icmje/faqs/icmje-recommendations/
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http://www.consort-statement.org/Media/Default/Downloads/Other%20Instruments/MOOSE%20Statement%202000.pdf
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• Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 
• STrengthening the Reporting of OBservational studies in Epidemiology (STROBE) 
• Improving the Quality of Web Surveys: The Checklist for Reporting Results of Internet E-

Surveys (CHERRIES) 

Manuscripts must be submitted in Microsoft Word® (*.doc) or rich text (*.rtf) format only. Do not 
submit a .pdf file. Graphics should be submitted in .tif or .jpg formats only. Before submitting, authors 
should complete the Manuscript Submission Checklist (see below). Authors may be asked to provide 
Human Kinetics with photo-ready graphics and/or a hard copy of the text. Authors are responsible 
for confirming the accuracy of the final copy, particularly the accuracy of references, and to retain a 
duplicate copy to guard against loss. Final review of the pre-published text is the responsibility of the 
authors. Authors of manuscripts accepted for publication must transfer copyright to Human Kinetics, 
as applicable. 

Cover Letter 
Submissions must include a cover letter stating that the manuscript has not been previously 
published (except in abstract form), is not presently under consideration by another journal, and will 
not be submitted to another journal before a final editorial decision from JPAH is rendered. Full 
names, institutional affiliations, and email addresses of all authors, as well as the full mailing 
address, telephone number, and fax number of the corresponding author, must be provided. Authors 
must also provide a statement disclosing any relevant financial interests related to the research.  

Manuscript Types 
Original Research 
A manuscript describing the methods and results of a research study (quantitative or qualitative), 
including the background and purpose of the study, a detailed description of the research design and 
methods, clear and comprehensive presentation of results, and discussion of the salient findings. 

Public Health Practice 
A manuscript describing the development or evaluation of a public health intervention to increase or 
promote physical activity in a community setting, or a study that describes translation of research to 
practice. 

Technical Note 
A short article that presents results related to a new or modified method or instrument related to 
physical activity measurement or an important experimental observation. 

Brief Reports 
A short article (15 or fewer pages), usually presenting the preliminary or novel results of an original 
research study or public health practice program. 

Reviews 
Manuscripts that succinctly review the scientific literature on a specific topic. Traditional narrative 
reviews are discouraged. However, well-conducted systematic reviews and meta-analyses are 
highly encouraged. The Editorial Office may recruit reviews on specific topics. All review articles 
must have approval from the Editorial Office prior to submission. 
 

Manuscript Sections 
The order of submission must be (1) Title page, (2) Abstract, (3) Text, (4) Acknowledgments, (5) 
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The manuscript must include a title page that provides the full title, a brief running head, manuscript 
type (see definitions above), three to five key words not used in the title of the manuscript, abstract 
word count, manuscript word count (inclusive of all pages except the abstract and title page), date of 
manuscript submission, and full names of authors, their institutional or corporate affiliations, and e-
mail addresses. 

Abstract 
All manuscripts must have a structured abstract of no more than 200 words. Required headings are 
(1) Background, (2) Methods, (3) Results, and (4) Conclusions. 

Text 
The entire manuscript must be double-spaced, including the abstract, references, and tables. Line 
numbers must appear on each page in the left margin. A brief running head is to be included on the 
upper right corner of each page; page numbers must appear on the bottom right corner of each 
page. 

For studies involving human subjects, the Methods section must include statements regarding 
institutional approval of the protocol and obtaining informed consent. For studies using animals, the 
Methods section must include a statement regarding institutional approval and compliance with 
governmental policies and regulations regarding animal welfare. 
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Details of all funding sources for the work should be provided (including agency name, grant 
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Institutes of Health. This study is registered at www.clinicaltrials.gov (No. xxxxx).” 
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Tables 
Each table must be accompanied by an explanatory title so that it is intelligible without specific 
reference to the text. Column headings and all units of measure must be labeled clearly within each 
table; abbreviations and acronyms must be fully explained in the table or footnotes without reference 
to the text. 

Figures/Graphics 
Graphics should be prepared with clean, crisp lines, and be camera-ready. For shading, stripe 
patterns or solids (black and white) are better choices than colors. Graphics created on standard 
computer programs will be accepted. Graphics should be submitted in .tif or .jpg formats only. Each 
figure and photo must be properly identified. A hard copy may be requested. If photos are used, they 
should be black and white, clear, and show good contrast. 

Manuscript Submission Checklist 
Before submitting a first or revised manuscript, the following criteria must be met: 

• All sections are double-spaced 
• Line numbers appear in left margin 
• Page numbers appear in bottom right corner 
• Brief running head appears in upper right corner 
• Title page does not include author names or affiliations 
• Abstract is formatted and contains fewer than 200 words 
• Page count under limit for the manuscript type (15, 25, or 30 pages) 
• Fewer than 10 tables/figures 
• References are formatted per AMA guidelines 

Submitting Author Revisions 
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in a variety of different ways, making it quite difficult for reviewers and the Senior Associate Editors 
to review revisions. When submitting a revised manuscript, the author must be certain to answer all 
reviewer questions, comments, and concerns by including a separate response document in addition 
to the revised manuscript. The response document should follow the format of the Revision 
Template, including the reviewer comment, the author response, and the modification made to the 
revised manuscript (including page and line number). All modifications to the manuscript should be 
highlighted in yellow. Authors NOT following these guidelines when submitting their revision will 
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submitting a manuscript. 
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https://journals.humankinetics.com/fileasset/JPAH/JPAH_Revision_Template.pdf
https://journals.humankinetics.com/fileasset/JPAH/JPAH_Revision_Template.pdf


 

187 
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Articles are to be submitted electronically via ScholarOne (see submission button at the top of this 
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Appendix E: Informed consent   

 

  

 

INDEMNIFICATION 

I, the undersigned 

_________________________________________________________________________________ 

(Full names and surname) 

________________________________________________________________________________ 

(Identity number or passport number and student number) 

 

with my address at 

________________________________________________________________________________ 

_________________________________________________________________________________ 

_________________________________________________________________________________ 

 

hereby confirm that I will be involved in___________________________________________________ 

in/at the ____________________________________________________, (hereinafter referred to as "the 

event”) organised by the __________________________________________of the North-West 

University (Potchefstroom-Campus) (hereinafter referred to as "the University").  The duration of this event 

will be from ___________ until _________.   

 

The activities that will/may be done at the event are: (set out in detail) 

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

___________________________________________________________________________________

______________________________________________________________ 

 

2 I further confirm that: 

2.1 My participation in the event is entirely voluntary and that I am in no way obliged or compelled to 

participate; 
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2.2 I am aware of the nature and extent of the event, its incidental activities, and have made the necessary 

enquiries beforehand. 

2.3 I am aware of the risks and dangers involved in this event, and particularly the risks involving personal 

injuries, personal and/or monetary damages and physical and/or psychological trauma. 

 

3. I hereby indemnify the University against any claim whatsoever that may arise during and/or as a result 

of my participation in the Contract, and that may be instituted by either myself or my natural or legal 

guardians, executor(s), administrator(s), assigns or successors in title and/or any other third parties 

over and above those referred to in this indemnity bond, for any loss or damage which may have been 

caused by any act(s) and/or omission(s)  by  the University, any of its employees, students, friends, 

proxies, nominees, contractors, sub-contractors and/or persons acting on behalf or on the instructions 

of  the University. 

 

3.2 This indemnity is valid and effective for the full duration of the event, including any action(s), and/or 
mal-performance and/or any conduct that may occur during that period.   

 

4. The University and/or its employees will under no circumstances be liable for any direct and/or indirect 

damages which may include, but will not be limited to, any loss of productivity, loss of income, damages 

or expenses of any nature whatsoever, which I, my dependant(s), executors, administrators and/or 

beneficiaries or anyone acting on my behalf, might suffer as a result of any action and/or omission 

and/or misrepresentation by the University and/or its employees or officials. 

5. This indemnity is binding on me/our, dependant(s), executors, administrators, beneficiaries and/or any 

other person who acts on behalf of me or under my instructions.  

6. I grant permission for medical treatment to be given to me if necessary, and accept responsibility for 

such costs, which will be payable on request. 

I suffer from the following ailments/allergies which should be made known to a doctor:  

  

  

  

Name of medical aid:   

Main member: 

Membership number: 

 

Signed at ___________________________________ on this_________________________day of 

 

_____________________________________________20____ 

 

As witnesses: 

1. ______________________________                          2. _____________________________  
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Appendix F: Example of a spirometry report 
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Appendix G: PURE-project – Body composition and strength data sheet 

 

PURE-PROJECT: BODY COMPOSITION AND STRENGTH DATASHEET 

 

Participant nr.:  __________M/F: _____    Test date:  ___/___/20__ 
 

Weight and height Measure 1  2 3 

1 Weight kg    

2 Height cm    

Circumferences    

3 Waist cm    

4 Hip cm    

5 Calf cm    

Skinfolds    

6 Triceps mm    

7 Subscapular mm    

BodPod (Urban site only)    

8 Mass  kg    

9 Fat % %    

10 Fat mass kg    

11 Lean mass kg    

Bio-electrical impedance Measure 1  2 3 

12 Fat % %    

13 Total water % %    

14 Fat mass kg    

15 Muscle mass kg    

16 Physique rating     

17 Visceral fat kg    

18 Bone mass kg    

19 Metabolic age y    

STRENGTH    

1 Chair stand test (once) sec  Failed  

2 Walkspeed over 6m (once) sec   m/s 

   Measure 1  2 Highest 

3 Handgrip strength: dominant hand kg    

 

  



 

193 

 

Appendix H: International physical activity questionnaire 
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