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Dissertation Abstract  

Understanding physical activity (PA) patterns, including the domain, duration, and intensity, 

among different populations where the prevalence of obesity varies may provide insight into the 

role of PA in obesity prevention.  

This thesis consists of two parts; Part A includes the rationale, aims and objectives of the current 

study, and the methodology, data analysis plan and ethical considerations. Part B consists of a 

manuscript which outlines and discusses the findings of the study.  

The study presented in this thesis is a secondary data analysis from the Modeling the 

Epidemiologic Transition Study (METS)-Microbiome. Approximately 2,000 men and women of 

predominantly African-origin, between the ages of 35 and 55, were recruited and enrolled in the 

METS-Microbiome study between January 2017 and December 2019. Participants were 

previously enrolled in a prospective study of weight change (METS) and included 5 countries 

spanning the epidemiologic transition; rural Ghana; peri-urban South Africa; urban Jamaica; the 

Seychelles; and suburban Chicago, USA. PA was measured using objective PA monitoring and 

the self-report Global PA Questionnaire (GPAQ). Adiposity was measured using bioelectrical 

impendence analysis (BIA), which calculates fat and fat free mass. A basic health history was 

obtained from the participants, including the health history and socio-demographic information.  

Using objectively measured PA, it was found after adjusting for site and sex, that Ghanaians do 

76 min/day more PA compared to those in the US (95% CI: 42.51, 108.67, p<0.05). Similarly, 

females perform 64 min/day less PA than males (95% CI: -88.44, -39.84, p<0.05). 

Overweight/obese people do 31 min/day less PA than normal weight people adjusting for sex 

(95% CI: -55.48, -6.69, p=0.01). Finally, females perform 54 min/day less PA than males (95% 

CI: -78.57, -29.32, p<0.05). Regarding the influence of adiposity or site on the association 

between objectively measured PA and self-reported PA, overall, there is a very weak but 
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statistically significant correlation between using the GPAQ and PA measured using an 

accelerometer (0.223, 95% CI 0.16, 0.28; p-value<0.05). However, using the Bland-Altman 

method, we were unable to confirm these findings. When calculating the mean PA difference 

across all five sites, it was discovered that on average, people self-reported 142 minutes more 

activity than was objectively measured. When refitting the model without the interaction of 

adiposity, it is found that a 1 min/day increase in objectively measured PA results in a 1 min/day 

increase in self-reported PA adjusting for sex (95% CI: 0.58, 1.31, p<0.05). When investigating 

the role of adiposity on the association between the two measures within each country, no 

interaction was found in any of the five sites adjusting for sex. 

Taken together, it is not possible to reject the null hypothesis, that with increasing adiposity, there 

is an increase in self-reported PA. Further investigations are therefore required to determine 

which factors influence the reporting of PA across different settings. Finally, it is evident that the 

PA policy and recommendations, may need to be tailored to individual settings as a result of 

discrepant PA perceptions.  
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Purpose of the study 

The purpose of this study is to determine whether adiposity moderates the relationship between 

self-reported physical activity (PA) and objectively measured physical activity. Further, a sub-aim 

will be to explore whether this association is altered based on location/site. The goal is to correlate 

self-reported PA and objectively measured PA, and the moderating effect of adiposity on this 

relationship in the ~2000 people in five countries spanning the epidemiologic transition. We 

hypothesize that with an increase in adiposity, there is an increase in self-reported PA and the 

error in self-reported PA compared to objectively measured PA will increase.  

Background  

The importance of studying/measuring physical activity: 

Physical activity (PA) is defined as any bodily movement that requires/results in energy 

expenditure (1, 2), and these can be undertaken in different ways (1). Non-communicable 

diseases (NCDs), including Type II diabetes mellitus (T2DM), heart disease, stroke, and breast 

and colon cancer are making a presence across the globe (3), and this in turn is highlighting the 

effect which limited PA and physical inactivity can have on these particular types of disease (4). 

PA which is performed habitually has shown to prevent and treat NCDs such as those mentioned 

above (5). PA also plays a role in hindering hypertension, overweight and obesity, and can be 

influential in improving mental health, quality of life and ones well-being (1, 6). Physical inactivity 

is linked with the initial commencement of NCDs which in turn can result in health problems and 

all-cause mortality, but it is very importantly also a primary health risk factor for NCDs in all age 

groups which can be changed/altered (6, 7).  

PA is advised for all ages, and can and should be incorporated into everyday lives (1). Although 

PA can be done by choice, this is not always the case. It is important for all types of PA, including 
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for means of transport, household chores, or other domestic activities, to be done frequently and 

be of satisfactory duration and intensity (1).  

As is reported by the World Health Organization (WHO), worldwide, 25% of adults, and 75% of 

adolescents (11-17 years old), do not adhere to the WHO global guidelines for PA (1, 8). Levels 

of inactivity are seen to increase (6) as countries develop for reasons including a change in 

transportation modes, increased use of technology, and urbanisation (1).  

The death of 1.3 million people (17 deaths per 100,000 inhabitants) 25 years of age and older is 

the ballpark figure provided by the results of the Global Burden of Disease (GBD) study, and these 

deaths occurred with risk factors including physical inactivity (7). These findings indicate that 

physical inactivity is of pandemic proportions globally, and emphasizes their support of the World 

Health Organization Global Plan of Action for Physical Activity 2018-2030 (1, 7).  

National recommendations on PA for health in low- and middle-income countries (LMIC) is vastly 

inadequate, and this highlights the great need for synthesis of global guidelines which focus on 

the relationship between the frequency, intensity, duration, type and total amount of time 

performing PA necessary to counter NCDs (6). It is imperative for policy-makers who wish to focus 

on PA at population levels, and those involved in formulating guidelines and policies surrounding 

the prevention and control of NCDs at various levels (including regional and national) to be 

provided with evidence-based recommendations with an international focus on the factors 

mentioned above, as well as other improvements derived from PA (6). The Global 

Recommendations on Physical Activity for Health are specific for different age groups, and can 

be applied for assorted health events, including cardiorespiratory health, metabolic health, 

musculoskeletal health, cancer, functional health and prevention of falls, and depression (6). It 

will be important, however, to highlight the differences between known health benefits of PA and 

the inferred effect of PA on weight change when defining public policies (9).  
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PA is vital when considering energy expenditure, and it is therefore of great importance to energy 

balance and weight control (6). “Energy balance is defined by the direct relationship between 

energy intake and expenditure” (10), and is vital to the maintenance of body weight (11). With the 

growing global spread of NCDs, populations are seeing a hasty increase in obesity, including sub-

Saharan Africa where prevalence was once low (10, 11). PA recommendations to try and prevent 

weight gain have been included in prevention strategies provided by specialist bodies and 

government organisations which have until now, been included in the largely failing public health 

response to the mounting problems faced globally (10). It is important to acknowledge, however, 

that there is little direct evidence regarding the association (whether partial or primarily) between 

a decline in PA and the obesity epidemic in particular.  

The aetiology of obesity is multi-faceted and complex (9, 12). Factors, including genetic 

susceptibility, high socio-economic status, and excess caloric consumption, may contribute to 

predicting obesity, but this is different from the more recent trend (11, 12). In developing LMICs, 

there has been a movement of inhabitants to urban centres which has provided these people with 

access to a mechanised lifestyle and cheaper energy sources, encouraging the rapid increase in 

the obesity crisis (9).  

PA is a complex, multi-faceted construct which has no “gold-standard” measuring technique or 

method, and may therefore be measured using many approaches. Exact quantification of PA may 

therefore prove to be difficult, and selecting the most correct and objective measure for large 

populations (13) may be challenging. A combined approach to measuring PA may be most 

beneficial as essentially all methods for measurements have fundamental strengths and 

limitations. One important consideration when deciding on a measurement method is the cost that 

can be expected to arise from using that particular technique, and the level of practicality and 

convenience for both the participants and the investigators (13). There is evidently an 

epidemiologic transition occurring across the globe, and investigating the patterns and intensity 
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of PA in various, different populations which have a widely contrasting prevalence of obesity may 

provide necessary knowledge on one aspect of this transition (14).  

Self-report values: 

Self-report techniques can be used in different ways (15), such as through physical activity 

questionnaires which are a widely used method in monitoring activity levels. Global 

questionnaires, such as the Global Physical Activity Questionnaire (GPAQ), are simple to 

administer and complete (13). The WHO devised the GPAQ as a component to aid in observing 

chronic disease risk factors through the WHO STEPwise approach (16) in order to generate 

estimates of PA which are accurate, precise, reproducible and consistent for use in developing 

countries (17). The GPAQ categorises activities into domains, differentiating between PA during 

recreation time, occupation, or transportation (15) for at least 10 minutes at a time (17). An array 

of PA elements can be measured through the use of self-report physical activity questionnaires 

(PAQs) in vast numbers of participants with little expenditure (13). PAQs may be utilised with 

diverse populations, with the possibility of tailoring the specific questionnaire/measurement tool 

to meet the requirements of the target population (13, 15). Comparisons of results can be made 

across locations when the same instrument is used, e.g., GPAQ (13).  

Self-report downfalls: 

It is no secret that PAQs potentially lead to errors in calculating the total volume and/or intensity 

of PA due to PAQs oftentimes amplifying vigorous PA and belittling activities of daily living (ADL) 

and the time spent participating in them (13, 15). The judgment of the dose-response relationship 

between PA and health may therefore be influenced by this blunder (13). PAQ may enable groups 

to be categorised as “active” or “inactive” even though very little information is provided about 

activity. Recall questionnaires, however, are more comprehensive and may contain descriptions 

of PA with more details, including information on the frequency and duration of PA over an 
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extended period (13). Some populations, such as children or older participants, may have difficulty 

with recall. Terminology, such as “moderate- and/or vigorous-intensity”, used in the 

questionnaires may be ambiguous to some, and therefore pose a problem (13, 15). Answers may 

not be complete, and PAQs rely heavily on participants responses and their capability to adhere 

to the directions provided. The activities presented in a PAQ may not be applicable to all 

populations and therefore pose a problem (13). Due to the large number of measures available, 

it is not possible to compare results across studies. In studies with a high number of low-literacy 

participants, it may be required to make use of interviewer-administered surveys, adding to the 

cost and time of the study. In addition, many self-report measures may be more useful and 

appropriate when investigating the prevalence of PA in populations as they have not been found 

to be sensitive to changes in interventions (15).  

Measured values: 

One method of objectively measuring PA, as was used in this study, is through the use of 

accelerometres. These devices are able to identify accelerations of a body through their 

movement detectors. The rate of change in velocity over a given time is what defines acceleration, 

and because of this, it is then possible for the frequency, intensity and duration of PA to be 

determined as a behaviour attributed to bodily motions (13). These devices have become 

increasingly popular as an objective measure of daily PA (13), and may be used to determine 

whether individuals are meeting moderate-to-vigorous PA guidelines (15). Accelerometers 

provide improved results when compared with self-report methodologies as they have been 

proven to be unbiased, practical, exact, and reliable devices for quantifying PA volume and 

intensity with little discomfort as they are worn on the outside of the body, therefore being 

completely non-invasive (13). Huge advantages of accelerometers are that they are relatively 

small in size, their ability to record minute-by-minute information over extended periods of time 

(15), and the fact that participants are unable to see any information on the device results in a 
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decline in the chances of fabricating their level of PA (13). Accelerometers are able to objectively 

measure sedentary behaviour (physical inactivity) (13, 15), by counting the minutes of limited 

movement (15). This is of great importance because, even amongst those who engage in PA, 

sedentary behaviour is a risk factor for obesity and diabetes (15). Accelerometers are able to 

measure sedentary time, as well as PA with greater accuracy and precision than subjective 

methodologies such as questionnaires or self-report (13).  

It is important to include objective measures of PA when attempting to fully acknowledge the role 

which PA plays in health (18). This is seen through people portraying themselves through surveys 

as engaging in behaviours which are healthy and beneficial, e.g., engaging in PA, even though 

they may be over reporting their levels of healthy behaviour. Various factors, such as sex, socio-

economic status and other characteristics, may impact this bias (18).  

Measured downfalls: 

A limitation to the use of accelerometers includes that the device is not accurate in accounting for 

certain activities, such as bicycling, swimming, and many household chores (19), and they are 

not able to detect additional loads carried by the user, such as in weight lifting (13, 15). It also 

cannot determine if there are changes in the incline/gradient of the surface on which a participant 

is performing PA (13). While accelerometers may be easy for study participants to use, they pose 

challenges to researchers and evaluators because the data that is generated is of a large volume, 

and it needs to be checked, cleaned, scored and summarised. In addition to this, there is no 

standard which indicates how a valid day should be defined, or how the data should be scored 

(15).  

It is of great advantage to include both methods – objective and self-report – to minimise any 

misreporting of PA, whether intentional or unintentional (13).  
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Obesity is a risk factor for chronic diseases such as cardiovascular diseases (CVD), and arterial 

hypertension is strongly associated, as the main risk factor, with these diseases. The prevalence 

of CVD and arterial hypertension in sub-Saharan Africa has exponentiated. Reducing sedentary 

time and increasing PA has shown to be protective against obesity, and therefore provides 

protection against many health risks, including arterial hypertension, associated with obesity. 

Significant associations have been found between obesity and blood pressure (BP), and obesity 

and the level of PA. Study results have shown that when weight increases, the risk of high BP 

increases, and that every 10kg increase in weight may result in systolic BP increasing by 2-6 

times. An inverse relationship has been found between body weight and PA, and some 

epidemiological studies indicate that PA completed at high levels may eradicate the health risk of 

obesity (20). It is therefore imperative to include high levels of PA or exercise in a treatment plan 

for those with obesity, regardless of weight loss goals, as there are many cardiovascular benefits. 

This information agrees with the expanding body of knowledge that there may be a protective 

effect attainable from increased levels of PA when considering health issues including type 2 

diabetes mellitus, overweight and obesity, and hypertension (21).  

Evidence of physical activity and obesity: 

How to manage the obesity epidemic has become a controversial topic – there are arguments for 

and against attempting to increase PA at a population-level. Some professionals claim that a 

decrease in PA, particularly surrounding occupation-related activities, is a large influencer in the 

obesity epidemic (18). On the contrary, no meaningful relationships between weight gain and PA 

have been found in prospective longitudinal studies which have used objective measures of PA. 

Self-report methods, especially questionnaires, are used by many studies interested in the 

association between weight gain occurring over time and PA. These questionnaires typically 

significantly over-report daily PA levels. This may be due to participants being required to provide 

information about specific types of PA levels (i.e., different domains of PA), or inaccuracies arising 
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because some questionnaires only ask for PA to be reported when the duration has been 10 

minutes or longer. It is imperative to have an understanding of the aetiology of obesity when 

formulating policies, and designating public health funds, which are oftentimes scarce (18). In 

doing so, it is crucial to differentiate between the known health benefits of PA and the presumed 

effect of PA on weight changes (9).  

Cleven et al reported a prominent relationship (21) between fewer incident cases of obesity and 

higher levels of PA as approximately 67% of studies reported decreased risks of becoming obese 

for those individuals who participate in higher levels of PA compared to those with lower levels of 

PA. One study in their systematic review indicated an elevated risk (142%) for obesity in those 

who do not participate in PA (21).  

The largest health benefits for smaller incremental improvements in cardiorespiratory fitness 

(CRF) have been experienced in populations of individuals whose fitness levels are low, and 

those populations whose individuals are obese. It appears that higher levels of CRF are of greater 

importance for decreasing morbidity and mortality in overweight and obese populations, rather 

than only weight loss (22).  

Elagizi et al., report that while the minimum recommendations for aerobic PA (150 min/week 

moderate intensity or 75 min/week vigorous intensity PA) can result in better cardiovascular 

health, these levels of PA are most-times insufficient without a restrictive diet to achieve weight 

loss or weight maintenance that is clinically significant (22). They also suggest that increasing 

CRF may be the most impactful method of intervention when compared to weight loss alone, and 

better CRF is associated with decreased BP, morbidity and mortality in various types of CVD (22).  

Evidence of physical activity and Type II Diabetes: 

An inactive, sedentary lifestyle is one of the primary reasons for the rise in the incidence and 

prevalence of T2DM (23). Cleven et al reported findings (21) of a negative association between 
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PA and diabetes – an increase in PA levels resulted in the risk of new diabetes cases decreasing. 

A gradual inverse relationship was found in nine of 11 studies, between PA performed at a 

high/vigorous-intensity and the risk of incident diabetes decreasing, while one study reported an 

association between moderate-intensity PA and a decreased risk of diabetes (21). Evidence is 

provided in two of the 11 studies of an increase in the risk of diabetes for those who do not engage 

in a sufficient amount of leisure time PA compared to the reference group which engaged in high 

amounts of PA (179% and 145% respectively) (21). Moderate-to-vigorous-intensity PA has been 

found to be so beneficial as to be able to reverse back most of the known T2DM factors towards 

healthier levels. PA is clinically beneficial in being protective against T2DM through its ability to 

improve insulin sensitivity, reduce glycosylated haemoglobin (HbA1C), and increase peak oxygen 

consumption (VO2peak) (23). A reduction in adiposity, both visceral and abdominal, is important 

when considering PA and an improvement in insulin resistance. Intensive lifestyles alterations 

which focus on increasing PA can protect against the occurrence of T2DM more effectively than 

pharmacological interventions (23).  

The American Diabetes Association (ADA) recommends no less than 150 min/week of PA in order 

to prevent T2DM. There is a large body of evidence from different countries with varying 

populations indicating that PA and exercise training are instrumental in increasing insulin 

sensitivity and altering body mass and composition, thereby preventing T2DM. Epidemiological 

studies have shown at long-term follow-ups that PA of varying intensity performed across the 

week had a negative association with the incidence of T2DM, as the incidence was seen to 

decrease in both genders and in different age groups (23). T2DM is associated with a high 

prevalence of overweight or obesity, and the metabolic enhancements in those with T2DM caused 

by PA are mainly attributable to a decrease in visceral adiposity rather than general weight loss 

(23). An accumulation of visceral adiposity is directly linked to physical inactivity. PA as a means 
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of decreasing body weight, is effective in rectifying the changes in insulin sensitivity, appetite, and 

serum omentin-1 concentration induced by overweight and obesity (23).  

Amanat et al., report that (23) combined training (rather than aerobic or resistance training alone) 

is most effective for glycemic control. However, it is imperative to design exercise 

recommendations specifically for each individual as the challenges relating to blood glucose 

control are dependent on the type of diabetes and activity, and the presence of diabetes-related 

morbidities (23).  

Evidence of physical activity and hypertension: 

In a systematic review conducted by Cleven et al, inconsistent associations were discovered (21) 

between PA and incident hypertension. Various findings were reported; a gradual inverse 

association between different levels of PA and incident hypertension, an association found only 

in a particular age category (51-60 years), no significant association found between PA and 

incident hypertension, and those who participate in little leisure time PA being more at risk of 

incident hypertension compared to the comparator group who were highly active (21).  

In contrast to the contradictory findings by Cleven et al (21), Seref Alpsoy indicates that 

hypertension has a significant relationship with being physically inactive, and that PA, both 

aerobic and resistance, is instrumental in delaying the development of hypertension and reducing 

BP (24, 25). Regular PA should be endorsed for all individuals, including those with normal blood 

pressure, those who are pre-hypertensive and those who have hypertension. However, caution 

should be taken with those on antihypertensive medications. CRF improves when PA is 

continuous, and reports show a decrease in new-onset/incident hypertension in those with good 

CRF compared to those with poorer CRF (24, 25).  
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There is a limited amount of evidence available regarding the effect of physical activity on NCDs 

in individuals of African-origin. This study/paper aims to fill some of these gaps by investigating 

using a population comprised solely of people of African-origin.  

Methodology  

Study design and settings 

The modeling the epidemiologic transition study (METS) is the original and very well-established 

prospective cohort study from which the METS-microbiome study arose (12). Detailed protocols 

of each study have been published. METS was designed to investigate very diverse population-

based samples from five countries and the relationship between body composition, PA, and 

relative weight, weight gain and cardiometabolic disease risk (12). The Ghanian study site 

includes a town named Nkwantakese and its surrounding villages (10). Khayelitsha, South 

Africa’s sixth largest township is adjacent to the city of Cape Town (10, 26). The Seychelles study 

population was recruited from the main island, Mahé (10). Kingston is the capital of Jamaica, and 

it is the largest city (10). Maywood, in the US, is an African-American working-class community 

adjoining the western border of Chicago, Illinois (10). These five countries were purposefully 

selected to represent the “epidemiologic transition” spectrum, with Ghana and the US as opposite 

poles of the spectrum (12). 

Characteristics of the study population  

The study population is comprised of people of predominantly African-origin and 50% of each 

gender. Not only were the sites selected to represent the “epidemiologic transition”, but they are 

also representative of a wide variety of social and economic development which is defined by the 

United Nations Human Development Index (HDI) 2011: i.e., Ghana at one end of the scale as a 

low middle HDI country (HDI rank 135 at the time of the original METS study), South Africa as 

middle (rank 123), Jamaica (rank 80) and the Seychelles (rank 52) as high, and the US at the 
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opposite end compared to Ghana, as a very high HDI country (rank 4) (10, 14). The population 

samples from each country were identified with the intention of depicting wide lifestyle 

characteristics popular in each site, rather than being descriptive of the country as an entire entity 

(14). The included sample populations varied in body size, with the most notable difference 

between Ghana (body mass index (BMI) at a low of approximately 24kg/m2) and the US (BMI at 

a high of roughly 31kg/m2) (10).  

Recruitment and enrollment 

METS-microbiome enrolled approximately two thousand adults (n=2000) between the ages of 35 

and 55. A comprehensive protocol for METS-microbiome has been published, but briefly, 

approximately 400 participants from each of the five sites were admitted into the study between 

January 2017 and December 2019. Potential participants were excluded from the study if they 

had any obvious infectious diseases (including active malaria and Human Immunodeficiency 

Virus (HIV)), pregnant or lactating women, as well as people with issues which impair everyday 

physical activities, e.g., severe osteo’- or rheumatoid arthritis, or any lower body disability (10, 12, 

14).  

Investigators from each country site were able to decide the most appropriate method of recruiting 

a representative sample population from their country through the use of the results of the 

population-based surveys which had been completed previously in each country (10). The 

Ghanian team made use of simple random sampling for the correct age group through the results 

of the population census for Nkwantakese and its nearby villages (10, 14). The teams from both 

the Seychelles and South Africa made use of the national censuses in order to produce random 

samples which were stratified according to both sex and age (10). Districts in Jamaica were 

randomly sampled through beginning from a fixed point in each district and recruiting door-to-door 

(10, 14). A similar approach was used by the team in the US, as door-to-door recruitment was 

used once all the city blocks in the Maywood area were randomised (10, 14).  
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The protocols for METS and METS-microbiome were approved by the Institutional Review Board 

of Loyola University Chicago, IL, US; the Committee on Human Research Publication and Ethics 

of Kwame Nkrumah University of Science and Technology, Kumasi, Ghana; the Research Ethics 

Committee of the University of Cape Town, South Africa; the Board for Ethics and Clinical 

Research of the University of Lausanne, Switzerland; the Ethics Committee of the University of 

the West Indies, Kingston, Jamaica; and the Health Sciences Institutional Review Board of the 

University of Wisconsin, Madison, WI, US. All participants from all five sites involved in the study 

provided written informed consent (10, 12, 14).  

Research procedures and data collection methods 

There is an annual health exam completed of the cohort – it is well described and documented, 

and has been well followed since 2010. Measurements were taken at baseline, 12-months and 

24-months for the METS study. Coordinating centre staff from all five sites provided training and 

certification to the project coordinators for all measurement protocols required for the study. All 

measurements were completed in the early morning within outpatient clinics that were located in 

each of the study sites (10, 17). In 2018, the study was refunded to be able to undertake the 

METS-microbiome study. The METS-microbiome similarly had two follow-up periods.  

Anthropometrics and body composition 

Measurements involving weight and height were performed once the participants were barefoot 

and had minimal light clothing on. Weight (in kilograms - kg) was recorded to the nearest 0.1kg 

and was measured through the use of the same model standard calibrated balance at all five sites 

(Seca 770, Hamburg, Germany). Height (in centimeters - cm) was recorded to the nearest 0.1cm 

through the use of a stadiometer (e.g., Invicta Stadiometer, Invicta, London, UK) while the 

participant maintained their head position in the Frankfort plane. Waist circumference (in 

centimeters) was measured to the closest 0.1cm at both the umbilicus, and the point of maximum 

protrusion of the buttocks for the hip. BMI was calculated as kg/m2 (14).  
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Body composition was predicted using bioelectrical impedance analysis (BIA). A tetrapolar 

placement of the electrodes was used on the right hand and foot of a single-frequency (50kHz) 

impedance analyser (model BIA 101Q; RJL Systems, Clinton Township, MI). An equation 

validated in the METS cohort made it possible to use the resistance measured in this test to 

predict the fat-free mass (FFM) and the fat mass (FM) (10, 14).  

Physical activity measurements 

Physical activity monitoring  

The Actical accelerometer (Phillips Respironics, Bend, OR, US) was utilised to objectively 

measure PA, and it was worn around the waist just behind the right hip. The study participants 

were requested to keep the monitors on their waist at all times, including while sleeping but 

excluding while immersed in water (i.e., while bathing, showering or swimming), over an 8-day 

period (14). Overall, the participants were observed for six full days (i.e., 8 days of wearing the 

monitor with two partial days on either end of the period taken into account). The original METS 

study was able to determine, through preliminary work, that this amount of wear time provides a 

good level of reliability at 0.83-0.92% for all of the five sites (10). The time frame for assessing 

PA conducted daily was between 07:00 and 23:00 at all five sites, and this was done to 

standardise the measurements as there are no global guidelines surrounding the definition of 

sleep-time vs. awake-time for accelerometry data which is collected for a 24-hour period (17).  

For data analysis, it was important to first determine non-wear time from 90 or more minutes of 

continuous zero activity counts by running the raw data from the accelerometers through a SAS 

macro programme (10). This criterion was formed on visual inspection of the wear/non-wear 

patterns across a range of difference string-length criteria in a subset of files from each country 

(17). In order for a days’ entry to be valid, the measurement required at least 10 hours of wear 

time, i.e., wearing the accelerometer for ≥62% of available wear time. The inclusion of participants 

for analysis was different however, as their files needed to have at least four valid days, i.e., ≥75% 
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of maximum number of days (14). Published cut-points were used in order to define sedentary, 

moderate and vigorous activity levels: sedentary <100 counts per minute (cpm), moderate 1535-

3959 cpm and vigorous ≥3960 cpm (14).  The protocol which served to guide the National Center 

for Health Statistics in the analysis of accelerometry data in the National Health and Nutrition 

Examination Survey was used to define minutes (10) as composed of different types of activity 

(i.e., sedentary, moderate, vigorous, or moderate plus vigorous) which may be presented as the 

overall time in minutes combined in intervals of either 1- or 10-minutes (17). The METS study 

made allowances for up to 2 minutes of below threshold count activity before acknowledging that 

an activity bout has ended, and therefore the 10-minute interval should be regarded as a modified 

10-minute bout (10, 17). Data are presented as total activity counts divided by total wear time as 

an overall measure of average PA intensity (17). Average counts and time 1-minute bouts of 

moderate-to-vigorous activity (MVPA) and sedentary time are also included. 207 of 2,506 

participants were excluded as they have insufficient accelerometer data. For the PA patterns 

analysis, weekday is defined as Monday through Friday, and weekend days as Saturday and 

Sunday (17).  

Self-report physical activity 

Self-reported PA was assessed using the GPAQ (version 2), and it was administered by centrally 

trained staff. This included determining the number of days per week, and how much time per day 

was used for: moderate and vigorous occupational activities; vigorous recreational activities; 

activities for travel purposes (i.e., walking, bicycle riding); sedentary activities (14). Through these 

findings it was then possible to calculate the daily average number of minutes spent performing 

activities from the different areas of PA (14).  

Questionnaires  

A basic health history was obtained from the participants, including a focus on obesity. An 

occupation questionnaire from the U.K. National Statistics Socio-economic Classification (NS-
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SEC), 2000 edition was used to determine in more detail individual occupation (17). Occupation 

and industry were used to code for manual vs. non-manual labour class. Occupations coded as 

non-manual class included: senior, middle and junior managers; traditional professional (e.g., 

dentist, lawyer) and modern professional (e.g., teacher, social worker) occupations; and clerical 

and intermediate occupations (e.g., secretary, call centre agent). Occupations coded as manual 

class included technical and craft (e.g., auto mechanic); semi-routine (e.g., postal worker) and 

routine (e.g., labourer, driver, writer) manual and service; and farming, agriculture, and fishing 

occupations. Long-term unemployed (i.e., those not working in the past year) were coded as a 

separate occupation category (17). 

Data analysis  

Descriptive statistics (e.g., mean levels and distributions of PA, and body size and composition) 

from each study site will be explored to summarise the characteristics of participants in each of 

the study sites. Univariable correlation structure for continuous variables will be described, as was 

done in the original METS study (10). Means and standard deviations will be calculated for 

continuous measures (e.g., age, weight, % body fat, BMI, minutes of PA, activity counts), and 

proportions for categorical variables (e.g., overweight/obese, female gender, manual labour).  

A mixed-effects model will be used in order to explore the relationship between dependent and 

independent variables. Exploratory analysis will be completed in order to identify outliers, the 

distribution of the data, as well as significant covariates. Multiple linear and logistic regression will 

be used to explore continuous and categorical outcomes, adjusting for age, sex, weight, and site 

(dummy variable). Bland-Altman and Lin Concordance coefficients will be used to explore the 

bias and agreement between self-reported PA and objectively measured PA. Adiposity will be 

considered as a categorical variable according to BMI levels. The analysis will be done across 

the different sites, as well as within each site. Univariable and multivariable analyses will both be 

conducted.  
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Description of risks and benefits 

The original informed consent form highlights that it is unknown as to whether the participants 

themselves will benefit from partaking in the research, but that the knowledge gained from the 

study may be useful to others. For the purposes of this study, the knowledge gained will be useful 

in helping others understand the relationship between objectively measured PA and self-reported 

PA, and how adiposity affects this relationship. There are no risks associated with the tests in this 

study, including measuring body fat percentage, or wearing an activity or sleep monitor. There is 

however, a small risk of a loss of confidentiality.  

Informed consent process  

A comprehensive informed consent form was provided to each participant. All participant from all 

five study sites were required to provide written consent, which they then received a copy of. They 

were also provided with contact information specific to their in-country site in the event of 

complaints or queries (10).  

Privacy and confidentiality 

The coordinating center at Loyola University Chicago oversees all of the data management. All 

forms and questionnaires containing any data are scanned and, in conjunction with the electronic 

Accelerometer data files, are transferred via secure FTP (Bitvise Tunnelier) to the manager 

responsible for data at the coordinating center. Personnel who are trained and experienced carry 

out the coding of the scanned forms, and double data entry is completed (10, 12, 14). It is 

confirmed in the informed consent that while the results from the studies may be used and 

published, participants will not be identified through the use of their names or any other 

information which may identify them.  
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Reimbursement for participation  

The reimbursement procedures were site specific in the original METS and METS-microbiome 

studies. There is no need for reimbursement for this study as it is secondary data analysis.  

Emergency care and insurance for research-related injuries  

Upon signing the informed consent forms, participants are made aware that they are giving up 

their legal rights to seek to obtain any compensation from the study for any injuries obtained 

during the study. However, contact information is provided for any instances when participants 

feel that they have been injured during the research procedures.  

What happens at the end of the study?  

At the end of the study, participants are given their results and are given the opportunity to ask 

questions. The results from the study are then published. 
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Abstract  

Background: There is a limited amount of evidence available regarding the effect of physical 

activity on NCDs in individuals of African descent. 

Methods: Approximately 2,000 men and women of predominantly African descent, between the 

ages of 35 and 55, were recruited and admitted into the METS-Microbiome study between 

January 2017 and December 2019. Participants were previously enrolled in a prospective study 

of weight change (METS) and included 5 countries spanning the epidemiologic transition; rural 

Ghana; peri-urban South Africa; urban Jamaica; the Seychelles; and suburban Chicago, USA. 

PA was measured using objective PA monitoring and the self-report Global PA Questionnaire 

(GPAQ). A basic health history was obtained from the participants, including the health history 

and socio-demographic information.  

Results: No interaction of adiposity nor site on the association between objectively measured and 

self-reported PA was found. On average, people self-reported 142 minutes more activity than was 

objectively measured. Overweight/obese people do 31 min/day less PA than healthy weight 

people adjusting for sex (95% CI: -55.48, -6.69, p=0.01). On average, females perform 54 min/day 

less PA than males (95% CI: -78.57, -29.32, p<0.05). When adjusting for site and sex, it is found 

that Ghanaians do 76 min/day more PA compared to those in the US (95% CI: 42.51, 108.67, 

p<0.05).  

Conclusions: With these results, it is not possible to reject the null hypothesis. Further 

investigations are required to determine what is influencing the association between the two 

measures. 
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Introduction  

The prevalence of  most commonly reported non-communicable diseases (NCDs), including Type 

II diabetes mellitus (T2DM), heart disease, stroke, and breast and colon cancers have been 

increasing throughout the world (3). Obesity and arterial hypertension are two common risk 

factors for NCDs, which likewise have seen significant increases in Sub-Saharan Africa (SSA) 

(21). Decreasing levels of physical activity (PA) is one factor which has been identified as a 

leading cause of obesity and hypertension (4). Consequently, the World Health Organization 

(WHO) recommends daily PA and has issued a global PA action plan (1). However, PA 

recommendations as a means of addressing the obesity epidemic is controversial, with both 

arguments for it, as well as against it (18). For example, Cleven et al., (2020) found that it was 

not effective for treating hypertension (21), while Alpsoy et al., (2020) found PA instrumental in 

delaying the development of hypertension and reducing blood pressure (24, 25).   

Typically, PA is collected using questionnaires such as the Global Physical Activity Questionnaire 

(GPAQ) (27). While questionnaires may be simple to administer and complete (13), they may lead 

to errors in determining the total volume and/or intensity of PA (13, 15).  Indeed, PA collected 

using questionnaires have been shown to generally overestimate a person’s PA (13, 15). The 

GPAQ is designed to establish whether a person is sufficiently active in line with the WHO 

recommendations of >150 min/week, which is the equivalent of 600 METmin/week (28). 

Alternatively, PA may be collected using objective PA monitors such as accelerometers, but while 

more accurate, they are expensive and require trained staff and detailed analyses (13, 15). 

Accelerometers are able to identify accelerations of a body through the motion detectors (13). 

These results are unbiased, practical, exact, and reliable when compared with self-report methods 

(13). A downfall of accelerometers is that they are not able to record certain activities, such as 

bicycling, swimming, and household chores; activities with added weights; or a change in gradient 

of the workout surface (13). In situations where feasible, using a combined approach, including 
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self-report and objective measures, to estimate PA may be the most accurate as all methods of 

measurement have fundamental strengths and limitations. It may be argued that using both 

methods will result in more robust PA estimation.  

PA contributes to energy expenditure and therefore is an important component of energy balance 

and may prevent weight regain following weight loss. Its role in NCD prevention has been 

highlighted, given that obesity is a significant NCD risk factor (6). The global prevalence of obesity 

continues to increase, with the greatest increases being seen in SSA (10, 11). While the public 

health response to the increasing problems surrounding obesity across the world has largely 

failed, specialist and government organisations continue to advocate for increasing PA to prevent 

weight gain (10). However, this is despite little objective evidence regarding the association 

(regardless of whether it is partial or primarily) between a decrease in PA and the obesity 

epidemic. Obesity does not have a single cause, but rather its aetiology is complex and multi-

faceted (9, 12). Instead, the movement of people from rural to urban areas in developing low- to 

middle-income countries, and the concomitant lifestyle changes may be a significant contributor 

to the increase in obesity worldwide (9).  

The purpose of this study was to determine whether adiposity moderates the relationship between 

self-reported PA and objectively measured PA. Further, a sub-aim was to explore whether this 

association is altered based on location/site. The goal was to associate self-reported PA and 

objectively measured PA, and the moderating effect of adiposity on this relationship in 

approximately 2,000 African-origin adults from five countries spanning the epidemiologic 

transition. We hypothesized that with an increase in adiposity, there is an increase in self-reported 

PA and the error in self-reported PA compared to objectively measured PA will increase. The 

study will help to fill a gap in the knowledge surrounding the effect of PA on NCDs in individuals 

of African-origin through investigating using a population containing only people of African-origin. 
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Methodology  

Study design and settings 

The Modeling the Epidemiologic Transition Study (METS) is a prospective and well-established 

cohort study and parent study to METS-Microbiome study (12). Detailed protocols of each have 

previously been published. Originally, METS was designed to investigate the relationship between 

body composition, PA, and relative weight, weight gain and cardiometabolic disease risk in five 

African-origin populations (Ghana, South Africa, Jamaica, Seychelles, and the US) (12). The 

Ghanian study site is in Nkwantakese, including the surrounding villages. Khayelitsha, South 

Africa’s sixth largest township is adjacent to the city of Cape Town (10, 26). The Seychelles study 

population was recruited from the main island, Mahé. Kingston is the capital of Jamaica, and it is 

the largest city. Maywood, in the US, is an African-American working-class community adjoining 

the western border of Chicago, Illinois (10). These five sites were purposefully selected to 

represent the “epidemiologic transition” spectrum, with Ghana and the US as opposite poles of 

the spectrum (12). 

Recruitment and enrollment 

METS-Microbiome enrolled approximately two thousand adults (n=2,000) between the ages of 

35 and 55 years. A comprehensive protocol for METS-microbiome has been previously published. 

Briefly, approximately 400 participants from each of the five sites were enrolled between January 

2017 and December 2019. Potential participants were excluded from the study if they had any 

self-reported infectious diseases (including active malaria and Human Immunodeficiency Virus 

(HIV)), pregnant or lactating women, as well as people with issues which impair everyday physical 

activities, e.g., severe osteo’- or rheumatoid arthritis, or any lower body disability (10, 12, 14).  

The protocol for METS-Microbiome was approved by the Institutional Review Board of Loyola 

University Chicago, IL, US; the Committee on Human Research Publication and Ethics of Kwame 
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Nkrumah University of Science and Technology, Kumasi, Ghana; the Research Ethics Committee 

of the University of Cape Town, South Africa; the Board for Ethics and Clinical Research of the 

University of Lausanne, Switzerland; the Ethics Committee of the University of the West Indies, 

Kingston, Jamaica; and the Health Sciences Institutional Review Board of the University of 

Wisconsin, Madison, WI, US. All participants provided written informed consent (10, 12, 14). The 

protocol for this study was approved by the University of Cape Town Faculty of Health Sciences 

Human Research Ethics Committee (HREC ref: 632/2022).  

Research procedures and data collection methods 

All measurements were completed in the early morning at outpatient research clinics which were 

located at the study sites (10, 17).  Participants arrived at the clinic following an overnight fast. 

Anthropometrics and body composition 

Measurements involving weight and height were performed once the participants were barefoot 

and had minimal light clothing on. Weight (in kilograms - kg) was recorded to the nearest 0.1kg, 

and height (in centimeters - cm) was recorded to the nearest 0.1cm. Waist circumference (in 

centimeters) was measured to the closest 0.1cm at both the umbilicus, and the point of maximum 

protrusion of the buttocks for the hip. BMI was calculated as kg/m2 (14).  

 

Physical activity measurements 

Physical activity monitoring  

The Actical accelerometer (Phillips Respironics, Bend, OR, US) was used to objectively measure 

PA. The accelerometer was worn at the level of the waist just behind the right hip. The study 

participants were requested to always wear the monitors, including while sleeping but excluding 

while immersed in water (i.e., while bathing, showering or swimming), over an 8-day period (14). 

This period yielded six full days (i.e., 8 days of wearing the monitor with two partial days on either 
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end of the period). The original METS study was able to determine, that this amount of wear time 

provides a good level of reliability at 0.83-0.92% across the five sites (10). The time period for 

assessing PA conducted daily was between 07:00 and 23:00, and this was done to standardise 

the measurements as there are no global guidelines surrounding the definition of sleep-time vs. 

awake-time for accelerometry data which is collected for a 24-hour period (17).  

For data analysis, it was important to first determine non-wear time from 90 or more minutes of 

continuous zero activity counts by running the raw data from the accelerometers through a SAS 

macro programme (10). This criterion was formed on visual inspection of the wear/non-wear 

patterns across a range of difference string-length criteria in a subset of files from each country 

(17). For a days’ entry to be valid, the measurement period should be at least 10 hours of wear 

time, i.e., wearing the accelerometer for ≥62% of available wear time. The inclusion of participants 

for analysis requires that their files need to have at least four valid days (14). Published cut-points 

were used to define sedentary, moderate and vigorous activity levels in counts per minute (cpm): 

sedentary <100 counts per minute (cpm), moderate 1535-3959 cpm and vigorous ≥3960 cpm 

(14).  The same protocol which was used for the National Center for Health Statistics analysis of 

accelerometry data in the National Health and Nutrition Examination Survey (NHANES) was used 

to define minutes (10) as composed of different types of activity (i.e., sedentary, moderate, 

vigorous, or moderate plus vigorous) which may be presented as the overall time in minutes 

combined in intervals of either 1- or 10-minutes (17). As is used in the NHANES study protocol, 

METS made allowances for up to 2 minutes of below threshold count activity before 

acknowledging that an activity bout has ended, and therefore the 10-minute interval should be 

regarded as a modified 10-minute bout (10, 17). Data are presented as total activity counts divided 

by total wear time as an overall measure of average PA intensity (17). Average counts and time 

1-minute bouts of moderate-to-vigorous activity (MVPA) and sedentary time are also included. 
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For the PA patterns analysis, weekday is defined as Monday through Friday, and weekend days 

as Saturday and Sunday (17).  

Self-report physical activity 

Self-reported PA was assessed using the GPAQ (version 2) (29), which was administered by 

centrally trained staff, see Appendix B. This included determining the number of days per week 

the participant reported being active across three domains; travel, occupation, and leisure or 

recreational, in minutes per day. This was used to determine: moderate and vigorous 

occupational; vigorous recreational activities; activities for travel purposes (i.e., walking, bicycle 

riding); sedentary activities (14). PA was probed by asking participants to recall their PA in the 

different domains if they accumulated more than 10 minutes in a single bout. These findings made 

it possible to calculate the daily average number of minutes spent performing activities from the 

different areas of PA as well as determine if participants were classified as sufficiently active, by 

meeting the WHO recommendation of 150 min/week of moderate intensity PA, which through the 

use of the GPAQ, is the equivalent of 600 METmin/week (14, 28). 

Questionnaires  

A basic health history was obtained from the participants, which included socio-demographic 

information. An occupation questionnaire from the U.K. National Statistics Socio-economic 

Classification (NS-SEC), 2000 edition was used to determine in more detail individual occupation 

(17). Occupation and industry were used to code for manual vs. non-manual labour class. 

Occupations coded as non-manual class included: senior, middle, and junior managers; 

traditional professional (e.g., dentist, lawyer) and modern professional (e.g., teacher, social 

worker) occupations; and clerical and intermediate occupations (e.g., secretary, call centre 

agent). Occupations coded as manual class included technical and craft (e.g., auto mechanic); 

semi-routine (e.g., postal worker) and routine (e.g., labourer, driver, writer) manual and service; 
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and farming, agriculture, and fishing occupations. Long-term unemployed (i.e., those not working 

in the past year) were coded as a separate occupation category (17). 

Data analysis 

Descriptive statistics were completed to summarise the participant characteristics at each of the 

study sites, through medians and interquartile ranges for continuous measures and proportions 

for categorical variables (Table 1).  

Exploratory analysis was completed to identify outliers, the distribution of the data, as well as 

significant covariates. Bland-Altman and Lin Concordance coefficients were used to explore the 

bias and agreement between self-reported PA and objectively measured PA. Linear regression 

was used to explore the interaction of adiposity on the association between self-reported PA 

(continuous outcome) and objectively measured PA. Subsets of the data were created according 

to site, and the linear regression with the interaction of adiposity was fit again for each site, in 

order to determine whether there were differences in the interaction between the different 

countries.  

Adiposity was considered as a categorical variable according to BMI levels. Univariable and 

multivariable analyses were conducted. 
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Results  

Participants’ characteristics  

METS-Microbiome recruited 2,250 participants with demographic and accelerometer data, of 

which 1,641 participants had GPAQ data. However, after cleaning and merging the data, the final 

sample size consisted of 1,505 participants (Figure 1). Six observations are missing “sex” data 

and therefore they have been excluded from the analyses which are stratified by sex but were not 

removed entirely from the dataset as they still contained other valid information.  

 

Table 1a shows that the US participants were significantly older (median age 48.0 years (44.0-

52.0)), while the South Africans were the youngest (median age 36.0 years, 95% CI:32.0-43.0)). 

A very small proportion of the Ghanaian men are overweight/obese (6.4%) compared to the US 

men (44.0%). However, when looking specifically at BMI, the South African men have the lowest 

BMI (median 21.5 kg/m2, 19.9-24.8). Interestingly, the Seychelles and the US men have the same 

BMI of 28.3 kg/m2, but US has a higher IQR (25.1-34.1 compared to 24.3-31.3 in the Seychelles). 

South African men have the lowest body fat percentage of 29.0% (27.0-33.0), while the men in 

the US have the highest (40.0%, 36.0-46.0). Almost all the men across the five sites are 

employed, and more than 50.0% of all of them report doing manual labour. The proportion of 

diabetes was high, with the Seychelles having the greatest proportion (23.0%). The US has the 



Comparison of Self-reported and Objectively Measured PA in African-origin Populations. 
 

32 
 

largest proportion of men with hypertension (72.0%). South Africa has the highest proportion of 

men who smoke (68.0%), while no men in Ghana smoke. 

Similar to the men, Table 1b shows that the South African women were also the youngest (median 

age of 37.0 years), while Jamaica and the US women were significantly older (median age of 46.0 

years). The adiposity levels are far higher in the women compared to the men. 73.0% of women 

in the US group classify as overweight/obese (median BMI 35.0kg/m2, 95% CI: 30-41; median 

body fat percentage 48%, 95% CI: 41.0-55.0). The Ghanian women have the lowest adiposity 

with only 35.0% of them being overweight/obese (median BMI 28.0kg/m2, 95% CI: 24.0-31.0; 

median body fat percentage 38%, 95% CI: 33.0,42.0). A large proportion of the women are 

employed, but no more than 55.0% of them participate in manual labour in any given country. 

South Africa has the fewest diabetic women (2.7%), while the US has the most (19.0%). The US 

also has the most women who are hypertensive (65.0%), while Ghana has the fewest (28.0%). 

Unlike the men, the US has the highest proportion of smokers amongst the women (20.0%). As 

with the Ghanaian men, no Ghanaian women smoke. 
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Table 1: Participants' characteristics by site for men (N= 534) and women (N= 965). 

a. Men (N = 534) 

  Ghana (N = 110) Jamaica (N = 141) RSA (N = 50) Seychelles (N = 122) USA (N = 111) 

Age (years) 45 (39-50) 46 (39-50) 36 (32-43) 45 (41-48) 48 (44-52) 

Weight (kg) 65.0 (59.0-73.0) 74.0 (64.0-85.0) 63.0 (56.0, 72.0) 84.0 (73.0-97.0) 86.0 (76.0-102.0) 

     Unknown 0 3 0 5 1 

Obese   

     0 (healthy weight) 103 (94.0%) 120 (85.0%) 46 (92.0%) 81 (66.0%) 62 (56.0%) 

     1 (overweight/obese) 7 (6.4%) 21 (15.0%) 4 (8.0%) 41 (34.0%) 49 (44.0%) 

BMI (kg/m^2) 23.0 (20.8-25.4) 24.6 (20.8-27.9) 21.5 (19.9-24.8) 28.3 (24.3-31.3) 28.3 (25.1-34.1) 

     Unknown 0 2 0 5 1 

Waist circumference (average) (cm) 83.0 (78.0-91.0) 86.0 (75.0-95.0) 81.0 (75.0-87.0) 94.0 (88.0-100.0) 97.0 (84.0-112.0) 

     Unknown 0 2 0 5 2 

Fat free mass (kg) 52.0 (48.0-55.0) 56.0 (50.0-61.0) 47.0 (42.0, 51.0) 60.0 (52.0-64.0) 53.0 (46.0-58.0) 

     Unknown 0 5 0 8 13 

Body fat % 32.0 (30.0-36.0) 35.0 (30.0-39.0) 29.0 (27.0-33.0) 39.0 (34.0-42.0) 40.0 (36.0-46.0) 

     Unknown 0 2 0 5 1 

Employment    

     0 (not employed) 3 (2.7%) 10 (7.1%) 10 (20.0%) 5 (4.1%) 6 (5.4%) 

     1 (employed) 107 (97.0%) 131 (93.0%) 40 (80.0%) 117 (96.0%) 105 (95.0%) 

Manual labour   

     0 (no manual labour) 23 (21.0%) 39 (31.0%) 15 (31.0%) 49 (45.0%) 37 (36.0%) 

     1 (manual labour) 84 (79.0%) 85 (69.0%) 34 (69.0%) 60 (55.0%) 67 (64.0%) 

     Unknown 3 17 1 13 7 

Glucose result (mmol/dL) 98.0 (92.0-105.0) 96.0 (88.0-103.0) 94.0 (85.0-100.0) 114.0 (104.0-122.0) 96.0 (89.0-108.0) 

     Unknown 3 1 0 3 1 

Diabetic   

     0 (not diabetic) 101 (94.0%) 133 (94.0%) 48 (96.0%) 92 (77.0%) 89 (81.0%) 

     1 (diabetic) 7 (6.5%) 8 (5.7%) 2 (4.0%) 27 (23.0%) 21 (19.0%) 

     Unknown 2 0 0 3 1 

Systolic BP (mmHg) 120.0 (111.0-128.0) 127.0 (118.0-139.0) 127.0 (114.0-134.0) 126.0 (118.0-138.0) 130.0 (118.0-141.0) 

     Unknown 0 2 0 6 2 

Diastolic BP (mmHg) 66.0 (59.0-72.0) 76.0 (69.0-84.0) 78.0 (68.0-84.0) 80.0 (73.0-88.0) 83.0 (72.0-89.0) 

     Unknown 0 2 0 6 2 

Hypertensive   

     0 (not hypertensive) 78 (72.0%) 71 (50.0%) 26 (52.0%) 44 (37.0%) 31 (28.0%) 

     1 (hypertensive) 31 (28.0%) 70 (50.0%) 24 (48.0%) 76 (63.0%) 80 (72.0%) 

     Unknown 1 0 0 2 0 

Sleep (hours) 8.0 (6.0-8.0) 7.0 (5.0-8.0) 8.8 (7.8, 9.5) NA (NA,NA) 6.0 (5.0-7.0) 

     Unknown 19 21 50 122 15 

Smoker   

     0 (not a smoker) 108 (100%) 120 (85.0%) 16 (32.0%) 84 (71.0%) 65 (59.0%) 

     1 (smoker) 0 (0.0%) 21 (15.0%) 34 (68.0%) 34 (29.0%) 45 (41.0%) 

     Unknown 2 0 0 4 1 
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b. Women (N = 965) 

  Ghana (N = 208) Jamaica (N = 290) RSA (N = 75) Seychelles (N = 166) USA (N = 226) 

Age (years) 41 (35-48) 46 (39-52) 37 (29-43) 45 (40-49) 46 (41-51) 

     Unknown 0 1 0 0 1 

Weight (kg) 69.0 (61.0-78.0) 85.0 (72.0-96.0) 82.0 (68.0, 99.0) 77.0 (66.0-92.0) 95.0 (80.0-110.0) 

     Unknown 3 5 0 0 1 

Obese   

     0 (healthy weight) 135 (65.0%) 114 (39.0%) 26 (35.0%) 90 (54.0%) 60 (27.0%) 

     1 (overweight/obese) 73 (35.0%) 176 (61.0%) 49 (65.0%) 76 (46.0%) 166 (73.0%) 

BMI (kg/m^2) 28.0 (24.0-31.0) 32.0 (27.0-35.0) 32.0 (27.0-38.0) 29.0 (25.0-34.0) 35.0 (30.0-41.0) 

     Unknown 3 5 0 0 1 

Waist circumference (average) (cm) 94.0 (86.0-102.0) 99.0 (89.0-107.0) 96.0 (90.0-111.0) 94.0 (85.0-102.0) 104.0 (86.0-117.0) 

     Unknown 2 4 1 0 3 

Fat free mass (kg) 44.0 (40.0-49.0) 49.0 (44.0-54.0) 45.0 (41.0, 52.0) 46.0 (42.0-51.0) 46.0 (41.0-53.0) 

     Unknown 4 9 1 4 28 

Body fat % 38.0 (33.0-42.0) 43.0 (38.0-48.0) 42.0 (37.0-48.0) 40.0 (35.0-46.0) 48.0 (41.0-55.0) 

     Unknown 3 6 0 0 2 

Employment    

     0 (not employed) 9 (4.3%) 57 (20.0%) 30 (40.0%) 6 (3.6%) 23 (10.0%) 

     1 (employed) 199 (96.0%) 233 (80.0%) 45 (60.0%) 160 (96.0%) 203 (90.0%) 

Manual labour           

     0 (no manual labour) 104 (52.0%) 112 (47.0%) 32 (48.0%) 111 (74.0%) 144 (68.0%) 

     1 (manual labour) 95 (48.0%) 124 (53.0%) 35 (52.0%) 39 (26.0%) 68 (32.0%) 

     Unknown 9 54 8 16 14 

Glucose result (mmol/dL) 101.0 (94.0-109.0) 98.0 (91.0-108.0) 86.0 (80.0-92.0) 105.0 (98.0-116.0) 96.0 (89.0-104.0) 

     Unknown 5 10 0 2 1 

Diabetic   

     0 (not diabetic) 188 (90.0%) 242 (84.0%) 73 (97.0%) 138 (83.0%) 182 (81.0%) 

     1 (diabetic) 20 (9.6%) 47 (16.0%) 2 (2.7%) 28 (17.0%) 44 (19.0%) 

     Unknown 0 1 0 0 0 

Systolic BP (mmHg) 113.0 (104.0-124.0) 124.0 (111.0-137.0) 116.0 (106.0-128.0) 120.0 (111.0-133.0) 121.0 (112.0-134.0) 

     Unknown 4 11 0 1 2 

Diastolic BP (mmHg) 69.0 (62.0-77.0) 79.0 (70.0-86.0) 75.0 (69.0-81.0) 78.0 (71.0-86.0) 80.0 (74.0-87.0) 

     Unknown 4 11 0 1 2 

Hypertensive   

     0 (not hypertensive) 150 (72.0%) 126 (44.0%) 46 (61.0%) 78 (47.0%) 78 (35.0%) 

     1 (hypertensive) 58 (28.0%) 163 (56.0%) 29 (39.0%) 88 (53.0%) 147 (65.0%) 

     Unknown 0 1 0 0 1 

Sleep (hours) 7.0 (6.0-8.0) 7.0 (6.0-8.0) 9.0 (8.0, 9.91) NA (NA,NA) 6.0 (5.0-8.0) 

     Unknown 67 41 0 166 42 

Smoker   

     0 (not a smoker) 208 (100%) 272 (94.0%) 63 (86.0%) 159 (96.0%) 180 (80.0%) 

     1 (smoker) 0 (0.0%) 16 (5.6%) 10 (14.0%) 7 (4.2%) 45 (20.0%) 

median (IQR); n(%) 
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Objectively measured PA 

As seen in Table 2a, Ghanaian men had the highest objectively measured PA levels (median of 

38 min/day measured in 1-min bouts). Of this, 66% of them met the WHO guidelines of performing 

≥150 minutes of moderate-vigorous PA per week. Men in the US had the lowest objectively 

measured PA levels (median of 17 min/day measured in 1-min bouts). Only 28% of them met the 

WHO guidelines. 

Table 2c indicates that South African women had the highest objectively measured PA (median 

of 24 min/day measured in 1-min bouts), but only 26% met the WHO PA guidelines. US women 

had the lowest objectively measured PA (median of 8 min/day measured in 1-min bouts). Only 

6.4% of the US women met the WHO PA guidelines.  

Self-reported PA 

Among the men, the median self-reported PA was 120 min/day of which the Ghanaian men self-

reported the most at 268 min/day (Table 2b). This information is used to assess whether 

participants are sufficiently active. The GPAQ results are used to calculate METmin/week of PA, 

and the WHO recommends that sufficient PA requires ≥600 METmin/week, the equivalent of 150 

min/week (28). Among the men, 95.1% self-reported achieving ≥600 METmin/week. Specifically, 

the Ghanaians reported the most amount of PA, the majority of which was in the domain of 

vigorous work (11,520.0 METmin/week), and they did not report any time spent engaging in 

recreational activity, whether vigorous or moderate. The South African men had the lowest self-

reported PA, with a median of 62 min/day, but 85.4% self-reported meeting the PA guidelines of 

performing ≥600 METmin/week. The largest contributor to this came from moderate work, with a 

median of 720.0 METmin/week spent in this domain.  

Among the women, the median self-reported PA was 51.4 min/day (Table 2d). The Ghanaian 

women, like the men, also self-reported the most PA with a median of 163 min/day. Of them, 
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88.0% were classified as being sufficiently active by the GPAQ guidelines of performing ≥600 

METmin/week. The Jamaican women self-reported the least amount of PA, with a median of 23 

min/day, of which only 53.2% were classified as being sufficiently active. The largest contributor 

of PA for Ghanaians and Jamaicans was from transport, with a median of 1,920.0 METmin/week 

for the Ghanaians and 310.0 METmin/week for the Jamaicans. 

Surprisingly among the men, the greatest discrepancy between self-reported and objectively 

measured PA was among the Ghanaians, who reportedly overestimated their PA by close to 4 

hours (overestimated through self-reporting by 230 min/day). US men had the second largest 

discrepancy between the two measures (overestimated through self-reporting by 111 min/day of 

PA). Notably, the South African men had the smallest discrepancy (16 min/day) between their 

objectively measured and self-reported PA. 

Similarly, among the women, the Ghanaians also over-reported their PA by 148 min/day. 

Jamaican women had the smallest discrepancy between the two measures (overestimated 

through self-reporting by only 7 min/day). These discrepancies can be seen in Supplementary 

Figures 2, 3 (Appendix A). 
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Table 2: Participants' Accelerometer and GPAQ summary findings by site for men (N= 534) and women (N= 965). 

  Men (N = 534) 

  Ghana (N = 110) Jamaica (N = 141) RSA (N = 50) Seychelles (N = 122) USA (N = 111) 

a. Objectively measured PA   

Accelerometer (min/day 10-min bout) 18.0 (7.0-32.0) 4.0 (1.0-20.0) 19.0 (9.0-36.0) 6.0 (0.0-17.0) 3.0 (0.0-15.0) 

      Unknown 25 76 12 3 14 

Accelerometer (min/day 1-min bout) 27.8 (12.6, 48.5) 

By site 38.0 (23.0-67.0) 24.0 (11.0-50.0) 46.0 (28.0-72.0) 23.0 (9.0-39.0) 17.0 (8.0-32.0) 

      Unknown 25 76 12 3 14 

Meets WHO guideline of >=150min 
MVPA per week 56 (66.0%) 27 (42.0%) 26 (68.0%) 47 (39.0%) 27 (28.0%) 

      Unknown 25 76 12 3 14 

b. Self-reported PA   

Total self-reported PA in male 
participants (min/day) 120 (34.29,345.0) 

By site 268.0 (86.0-450.0) 66.0 (22.0-302.0) 62.0 (32.0-179.0) 136.0 (36.0-317.0) 128.0 (42.0-326) 

      Unknown 8 3 2 9 7 

Meets GPAQ criteria >600 
METmin/week 96 (95.05%) 108 (78.26%) 41 (85.42%) 104 (92.03%) 91 (57.5%) 

Does not meet GPAQ criteria >600 
METmin/week 5 (4.95%) 30 (21.74%) 7 (3.33%) 9 (7.96%) 13 (12.5%) 

Total self-reported PA in each domain 
(METmin/week)   

     Vigorous work 
11,520.0 (17,280.0, 
1,440.0)  0.0 (0.0, 3,600.0) 

400.0 (0.0, 
5,400.0) 

6,960.0 (2,160.0, 
19,200.0) 

480.0 (0.0, 
4,200.0) 

     Moderate work 2,160.0 (0.0, 5,880.0) 0.0 (0.0, 1,320.0) 
720.0 (190.0, 
2,400.0) 

4,800.0 (1,440.0, 
7,680.0) 

700.0 (0.0, 
3,600.0) 

     Transport 2,880.0 (1,200.0, 5,040.0) 
600.0 (160.0, 
1,680.0) 

480.0 (360.0, 
1,120.0) 600.0 (300.0, 800.0) 

960.0 (360.0, 
3,360.0) 

     Vigorous recreational 0.0 (0.0, 420.0) 0.0 (0.0, 440.0) 0.0 (0.0, 720.0) 
1,200.0 (180.0, 
1,980.0) 

360.0 (0.0, 
1,920.0) 

     Moderate recreational 0.0 (0.0, 0.0) 0.0 (0.0, 80.0) 0.0 (0.0, 0.0) 480.0 (370.0, 960.0) 
240.0 (0.0, 
900.0) 
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  Women (N = 965) 

  Ghana (N = 208) Jamaica (N = 290) RSA (N = 75) Seychelles (N = 166) USA (N = 226) 

c. Objectively measured PA   

Accelerometer (min/day 10-min bout) 4.0 (0.0-9.0) 4.0 (2.0-10.0) 7.0 (4.0-15.0) 5.0 (0.0-11.0) 0.0 (0.0-5.0) 

      Unknown 57 227 22 6 54 

Accelerometer (min/day 1-min bout) 13.67 (5.87, 24.33) 

By site 15.0 (8.0-25.0) 16.0 (10.0-25.0) 24.0 (14.0-30.0) 16.0 (8.0-27.0) 8.0 (3.0-15.0) 

      Unknown 57 227 22 6 54 

Meets WHO guideline of >=150min 
MVPA per week 32 (21.0%) 13 (21.0%) 14 (26.0%) 34 (21.0%) 11 (6.4%) 

      Unknown 57 227 22 6 54 

d. Self-reported PA   

Total self-reported PA in female 
participants (min/day) 51.43 (14.82, 171.43) 

By site 163.0 (58.0-319.0) 23.0 (4.0-69.0) 34.0 (13.0-63.0) 66.0 (31.0-214.0) 39.0 (14.0-148) 

      Unknown 16 27 10 9 23 

Meets GPAQ criteria >600 
METmin/week 169 (88.03%) 140 (53.23%) 38 (58.46%) 130 (82.81%) 137 (67.49%) 

Does not meet GPAQ criteria >600 
METmin/week 23 (11.98%) 123 (46.77%) 27 (41.54%) 27 (17.2%) 66 (32.51%) 

Total self-reported PA in each domain 
(METmin/week)   

     Vigorous work 720.0 (0.0, 5,760.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 480.0 (0.0, 2,400.0) 0.0 (0.0, 0.0) 

     Moderate work 1,560.0 (160.0, 4,440.0) 0.0 (0.0, 240.0) 
720.0 (240.0, 
1,680.0) 

3,600.0 (1,200.0, 
6,000.0) 

240.0 (0.0, 
2,400.0) 

     Transport 1,920.0 (720.0, 3,840.0) 310.0 (0.0, 840.0) 
360.0 (240.0, 
720.0) 600.0 (300.0, 900.0) 

340.0 (0.0, 
975.0) 

     Vigorous recreational 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 960.0) 
0.0 (0.0, 
1,080.0) 

     Moderate recreational 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 480.0 (360.0, 960.0) 
80.0 (0.0, 
480.0) 
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The relationship between objectively measured PA, self-reported PA and adiposity 

Overweight/obese people do 31 min/day less PA than healthy weight people adjusting for sex 

(95% CI: -55.48, -6.69, p=0.01). In this same model, females perform 54 min/day less PA than 

males (95% CI: -78.57, -29.32, p<0.05). When adjusting for site and sex (Table 3c), it is found 

that Ghanaians do 76 min/day more PA compared to those in the US (95% CI: 42.51, 108.67, 

p<0.05). Similarly in this model, females perform 64 min/day less PA than males (95% CI: -88.44, 

-39.84, p<0.05). When investigating the role of adiposity on the association between the two 

measures within each country, no interaction was found in any of the five sites adjusting for sex 

(Supplementary Table 1 a-e, Appendix A). 

Upon initial exploration of the data, Figures 2 and 3 indicate that there is no interaction between 

adiposity or site on the discrepancy between objectively measured and self-reported PA. 

Pearson’s correlation was used to measure the agreement between the two methods. Overall, 

there is a very weak but significant correlation between PA estimated using the GPAQ and 

objectively measured PA using the accelerometer (0.223, 95% CI 0.16, 0.28; p-value<0.05). 

When calculating the mean PA difference across all five sites using the Bland Altman method, it 

was found that, participants self-reported 142 minutes more activity than was objectively 

measured. Figure 4 confirms that there is no agreement between the two measures, and that 

there is no adiposity trend, as seen in the general scattering of the different colour points in the 

plot. This is confirmed in Figure 5, using Lin’s Concordance Correlation Coefficient. 

When fitting the interaction model, there is no evidence of interaction with adiposity but instead 

there is a weak additive effect of adiposity in both men and women (Table 3b) and site (Table 

3c). When refitting the model without the interaction of adiposity (Table 3b), it is found that a 1 

min/day increase in objectively measured PA results in a 1 min/day increase in self-reported PA 

adjusting for sex (95% CI: 0.58, 1.31, p<0.05). 
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Finally, we explored the proportion of participants meeting the GPAQ classification of sufficiently 

active (≥600 METmin/week) in accordance with the WHO guidelines (1, 6), by adiposity;  

overweight/obese or healthy weight (Table 4). Among men, substantially more normal weight met 

the GPAQ PA guidelines, compared to those men classified as overweight/obese. However, this 

relationship was only seen among the Ghanaian women, whereby the normal weight Ghanaians 

were the greatest proportion meeting the PA guidelines. Among the overweight/obese Jamaican 

women, it was equally split between meeting and not meeting the PA guideline. Similarly, in the 

Seychelles, most women met the PA guideline, but this was not distinguished by adiposity status 

(40.13% are overweight/obese while 42.68% are healthy weight). Finally, among the South 

African and US women, the largest proportions of participants meeting the GPAQ guidelines were 

classified as overweight/obese, however, it must be noted that 65.0% of South African and 73.0% 

of US females were classified as overweight/obese. When exploring if there existed a protective 

effect of PA for overweight/obesity, it was found among all sites except for Jamaica and US, the 

risk ratios were all less than 1.0, confirming that those meeting the GPAQ PA guidelines were 

less likely to be overweight/obese. The opposite is found for the Jamaican and US women, as the 

risk ratios indicate that meeting the GPAQ guidelines is more likely in the participants who are 

overweight/obese. However, while all 95% CI’s are relatively narrow, they all cross the null and 

therefore the null hypothesis cannot be rejected. 
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Table 3: Coefficient estimates from the linear regression models for the association between 
objectively measured PA and self-reported PA with additive effects 

Model Variable Estimate 95% CI p-value 
A

. S
R

P
A

~ 
O

M
P

A
 

Intercept 134.55 (119.73, 149.36) <0.05 

Objectively measured PA 
(min/day) 1.27 (0.91, 1.62) <0.05 

B
. S

R
P

A
~O

M
P

A
 

+ 
o

b
es

e 

Intercept 156.51 (137.62, 175.40) <0.05 

Objectively measured PA 
(min/day) 1.12 (0.76, 1.48) <0.05 

Overweight/obese -44.26 (-68.13, -20.39) <0.05 

C
.  

   
   

   
   

   
   

   
   

   
   

SR
P

A
~O

M
P

A
 +

 o
b

es
e

 +
 s

it
e Intercept 143.47 (115.79, 171.15) <0.05 

Objectively measured PA 
(min/day) 1.14 (0.78, 1.50) <0.05 

Overweight/obese -31.94 (-56.22, -7.66) 0.01 

Ghana (GH) 66.36 (33.06, 99.66) <0.05 

Jamaica (JA) -20.7 (-59.01, 17.61) 0.29 

South Africa (RSA) -57.07 (-101.24, -12.90) 0.01 

Seychelles (SEY) -1.41 (-32.37, 29.54) 0.93 
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Table 4: Proportions of participants by adiposity and whether they perform sufficient amounts of PA according to GPAQ classifications 

Men 

  Ghana Jamaica South Africa Seychelles USA 

  

Meets GPAQ 
criteria >600 
METmin/week 

Does not meet 
GPAQ criteria 
>600 
METmin/week 

Meets GPAQ 
criteria >600 
METmin/week 

Does not meet 
GPAQ criteria 
>600 
METmin/week 

Meets GPAQ 
criteria >600 
METmin/week 

Does not meet 
GPAQ criteria 
>600 
METmin/week 

Meets GPAQ 
criteria >600 
METmin/week 

Does not meet 
GPAQ criteria 
>600 
METmin/week 

Meets GPAQ 
criteria >600 
METmin/week 

Does not 
meet GPAQ 
criteria >600 
METmin/week 

Overweight/obese 4 (3.96%) 3 (2.97%) 16 (11.59%) 5 (3.62%) 2 (4.17%) 1 (2.08%) 35 (30.97%) 4 (3.54%) 37 (35.58%) 7 (6.73%) 

Healthy weight 92 (91.09%) 2 (1.98%) 92 (66.67%) 25 (18.12%) 39 (81.25%) 6 (1.25%) 69 (61.06%) 5 (4.42%) 54 (51.92%) 6 (5.77%) 

Risk ratio 0.58 0.97 0.77 0.96 0.93 

95% CI -1.18, 0.10 -0.29, 0.23 -1.07, 0.55 -0.16, 0.08 -0.22, 0.08 

Women 

  Ghana Jamaica South Africa Seychelles USA 

  

Meets GPAQ 
criteria >600 
METmin/week 

Does not meet 
GPAQ criteria 
>600 
METmin/week 

Meets GPAQ 
criteria >600 
METmin/week 

Does not meet 
GPAQ criteria 
>600 
METmin/week 

Meets GPAQ 
criteria >600 
METmin/week 

Does not meet 
GPAQ criteria 
>600 
METmin/week 

Meets GPAQ 
criteria >600 
METmin/week 

Does not meet 
GPAQ criteria 
>600 
METmin/week 

Meets GPAQ 
criteria >600 
METmin/week 

Does not 
meet GPAQ 
criteria >600 
METmin/week 

Overweight/obese 54 (28.13%) 11 (5.73%) 81 (30.80%) 78 (29.66%) 26 (40.0%) 19 (29.23%) 63 (40.13%) 11 (7.01%) 102 (50.25%) 43 (21.18%) 

Healthy weight 115 (59.90%) 12 (6.25%) 59 (22.43%) 45 (17.11%) 12 (18.46%) 8 (12.31%) 67 (42.68%) 16 (10.19%) 35 (17.24%) 23 (11.33%) 

Risk ratio 0.92 0.90 0.96 1.05 1.17 

95% CI -0.21, 0.04 -0.33, 0.12 -0.47, 0.40 -0.09, 0.20 -0.08, 0.39 
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Discussion 

Our study explored the relationship between objectively measured PA and self-reported PA and 

whether adiposity or site moderated the discrepancy between two PA measures in 5 African-origin 

populations. Overall, we found that the greatest discrepancy between the two measures of PA 

was surprisingly among the Ghanaians, who accumulated among the highest objectively 

measured PA. Secondly, we were unable to account for an adiposity interaction. Finally, we found 

that among all participants, except the females from Seychelles and US, indicate that meeting the 

GPAQ guidelines of performing sufficient amounts of PA is less likely in those participants who 

are overweight/obese.  

We were surprised that the greatest discrepancy for reporting PA was not in fact among the US 

population, with the highest levels of adiposity, but rather among the Ghanaians, which is contrary 

to our hypothesis. It had been anticipated that the US participants would overestimate their self-

reported PA the most compared to what was measured by the accelerometer because it has 

previously been shown that overweight/obese people may overestimate their PA by a greater 

margin compared to normal weight people, because of the social desirability and stigma 

associated with being overweight and obese. Indeed, we have previously shown in our data that 

US participants, previously overestimated their PA by the greatest margins compared to the other 

four countries. The Ghanaians are the leanest of the five of the included countries, 94.0% of 

Ghanaian men and 65.0% of Ghanaian women are a healthy weight (Table 1a), and Ghana’s 

HDI ranking is the lowest (12, 18). Further research is warranted to understand why the 

Ghanaians overestimated PA by as much as they did.  

The second finding, pertaining to the primary purpose of this study, is that there is no interaction 

between adiposity and the discrepancy between self-reported PA and objectively measured PA. 

These findings are statistically significant and therefore we cannot confidently reject our null 

hypothesis (Table 5b). Although no evidence of interaction was found, we did identify a small 
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additive adiposity effect, such that overweight/obese people do 31 min/day less PA than healthy 

weight people after adjusting for sex (-55.48, -6.69, p=0.01). Be that as it may, we were therefore 

unable to conclude that adiposity in indeed moderating the association between the two measures 

of PA. In addition to these findings, results pertaining to a sub-aim of this study indicate that there 

is no interaction of site on the association between self-reported PA and objectively measured PA 

(Table 5c). These findings are significant and therefore we cannot conclude that country of 

residence is moderating the association between the two measures PA.  

The third finding is that all participants, except the females from the Seychelles and US, indicated 

that they met the GPAQ guidelines of performing sufficient amounts of PA, especially if those 

participants were not overweight/obese.  

The utility of the GPAQ is that it allows for the exploration of self-reported PA in different domains. 

Among the men (Table 2b), the Ghanaians and the Seychellois self-reported that vigorous work 

contributed the greatest amount of PA to their overall PA, with the Ghanaians performing a median 

of 11,520.0 METmin/week and the Seychellois performing a median of 6,960.0 METmin/week. 

The Jamaicans and US self-reported that transport PA contributed the most, with the Jamaicans 

walking/bicycling for a median of 600.0 METmin/week and the US a median of 960.0 

METmin/week. The South Africans self-reported that moderate work is the greatest contributor, 

with a median of 720.0 METmin/week spent in this domain. Notably, no significant amount of time 

was self-reported in the recreational domains for the Ghanaians, Jamaicans or South Africans. 

However, the smallest contributor for the Seychellois (median of 480.0 METmin/week) and US 

(median of 240.0 METmin/week) is moderate recreational PA. Among the women (Table 2d), the 

Ghanaians, Jamaicans and US self-reported that transport PA was the greatest contributor to 

their overall self-reported PA. The Ghanaians self-reported walking/bicycling a median of 1,920.0 

METmin/week, while the Jamaicans self-reported a median of 310.0 METmin/week and the US a 

median of 340.0 METmin/week. The South Africans and Seychellois are similar as they both self-
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reported moderate work as being the greatest contributor, with South Africans self-reporting a 

median of 720.0 METmin/week and the Seychellois a median of 3,600.0 METmin/week. Neither 

the Jamaicans, the South Africans, nor the US self-reported any time spent performing vigorous 

work. Notably, none of the sites self-reported any significant amount of time performing vigorous 

recreational PA, but the Seychellois (median of 480.0 METmin/week) and the US (median of 80.0 

METmin/week) self-reported time spent performing moderate recreational PA.  

Finally, we detected a weak, yet statistically significant correlation between self-reported PA and 

objectively measured PA (p=0.223, 95% CI 0.16, 0.28; p-value<0.05). This confirms previous 

studies (30). To account for the lack of correlation and agreement between the two measures of 

PA, a mixed methods approach is the most appropriate choice to use when feasible and possible. 

This approach will make it more likely that the differences in the measures are accounted for (13, 

15).
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Table 5: Coefficient estimates from the linear regression models for the association between 
objectively measured PA and self-reported PA with interactions 

Model Variable Estimate 95% CI p-value 

A
. 

SR
P

A
~O

M
P

A
 

Intercept 134.55 (119.73, 149.36) <0.05 

Objectively measured PA 
(min/day) 1.27 (0.91, 1.62) <0.05 

B
. 

SR
P

A
~O

M
P

A
*o

b
es

e 

Intercept 151.82 (131.70, 171.94) <0.05 

Objectively measured PA 
(min/day) 1.26 0.84, 1.68) <0.05 

Overweight/obese -32.38 (-62.04, -2.72) 0.03 

Objectively measured PA:obese 
interaction -0.55 (-1.38, 0.27) 0.19 

C
.  

SR
P

A
~O

M
P

A
*s

it
e 

Intercept 124.07 (95.55, 152.59) <0.05 

Objectively measured PA 
(min/day) 1.15 (0.10, 2.21) 0.03 

Ghana (GH) 47.63 (1.57, 93.70) 0.04 

Jamaica (JA) -22.61 (-78.31, 33.09) 0.43 

South Africa (RSA) -57.81 (-126.49, 10.88) 0.1 

Seychelles (SEY) 9.15 (-28.62, 46.93) 0.63 

Objectively measured PA:Ghana 
interaction 1.01 (-0.38, 2.40) 0.16 

Objectively measured PA:Jamaica 
interaction 0.4 (-1.36, 2.16) 0.65 

Objectively measured PA:South 
Africa interaction 0.17 (-1.57, 1.91) 0.85 

Objectively measured 
PA:Seychelles interaction -0.18 (-1.33, 0.96) 0.75 
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Conclusion  

Taken together, we can conclude that neither adiposity nor site moderates the association 

between self-reported PA and objectively measured PA. Instead, we identified that other factors 

including sex, may moderate the relationship between self-reported and objectively measured 

PA. The greatest contributor to self-reported PA, across all the sites for both men and women 

came from work (vigorous or moderate) and transport, but not recreational PA, as is expected in 

high income settings. Finally, we were unable to reject the null hypothesis. Further investigations 

are therefore warranted to explore the association between the two measures of PA, particularly 

in the context of adiposity, and for future public health PA recommendations.  
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A. Supplementary Tables and Figures included in the manuscript 

 

Supplementary Table 1: Coefficient estimates from the linear regression models for each 
site for the association between objectively measured and self-reported PA with 
interactions 

Model Variable Estimate 95% CI p-value 

A
. 
G

h
a
n

a
 

Intercept 185.83 (138.72, 232.94) <0.05 

Objectively measured PA 
(min/day) 2.03 (0.95, 3.11) <0.05 

Overweight/obese -25.77 (-124.29, 72.75) 0.61 

Objectively measured PA:obese 
interaction -1.28 (-5.38, 2.83) 0.54 

B
. 

J
a
m

a
ic

a
 

Intercept 98.94 (37.26, 160.63) <0.05 

Objectively measured PA 
(min/day) 1.46 (-0.13, 3.05) 0.07 

Overweight/obese -10.65 (-115.65, 94.35) 0.84 

Objectively measured PA:obese 
interaction 1.57 (-2.73, 5.87) 0.48 

C
. 

S
o

u
th

 A
fr

ic
a

 Intercept 78.67 (2.90, 154.44) 0.05 

Objectively measured PA 
(min/day) 1.2 (-0.17, 2.57) 0.09 

Overweight/obese -11.79 (-122.99, 99.41) 0.84 

Objectively measured PA:obese 
interaction -0.34 (-3.88, 3.21) 0.85 

D
. 

S
e

y
c
h
e

lle
s
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

 

Intercept 135.92 (105.51, 166.33) <0.05 

Objectively measured PA 
(min/day) 1.15 (0.64, 1.66) <0.05 

Overweight/obese -3.84 (-50.20, 42.53) 0.87 

Objectively measured PA:obese 
interaction -0.6 (-1.49, 0.30) 0.19 

E
. 

U
S

A
 

Intercept 163.76 (115.80, 211.71) <0.05 

Objectively measured PA 
(min/day) 0.78 (-0.52, 2.09) 0.24 

Overweight/obese -55.94 (-119.00, 7.12) 0.08 

Objectively measured PA:obese 
interaction 0.04 (-2.59, 2.67) 0.98 
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B. Data collection tools used in the parent study 
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C. Ethics Approval Documents 
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D. Informed Consent Forms from the parent study 
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The Journals Division at Human Kinetics adheres to the criteria for authorship as outlined by the 
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appendices, tables, details of the methods (e.g., survey instruments), or images. Contact 

the Editorial Office for approval of any supplemental materials. 

Is My Manuscript a Good Fit for JPAH? 

JPAH welcomes physical activity research from all cultures, countries, and climates and 

encourages our editorial leadership, reviewers, authors, and readers to help reduce publication 

bias based on where we live, work, and play. Read our position statement on publication 

bias related to research from Majority World (i.e., Global South, low-to-middle income) countries. 

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: 

mailto:jpah@hkusa.com?subject=JPAH
http://www.icmje.org/about-icmje/faqs/icmje-recommendations/
mailto:jpah@hkusa.com?subject=JPAH
https://doi.org/10.1123/jpah.2022-0570
https://doi.org/10.1123/jpah.2022-0570
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• Consolidated Standards of Reporting Trials (CONSORT) 

• Meta-analysis of Observational Studies in Epidemiology (MOOSE) 

• 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) 

• Template for Intervention Description and Replication (TIDieR) checklist. Authors are 

required to submit separate TIDieR Checklists for all intervention components that 

are delivered within a study, including interventions targeted at actors involved in 

implementation (e.g. parents, partners, teachers, colleagues, peers). 

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. 

http://www.consort-statement.org/
http://www.consort-statement.org/Media/Default/Downloads/Other%20Instruments/MOOSE%20Statement%202000.pdf
http://www.prisma-statement.org/
https://www.strobe-statement.org/index.php?id=strobe-home
https://www.jmir.org/2004/3/e34/
https://www.equator-network.org/reporting-guidelines/tidier/
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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. 
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Manuscript Sections 

The order of submission must be (1) Title page, (2) Abstract, (3) Text, (4) Acknowledgments, (5) 

Funding source, (6) References, (7) Tables, (8) Figures/Graphics. 

Title Page 

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 250 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 are not needed. 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. 

Acknowledgments 

Provide the names, affiliations, and the nature of the contribution for all persons not included as 

an author who played a critical role in the study. 
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Funding Source/Trial Registration 

Details of all funding sources for the work should be provided (including agency name, grant 

numbers, etc.). Provide the registry name and registration number for all clinical trials 

(see JPAH Ethics Policies below). 

Example: “This work was supported by a grant (grant #) from the National Cancer Institute, 

National Institutes of Health. This study is registered at www.clinicaltrials.gov (No. xxxxx).” 

References 

For reference lists, authors must follow the guidelines found in the American Medical Association 

Manual of Style: A Guide for Authors and Editors (10th ed.). Examples of reference style: 

Journal articles: Surname of first author, initials, then surname and initials of each coauthor; title 

of article (capitalize only the first word and proper nouns), name of the journal (italicized and 

abbreviated according to style of Index Medicus), year, volume, and inclusive page numbers. 

Melby CL, Osterberg K, Resch A, Davy B, Johnson S, Davy K. Effect of carbohydrate ingestion 

during exercise on post-exercise substrate oxidation and energy intake. Int J Sport Nutr Exerc 

Metab. 2002;12:294–309. 

Book references: Author(s) as above, title of book (italicized and all major words capitalized), city 

and state/province of publication, publisher, and year. 

Pearl AJ. The Female Athlete. Champaign, Ill: Human Kinetics; 1993. 

Chapter in an edited book: Same as book references, but add the name of the chapter author(s) 

and title of chapter (capitalize first word and proper nouns) before the book information and 

inclusive page numbers. 
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Perrin DH. The evaluation process in rehabilitation. In: Prentice WE, ed. Rehabilitation 

Techniques in Sports Medicine. 2nd ed. St Louis, Mo: Mosby Year Book; 1994:253–276. 

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 

• Page numbers appear in bottom right corner 

• Brief running head appears in upper right corner 

• Abstract is formatted and contains fewer than 250 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 
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Submitting Author Revisions 

Authors often submit their responses to reviewer comments and the modifications in the 

manuscript 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 have their manuscript rejected from further 

consideration. 

JPAH Ethics Policies 

The Committee on Publication Ethics (COPE), International Committee of Medical Journal Editors 

(ICMJE), and the Council of Science Editors (CSE) are excellent sources of information regarding 

misconduct in scientific publication. JPAH ethics policies are modeled after guidance from these 

three organizations. 

Authorship Criteria 

As noted earlier, JPAH adheres to the criteria for authorship as outlined by the ICMJE. Each 

author must provide any relevant information upon request to substantiate their contributions. 

Duplicate Publication 

All manuscripts must not have been published previously in any format (internet website, journal, 

newsletter, etc.), with the exception of abstracts presented at scientific meetings. 

Trial Registration 

JPAH complies with the ICMJE requirement regarding registration of all prospective clinical trial 

studies prior to subject enrollment (to learn more visit ICMJE Clinical Trials Registration). The 
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https://publicationethics.org/
http://www.icmje.org/
https://www.councilscienceeditors.org/
http://www.icmje.org/about-icmje/faqs/clinical-trials-registration/


Comparison of Self-reported and Objectively Measured PA in African-origin Populations. 
 

122 
 

ICMJE defines a trial as “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.” Health-related interventions include behavioral treatments (e.g., physical activity). 

Compliance With NIH Public Access Policy Requirements 

The National Institutes of Health (NIH), as well as other research funding agencies, require open 

access of all publications they fund. JPAH and Human Kinetics, Inc., will work with authors on a 

case-by-case basis to be compliant with NIH Public Access Policy. 

Violations of Journal Ethics Policies 

Falsification of data, duplicate publication, breach of confidentiality, abuse of research subjects, 

and so on are considered violations of the ethical conduct of research. JPAH reserves the right 

to investigate and impart punishment for any such violation. All allegations of potential misconduct 

will be investigated by the JPAH editorial team, Human Kinetics, Inc., and possibly external 

experts on a case-by-case basis and final decisions will be agreed upon by the Editors in 

consultation with the JPAH Editorial Board and guided by the COPE, ICMJE, and CSE standards. 

Submit a Manuscript 

Articles are to be submitted electronically via ScholarOne (see submission button at the top of 

this page). First-time authors will create an account by following the directions on the ScholarOne 

page. Authors will be asked to submit a “blinded” version of their article and a separate cover 

sheet with names, institutional affiliations, and contact information. 

Please visit ScholarOne to download JPAH’s copyright form, located under the "Instructions & 

Forms" link in the upper right corner. You do not need an account to access this information. 

 




