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Abstract  
 

South Asians are at higher risk of developing cardiometabolic disease, including cardiovascular 

diseases (CVD) and Type 2 diabetes than any other ethnicities (e.g., Caucasians) in the UK. 

Engaging with a high sedentary behaviour could contribute to these diseases as sedentary 

behaviour is associated with developing CVD and Type 2 diabetes. The primary aim of this 

thesis was to investigate the effects of breaking up sedentary time on cardiometabolic disease 

risk markers and metabolic health in South Asians. This thesis presents four novel inter-related 

studies, included a systematic review and three acute experimental studies in controlled 

laboratory and free-living settings. In study one (chapter 4), a systematic review reported total 

sedentary time in South Asians. The key finding is that South Asians engage in a mean daily 

sedentary time of approximately 7 h (424 ± 8 min). Daily sedentary time appears to be higher 

by 111 min when measured using objective methods (527 ± 11 min) than self-report methods 

(416 ± 19 min). Study two (chapter 5) and three (chapter 6) employed a two-condition 

randomised cross-over design and identical methods in normal-weight and overweight/obese 

South Asians, respectively. In the normal-weight South Asians (study two), breaking up 

sedentary time with 5 min bouts of self-perceived light-intensity walking (LPA) every 30 min 

following a high glycaemic index (GI) breakfast and lunch only improved postprandial 

triglyceride (TAG) concentrations over 5 h when compared with prolonged sitting, whereas 

the overweight/obese South Asians (study three) benefited from attenuated postprandial 

glucose, TAG, and metabolic load index (MLI) over 5 h (but not the area under the curve 

(AUC)), and increased postprandial resting energy expenditure (REE), and overall fat and 

carbohydrate (CHO) oxidation. No effects were observed for plasma insulin, mean arterial 

pressure (MAP), and heart rate in either group. Data from studies two and three suggest that 
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the cardiometabolic health benefit of  breaking up sedentary time with LPA can be generalised 

to a wider range of cardiometabolic variables (e.g., postprandial glucose) in overweight/obese 

versus normal-weight South Asians, possibly due to having a higher percentage of body fat 

composition than normal-weight South Asians. Study four (chapter 7) findings revealed that it 

was possible to manipulate overweight/obese South Asian adults’ sedentary time and physical 

activity (PA) levels in free-living conditions over 4 days, but continuously measured glucose 

responses were unaffected by such manipulations. To summarise, South Asians appear to 

engage in a high volume of sedentary time habitually, which could compromise their 

cardiometabolic health. Breaking up sedentary time with 5 min bouts of LPA every 30 min can 

acutely improve some cardiometabolic risk markers in normal-weight and overweight/obese 

South Asians in a controlled laboratory setting. In free-living settings, reducing and breaking 

up sedentary time does not appear to affect continuously measured glucose responses in 

overweight/obese South Asians. The studies within this thesis were novel due to the 

population; thus, this is the first time these findings have been reported. Reducing and 

breaking up sedentary time could play a crucial role in improving cardiometabolic health in 

this under-researched population in the short term. Further research should investigate the 

effectiveness of reducing and breaking up sedentary time in long-term interventions for 

improving cardiometabolic health in the South Asian population. 
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1.1. Introduction 

South Asians are originally referred to as “Indo-Asians” and are considered as natives of first 

or subsequent generation migrants originating from the Indian sub-continent (i.e., 

Bangladesh, India, Pakistan, Nepal, and Sri-Lanka) (Bays et al., 2021; Jalal et al., 2019; Misra 

and Khurana, 2011). According to the UK Office for National Statistics (ONS) 2011 Census, 

British South Asians, including migrant and UK born are the largest ethnic minority group, 

approximately 5.9% of the total population in the UK of which, 2.5% were Indian, 2.0% 

Pakistani, 0.8% were Bangladeshi, and 0.6% were others (i.e., Nepali and Sri-Lankan) ( (Arjunan 

et al., 2015; Coles et al., 2021; Hanif and Susarla, 2018; ONS, 2011). South Asians are suggested 

to be up to six times more likely to develop cardiometabolic diseases, including CVD and Type 

2 diabetes, than other ethnicities (Hanif and Susarla, 2018). In the UK, the prevalence of CVD 

and Type 2 diabetes in South Asians is significantly higher (almost fivefold; approximately 20-

40%) than the general populations (e.g., Caucasians) (Fischbacher et al., 2004; Gholap et al., 

2011; Sproston and Mindell, 2006). Approximately 30% of South Asians develop Type 2 

diabetes before age 40 years compared to other ethnic groups, including 23% of black African-

Caribbeans and 9% of Caucasians (Paul et al., 2017). The standardised mortality rates (SDMR) 

for ischaemic heart disease (IHD) and coronary heart disease (CHD) were comparatively higher 

in UK South Asians than Caucasians and African-Caribbean adults (Chaturvedi, 2003; Williams 

et al., 2011). The CHD age-standardised death rate in South Asians living in the UK was 50% 

higher than that for the total population of England and Wales (Barnett et al., 2006). In 

England and Wales, the mortality from CHD was 50% higher in South Asians and 50% lower in 

African-Caribbean compared to the general population in the UK (Wild et al., 2007). Thus, 

South Asians are considered a high-risk population for developing CVD and Type 2 diabetes 

and a key target population for interventions to reduce the risk of these diseases. 
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Previous findings have suggested that South Asians, including migrant and UK born are 

genetically at risk of developing cardiometabolic diseases than the general populations (e.g., 

Caucasians) in the UK, possibly due to several distinctive factors, including a low concentration 

of vitamin C and D, high C-reactive protein level, a higher percentage of body fat, hepatic, and 

visceral fat, insulin resistance, lower lean mass, and cardiorespiratory fitness (Barnett et al., 

2006; Bays et al., 2022; Chandalia et al., 2007; Misra and Shrivastava, 2013; Misra, 2015; Nair 

et al., 2008; Narayan and Kanaya, 2020; Pursnani and Merchant, 2020; Rush et al., 2009; Sattar 

and Gill, 2015; Sattar et al., 2008). The prevalence of cardiometabolic diseases is increasing in 

this ethnic group particularly migrant South Asians living in the UK, possibly due to some 

factors. For instances: migration, demographic transitions to western lifestyle, dietary intake, 

including consumption of high saturated diet and tendency of having processed food like 

takeaway, lower consumption of fruits and vegetables,  lower levels of PA, economic freedom, 

private transportation availability, and higher sedentary time (Ahmad et al., 2017; Bays et al., 

2022; Dey et al., 2021; Fischbacher et al., 2004; Hanif et al., 2021; Misra and Shrivastava, 2013; 

Gholap et al., 2011. Sattar and Gill, 2015). Engaging with higher sedentary time could 

potentially increase the risk of developing cardiometabolic diseases. Therefore, it is crucial to 

investigate the effects of sedentary time on cardiometabolic health outcomes in South Asians. 

 

Sedentary behaviour is a set of behaviours that do not increase energy expenditure above 1.5 

metabolic equivalents (METs) while seated or reclined during waking hours. Such activities 

include sitting or sitting in a car, driving, lying down, playing video games, working on a 

computer, and watching a television (Owen et al., 2011; Tremblay et al., 2017). Sedentary 

behaviour is considered as a global public health issue in the current era (Bauman et al., 2011; 

Bays et al., 2022; Jingjie et al., 2022). It is suggested that sedentary behaviour might be 
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prevalent due to numerous factors, including urbanisation, economic growth, technological 

advancement, modern domestic entertainment, digital communication, and the increased use 

of modern personal transportation (Ahmad et al., 2017; Church et al., 2011). The prevalence 

of sedentary behaviour increased in the past 20 to 30 years in developed countries worldwide 

(Hamilton et al., 2008; Knuth and Hallal, 2009). Correspondingly, sedentary behaviour has 

increased in low and middle-income countries, especially in South Asian countries, due to 

globalisation and rapid economic growth (Rana et al., 2014). Previous findings suggested that 

engaging with a high amount of sedentary time significantly increases the risk of CVD, Type 2 

diabetes, and all-cause mortality in the general population (e.g., Caucasians) (Bailey et al., 

2019; Chau et al., 2013; Ekelund et al., 2019; Jingjie et al., 2022; Patterson et al., 2018; Wilmot 

et al., 2012). However, there  is a little known of the effect of sedentary time on 

cardiometabolic health in South Asians. The adverse effect of sedentary time on 

cardiometabolic health in other ethnic groups (e.g., Caucasians) may not be similar in South 

Asians, possibly due to some distinctive factors (e.g., higher body fat and metabolic 

inflexibility, including insulin resistance, dysglycaemia, and dyslipidaemia) (Bays et al., 2022; 

Misra, 2015); thus, postprandial glycaemia and hyperlipidaemia could be more prevalent in 

South Asians, especially in overweight/obese South Asians, than other ethnicities (Bakker et 

al., 2013; Sattar and Gill, 2015).  

 

The prevalence of postprandial hyperglycaemia and hyperlipidaemia in South Asians is 

comparatively higher than any other ethnicities due to having higher adiposity, limitations in 

beta cell function, insulin resistance, susceptibility of fat deposition in liver and muscle, and a 

tendency to have a diet containing high saturated fat (Bakker et al., 2013; Bays et al., 2022; 

2021; Misra and Shrivastava, 2013; Narayan and Kanaya, 2020). Postprandial glycaemia and 
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triglyceride concentrations act as independent risk factors for developing cardiometabolic 

diseases (Bays et al., 2021; Bonora and Muggeo, 2001; Cavalot et al., 2011; 2006;  Chien et al., 

2009; Einarson et al., 2011; Gerstein and Punthakee, 2010; Neumann et al., 2022). 

Postprandial hyperglycaemia occurs when the multiple homeostatic mechanisms that 

decrease glucose fluctuations and restore normal glucose levels after a meal are reduced 

(Beisswenger et al., 2004). Postprandial hyperglycaemia can be operated via several 

mechanisms which can increase oxidative stress and lead to vascular complications 

(Papachristoforou et al., 2020). Postprandial hyperglycaemia generates free radicals and 

ultimately impairs endogenous antioxidant defence systems through some different 

mechanisms, particularly, hyperglycaemia promotes several developments, including sorbitol 

pathways, advanced glycation end-products, the hyperactivity of hexosamine, and the 

activation of protein kinase C, which can lead to the development of impaired insulin 

secretion, insulin resistance, endothelial dysfunction, and atherosclerosis, by inducing 

additional reactive oxygen species production and oxidative stress (Ceriello, 2000; 

Papachristoforou et al., 2020). The rapid increase in glucose during the postprandial period is 

also likely to trigger carbonyl stress which independently contributes to cardiometabolic 

diseases development (Beisswenger et al., 2004). At the same body mass index (BMI) 

categories, South Asian adults have a significantly higher possibility of developing Type 2 

diabetes than Caucasians (Narayan and Kanaya, 2020; Paul et al., 2017).  Therefore, a lower 

level of BMI cut-off point has been proposed in South Asians, and with BMI >23 kg.m-2, 

considered as an ‘at risk’ group (overweight), which might help to identify at early diagnosis 

and ultimately can reduce cardiometabolic diseases risk (Misra and Khurana, 2011; Misra, 

2015; Tillin et al., 2015; WHO Expert Consultation, 2004). Overweight/obese South Asians, in 

addition to normal-weight South Asians, are at higher risk for developing high blood pressure, 
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hyperinsulinemia or insulin resistance, hyperglycaemia, and hypertriglyceridemia than other 

ethnicities (Bays et al., 2021; Paul et al., 2017). Thus, South Asians are at higher risk of 

developing cardiometabolic diseases than other ethnic groups (Misra and Khurana, 2011; 

Narayan and Kanaya, 2020; Vikram et al., 2003). 

 

Previous experimental evidence showed that breaking up sedentary time with walking breaks 

can improve cardiometabolic diseases risk markers (e.g., postprandial glycaemia and TAG) in 

Caucasian adults (Altenburg et al., 2013; Bailey and Locke, 2015; Bailey et al., 2016; 2017; 

2019; Champion et al., 2018; Dunstan et al., 2012; Henson et al., 2016). Nevertheless, there is 

a lack of published studies examining whether the effects of breaking up sedentary time on 

cardiometabolic risk markers are similar in South Asians to Caucasians. Several laboratory-

based experimental studies have shown that breaking up sedentary time with 1 to 5 min bouts 

of LPA or moderate to vigorous-intensity physical activity (MVPA) every 15-30 min can 

significantly improve cardiometabolic diseases risk markers (e.g., postprandial glucose, TAG, 

and insulin) in normal-weight/overweight/obese Caucasian adults over a single day (Bailey 

and Locke, 2015; Bailey et al., 2016; 2017; 2019; Champion et al., 2018; Dunstan et al., 2012; 

Henson et al., 2016; Larsen et al., 2015; Maylor et al., 2018; 2019; Peddie et al., 2013; Pulsford 

et al., 2017). The postprandial glucose, TAG, and insulin concentration were significantly lower 

in breaking up sedentary time with LPA/MVPA for 2-5 min every 20-60 min compared to 

prolonged sitting in normal weight/overweight/obese Caucasians over a single day (Bailey and 

Locke, 2015; Bailey et al., 2017; Champion et al., 2018; Dunstan et al., 2012; Henson et al., 

2016; Larsen et al., 2015; Maylor et al., 2018). In addition to the cardiometabolic health 

benefits, breaking up sitting with LPA or MVPA for 1 to 5 min every 20 to 30 min or chair squats 

(standing and sitting 10 times over 30 s every 20 min) and intermittent standing (standing 10 
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times for 1.5 min every 30 min) can improve substrate utilisation (i.e., fat and CHO oxidation) 

and energy expenditure compared to prolonged sitting in normal-weight/overweight/obese 

Caucasians (Carter et al., 2015; Donaldson et al., 2020; Hawari et al., 2019; 2016; Larsen et al., 

2017; Peddie et al., 2013; Swartz et al., 2011). Furthermore, previous experimental findings 

reported that substituting sitting with standing and walking (6-7 h/day of sitting and ≥2-3 

h/day of standing with ≥4/day of LPA every 30 min) can significantly improve postprandial 

insulin AUC by 20% and insulin sensitivity by 12-16%  compared to the prolonged sitting for a 

13-13.5 h/day for 4 days in normal-weight/overweight/obese Caucasians in free-living 

conditions (Duvivier et al., 2013; 2017). Based on these findings, it is acknowledged that 

breaking up sedentary time can improve cardiometabolic diseases risk markers (e.g., 

postprandial glucose, TAG, and insulin concentration) and metabolic health (e.g., substrate 

utilisation and energy expenditure), which may lower the risk for developing cardiometabolic 

diseases in normal weight/overweight/obese Caucasians. Nonetheless, there are lack of 

published studies in South Asians examining the effect of breaking up sedentary time with PA 

bouts on cardiometabolic health. Hence, it is important to investigate the effects of breaking 

up sedentary time with PA bouts on cardiometabolic diseases risk markers and metabolic 

health in South Asian adults.  

 

Only one experimental study has examined the effect of breaking up sedentary time on 

cardiometabolic diseases risk markers in older (aged >65 years) South Asians with mixed 

weight status (mean BMI >26 kg.m-2) (Yates et al., 2020). It was reported that breaking up 

sedentary time with 5 min bouts of LPA every 30 min can significantly improve postprandial 

insulin in older South Asians compared to prolonged sitting for a 7.5 h (Yates et al., 2020). 

However, data on the effects of breaking up sedentary time with LPA on cardiometabolic 
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disease risk markers in South Asians in other age groups (aged <65 years) is lacking. Similarly, 

there are no evidence in free-living conditions whether breaking up sedentary time with PA 

can improve cardiometabolic risk markers and metabolic health in South Asians compared to 

prolonged sitting condition. South Asians, including normal-weight and overweight/obese, are 

considered as high-risk groups; therefore, it is crucial to investigate whether breaking up 

sedentary time with LPA could improve postprandial cardiometabolic risk markers and 

metabolic health in South Asian adults. 

 

1.2. Aims and objectives 

This thesis aimed to investigate the effects of breaking up sedentary time on cardiometabolic 

diseases risk markers (e.g., postprandial glucose, TAG, MLI, and insulin) and metabolic health 

(substrate utilisation and energy expenditure) in South Asian adults, including normal-weight 

and overweight/obese South Asian adults. The specific objectives of this thesis are outlined 

below: 

➢ To build on the rationale for needing to reduce sedentary behaviour in South Asians 

by systematically reviewing the available literature to determine the total daily 

amount of time spent sedentary quantified via both subjective and objective measures 

in South Asian adults.  

➢ Under controlled laboratory conditions, to establish whether breaking up sedentary 

time with LPA could significantly improve postprandial cardiometabolic risk markers 

and metabolic health in normal-weight and overweight/obese South Asian adults. 

➢ Based on the findings from the controlled laboratory studies, to move to a more real 

life setting to establish whether substituting sitting with standing and self-perceived 



   Chapter 1: General Introduction 
 

9 
 

LPA in free-living conditions could significantly attenuate glucose, sitting time, 

sedentary bouts, and increase PA levels in overweight/obese South Asian adults. 

 

1.3 Impact of COVID-19 

Globally, COVID-19 has had unprecedented consequences on academic and public life. 

University premises were closed due to the first national lockdown on 23 March 2020. 

Therefore, data collection for studies 2 and 3 was terminated earlier than planned in March 

2020. Studies 2 and 3 were originally planned for a single large study (where 59 South Asians 

were recruited from April 2019 to March 2020) to investigate the effect of breaking up 

sedentary time on postprandial cardiometabolic diseases risk markers in normal weight versus 

overweight and obese South Asian adults. A total of 54 participants completed their 

preliminary lab visit, and 40 participants completed either second or third lab visits. However, 

27 participants were able to complete the full-study protocol (a total of three lab visits). 

Consequently, it was not possible to examine whether breaking up sedentary time with light-

intensity physical activity could improve postprandial cardiometabolic risk markers in normal-

weight versus overweight/obese South Asian adults due to the insufficient sample size. As 

such, the data for the normal-weight and overweight/obese participants were examined 

separately, and the studies have been written up separately in two different Chapters 

(Chapter 5-study 2: normal-weight participants; Chapter 6-study 3: overweight/obese 

participants) where the study protocol and methodology were identical. Though the 

experimental condition by weight status interaction could not be determined, the studies 

remained novel due to a lack of published studies examining whether cardiometabolic health 

effects are similar in South Asians to other ethnic group (e.g., Caucasians). 
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Regarding study 4 (free-living study), the study protocol was changed several times with 

multiple ethical approvals due to the second national lockdown in November 2020. Data 

collection commenced in late December 2020 but was again delayed due to the high COVID-

19 infection rate in the community and the third national lockdown in January 2021. The high 

infection rates also affected the PhD researcher and some study participants, adding another 

barrier to data collection due to illness and self-isolation. Therefore, an extension was granted 

to recover from COVID-19 and to complete data collection for study 4. 

 

1.4 Overview of the thesis 

This thesis is written based on four novel studies. Each study is discussed in a separate chapter, 

and individual chapters are outlined below: 

 

Chapter 2 (literature review): This chapter describes South Asians, race, and ethnicity. It 

defines sedentary behaviour and the prevalence in South Asians. It also critically discusses 

sedentary behaviour measurement methods (e.g., subjective, and objective measures). This 

chapter defines cardiometabolic diseases and highlights the prevalence of cardiometabolic 

diseases, including Type 2 diabetes and CVD in South Asians. Cardiometabolic diseases risk 

factors are discussed critically to establish the relationship with sedentary behaviour. It is also 

comprehensively and critically reviewed the existing literature directly related to the 

observational and experimental evidence. Cardiometabolic diseases risk markers and 

metabolic health are explored in a controlled laboratory environment and free-living setting. 

This chapter identifies the research gaps in South Asians and signifies the importance of 
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conducting the current research in the South Asian population who are currently under-

researched. 

 

Chapter 3 (general methodology): A brief overview of the general methodology used 

throughout the experimental chapters to avoid repetition. 

 

Chapter 4 (study 1): A systematic review examining the total daily amount of time spent 

sedentary quantified via both subjective and objective measures in South Asian adults.  

 

Chapter 5 (study 2): An experimental study under a controlled laboratory condition in normal-

weight South Asians in this thesis. This two-condition randomised cross-over design examined 

the effects of breaking up sedentary time on postprandial cardiometabolic diseases risk 

markers and metabolic health in normal-weight South Asian adults. 

 

Chapter 6 (study 3): An experimental study under a controlled laboratory condition in 

overweight/obese South Asians in this thesis. This two-condition randomised cross-over 

design investigated the effects of breaking up sedentary time on postprandial cardiometabolic 

diseases risk markers and metabolic health in overweight/obese South Asian adults. 

 

Chapter 7 (study 4): An experimental study in a free-living condition in this thesis. This two-

condition randomised cross-over design examined the effects of substituting sitting with 

standing and self-perceived LPA in free-living conditions on glucose, siting time, sedentary 

bouts, and PA levels in overweight/obese South Asian adults. 
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Chapter 8 (general discussion): The general discussion brings together all study findings which 

are synergised and critically discussed, highlighting the strengths and limitations of the thesis 

research. Implications of the findings from four novel studies within this thesis are 

summarised, with future research recommendations. 
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2.1 Introduction 

This chapter defines South Asians, race, and ethnicity. Sedentary behaviour is also critically 

summarised, along with various measurement methods. It highlights the prevalence of 

sedentary behaviour, especially in South Asians, and a review of the literature on the total 

amount of sedentary time in South Asians living worldwide is explored. This chapter discusses 

cardiometabolic diseases, along with the prevalence of cardiometabolic diseases, in South 

Asians. It also critically outlines various risk factors (e.g., excess body fat/obesity, blood lipids, 

and postprandial hyperglycaemia) for developing cardiometabolic diseases. It investigates the 

association between high levels of sedentary time and cardiometabolic diseases. This section 

also critically presents previous evidence from the different studies (i.e., observational, and 

experimental studies) that observed the effect of breaking up sedentary time with general PA 

(e.g., LPA and MVPA) and cardiometabolic risk markers (e.g., blood glucose, TAG, and insulin) 

and metabolic health (substrate utilisation and energy expenditure) in different ethnicities. 

The chapter summarises by presenting a list of aims of an individual study within the thesis to 

be achieved.  

 

2.2 Concept of race and ethnicity 

The term ‘ethnicity’ and ‘race’ are often used interchangeably, but they are two distinct 

concepts and defined differently in different disciplines (e.g., epidemiology, social services, 

and public health) (Bhopal, 2004; Chaturvedi, 2001; Lip et al., 2007; Patel and Bhopal, 2003; 

Williams and Deutsch, 2016; Williams et al., 2004). “Race” is defined as a biological category 

of people that share specific distinctive physical characteristics, including skin colour (black, 

white, and brown), hair texture (curly, straight, and blonde), hair colour (black, white, gold), 

eye colour (brown and blue), facial features, and stature (short and tall) (Chaturvedi, 2001; 
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Williams and Deutsch, 2016). In contrast, “ethnicity” is derived from the Greek word “ethnos”, 

meaning a country or nation (Senior and Bhopal, 1994). Ethnicity is defined as shared cultural, 

social, and historical identities that make subgroups of population different from each group 

based on their race, nationality, religious, linguistic, cultural background. In general, it is 

associated with cultural expression and identification; for example, Asian (Bangladeshi, Indian, 

and Pakistani), African, European (white or Caucasian), and American (Barkan, 2012; Bhopal, 

2004; Chaturvedi, 2001). However, race and ethnicity are two general perceptions related to 

human ancestry, whereas race and ethnicity are often used for an identical purpose; they refer 

to different demographic characteristics; for example, South Asian, European, and African 

(Pan et al., 1999). In this thesis, ethnicity was taken as a consideration for all research 

activities, including data collection and analysis.   

 

2.3 South Asians 

South Asians are the indigenous population or ethnic group originating from the Indian 

subcontinent, including Bangladesh, India, Pakistan, Sri-Lanka, and Nepal (Bays et al., 2021; 

Gholap et al., 2011; Jalal et al., 2019). South Asians are individuals born in the UK or who 

originated or immigrated from the Indian subcontinent (e.g., India, Pakistan, Bangladesh, 

Nepal, and Sri Lanka); they are also considered as sub-ethnic groups (e.g., India and 

Bangladesh) based on different geographical regions or countries (e.g., India), cultural (e.g., 

South Indians) and religious influences (e.g., Hindu and Muslim) (Misra and Khurana, 2011). 

South Asians are the largest growing population, growing by 1.1% annually across the world, 

and represent one-fifth (approximately 25%) of the world population (1.8 billion people) 

(Kaneda and Dupuis, 2017; The World Bank Group, 2021). South Asians (i.e., migrant and UK 
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born) are also the largest ethnic minority group, approximately 5.9% of the total population 

in the UK (Arjunan et al., 2015; Coles et al., 2021; Hanif and Susarla, 2018). 

 

Previous studies revealed that South Asians have their common roots within the Dravidian 

cultures and Indo-Aryan, yet they have distinctive differences in their cardiovascular risk 

profile and body composition, which is discussed in section 2.9.1 within this Chapter (Central 

Intelligence Agency, 2008; Bhopal et al., 1999; Patel et al., 1999). It is noteworthy to know the 

term “South Asians” refers to a diverse population with significant differences in diet, culture, 

and lifestyle among different South Asian ethnic groups, including Bangladeshi, Indian, 

Pakistani, Nepali, and Sri-Lankan and religions (e.g., Hinduism Muslim, Buddhism, and 

Christian) (Gupta et al., 2006). 

 

2.4 Sedentary behaviour  

The term ‘sedentary’ comes from the Latin word ‘sedere’, ‘to sit’, and sedentary behaviour is 

defined as “any waking behaviour characterised by an energy expenditure ≤1.5 METs while in 

a sitting or reclining or lying posture” (Owen et al., 2010; Rynders et al., 2018; Tremblay et al., 

2017; Thorp et al., 2011). Typical sedentary activities include sitting or sitting in a car, lying 

down, playing video games, working on a computer, and watching television (Tremblay et al., 

2017). The range between 1.0 and 1.5 METs can be categorised as low levels of energy 

expenditure for a variety of sedentary behaviours (e.g., working on a computer, driving, or 

sitting in a car, screen, or TV time), and energy expenditure can be up to 1.0 METs and 1.2 

METs for resting in a bed and standing, respectively (Ainsworth et al., 2000; Stamatakis et al., 

2019; Thorp et al., 2011). However, energy expenditure can be >1.5 METs for some standing 

activities in specific individuals, depending on individual’s characteristics, including weight and 
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fitness status and therefore, it can be categorised as non-sedentary behaviour with a low level 

of energy expenditure activity (Ainsworth et al., 2011). The list of example activities with METs 

is shown in Table 2.1.  

 

Table 2.1  Metabolic equivalents of various activities. 

List of example activities Metabolic equivalents 

Reading, watching TV, eating, getting dressed 1 

Walking on level ground at 3-4 km.h-1, light housework 2-3 

Climbing a few stairs, walking on level ground at 6 km.h-1, 

running for a short distance, heavy household chores, 

moderate-intensity sports (e.g., golf, dancing) 

4 

Highly intensity sports (e.g., tennis, soccer)  >10 

Adapted from previously published work (Böhmer et al., 2014). 

 

The American College of Sports Medicine (ACSM) defined a sedentary lifestyle as “not 

participating in a regular exercise program or not meeting the minimal physical activity 

recommendations from the US Surgeon General” (p. 22) (ACSM, 2012). Thus, sedentary 

behaviour is often confused with many sitting activities that have an energy expenditure 

exceeding the 1.5 METs cut-off, for example, playing video games, where an individual can 

expend up to 4.5 METs (O’Donovan et al., 2012).  

 

2.5 Physical inactivity  

The Sedentary Behaviour Research Network (SBRN) reported that the concept of physical 

inactivity is not same as sedentary behaviour, but people often find it confusing between 

these two terms (Van der Ploeg et al., 2017). Many researchers use the term ‘inactive’ for 

those who do not perform enough MVPA, including not meeting specified daily or weekly PA 
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guidelines (Tremblay et al., 2017). Based on the WHO global health recommendation on PA 

for health, people aged between 18 and 64 are recommended to perform at least 150 min of 

moderate-intensity physical activity (MPA) or 75-min vigorous-intensity physical activity (VPA) 

per week (Van der Ploeg et al., 2017; WHO, 2010). MPA is any activity with a METs value 

between 3 and 5.9, and VPA as any activity needs more than 6 METs (WHO, 2010). A few 

individuals who are regularly physically active (e.g., cycling at least 30 min per day to and from 

work every day) still engage with large amounts of sedentary behaviour across the day. The 

term ‘physically inactive’ individuals usually neglect LPA; it is possible to be both physically 

active and sedentary through engaging in sufficient MVPA and exceeding the cut-off for 

sedentary time. It is also possible to be physically inactive but not sedentary through engaging 

in high amounts of LPA but insufficient MVPA (Biswas et al., 2015; Fennell et al., 2019; Owen 

et al., 2010). 

 

2.6 Measurement of sedentary behaviour  

Within a behavioural epidemiological framework, the development of accurate measurement 

methods of sedentary behaviour is a key priority (Atkin et al., 2012; Marshall and Ramirez, 

2011; Owen et al., 2010; Sallis and Owen, 1998). High-quality assessment of sedentary 

behaviour is crucial to identify the relationships with health outcomes, precisely quantify the 

magnitude of the association, and describe dose-response relationships (Hutcheon et al., 

2010; Lagerros and Lagiou, 2007; Wareham and Rennie, 1998). Therefore, accurate 

measurement of sedentary behaviour is needed to monitor an individual’s sedentary 

behaviour over time. The measurement method might classify individuals' activities as 

sedentary or non-sedentary, but they cannot categorise themselves as sedentary or active. 

Selection of sedentary behaviour measurement method depends on some potential factors, 
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including data collection time, cost, data validity, and reliability (Prince et al., 2008). There are 

some methods of measuring sedentary behaviour; for example, self-report methods and 

objective methods which are critically discussed below:  

 

2.6.1 Self-report methods 

Self-report methods refer to the instruments that attempt to measure the domain of 

sedentary behaviour, including context, duration, mode, and breaks, using self-reported 

questionnaires (Clark et al., 2009; Marshall and Ramirez, 2011). It also includes diaries or daily 

log or logbook (daily reporting of the past or current day’s performed activities for a specific 

period, including between 8.30 am and 4.30 pm, from 9.00 am to 12.00 pm), questionnaires 

(measures designed to collect information regarding sedentary behaviour using a 

standardised questionnaire, including Sedentary Behaviour Questionnaire [SBQ], 

International Physical Activity Questionnaire [IPAQ]), surveys (a self-reported measure which 

might include one or multiple questions on sedentary behaviour, and re-call interviews (an 

individual researcher usually asks verbally to recall his or her past activities) (Atkin et al., 2012; 

Prince et al., 2020; Vanhees et al., 2005). Detailed characteristics of the self-report method of 

sedentary behaviour are listed in Table 2.2. 

 

Marshall and colleagues identified the domain-specific sitting time questionnaire to measure 

sedentary behaviour (Marshall et al., 2010). Some previous findings suggest that domain-

specific sitting time can be assessed on five different domains, including (1) total sitting time 

[daily sitting time/daily sedentary time/sitting at work/occupational sitting /eating time], (2) 

transport sitting time, (3) total screen time [surfing the internet/playing electronic games 

using media devices, including a mobile phone or a tablet, a computer], (4) television time, 
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and (5) screen time entertainment [TVSE], leisure sitting time [laying 

down/reading/TVSE/time outside of work/listening music /socialising/playing cards] (Chu et 

al., 2018; Marshall et al., 2010). A self-reported domain-specific sitting time questionnaire 

(e.g., IPAQ) is commonly used to measure sedentary behaviour in epidemiological research 

(Bauman et al., 2011; Marshall et al., 2010; Prince et al., 2008). Dall and colleagues reported 

that self-reported measures consist of a single domain/item (collected all information 

regarding sedentary behaviour using a single question, including sitting time) or multiple 

domains/items (multiple questions for sedentary behaviour to generate total sedentary 

behaviour over a specific period, including between 9.30 am and 5.30 pm) (Dall et al., 2017). 

At present, most of the research studies use self-reported measures that mainly highlight TV 

viewing time per day as a proxy marker for measuring sedentary behaviour (Clark et al., 2009; 

Bryant et al., 2007; Marshall and Ramirez, 2011). Other self-reported domain-specific 

questionnaires (e.g., SBQ) usually focus on global measures of sedentary behaviour (e.g., daily 

sitting time) (Chu et al. 2018; Marshall et al., 2010). Subjective measurement methods can 

evaluate multiple sedentary behaviours (e.g., reading, sitting, socialising, and TV viewing) 

using domain-specific behaviours (e.g., sitting at dining table/resting on sofa/home, sitting at 

work, and motorised travel) (Clark et al., 2011; Hardy et al., 2007).  

 

Self-report methods are practically cheap, feasible for use, and allow it to collect data in large 

samples (Atkin et al., 2012). Self-reported measures might be the most helpful measurement 

method for assessing domain-specific sitting time due to showing strong reliability and validity 

for sedentary activities performed regularly over a long time (e.g., occupational sitting) (Gibbs 

et al., 2015; Healy et al., 2011). Therefore, self-reported measures have been recommended 

as the most convenient method to measure domain-specific sitting time and the context of 
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sedentary behaviour (Kang and Rowe, 2015). Nevertheless, self-reported measures have some 

limitations, including low levels of data validity, reporting biases, overestimation, or 

underestimating levels of sedentary behaviour compared to objective measures (Atkin et al., 

2012). The lack of conscious processing with sedentary behaviour potentially limit the ability 

of an individual to recall their sitting time accurately, and therefore, overall sedentary time 

can underestimate or misinterpret or underrepresent or overrepresent immensely (Clemes et 

al., 2012). Therefore, overall sedentary time can be underestimated by 2.2 to 3.4 h/day 

(Chastin et al., 2014). A recent metanalysis reported that self-report methods can 

underestimate sedentary time by 105 min/day compared with objective measures (Prince et 

al., 2020). 

 

The self-reported measurement method contains a single item question measures total sitting 

time comparatively less accurate than measures using multiple items question/domain-

specific questionnaire (Clemes et al., 2012). A self-reported questionnaire contains a single 

item measure daily sitting time with moderate reliability (Spearman’s P = 0.80), but 

accelerometer data measure sedentary time with moderate to poor convergent validity 

(Spearman’s P = 0.30) (Craig et al., 2003). Chastin and colleagues have reported that the IPAQ 

underestimates sedentary behaviour by approximately 2 h per day with device-based 

measures (e.g., activPAL) of sitting time (Chastin et al., 2014). Therefore, further 

developments, reliability, and validation works are needed to measure sedentary behaviour 

more accurately. 
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2.6.2 Objective methods 

Objective or device-based methods refer to the instruments used to measure sedentary 

behaviour (e.g., siting time), PA levels (e.g., stepping, standing bouts) and may include heart 

rate monitoring, combined sensing, posture monitors, accelerometers, and multi-unit 

monitors (Atkin et al., 2012). Detailed characteristics of the objective methods of sedentary 

behaviour are listed in Table 2.2. 

 

Accelerometers (e.g., actiGraph and actiHeart) and inclinometers (e.g., activPAL) are usually 

more popular in research (e.g., laboratory-based research and free-living studies) than other 

devices to measure sedentary behaviour and PA. These can provide accurate data with more 

validity and reliability than self-report methods (Patel et al., 2010). Accelerometers (e.g., 

actiGraph has been widespread in adults) are a small tri-axial monitor, lightweight device 

usually worn on the lower back or hip by using an adjustable belt and integrates a tri-axial 

sensor to measure acceleration in three axes at sampling rate up to 100 HZ, which can be used 

as a cut-off point of <100 counts per minute (CPM) to estimate sedentary behaviour (Atkin et 

al., 2012). The actiGraph can measure the frequency, the intensity of movement, total time 

spent sedentary behaviour and PA (Atkin et al., 2012; Chen et al., 2005) and has been 

recognised as the most reliable activity monitor to assess PA (Eslinger et al., 2011; Kelly et al., 

2016). Though, the actiGraph cannot detect posture and sedentary time as it is not sensitive 

enough to detect low movement count (Chen and Bassett, 2005; Hart et al., 2011). 

Consequently, standing activities below 100 CPM can be considered sedentary (Atkin et al., 

2012). Therefore, it may misclassify standing as sedentary time; thus, leading to 

overestimations (Atkin et al., 2012; Gibbs et al., 2015; Hart et al., 2011).  
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The inclinometer device (e.g., activPAL) is commonly used to measure sedentary behaviour 

(e.g., sitting time), PA (standing bouts and steeping time), and distinguish between sitting and 

standing time. The activPAL contains a uniaxial accelerometer that responds to signals related 

to gravitational forces and provides information on thigh inclination, therefore detecting 

posture (Atkin et al., 2012). The inclinometer is usually worn on the hip using adjustable belts 

to measure sedentary time and PA (Atkin et al., 2012). The activPAL is the most popular and 

useful inclinometer-device increasingly used in sedentary behaviour research (Atkin et al., 

2012). It is a small, lightweight device worn on the front of the thigh and participants are 

usually advised to wear the activity monitor (i.e., activPAL) for seven days and able to measure 

certain activities (e.g., total sitting time, standing, and sedentary bouts) and it is also able to 

distinguish between sitting, standing, and lying (Atkin et al., 2012; Berendsen et al., 2014). It 

can measure dynamic accelerations due to stepping, which can help measure valid time spent 

sitting, standing, stepping rate, and information on postural transitions (i.e., stand-to-sit and 

sit-to-stand transitions) (Grant et al., 2008; Kozey-Keadle et al., 2011). The stepping count can 

be classified into intensities of PA (e.g., LPA/MVPA) based on the information on step cadence 

(steps.min-1), which is a gait parameter that is usually measured using a short walking distance 

test (Rowe et al., 2011; Tudor-Locke et al., 2011).   
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Table 2.2. Overview of sedentary behaviour measurement methods. 

Characteristics Self-report methods Objective methods 

Self-report questionnaire Diaries/logbook Accelerometers Inclinometer/posture monitor  

Cost Low Low Moderate Moderate 

Population Adults Adults All population groups All population groups 

Participant burden Low Moderate Low Low/moderate 

Research burden Low Moderate Moderate Moderate 

Dimension assessed Specific behaviours, 

environmental and social 

context 

Specific behaviours, 

environmental and social 

context 

Total sedentary time 

(e.g., bouts and breaks) 

Total spent sitting/standing, 

posture transitions 

Application Widely used, feasibility 

established 

Infrequently used, 

feasibility established 

Widely used, feasibility 

established 

Increasingly used, feasibility 

indicated 

Strengths Information on behaviour 

type and valuable context 

for intervention design 

May be used to assessing 

concurrent behaviour 

A substantial literature 

on application and 

analysis 

Able to distinguish between 

sitting and standing 

Limitations Subject to recall and 

reporting bias 

Subject to recall and 

reporting bias, validation 

studies lacking 

No consensus regarding 

data processing 

Validation studies in free-living 

conditions lacking 

Adapted from Atkin et al. (2012).
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MVPA is determined by a cadence of more than 100 steps.min-1 and LPA are determined by a 

cadence of fewer than 100 steps.min-1, but this cut-off point depends on different stride 

lengths, in addition to other individual characteristics related to METs (see previous sections 

2.4 and 2.5) (Rowe et al., 2011; Tudor-Locke et al., 2011). The activPAL can also measure the 

energy expenditure of the participants (Atkin et al., 2012). It has been validated to use in 

adults to measure sedentary behaviour and PA (Dowd et al., 2012; Edwardson et al., 2016; 

Ryan et al., 2006; Stansfield et al., 2015; Wu et al., 2020). 

 

The device-based methods can reduce participant burden by automatically recording 

sedentary behaviour/PA instead of recording manually in the logbook. It can overcome the 

limitations of recall bias common with self-report methods (Atkin et al., 2012). It can also be 

used to minimise the existing limitations (e.g., low levels of data validity, reporting biases, 

overestimation, or underestimating levels of sedentary behaviour) associated with self-report 

methods (Atkin et al., 2012). Furthermore, the activPAL inclinometer accurately detects 

posture and may thus be considered the gold standard method for measuring sitting time 

compared to the accelerometer. Therefore, activPAL is more reliable and valid in the 

sedentary research field to measure sedentary behaviour and daily activities, including 

sitting/lying, standing, and walking (e.g., LPA/MVPA), specifically in controlled laboratory and 

free-living settings (Edwardson et al., 2016; Stansfield et al., 2015).  

 

2.7 Prevalence of sedentary behaviour  

The prevalence of sedentary behaviour has been increased in the general population since the 

mid-20th century, possibly due to industrialisation, economic growth, and modern lifestyle 

(Clemes et al., 2014; Church et al., 2011; Dunstan et al., 2010). People usually spend up to 73% 
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of their entire waking day sedentary and general populations in the UK spend at least daily 2.7 

to 2.8 h watching TV (Edwardson et al., 2017; Healy et al., 2007; Henson et al., 2016; Jefferis 

et al., 2015; Patterson et al., 2018; Scholes and Mindell, 2012; Van Uffelen et al., 2010). It has 

been recognised that sedentary behaviour is prevalent in modern society, especially in 

developed countries (e.g., the UK) (Hamilton et al., 2008).  Adults typically spend time sitting 

in three different sittings, including at the workplace, during leisure, and travelling (Chau et 

al., 2010). Based on the past research, The National Human Activity Pattern Survey published 

the common sedentary activities (see Figure 2.1 ) (Dong et al., 2004). 

 

 

Figure 2.1. Common sedentary activities from the National Human Activity Pattern Survey. 

 

Based on the self-report method using the IPAQ, Europeans living in different European 

countries (20 to 27 countries) spent sitting at least 300 min per day (Bauman et al., 2011; 

Milton et al., 2015). In contrast, Bennie et al. (2013) stated that self-reported sitting time (e.g., 

300-min per day)  is not similar across the European areas, and it was varied from region to 

region. For example, adults from the north-western part of Europe spent sitting between 420 

and 960 min per day, which was comparatively higher than those from the other regions 

(Bennie et al., 2013). Based on the survey report, approximately 20 million UK adults are 
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classified as sedentary, and they spent sitting approximately 54% of the day in their workplace 

(Kazi et al., 2014). Likewise, a self-reported questionnaire stated that 30% of adults living in 

the UK are categorised as sedentary, and they spent sitting more than 300 to 360 min per day 

on the weekday (Bennie et al., 2013; Heron et al., 2019). The prevalence of sedentary 

behaviour is summarised in Table 2.3.  

 

Based on self-report methods, sedentary time ranges from 360 to 548 min/day (Cohen et al., 

2013; Gay and  Buchner, 2014; Kim et al., 2013; Matthews et al., 2014; Seguin et al., 2012; 

Stamatakis et al., 2011; Yates et al., 2012) (see Table 2.3). It appears that sedentary time is 

not consistent across the literature. Although, Table 2.3 shows that  UK adults comparatively 

engaged less sedentary time than adults living in the USA. However, self-reported measures 

have some limitations (see previous section 2.6.1); thus, self-report measures usually 

underestimate sitting time, possibly due to social desirability and recall biases (Clemes et al., 

2012; Van de Mortel, 2008). Therefore, device-based methods are needed to provide accurate 

estimations of sedentary behaviour in populations. 

 

Several studies reported sedentary time based on device-based measurement methods (i.e., 

accelerometers: ActiGraph) (Davis et al., 2011; Edwardson et al., 2017; Healy et al., 2011) 

Hooker et al., 2016; Stamatakis et al., 2012). Some evidence suggested that average adults 

spend approximately 50 to 73% of their waking time sedentary, which might lead them to 

engage with an average of 8.4 h/day being sedentary (Edwardson et al., 2017; Healy et al., 

2011). Similarly, at least 50% of adults (aged ≥70 years) spent more than 80% of their waking 

time sedentary, accounting for an average of 660 min per day sedentary (Davis et al., 2011).  
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Table 2.3. The prevalence of sedentary time in general populations. 

No Author’s name and year Country Sample characteristics 

 (number, sex, and age) 

Study design Data collection 

method 

Total sedentary time 

(min/day) 

1 Cohen et al. (2013) USA 86,000 (male and female) 

Aged between 40 and 79 years 

Prospective 

cohort study 

Questionnaire 548 (male) 

514 (female) 

2 Gay and  Buchner (2014) USA 2,707 (male and female) 

Aged ≥20 years 

Cross-sectional 

study 

Questionnaire 459 (male)  

470 (female) 

3 Kim et al. (2013) USA 134,596 (male and female) 

Aged between 45 and 75 years 

Prospective 

cohort study 

Questionnaire 516 (male) 

516 (female)  

4 Matthews et al. (2014) USA 63,308 (male and female) 

Aged between 40 and 79 years 

Prospective 

cohort study 

Questionnaire 532 

5 Seguin et al. (2012) USA 61,609 (female) 

Aged between 50 and 79 years 

Prospective 

cohort study 

Questionnaire 402  

6 Stamatakis et al. (2011) United 

Kingdom 

4,512 (male and female) 

Aged ≥35 years 

Prospective 

cohort study 

Questionnaire 360  

7 Yates et al. (2012) United 

Kingdom 

505 (male and female) 

Aged between 25 and 75 years 

Prospective 

cohort study 

Questionnaire 432 
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In the UK,  average adults (aged ≥60 years) spent more than 510 min per day sedentary 

(Stamatakis et al., 2012). Previous findings based on the device-based methods reported that 

office workers spent between 60 to 82%  of their working hours sedentary, which accounts 

for an average of 63% of their total sedentary time during their working days (Chau et al., 

2012; Clemes et al., 2012; 2014; Miller and Brown, 2004; Parry and Straker, 2013; Prince et 

al., 2019;  Ryan et al., 2011; Thorp et al., 2012). Office workers usually spend 600 min per day 

sedentary when combining time spent sedentary at the workplace and during leisure time 

(Clemes et al., 2014). 

 

Based on the device-based measures, sedentary time ranges from 470 to 667 min/day across 

the literature in general populations (Biddle et al., 2019; Clemes et al., 2014; Diaz et al., 2016; 

Gay and Buchner, 2014). Sedentary time in Europeans appears to be lower by 82 min/day 

when measured using actiGraph-accelerometers than inclinometer-activPAL (Biddle et al., 

2019; Gay and Buchner, 2014). These disparities appeared, possibly because of the actiGraph 

measurement method as actiGraph cannot detect posture; thus, it could lead to this 

difference (Hart et al., 2011). It is also shown that UK adults engaged less sedentary time than 

Americans (Biddle et al., 2019; Diaz et al., 2016). The actical® accelerometer data reported 

that American males and females (aged >45 years) spent 719 min and 730 min per day, 

respectively being sedentary (Hooker et al., 2016). Overall, evidence suggested that self-

report methods can underestimate sedentary time by 105 min/day compared with objective 

measurement method (Prince et al., 2020). The possible reasons, including many sitting 

activities (e.g., eating, driving, phoning, music, writing, and personal care), may be omitted in 

self-report methods (Chastin et al., 2013). Furthermore, some other sedentary activities, 

including typing, playing videos games, and sending text messages to someone that may have 
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been missed in estimating total sedentary time (Peterson et al., 2015). On the other hand, 

accelerometers and inclinometers can measure activities continuously during the monitoring 

period and, therefore, capture all sedentary activities (e.g., sitting) that may not be recollected 

or reported when answering questionnaires; thus, overall sedentary time can be 

underestimated by 2.2 to 3.4 h/day (Chastin et al., 2014). These could be the potential 

reasons; therefore, objective measures of sedentary behaviour are comparatively higher than 

self-reported measures in the previous studies. 

 

2.7.1 Prevalence of sedentary behaviour in South Asians  

The prevalence of sedentary behaviour is increased in migrant South Asians living in the UK, 

possibly due to modernisation, economic growth, and increased domestic entertainment 

utilisation (Zaman and Jemni, 2011). A few studies have reported daily sedentary time in South 

Asians, including migrant and UK born. For example, approximately 64% of Bangladeshi and 

Pakistani females living in the UK spent an average of 528 min per day being sedentary when 

measured using objective methods (Curry and Thomson, 2014). The World Health 

Organization (WHO) STEPS survey reported that the prevalence of daily sedentary time in 

native Bangladeshi, Indian, Pakistani, Nepali, and Sri-Lankan adults was 175 min, 309 min, 223 

min, 202 min, and 216 min, respectively, which could be considered relatively low (WHO, 

2021). 

 

In a native Indian study, an average of 54% Indians (Chandigarh, 66%; Tamilnadu, 60%; 

Maharashtra, 55%; Jharkhand, 34%) were active, but total sedentary time was not specified 

(Anjana et al., 2014). The prevalence of daily sedentary time in South Asians (i.e., migrant and 

UK born) is summarised in Table 2.4.  
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Table 2.4. The prevalence of sedentary time in South Asians. 

No Author’s name and 

year 

Country Sample characteristics 

(number, sex, and age) 

Study design Data collection 

method 

Total daily 

sedentary time 

(min/day) 

1 Andersen et al. (2011) Norway 150 Pakistani (male) 

Aged between 25 and 60 years 

Cross-sectional 

study  

ActiGraph-

accelerometer  

516  

2 Biddle et al. (2019) United Kingdom 289 South Asian (male and female) 

Aged between 25 and 39 years 

Cross-sectional 

study 

Inclinometer 516 

3 Castaneda et al. 

(2018) 

United Kingdom 25 South Asian (female) 

Mean age 70 years 

Cross-sectional 

study 

ActiGraph-

accelerometer  

532  

4 Chu et al. (2018) Singapore 11 Indian (female) 

Aged between 21 and 65 years 

Cross-sectional 

study 

Questionnaire 658  

5 Chu et al. (2018) Singapore 11 Indian (female) 

Aged between 21 and 65 years 

Cross-sectional 

study 

ActiGraph-

accelerometer 

615  

6 Curry and Thomson 

(2014) 

United Kingdom 140 South Asian (female) 

Aged between 18 and 72 years 

Cross-sectional 

study 

ActiGraph-

accelerometer 

530  

7 Emadian and 

Thompson (2017) 

United Kingdom 54 South Asian (male) 

Mean age 44 years 

Cross-sectional 

study 

ActiGraph-

accelerometer 

551  
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Table 2.4. (Continued). 

No Author’s name and year Country Sample characteristics 

(number, sex, and age) 

Study design Data collection 

method 

Total daily sedentary 

time (min/day) 

8 Gill et al. (2011) United 

Kingdom 

1,228 South Asian (male and female) 

Aged ≥35 years  

Cross-sectional 

study 

Questionnaire 345  

9 Mathews et al. (2013) India 47 Indian (female) 

Aged between 18 and 64 years 

Cross-sectional 

study 

Accelerometer 519 

10 Mumu et al. (2017) Bangladesh 155 Bangladeshi (female)  

Aged between 18 and 60 years 

Cross-sectional 

study 

ActiGraph-

accelerometer 

551  

11 Padmapriya et al. (2015) Singapore 209 Indian (female) 

Aged ≥18 years 

Prospective 

cohort study 

Questionnaire 431 

12 Sullivan et al. (2011) India 6,447 Indian (male and female) 

Mean age 41 years 

Cross-sectional 

study 

Questionnaire 475  

13 Uijtdewilligen et al. 

(2017) 

Singapore 2,385 Indian (male) 

Aged ≥21 years 

Prospective 

cohort study 

Questionnaire 303 

14 Vaingankar et al. (2020) Singapore 366 Indian (male and female) 

Aged between 18 and 79 years 

Cross-sectional 

study 

Questionnaire 345  

15 Yates et al. (2012) United 

Kingdom 

97 South Asian (male and female) Aged 

between 25 and 75 years 

Prospective 

cohort study 

Questionnaire 402 
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Sedentary time ranges from 303 to 658 min/day across the studies in South Asians (Andersen 

et al., 2011; Biddle et al., 2019; Castaneda et al., 2018; Chu et al., 2018; Chu et al., 2018; Curry 

and Thomson, 2014; Emadian and Thompson, 2017; Gill et al., 2011; Mathews et al., 2013; 

Mumu et al., 2017; Padmapriya et al., 2015; Sullivan et al., 2011; Uijtdewilligen et al., 2017; 

Vaingankar et al., 2020; Yates et al., 2012) (see Table 2.4). It appears that sedentary times are 

relatively higher by 105 min/day when recorded using objective measures compared with 

subjective measurement methods (Chu et al., 2018; Prince et al., 2020). High sedentary time 

was reported in self-reported measures than objective measures (Chu et al., 2018). This is not 

surprising given that MVPA is usually lower when using objective versus self-report measures 

(Steene et al., 2016). On the other hand, self-reported measures can be unreliable, particularly 

for household and occupational activities, which are often mixed with other daily life activities, 

including transport; thus, may lead to overestimation of daily sedentary time (Hallal et al., 

2010). Based on the previous evidence (see Table 2.4), it appears that the prevalence of 

sedentary time is relatively high in South Asians (i.e., migrants and UK born), and they spent 

with a large proportion of time being sedentary.  

 

Based on the above findings, reported daily sedentary time is inconsistent, feasibly due to 

several factors, including different sample characteristics (e.g., sample sizes, age-groups, sex 

of the participants), heterogeneity of the study designs (e.g., cross-sectional and cohort), 

sedentary behaviour measurement methods (e.g., self-reported methods: questionnaire, 

device-based methods: actiGraph-accelerometer, and inclinometer-activPAL), and 

demographic regions (e.g., South Asia, and Europe). A systematic review is needed to examine 

the total sedentary time quantified via both subjective and objective measures in South 
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Asians, contributing a comprehensive understanding of the prevalence of sedentary time in 

South Asians. 

 

2.8 Cardiometabolic disease 

‘Cardiometabolic disease’ is a term initially used by ‘Pescatello’ in exercise physiology 

literature, and it was described as clusters of disorders (e.g., abdominal adiposity, 

hypertension, dyslipidaemia, hyperglycaemia, hyperinsulinaemia, and glucose intolerance) 

that together lead to CVD and Type 2 diabetes (Church et al., 2011; Pescatello and VanHeest, 

2000). A similar term, ‘cardiometabolic syndrome,’ is a constellation of metabolic disorders 

characterised by impaired glucose tolerance, hypertension, insulin resistance, intra-

abdominal adiposity, and atherogenic dyslipidaemia (Castro et al., 2003). Cardiometabolic 

diseases have been extended to describe the interface between cardiology and diabetes; to 

describe pharmacological interventions which might improve cardiovascular and metabolic 

health in humans (Fisher, 2006). Cardiometabolic diseases are known as the leading causes 

for disability and mortality, where approximately 25% of adults are living with these diseases 

worldwide (Srivastava, 2012; Trouwborst et al., 2018).  

 

2.8.1 Diabetes  

The International Diabetes Federation (IDF) defined diabetes mellitus (DM) as a chronic 

disease that occurs when the pancreas cannot produce adequate insulin or cannot use insulin 

(IDF, 2021). The American Diabetes Association (ADA) defines diabetes as a group of metabolic 

diseases characterised by hyperglycaemia resulting from the deficiency in hepatic and 

peripheral glucose uptake and insulin secretion from the beta cell (ADA, 2014; Gulve, 2008). 

Type 1 diabetes occurs usually in childhood when the pancreas cannot produce enough insulin 
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due to the destruction of pancreatic beta cell function, whereas Type 2 diabetes occurs when 

the body’s cells cannot use insulin effectively due to dysfunction and failure of pancreatic beta 

cell (Cano-Cano et al., 2022; DeFronzo, 2009; Evans et al., 2000). Type 2 diabetes is the most 

common form of DM characterised by hyperglycaemia, insulin deficiency caused by pancreatic 

betacell dysfunction, and insulin resistance (Chatterjee et al., 2017; Olokoba et al., 2012). The 

following cut-off points are usually used clinically to diagnose Type 2 diabetes (ADA, 2014): 

the test result of 2 h oral glucose tolerances test (OGTT) or fasting plasma glucose is ≥11 

mmol.L-1 and ≥7mmol.L-1, respectively  (ADA, 2014). Type 2 diabetes is an independent risk 

factor for several medical complications, including stroke, CVD, CHD, kidney failure and renal 

complications, foot and leg ulcers, and visual impairment (Chatterjee et al., 2017; Hanif and 

Susarla, 2018; Patel et al., 2008).  

 

2.8.1.1 Prevalence of Type 2 diabetes  

DM is known as one of the major global health crises of the 21st century, where Type 2 

diabetes is the most prevalent form of diabetes, and it has been increased nearly double over 

the last three decades ( Saeedi et al., 2019; Wander et al., 2020). DM is the leading cause of 

death (approximately 1.5 million) worldwide each year (Wander et al., 2020). In 2020, around 

463 million adults lived with DM (estimated 10% of Type 1 diabetes and 90% of Type 2 

diabetes) worldwide, and this figure is expected to rise to 700 million by 2045 (IDF, 2021). In 

2019, the global prevalence of Type 2 diabetes was 9%, which would increase up to 10% by 

2030 worldwide (Saeedi et al., 2019). The prevalence of Type 2 diabetes is higher in urban 

areas (10.8%), and high-income countries (10.4%) (e.g., the UK) compared to rural areas (7.2%) 

and in low-income (4.0%) countries (e.g., Nepal), respectively (Saeedi et al., 2019). Type 2 
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diabetes is an accelerating global health burden associated with the epidemic of obesity (Cho 

et al., 2018; DeFronzo et al., 2015; Ogurtsova et al., 2017). 

 

Type 2 diabetes is highly prevalent in the UK, where people are diagnosed with diabetes every 

two minutes and one in every 15 people (Whicher et al., 2020). The median age at diagnosis 

of Type 2 diabetes was lowest in South Asians (49 years) living in the UK compared to other 

ethnic groups, including Chinese (55 years), Black Africans (57 years), and Caucasians (58 

years) (Chiu et al., 2011). Some 7% of adults living in the UK now live with diabetes, where 

approximately one million people have undiagnosed type 2 diabetes (Diabetes UK, 2021). In 

2020, the number of people diagnosed with diabetes was more than 3,222,500 in England, 

96,100 in Northern Ireland, 295,700 in Scotland, and 194,600 in Wales (Diabetes UK, 2021). In 

the past 20 years, this number has been doubled and is expected to be more than 5.5 million 

by 2030 (Diabetes UK, 2021).  

 

2.8.1.2 Prevalence of Type 2 diabetes in South Asians 

The prevalence of Type 2 diabetes in South Asians is higher (approximately three to six times) 

than in the general populations (i.e., Caucasians) living in the UK (Hanif and Susarla, 2018; 

Goff, 2019). The UK Biobank data shows that the prevalence of Type 2 diabetes is significantly 

elevated in South Asians (18%) compared with Caucasians (4%), yet prevalence is lower in 

second-generation (11%) compared with first-generation (14%) migrants (Farmaki et al., 

2022). The standardised risk ratio of developing Type 2 diabetes is 2.9 in Indians, 5.5 in 

Pakistanis, 5.7 in Bangladeshis in the UK (Diabetes UK, 2021). South Asians make up 

approximately 5.9% of the total UK population but account for an estimated 8% of all 

diagnosed cases of diabetes which is alarming (Diabetes UK, 2021). Approximately 4.7% of 
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South Asians were diagnosed with Type 2 diabetes, which is much higher than Caucasians 

(2.8%) (Mostafa et al., 2012; Hanif et al., 2014). Approximately 30% of South Asians developed 

Type 2 diabetes before age 40 years even the age of 25 years; for instance, Type 2 diabetes in 

South Asians occurred 5 to 10 years earlier than the general population living in the UK (Hanif 

et al., 2021; Harding et al., 2003; Paul et al., 2017). Data from the UK based National Health 

Service program reported a higher prevalence of Type 2 diabetes in South Asian men (9.0% 

vs. 3.9%), and women (7.4% vs. 3.3%) compared to Caucasians (Khunti et al., 2013). The 

prevalence of Type 2 diabetes in South Asians living in the UK has increased to 400,000, making 

them one-fifth of the total UK diabetes population (Gonzalez et al., 2009; Hanif and Susarla, 

2018). A meta-analysis reported that South Asian subgroups, Bangladeshis (6.2) had the 

highest odds ratio of developing Type 2 diabetes, followed by Pakistanis (5.4) and Indians (4.1), 

compared to Caucasians (Meeks et al., 2016). 

 

The prevalence of Type 2 diabetes in migrant South Asians (i.e., Pakistanis and Bangladeshis) 

living in the UK was between 15% and 20%, which was 20% higher than the general population 

(i.e., Caucasians) in the UK (Gholap et al., 2011; Petersen et al., 2002). Similarly, several studies 

reported the prevalence of Type 2 diabetes in South Asians (e.g., migrant, and native South 

Asians) was between 8 to 20% (Anand et al., 2000; Eapen et al., 2009; Gholap et al., 2011; 

McKeigue et al., 1989; Garduño‐Diaz et al., 2012; Petersen et al., 2002; Ramachandran et al., 

1992; Tillin et al., 2013). The prevalence of Type 2 diabetes was four times higher (between 8 

to 19%) in migrant Indians living in the UK or other western countries compared to native 

Indians (2 to 3%, living in rural areas and 8%, living in urban areas) living in India (Anand et al., 

2000; McKeigue et al., 1989; Ramachandran et al., 1992). Additionally, the prevalence of Type 

2 diabetes was 6.2% in South Asians living in the UK, whereas 4.7% in native Indians, 8.9% in 
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native Pakistani and Bangladeshi (Diabetes UK, 2021). Therefore, it appears that migrant 

South Asians living in the UK are considered a risk group for developing Type 2 diabetes 

compared to native South Asians living in South Asian countries (e.g., Bangladesh and India) 

(Garduño‐Diaz et al., 2012; Tillin et al., 2013).  

 

In 2015, the prevalence of diabetes was 78.3 million and was expected to increase up to 140.2 

million by 2040 in Southeast Asia (IDF, 2021). The prevalence of diabetes was 69.2 million in 

India and 7.1 million in Bangladesh in 2015 (IDF, 2021). The prevalence of Type 2 diabetes in 

India was much higher than the rest of the South Asian countries (e.g., Bangladesh, Pakistan) 

(Mohan, 2004). The WHO country profile report published that the prevalence of diabetes 

was 8% (8.6% of men and 7.4% of women) in Bangladesh, 7.8% (7.9% of men and 7.5% of 

women) in India, 9.8% (10.0% of men and 9.7% of women) in Pakistan, 7.9% (7.3% of men and 

8.4% of women) in Sri Lanka, 9.1% (10.5% of men and 7.9% of women) in Nepal, where 90% 

of cases in each country were Type 2 diabetes and 10% of cases were Type 1 diabetes (WHO, 

2021). The average prevalence rate of Type 2 diabetes was 8.5% in South Asian countries (i.e., 

7% in Bangladesh, 8.7% in India, 6.9% in Pakistan, 3.3% in Nepal, and 8.5% in Sri-Lanka) (IDF, 

2017). Additionally, the prevalence of Type 2 diabetes was higher in Bangladeshis (9.6%) than 

other South Asians (e.g., Indians) (Cho et al., 2018).  

 

It is summarised that the prevalence of Type 2 diabetes is high in both migrant South Asians 

living in the UK and native South Asians living in the South Asians countries (e.g., Bangladesh, 

India), possibly due to some distinctive factors, including a higher percentage of body fat, 

hepatic, and visceral fat, limitations in beta cell function, and insulin resistance (Barnett et al., 

2006; Bays et al., 2022; 2021; Misra , 2015; Misra and Shrivastava, 2013; Narayan and Kanaya, 
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2020; Sattar and Gill, 2015). Thus, this ethic group could be considered a risk population , 

which leads to premature death and increase the health burden in national as well as 

international levels. Therefore, it is crucial to investigate the risk factors for developing Type 

2 diabetes, and it is also essential to develop and evaluate health promotion interventions to 

reduce the risk of developing Type 2 diabetes in this population. 

 

2.8.2 Cardiovascular diseases  

Cardiovascular diseases (CVD) comprise heart and blood vessel disorders, including CHD, 

rheumatic heart disease, cerebrovascular disease (CD), and other cardiac and vascular 

conditions (Amini et al., 2021; Fuster, 2014; Mensah et al., 2019; Sepanlou et al., 2020; Timmis 

et al., 2020). CVD are closely associated with CHD and CD (stroke) which are caused by the 

similar blood vessel disorder, including atherosclerosis (Scannapieco et al., 2003). 

Atherosclerosis is a disease of chronic inflammation and occurs when fatty materials (e.g., fat, 

cholesterol, calcium) deposit cause narrowing and restrict the blood flow through the artery, 

which ultimately results in tissue damage and fibrosis, which leads to heart attacks (Campbell 

and Rosenfeld, 2015; Reed et al., 2017). Additionally, there are some risk factors (e.g., lipid 

deposition, hypercholesteremia, hypertension, hyperglycaemia, obesity/body fat, sedentary 

behaviour, and smoking) which could increase the chance of developing CVD (Campbell and 

Rosenfeld, 2015; Ohira et al., 2006). This thesis will particularly highlight on some of the 

cardiometabolic disease risk factors (i.e., hypertension, hyperglycaemia, body lipid, obesity, 

and sedentary behaviour) for developing cardiometabolic diseases.  
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2.8.2.1 Prevalence of cardiovascular diseases 

CVD is the major contributor to the deteriorating quality of life and the leading cause of global 

mortality and disability worldwide, ultimately resulting in huge economic costs (Amini et al., 

2021; Gholap et al., 2011; Ralston and Nugent, 2019; Timmis et al., 2020). According to the 

WHO (global report 2018 on non-communicable disease), CVD is responsible for 31% of global 

mortality and 14% of all-age disability-adjusted life-years (WHO, 2021). In 2017, CVD caused 

an estimated 17.8 million deaths globally, leading to 330 million years of life lost and another 

35.6 million years lived with disability, including partial paralysis (Sepanlou et al., 2020). The 

trends of this CVD mortality have been increasing over the past decade, where nearly 80% of 

global CVD death occurred in low- and middle-income countries (Fuster, 2014; Mensah et al., 

2014).  

 

According to the British Heart Foundation (BHF), approximately 7.6 million (approximately 4 

million males and 3.6 million females) live with CVD in the UK, and it is the most common 

cause of premature death in the UK (BHF, 2021; Jalal et al., 2019). The prevalence of CVD was 

4.5% in the north of England and 4.3% in Scotland (Bhatnagar et al., 2015). Although the trends 

of CVD mortality are declining in the UK, the CVD burden is not declining though possibly due 

to the extra burden from those living with the disease (Bhatnagar et al., 2016). In 2014, CVD 

was the second leading cause of death (a total of 69,000 deaths: 15% of males and 10% of 

females) in the UK (Townsend et al., 2015). The prevalence of CHD was around 3% in England 

and 4% in Scotland and Northern Ireland (Bhatnagar et al., 2016). There were 1.7 million 

people aged 25 years and over diagnosed with CHD in the UK (Pearson-Stuttard et al., 2012).  
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2.8.2.2 Prevalence of cardiovascular diseases in South Asians 

South Asians represent approximately 25% of the world population, but they account for 

approximately 60% of the world’s CVD patients (Volgman et al., 2018). The premature 

mortality approximately 27% which was increased significantly due to CVD over the past 20 

years in South Asia (Roth et al., 2015). In 2015, approximately 3.6 million people died due to 

CVD in Southeast Asia, where 27% of all deaths occurred in ages below 60 years due to CVD 

and approximately 1.9 million people died in the ages of between 30 and 70 years in South 

Asian countries (e.g., Bangladesh, India) (WHO, 2021). In 2016, CVD caused approximately 

17% of total deaths in Bangladesh, 26% of total deaths in India, 22% of total deaths in Nepal, 

19% of total deaths in Pakistan, 40% of total deaths in Sri-Lanka in all aged groups (WHO, 

2021).  

 

South Asians are up to five-fold (30 to 40%) at risk for developing CVD, including CHD and IHD 

compared to the general populations (e.g., Caucasians; black and African Caribbean) living in 

the UK (Barnett et al., 2006; Eapen et al., 2009; Hanif and Susarla, 2018; Harding, 2003; Patel 

et al., 2006; Tillin et al., 2013; Volgman et al., 2018). The CVD and CHD mortality rate were 

approximately 30 to 50% higher in South Asians than the general population in the UK 

(Arjunan et al., 2013; Gill et al., 2018; Kuppuswamy and Gupta, 2005; Sproston and Mindell, 

2006). South Asians living in the UK have a higher CHD death rate by 40% at the age of ≤40 

years in South Asian males, compared to the general population in the UK (Gupta et al., 2006; 

Jalal et al., 2019). The CHD mortality rate and stroke were higher (from 50 to 100%) in South 

Asians than in the general populations living in the UK (Wild et al., 2007). The CHD age-SDMR 

in South Asians living in the UK was 50% higher than that for the total population of England 

and Wales (Barnett et al., 2006; Chaturvedi and Fuller, 1996).  
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The prevalence of CVD was an average of 6% in Bangladeshis, 11% in Indians, 12% In Pakistanis 

(including migrant and UK born) living in the UK (BHF, 2021). According to the Health Survey 

for England in 2004, the prevalence of CHD was highest among migrant Pakistani males 

(35.1%) aged 55 years, but lowest among migrant Indian females (14.7%) living in the UK 

(Sproston and Mindell, 2006). Despite, previous finding suggested that migrant Bangladeshis 

living in the UK are at higher risk of developing CVD than other migrant South Asians, including 

Indians and Pakistanis (Eapen et al., 2009). The prevalence of heart attack was highest among 

migrant Pakistanis (19% of males and 6.9% of females) than other migrant South Asians, 

including Bangladeshi and Indians living in the UK (Gholap et al., 2011; Sproston and Mindell, 

2006). The average age of presentation for a first myocardial infarction was 52 years in South 

Asians, at least ten years earlier than other ethnicities (e.g., Caucasians and Chinese) living in 

the UK (Yusuf et al., 2004).  

 

It is summarised that the prevalence of CVD is high both in migrant South Asians living in the 

UK and native South Asians living in South Asian countries (e.g., Bangladesh), possibly due to 

some underlying reasons, including a higher percentage of body fat, hepatic, and visceral fat, 

and insulin resistance (Bays et al., 2022; 2021; Misra , 2015; Narayan and Kanaya, 2020; Sattar 

and Gill, 2015). Additionally, the possible reasons for the high prevalence of CVD in migrant 

South Asians living in the UK include possible acculturation and demographic transitions to a 

more Westernised lifestyle, dietary intake (e.g., high consumption of saturated fat), and 

higher sedentary time (Bays et al., 2022; 2021; Gholap et al., 2011; Fischbacher et al., 2004; 

Misra and Shrivastava, 2013; Barnett et al., 2006; Sattar and Gill, 2015; Ahmad et al., 2017). 

This high prevalence of CVD leads to premature death and other medical complications (e.g., 
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paralysis, Type 2 diabetes, and kidney problem), which may increase premature mortality and 

national health costs. Therefore, it is essential to identify the risk factors for developing CVD 

and appropriate to develop and evaluate health promotion interventions to reduce the risk of 

developing CVD in the South Asian population. 

 

2.9 Economic burden of cardiometabolic disease  

CVD is a major economic burden in the UK, and the NHS usually spends approximately £9 

billion for CVD each year, and the total cost (direct and indirect) is approximately £19 billion 

each year (BHF, 2017). The NHS spent more than £6.8 billion to treat CVD in 2012/2013 in 

England (Bhatnagar et al., 2015). In 2015, the cost of direct patient care (e.g., treatment, 

intervention, and complications) for those with diabetes was estimated at £10 billion (£1 

billion for Type 1 diabetes and £9 billion for Type 2 diabetes), which is estimated to rise to 

£16.8 billion by 2035 (Diabetes UK, 2021). The NHS spent £0.8 billion in the UK in 2016-2017 

due to co-morbidities (e.g., CVD, Type 2 diabetes, lung, and colon cancer) associated with 

sedentary behaviour; therefore, the total NHS cost was £424 million, £281 million, and £737 

million for CVD, Type 2 diabetes, and sedentary behaviour, respectively (Heron et al., 2019). 

These enormous costs for cardiometabolic diseases are a severe financial challenge to the UK 

economy, which acts as an economic burden and public health concern in the UK health care 

system. Therefore, it is crucial to take preventive measures to minimise the economic burden 

by implementing new public health interventions to reduce these diseases risks in the 

community living in the UK. 
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2.10 Factors contributing to cardiometabolic disease risk 

Cardiometabolic disease risk is determined by several risk factors including, hypertension, 

abdominal adiposity, hyperinsulinemia, elevated triglyceride, low-density lipoprotein (LDL), 

high-density lipoprotein (HDL), hyperglycaemia, metabolic syndrome, insulin resistance, 

ethnicity, and gender (Bays et al., 2021; Barker et al., 2002; Barnett et al., 2006; Cannon et al., 

2007; Eapen et al., 2009; Gómez-Ambrosi et al., 2012; Gholap et al., 2011; Heron et al., 2019;  

Tremblay et al., 2010). These risk factors are divided into three main categories: modifiable 

risk factors, behavioural modifiable risk factors, and non-modifiable risk factors (see Figure 

2.2) (Mackay and Mensha, 2004). 

 

2.10.1 Modifiable risk factors  

2.10.1.1 Body fat and obesity  

Body fat is an indicator of obesity (Keys et al., 2014). Adipose tissue or body fat regulates 

essential bodily functions, including controlling body temperature and storing energy for 

metabolic demands. Obesity is defined as an access body fat, which can adversely affect on 

health, and it can be measured by three methods, including body mass index (BMI), waist 

circumference (WC) and waist to hip circumference ratio (WHR) (Consultation WHO,  2000). 

South Asian phenotype is predominantly abdominal obesity resulting in an apple shaped body 

type (Bays et al., 2022). BMI, WC, and WHR are commonly used to measure the fat 

distribution, but WC and WHR are considered as most common and effective methods to 

measure abdominal obesity and categorise the obesity status of an individual (Bays et al., 

2022). Though combined all of these parameters could identify abdominal obesity better than 

using a single parameter, high these parameters are closely associated with the increased risk 

of developing obesity, Type 2 diabetes, and CVD (Ardern et al., 2003; Janiszewski et al., 2007; 



   Chapter 2: Literature Review 

 

45 
 

Gómez-Ambrosi et al., 2012; Meisinger et al., 2006). In addition, magnetic resonance imaging 

systems have become the gold standard to measure obesity (Thomas et al., 1998). This system 

would be useful to measure accurate phenotyping fat distribution for some ethnic group (e.g., 

South Asians), for whom BMI could be unreliable compared to other populations (e.g., 

Caucasians); thus, South Asians could be considered as metabolically obese (Karelis et al., 

2004). Adipose tissue is distributed  into four major sub-phenotypes, including TOTI (thin 

outside, thin inside), FOFI (fat outside, fat inside), FOTI (fat outside, thin inside), and TOFI (thin 

outside, fat inside) (Rancic et al., 2018). The metabolically obese normal weight is linked with 

subgroup TOFI (thin outside, fat inside) and TOFI individuals share a normal BMI (e.g., 18-25 

kg.m-2) and those may increase the risk of developing cardiometabolic diseases risk (Bays et 

al., 2022; Karelis et al., 2004). 

 

  

Figure 2.2. Risk factors for cardiometabolic diseases. 
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South Asians are at higher risk of developing cardiometabolic diseases than any other ethnic 

groups (e.g., Caucasians), and South Asian adults have a significantly higher possibility of 

developing Type 2 diabetes at a lower BMI , possibly due to having TOFI (thin outside, fat 

inside) phenotype; thus, South Asians have higher abdominal, visceral  and hepatic fat 

compared to Caucasians (Bays et al., 2022; Paul et al., 2017; Misra and Khurana, 2011; 

Narayan and Kanaya, 2020;  Tillin et al., 2015). Additionally, South Asians might have shorter 

height, lower lean muscle mass, excess body fat, and greater accumulation of fat in ectopic 

sites, including liver and skeletal muscle (Bays et al., 2022). Therefore, a lower BMI and WC 

cut-off point has been proposed for South Asian populations (Bays et al., 2022; Misra and 

Khurana, 2011; Misra et al., 2009; Misra, 2015; WHO Expert Consultation, 2004) (see Table 

2.5).  

 

Table 2.5. Cut-off of obesity and abdominal obesity for South Asian and Caucasian adults. 

Variables Cut-off value for South Asians Cut-off value for Caucasians 

(BMI cut-off)  

Underweight BMI <18.0 kg.m-2 BMI <18.5 kg.m-2 

Normal healthy 

weight 

BMI: 18.0-22.9 kg.m-2 BMI: 18.5-24.9 kg.m-2 

Overweight BMI: 23.0-24.9 kg.m-2 BMI: 25.0-29.9 kg.m-2 

Obese BMI: ≥25.0 kg.m-2 BMI: ≥30.0 kg.m-2 

Abdominal obesity  

(Waist circumference cut-off) 

 

Male WC: ≥90 cm WC: ≥102 cm 

Female WC: ≥80 cm WC: ≥88 cm 

BMI, body mass index; WC, waist circumference; Adapted from a previously published paper (Bays et 
al., 2022; Misra and Khurana, 2011). 
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Overweight/obese South Asians are more likely (up to 5 times) to develop Type 2 diabetes 

than normal-weight South Asians (Astrup and Finer, 2000; Gholap et al., 2011). Obesity, 

especially central or visceral fat, is a predisposing factor for developing insulin resistance and 

cardiometabolic diseases, including Type 2 diabetes and CVD in migrant South Asians living in 

the UK (Blaak et al., 2012; Gray et al., 2011). Obesity is a significant threat to cardiometabolic 

health worldwide, and it can also increase directly and indirectly CVD mortality and morbidity 

in humans (Moore and Shah, 2020). Obesity is a crucial aetiological cause of developing with 

a number of chronic diseases, including Type 2 diabetes, hypertension, dyslipidaemia, and 

CVD (Astrup and Finer, 2000; Kahn et al., 2006; Jais and Brüning, 2022). Obesity can impose 

functional limitations (e.g., neurodegenerative disorders) on several populations, ultimately 

reducing their quality of life and life expectancy (Di Angelantonio et al., 2016; Pischon et al., 

2008; Sharma and Kushner, 2009). Several studies reported in South Asians living with obesity,  

where 26% of males and 24% of females are obese, yet the total number was unknown in 

migrant South Asians in the UK (Bhatnagar et al., 2015; Deepa et al., 2007; Misra and Khurana, 

2009). (Misra and Khurana, 2009). Approximately 43.2% of native male and 47.4% of native 

female South Asians live with obesity (Deepa et al., 2007).  

 

Several studies have suggested that the cardiometabolic disease may develop in South Asians 

at a young age compared to other ethnic groups (e.g., Caucasians) probably due to having 

some factors, including thinner limbs, lower muscle mass, adiposity, central 

obesity/abdominal fat, fatty liver, limited beta cell functions, and related complications (e.g., 

insulin resistance, hyperinsulinemia, insulin resistance, and dyslipidaemia) (Bays et al., 2022; 

2021; Deurenberg et al., 2002; Ehtisham et al., 2005; Koliaki et al., 2019; Liu, 2012; Sowers et 

al., 2003). At the same BMI, South Asians have higher WHR and higher visceral fat than 
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Caucasians (Joshi et al., 2007; Yajnik and Yudkin, 2004) (see Figure 2.3). Furthermore, adipose 

tissue within the human body is divided into three categories, including visceral, superficial 

subcutaneous, and deep subcutaneous adipose tissue, where superficial subcutaneous 

adipose tissue (SSAT), especially in lower limbs act as a primary energy storage position with 

surplus energy (Bays et al., 2022). South Asians have relatively limited genetic abilities to store 

surplus energy in SSAT compartment due to limited adipocyte proliferation, which may lead 

to energy overflow and increase the circulation of free fatty acids, ultimately increase energy 

storage in visceral fat and other organs, including liver, heart, and skeletal muscle (Nakajima 

et al., 2011). Adipocyte hypertrophy occurs, possibly  due to excessive fat storage in adipose 

tissue, which can promote to release fat cell endocrine hormones, including adipokines and 

other inflammatory factors; consequently, these factors could potentially contribute insulin 

resistance (Nakajima et al., 2011). Increased circulation of free fatty acids to the liver can 

develop fatty liver syndrome or fatty liver disease (e.g., non-alcoholic fatty liver disease); 

ultimately develop high LDL, TAG, and C-reactive protein (CRP); these may increase 

atherogenicity, ultimately increasing the risk of developing Type 2 diabetes and CVD (Bays et 

al., 2022; Cannon et al., 2007; Eapen et al., 2009; Nakajima et al., 2011; Neeland et al., 2012; 

Popkin, 2001). 

 

 

This figure is taken off due to third party material 

 

 

Figure 2.3. Adiposity in Caucasian versus South Asian (Yajnik and Yudkin, 2004). 
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There is a direct effect of central obesity on increasing free fatty acid levels, resulting in 

increased concentrations of triglycerides; therefore, LDL can be increased, and HDL can be 

decreased, and ultimately excessive lipids may store in the liver; thus, intrahepatocellular 

lipids can develop liver insulin resistance (Forouhi and Sattar, 2006; Koliaki et al., 2019; 

Trouwborst et al., 2018). Afterwards, interleukin-6 directly stimulates the hepatic production 

of C reactive protein (CRP), an inflammatory marker. Interleukin-6 also promotes fibrinogen 

synthesis. After activation of these risk markers can lead to the atherogenic process (Forouhi 

and Sattar, 2006). Additionally, inadequate stimulation of the renin-angiotensin-aldosterone 

system contributes to hypertension, which ultimately can reduce adiponectin’s circulation 

contributes to skeletal muscle. Consequently, the risk of Type 2 diabetes is increased (Forouhi 

and Sattar, 2006). A higher percentage of body fat especially high visceral and hepatic fat 

increases the chance of developing central obesity, free fatty acid which are associated with 

developing metabolic complications, including dyslipidaemia, insulin resistance, CVD and Type 

2 Diabetes in South Asians living in the UK (Despres, 2012; Sattar and Gill, 2015). In addition, 

mechanisms of underlying central obesity risk in South Asians remain unclear and there is 

limited genetic evidence which suggests no contribution for ethnic-specific or genetic variants 

underlying the increased risk of central obesity in South Asians compared to Caucasians (Scott 

et al., 2016). However, there are some distinctive factors, including increased adipocyte size, 

and fewer functional adipocytes which can increase visceral adiposity in South Asians 

compared to Caucasians; these increased visceral adiposity in South Asians can increase 

cardiometabolic risk factors, including metabolic syndrome even at lower BMI compared to 

Caucasians, insulin resistance, and adiposopathic dyslipidaemia (higher TAG and LDL, lower 

HDL) (Bays, 2011). Therefore, body fat and obesity are known as modifiable key risk factors 

associated with developing cardiometabolic diseases in South Asians.  
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2.10.1.2 Postprandial glycaemia  

The word ‘postprandial’ means after a meal; therefore, postprandial glycaemia (PPG) refers 

to glucose concentration after having a meal (ADA, 2001; Ceriello et al., 2006). Several factors 

determine PPG profile, including timing, ingredients, portion size of meals, insulin and 

glucagon secretion, carbohydrate absorption, glucose metabolism, and absorption in the liver 

and peripheral tissues (ADA, 2017). Postprandial hyperglycaemia is defined as the increased 

levels of glucose in the postprandial state, which can contribute to the development 

of cardiometabolic diseases, and it is known as an independent risk factor for both clinical and 

healthy populations (Cavalot et al., 2011; Khalafi et al., 2022; O’Keefe and Bell, 2007). Long 

term hyperglycaemia impairs insulin sensitivity and can ultimately lead to insulin resistance 

(Abate et al., 2004; Cavalot et al., 2011). Insulin resistance is a clinical condition in which an 

average or higher amount of insulin production can attenuate biological responses (e.g., 

glucose uptake, metabolism, or storage), associated with metabolic inflexibility which 

ultimately can produce excess lipids in body organs, including  liver, pancreas, heart, and 

skeletal muscle; these is referred to as ectopic fat deposition that may increase the risk for 

developing Type 2 diabetes and CVD (Cefalu, 2001; Hocking  et al., 2013; Kahn and Flier, 2000; 

Reaven, 2004; Trouwborst et al., 2018; Wilcox et al., 2005). Furthermore, insulin resistance is 

the primary cause of hyperinsulinemia, where the pancreas needs to produce more insulin to 

maintain the normal blood glucose level (Eckel, 2005). Insulin resistance is also associated with 

impaired insulin signalling, inflammation, and impaired fibrinolysis (Jellinger, 2007). 

Hyperglycaemia can also stimulate hyperinsulinemia that ultimately induces tissue damage, 

dyslipidaemia, hypertension, and metabolic complications (Bays et al., 2022; Brownlee, 2005). 



   Chapter 2: Literature Review 

 

51 
 

Based on the above findings, PPG has been implicated in the aetiology of cardiometabolic 

diseases (e.g., Type 2 diabetes and CVD) (Avramoglu et al., 2006; Blaak et al., 2012). 

 

Postprandial hyperglycaemia increases the risk of developing Type 2 diabetes and CVD 

(Ceriello et al., 2006; Trouwborst et al., 2018). PPG is comparatively higher in South Asians 

than Caucasians due to having higher possibility of insulin resistance and metabolic 

inflexibility(Bays, 2011; Venn et al., 2010; Van der Kolk et al., 2016). PPG helps to develop CVD 

in female patients with Type 2 diabetes (Cavalot et al., 2006). The continuous high level of PPG 

increases the risk of developing cardiometabolic diseases (e.g., Type 2 diabetes and CVD), 

chronic metabolic complications (e.g., insulin resistance), and kidney disease (Blaak et al., 

2012; Jellinger, 2007; Sargsyan and Herman, 2019). Continuous higher PPG (>7.5 mmol.L-1) 

generates oxidative stress, which induces endothelial dysfunction, and release cytokines, 

which ultimately play a crucial role in endothelial function and inflammation (Bonora, 2002; 

Ceriello et al., 2004; Ceriello, 2003; Node and Inoue, 2009; Wilson et al., 2021). 

Hyperglycaemia produces excessive superoxide in endothelial cells that activates many 

microvascular damage pathways (Du et al., 2006). Hyperglycaemia rapidly suppresses 

endothelium-dependent vasodilation through the excess production of oxygen-derived free 

radicals, which could play a vital part to develop atherosclerosis (Ceriello et al., 2004; Kawano 

et al., 1999; Sargsyan and Herman, 2019). The rapid increase in glycaemia during the 

postprandial period is also more likely to trigger carbonyl stress which independently 

contributes to cardiometabolic diseases (e.g., CVD and Type 2 diabetes) development (Blaak 

et al., 2012; Heine et al., 2002; Shimabukuro et al., 2006). It is summarised that PPG is an 

independent modifiable risk factor for developing cardiometabolic diseases in South Asians, 
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and they are at higher risk of developing cardiometabolic diseases than other ethnicities (e.g., 

Caucasians).  

 

2.10.1.3 High blood pressure/hypertension  

High blood pressure or hypertension is a key modifiable risk factor for disease burden in the 

world and it increases the risk of stroke, developing CVD, and kidney disease; thus, it is one of 

the significant causes of premature death globally (Lewington, 2002; Tian and Liang, 2021; 

Volgman et al., 2018). High blood pressure is defined as systolic blood pressure (SBP) above 

140 mmHg and diastolic blood pressure (DBP) above 90 mmHg (Mackay and Mensah, 2004). 

High blood pressure (BP >140/90mm Hg) could lead to developing CVD, but lower blood 

pressure (BP <140/90 mm Hg) could reduce the risk (James et al., 2014; Whelton et al., 2002). 

Blood pressure with every 20 mmHg SBP or 10 mmHg DBP increase is associated with more 

than double the mortality rate from IHD and other vascular diseases in people aged between 

40 and 89 years (Prospective Studies Collaboration, 2002). High blood pressure is more likely 

to develop several short- and long-term health complications, including stroke, CVD, heart 

failure, peripheral arterial disease, and other related complications (e.g., renal function 

disorders, dementias, and Type 2 diabetes) in Type 2 diabetes patients than in healthy 

populations (Bertoni et al., 2002; Fuchs and Whelton, 2020; Tian and Liang, 2021). Patient 

with high blood pressure can exhibit insulin resistance, which would develop at greater risk 

for developing Type 2 diabetes compared to healthy individuals (Petrie et al., 2018). Type 2 

diabetes and hypertension are closely associated because of similar risk factors, including 

endothelial dysfunction, vascular inflammation, atherosclerosis, dyslipidaemia, and obesity 

(Madonna et al., 2017). Additionally, there is significant overlap in the cardiovascular 

complications of Type 2 diabetes and hypertension associated primarily to microvascular 
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disease and common mechanisms, including upregulation of the renin-angiotensin-

aldosterone system, oxidative stress, inflammation, and activation of the immune system 

could contribute to the close relationship between hypertension and Type 2 diabetes (Petrie 

et al., 2018). Approximately 30% of UK adults suffer from high blood pressure (Lovibond et al., 

2011). The prevalence of high blood pressure was 3.3% in South Asians aged below 40 years, 

27.9% in South Asians between 40 to 79 years, and 49.9% in South Asians aged 80 years or 

older living in the UK (Khan et al., 2005). A South London community-based study reported 

that the prevalence of high blood pressure was not similar in South Asian sub-groups, 

including Indians who had a higher prevalence of high blood pressure than other South Asians 

(e.g., Bangladeshi, and Pakistani) living in the UK (Lane et al., 2001). There is a higher 

prevalence of hypertension in Pakistani and Indian males and females than in Bangladeshi 

males and females (Bhopal et al., 1999). These findings suggest that the prevalence of 

hypertension is lower in the Bangladeshi community compared to Pakistani and Indians. 

Furthermore, the prevalence of hypertension was higher in South Asians living in London than 

South Asians living in other parts of the UK (Hayes et al., 2002). The prevalence of 

hypertension was higher in South Asians and Afro-Caribbeans, but there was no significant 

difference in mean blood pressure among South Asians, Caucasians, and Afro-Caribbeans 

(Allender et al., 2007). However, South Asians living in the UK tend to have a higher prevalence 

of hypertension than Caucasians (Hanif et al., 2021; 2008; Mather et al., 1998; Misra and 

Khurana, 2011). Due to having a high prevalence of high blood pressure in South Asians, this 

ethnic group may be an ‘at risk’ group for developing cardiometabolic diseases.  
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2.10.1.4 Blood lipids 

Blood lipids are fatty substances found in the blood, including cholesterol and TAG (Sargent et 

al., 2003). These are influenced by several factors, including genetic, metabolic flexibility, 

physiological (e.g., age and sex), health condition (e.g., obesity), lifestyle conditions (e.g., 

smoking, alcohol consumption, and exercise), and dietary factors (e.g., calorie intake and diet 

composition) (Patel, 2018; Trouwborst et al., 2018). TAG are fatty substances in the 

bloodstream produced in the body when fat in our food is absorbed by the intestine (Sargent 

et al., 2003). Cholesterol is a fatty substance produced in the body when the liver breaks down 

mainly saturated fats in foods (e.g., meats, eggs, and dairy products) (Mackay and Mensah, 

2004). This cholesterol circulates in the bloodstream into lipoproteins, including LDL (the most 

atherogenic lipoprotein that carries cholesterol from the liver to the bloodstream) and HDL 

(which is associated with lowering the atherogenic risk). HDL is responsible to reverse 

cholesterol transport system and carrying the cholesterol away from the bloodstream and 

back to the liver to be broken down (Mackay and Mensah, 2004).  

 

Several studies reported that abnormal blood lipid profiles containing high triglycerides and 

LDL (known as dyslipidaemia) increase hyperlipidaemia in the bloodstream, which are 

associated with adiposopathic dyslipidaemia (high TAG, LDL, high prevalence of smaller and 

denser LDL particles, and low HDL), ultimately increase the risk for thrombosis, potentially due 

to increased lipoprotein, plasminogen activator inhibitor, homocysteine, and fibrinogen, 

possibly having both thrombotic and atherogenic properties; thus, South Asians could have 

impaired sympathovagal activity and cerebrovascular autoregulation, which can increase 

arterial stiffness, and endothelial dysfunction and leading to atherosclerosis and ultimately 

heart attack and stroke (Bays et al., 2022; 2011; Bhatnagar et al., 2008; Forouhi and Sattar, 
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2006; Misra and Khurana, 2008; Pollard et al., 2008; Goldberg et al., 2011). Additionally, 

interleukin-6 directly stimulates hepatic C-reactive protein (CRP) production and promotes 

fibrinogen synthesis, which act as inflammatory markers. After activation of these risk markers 

ultimately can lead to the atherogenic process. It contributes to hypertension initially and 

ultimately atherosclerosis due to inadequate stimulation of the renin-angiotensin-

aldosterone system (Forouhi and Sattar, 2006). Therefore, high TAG, total cholesterol, and 

LDLs are known as modifiable risk factors for developing cardiometabolic diseases (Cannon, 

2007; Eapen et al., 2009). 

 

South Asians are at higher risk for developing CVD, possibly due to prevalence of high TAG, 

high LDL, and dysfunctional HDL levels, and small dense LDL particles and  in South Asians than 

Caucasians (Ajjan et al., 2007; Bays et al., 2022; Enas et al., 2005; Misra and Khurana, 2011;  

Palaniappan et al., 2002; Pollard et al., 2008). The average fasting plasma total cholesterol 

concentration is 5.9 mmol/L in South Asians, which is relatively higher than the general 

population (3.37 mmol/L) living in the UK (Lear et al., 2003; Sproston and Primatesta, 2003). 

Therefore, South Asians living in the UK are at higher risk of developing cardiometabolic 

diseases than other ethnicities (e.g., Caucasians) due to high TAG, LDL, and low HDL levels. 

 

2.10.2 Behavioural risk factors  

Smoking and unhealthy dietary behaviour are known as modifiable risk factors for developing 

CVD and various types of cancer (Mackay and Mensha, 2004; Whatnall et al., 2016). These 

factors are not explored further as these are not examining within this thesis.  
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Race, ethnicity, gender, age, and family history are collectively known as non-modifiable 

behaviour risk factors for cardiometabolic disease, as these factors are not possible to be 

modified (Mackay and Mensha, 2004). The two main ethnic groups in the UK, including Black-

African and South Asians, are at high risk of developing CVD (Bhopal et al., 2007; Hanif et al., 

2021). South Asians are at higher risk of developing CVD and Type 2 diabetes than the general 

population in the UK (Anand et al., 2000; Bays et al., 2022; 2021; Lip et al., 2007). Chinese 

individuals are at a lower risk of developing CVD than Caucasians and South Asians (Chiu et 

al., 2010; Yusuf et al., 2001). Whilst back African are at higher risk of developing CVD than 

Caucasians, South Asians are at higher risk of developing CHD than African-Caribbean groups 

living in the UK (Arjunan et al., 2013; Wild et al., 2007). Also, family history acts as an 

independent risk factor of developing CVD due to carrying responsible genes (Valdez et al., 

2007). Patients with a family history (parents or brother or sisters) of the cardiometabolic 

disease have a high prevalence of CVD and CHD (Mozaffarian et al., 2016). Regarding sex, 

males are more likely to develop CVD than females by approximately 8% (e.g., the morbidity 

and mortality rate is higher in Bangladeshi and Pakistani males than females) (Bhopal et al., 

2005). The above behavioural risk factors contribute to developing cardiometabolic diseases. 

This thesis focuses on sedentary behaviour, which is known as an important risk factor for 

these diseases. The association between sedentary behaviour and cardiometabolic disease 

risk will be discussed in the following section 2.11 within this thesis.  

 

2.11 Sedentary behaviour and cardiometabolic disease risk  

Sedentary behaviour refers to any waking behaviour where energy expenditure is ≤1.5 METs 

(Rynders et al., 2018). Additionally, any energy expenditure over 1.5 METs is classified as PA 

(1.5 to 2.9 METs: light intensity, 3.0 to 5.9 METs: moderate intensity, and >5.9 METs: vigorous 
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intensity) (Böhmer et al., 2014); thus, sedentary behaviour is inherently associated with PA, 

which should be considered when interpreting findings between PA and health. An average 

individual spends more than 50% of their waking time in sedentary activities, including sitting, 

lying down, watching television, and using a computer (Matthews et al., 2008). In 2008, 9.4% 

of all global death (approximately 57 million) occurred due to sedentary behaviour (Lee et al., 

2012). In 2016, 11.6% of all-cause mortality was associated with sedentary behaviour, and 

approximately 69,276 deaths might have been avoided if sedentary behaviour had been 

minimised in the UK (Heron et al., 2019). In the UK, if levels of sedentary behaviour were 10%, 

30%, or 50% lower in 2016, approximately 4,802, 12,006, or 24,012 deaths, respectively, could 

have been avoided (Heron et al., 2019). Engaging with a large amount of time being sedentary 

(approximately 6 to 10 h) significantly increases the risk of CVD, Type 2 diabetes, and all-cause 

mortality in general populations (Bailey et al., 2019; Chau et al., 2013; Ekelund et al., 2019; 

Ford et al., 2012; Patterson et al., 2018; Wilmot et al., 2012). In recent years, many studies 

(e.g., observational, and experimental) have been published which established the 

relationship between sedentary behaviour and cardiometabolic diseases risk; the available 

evidence is discussed in the following sections:  

 

2.11.1 Observational evidence for sedentary behaviour and cardiometabolic 

diseases risk  

Sedentary behaviour, including sitting time and TV time, is strongly associated with an 

increased risk for developing obesity, Type 2 diabetes, CVD, metabolic syndrome, colon, 

endometrial, lung cancer, and all-cause mortality (Chomistek et al., 2013; Dunstan et al., 2012; 

Ford and Caspersen, 2012; Grøntved and Hu, 2011; Heron et al., 2019; Katzmarzyk et al., 2019; 

Kerr et al., 2017; Lynch et al., 2017; Patel et al., 2019; Park et al., 2020; Patterson et al., 2018; 
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Proper et al., 2011; Thorp et al., 2011). Sedentary behaviour could also contribute to weight 

gain and become obese, increasing the risk of developing cardiometabolic diseases (Shields 

and Tremblay, 2008). There is also a significant relationship between WC and sedentary 

behaviour, time spent daily sedentary for every 1 h increase resulting  WC increase up to 0.02 

cm for five years; but no association was found in BMI and percentage of body fat (Campbell 

et al., 2018).  

 

Several studies examined the correlation between sedentary activities (e.g., siting time, TV  

time) and cardiometabolic diseases and all-cause mortality (Ekelund et al., 2019; Ford and 

Caspersen, 2012; Grøntved and Hu, 2011; Hamer et al., 2017; Imran et al., 2018; Rillamas-Sun 

et al., 2018; Stamatakis et al., 2018; Van Uffelen et al., 2010; Wijndaele et al., 2011).  Engaging 

daily sitting time >10 h was significantly correlated with all-cause mortality risk compared to 

daily sitting time <5 h (Rillamas-Sun et al., 2018). Daily watching TV at least for 2 h was 

associated with 176 cases of Type diabetes, 38 cases of fatal CVD and 104 deaths for all-cause 

mortality every 100,000 populations annually; thus, lead to a 20% higher risk of Type 2 

diabetes, 15% higher risk of non-fatal or fatal CVD, and 13% higher risk of all-cause mortality 

in the population group (Grøntved and Hu, 2011). On the other hand,  people who watched 

TV for ≥6 h per day had a two-fold higher all-cause mortality risk compared to the people who 

watched TV for <2 h per day (Hamer et al., 2017); whereas the people who watched TV for <2 

h per day had 1.5 times lower all-cause mortality risk compared to the people who watched 

TV for ≥4 h per day (Imran et al., 2018). Previous findings reported a 125% increased risk of 

cardiovascular complications, 80% increased risk of CVD mortality, and 46 to 48% increased 

risk of all-cause mortality for individuals engaged daily more than 4 h in sedentary activities, 

including watching TV compared to those who spent daily less than 2 h in the similar sedentary 
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activities (e.g., watching TV) (Chau et al., 2013; Dunstan et al., 2010; Ford et al., 2012; 

Stamatakis and Dunstan, 2011).     

 

The hazard ratio for CVD risks every 2 h per day increase in sitting time was 1.05, whist the 

hazard ratio for CVD risks every 2 h per day increase in TV watching or screen time was 

relatively higher 1.17 (Ford and Caspersen, 2012). In contrast, every 1 h per day increase in TV 

watching was associated with an increased hazard of CVD and all-cause mortality by 1.08 and  

1.05, respectively (Wijndaele et al., 2011). TV watching and sitting time are associated with a 

higher risk (9 to 32%) for developing CVD and other health complications, including cancer 

(Ekelund et al., 2019). It is summarised that screen time/TV watching time and sitting time is 

strongly associated with adverse health consequences, including increased risk for developing 

cardiometabolic diseases and all-cause mortality (Stamatakis et al., 2018; Van Uffelen et al., 

2010). People with high sedentary behaviour are at high risk (approximately 3.3 times) for all-

cause mortality due to Type 2 diabetes and CVD (Koster et al., 2012). High sedentary behaviour 

increases the risk of CVD mortality up to 18%, whilst the risk for developing Type 2 diabetes 

can be increased up to 91% (Biswas et al., 2015). Several meta-analysis reports show that self-

reported high amount of sedentary time increases the risk for developing CVD up to 14%, 

metabolic syndrome by 73%, CVD mortality up to 90%, and all causes of mortality by 49% 

(Edwardson et al., 2012; Wilmot et al., 2012). Meta-analysis reports that for each additional 

hour of daily sitting in intervals (e.g., 0 to 3 h, more than 3 to 7 h, and 7 h per day), total sitting 

time is linked with an increased risk of all cause’s mortality (Chau et al., 2013). Prolonged 

sitting for more than 4 h per day with the lowest activity levels (<2.5 MET.h-1) can increase 

mortality up to 27% (Ekelund et al., 2016). These studies reported that a high amount of 

sedentary time is associated with the increased risk for developing cardiometabolic diseases, 
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all causes of morbidity and mortality, but no studies indicated participant’s sex and ethnicity 

in the report.  

 

There was a direct association between sedentary behaviour and a high risk of hypertension; 

sedentary time may attenuate the systolic blood flow and metabolic demands, which may 

reduce insulin sensitivity and vascular function whilst increasing oxidative stress (Dempsey et 

al., 2018). Cardiometabolic diseases, including CVD and Type 2 diabetes, could increase with 

engaging with high amounts of daily sedentary time (Biswas et al., 2015). CHD morbidity and 

the mortality rate was higher (up to 3-fold) in sedentary workers (e.g., bus and tram drivers) 

than in less sedentary populations (Archer and Blair, 2011; Merlo et al., 2010; Rosengren et 

al., 1991). Likewise, the estimated CVD risk was higher in sedentary people than people who 

were less sedentary throughout their lives, but the CVD risk rate was not examined (Hu et al., 

2005; Hu et al., 2007; Sjøl et al., 2003). Furthermore, sedentary behaviour is related to 

lipoprotein lipase's inactivation, ultimately deteriorating lipid metabolism (Bouchard et al., 

2012). Sedentary behaviour can increase the risk of developing metabolic dysfunction, 

including increased plasma TAG, postprandial glucose, insulin resistance, and decreased HDL 

levels, lipoprotein lipase, uptake of plasma glucose, and insulin sensitivity in humans 

(Hamilton et al., 2007; Peddie et al., 2013; Tremblay et al., 2010). There is a direct influence 

of sedentary behaviour on metabolic health, bone mineral content, and CVD (Tremblay et al., 

2010). Therefore, Sedentary behaviour acts as an independent and significant modifiable risk 

factor for developing cardiometabolic diseases (Ford and Caspersen, 2012; Hamilton et al., 

2008; Owen et al., 2010; Pate et al., 2008; Thompson et al., 2003). However, meta-analyses 

and cohort studies examining the joint associations between PA and sedentary behaviours 

report that high levels of PA attenuate or even eliminate the associations between sitting time 
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with all-cause and CVD mortality (Ekelund et al., 2019; 2016; Stamatakis et al., 2018). Yet, the 

amount of time in MVPA that was needed to reduce the risk of mortality associated with 

sitting time varied between the studies (Ekelund et al., 2019; 2016; Stamatakis et al., 2018). 

The correlation between MVPA was greater than that of sedentary behaviour; but, for 

individuals with low MVPA, shifts in sedentary behaviour may had the greatest influence on 

the relationship to risk of CVD in adults aged between 30 and 75 years (Maddison et al., 2016). 

Another meta-analysis reported that higher amounts of sedentary time were associated with 

increased risk of all-cause mortality where MPVA attenuated the association (Chau et al., 

2013). Similarly, the hazard ratios for sedentary time and outcomes were significantly lower 

at higher levels of PA than at lower levels (Biswas et al., 2015). Therefore, it appears that 

sedentary behaviour and PA are independently associated with variable degrees of health risk. 

 

The impact of sedentary behaviour on cardiometabolic diseases risk markers may depend on 

some factors, including the pattern of sedentary behaviour (e.g., total sedentary time, the 

duration of sedentary bouts  and number of sedentary bouts) (Biswas et al., 2015). Continuous 

sedentary behaviour without a break (higher total sedentary time and longer duration of 

sedentary bouts and ) or intermittent sedentary behaviour with a short break can increase the 

mortality risk (Diaz et al., 2019). For instance, the adverse health outcomes associated with 

sedentary behaviour could affect individuals who even engage with MVPA for 150 per week, 

but the risk of mortality could be reduced (Ekelund et al., 2016). Therefore, after controlling 

total sedentary time and PA, breaking up sedentary behaviour (short duration of sedentary 

bouts) with LPA/MVPA intermittently have cardiometabolic health benefits, including BMI, 

WC, and 2 h plasma glucose (Healy et al., 2008). Similarly, meta-analysis shows that breaking 

up sedentary time with walking bouts for 2 min have health benefits, including postprandial 
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glucose, and insulin (Chastin et al., 2015). This evidence suggests that breaking up sedentary 

time with regular walking bouts can improve cardiometabolic diseases risk markers (Chastin 

et al., 2015). However, the effect of breaking up sedentary time may be more/less pronounced 

in certain ethnicities (e.g., South Asians). There is little known regarding the relationship 

between sedentary behaviour and cardiometabolic diseases risk in South Asian adults. 

Therefore, it is crucial to investigate the effect of breaking up sedentary behaviour on 

cardiometabolic diseases risk in the South Asian population. 

 

2.11.2 Experimental evidence for sedentary behaviour and cardiometabolic disease 

risk  

In addition to observational evidence, many experimental studies (in a controlled laboratory 

environment and free-living conditions) have investigated the effects of breaking up sedentary 

time (e.g., breaking up sitting with LPA/MVPA) on cardiometabolic diseases risk markers, as 

discussed below. 

 

2.11.2.1 Experimental evidence in a controlled laboratory environment  

Several laboratory-based experimental studies have investigated the effect of breaking up 

sedentary time with PA breaks on cardiometabolic risk markers, including postprandial 

glucose, TAG, and insulin levels in Caucasian adults (Altenburg et al., 2013; Bailey and Locke, 

2015; Bailey et al., 2016; 2017; 2019; Champion et al., 2018; Dunstan et al., 2012; Henson et 

al., 2016; Hawari et al., 2016; Kim et al., 2014; Larsen et al., 2014; 2015; 2019; Maylor et al., 

2018; 2019; Newsom et al., 2013; Peddie et al., 2013; Pulsford et al., 2017). These 

investigations have examined the cardiometabolic health benefits of breaking up sedentary 

time with a variety of PA (e.g., standing, walking, including LPA/MVPA and cycling) with 
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different frequencies (e.g., every 20 to 60 min) and duration (e.g., 1 to 30 min bouts) (see 

Table 2.6). These findings suggest that breaking up sedentary time with PA is beneficial for 

cardiometabolic health. However, the benefits are not similar across the studies, possibly due 

to the intensity and duration of PA and participants’ characteristics, including age, sex, and 

ethnicity. The following section will highlight the effects of breaking up sedentary time in 

different studies. A Summary of acute experimental studies investigating cardiometabolic 

responses in breaking up sitting conditions in laboratory settings is highlighted in Table 2.6.
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Table 2.6. Summary of acute experimental studies investigating cardiometabolic responses in breaking up  siting conditions in laboratory settings. 

Authors’ 

name 

Sample Study design Experimental conditions Results 

Altenburg et al. 

(2013) 

11 Caucasians (5 male 

and 6 females), mean 

age 21 years 

Two-treatment 

randomised 

cross-over trial, 

duration 8 h. 

1. Uninterrupted sitting, 

2. Sitting with 8 min MVPA-cycling 

every 60 min. 

C-peptide lower in condition 2 

compared with condition 1. 

No differences in glucose, TAG, 

total cholesterol between the 

conditions. 

Bailey and 

Locke (2015) 

10 normal-weight 

Caucasian adults (3 

females), mean age 24 

years. 

Three-treatment 

randomised 

cross-over trial, 

duration 5 h. 

1. Uninterrupted sitting, 

2. Sitting with 2 min LPA every 20 

min ( a total of 28 min LPA), 

3. Sitting with 2 min standing every 

20 min. 

iAUC glucose lower in condition 2 

compared with condition 1 

No change in total cholesterol, 

TAG, and HDL. 

Bailey et al. 

(2016) 

13 normal-weight 

Caucasian adults (7 

females), mean age 27 

years. 

Three-treatment 

randomised 

cross-over trial, 

duration 5 h. 

1. Uninterrupted sitting, 

2. Sitting with 2 min LPA every 20 

min ( a total of 28 min LPA), 

3. Sitting with 2 min MVPA every 20 

min ( a total of 28 min MVPA). 

iAUC glucose lower in condition 3 

compared with condition 2.  

No differences in iAUC insulin 

between any conditions. 
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Authors’ 

name 

Sample Study design Experimental conditions Results 

Bailey et al. 

(2017) 

14 Caucasian adult 

males, mean age 22 

years. 

Four-treatment 

randomised 

cross-over trial, 

duration 4 h. 

1. High GI breakfast followed by 

Uninterrupted sitting, 

2. Low GI breakfast followed by 

uninterrupted sitting, 

3. High GI breakfast followed by 2 

min MVPA every 20 min (a total 

of 22 min MVPA). 

4. Low GI breakfast followed by 2 

min MVPA every 20 min ( a total 

of 22 min MVPA). 

iAUC glucose lower in condition 3 

and 4 compared with condition 1 

and 2.  

No differences in iAUC insulin 

between any condition. 

Bailey et al. 

(2019) 

14 Caucasian adult 

females, mean age 33 

years. 

Three-treatment 

randomised 

cross-over trial, 

duration 7.5 h. 

1. Uninterrupted sitting, 

2. Sitting with 15 × 2 min MVPA 

every 30 min,  

3. Sitting with 3 × 10  min MVPA 

every 180 min. 

Net iAUC insulin lower in 

condition 2 compared with 

condition 1 and 3.  

No differences in net iAUC glucose 

and TAG between any conditions. 
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Authors’ 

name 

Sample Study design Experimental conditions Results 

Brocklebank et 

el. (2017) 

17 (13 complete 

datasets) Caucasian 

adults, mean age 54 

years.  

Three-treatment 

randomised 

cross-over trial, 

duration 5 h. 

1. Uninterrupted sitting, 

2. Siting with 2 min standing every 

20 min (a total of 28 min 

standing), 

3. Siting with 2 min LPA every 20 

min (a total of 28 min LPA). 

iAUC interstitial glucose lower in 

condition 3 compared with 

condition 1 and 2. 

 

Champion et al. 

(2018) 

24 Caucasian adult (12 

males), mean age 32 

years. 

Two-treatment 

randomised 

cross-over trial, 

duration 6.5 h. 

1. Uninterrupted sitting, 

2. Sitting with 20 min LPA every 60 

min. 

iAUC glucose, TAG, and mean BP 

lower in condition 2 compared 

with condition 1. 

Dunstan et al. 

(2012) 

19 overweight/obese 

Caucasian adults (8 

females), mean age 54 

years. 

Three-treatment 

randomised 

cross-over trial, 

duration 5 h. 

1. Uninterrupted sitting, 

2. Sitting with 2 min LPA every 20 

min ( a total of 30 min LPA), 

3. Sitting with 2 min MVPA every 20 

min ( a total of 30 min MVPA). 

 

iAUC glucose and insulin lower in 

condition 2 and 3 compared with 

condition 1.  
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Authors’ 

name 

Sample Study design Experimental conditions Results 

Henson et al. 

(2016) 

22 overweight/obese 

dysglycaemic, 

postmenopausal females, 

mean age 67 years.  

Balanced 

incomplete block 

design where 

participants 

completed 2 of 

the three-trial 

duration 7.5 h.  

1. Uninterrupted sitting, 

2. Sitting with 5 min LPA every 30 

min ( a total of 60 min LPA), 

3. Sitting with 5 min standing every 

30 min. 

iAUC glucose and insulin lower in 

condition 2 and 3 compared with 

condition 1. 

No differences in iAUC TAG 

between any conditions. 

 

Hawari et al. 

(2016) 

10 overweight/obese 

Caucasian adult males, 

mean age 33 years.  

Three-treatment 

randomised 

cross-over trial, 

duration 8 h. 

1. Uninterrupted sitting, 

2. Sitting with prolonged standing 

with 15 min every 30 min (a total 

of 4 h standing), 

3. Sitting with intermittent standing 

10 × 1.5 min every 30 min. 

No differences in glucose, insulin, 

and  triglyceride between any 

conditions.  

Kim et al. 

(2014) 

9 normal-weight 

Caucasian adult males, 

mean age 24 years. 

Three-treatment 

randomised 

cross-over trial, 

duration 7 h. 

1. Uninterrupted sitting, 

2. Prolonged sitting with subsequent 

60 min LPA-walking (25% VO2max, 

3. Prolonged sitting with subsequent 

60 min MVPA-running (65% 

VO2max. 

iAUC TAG lower in condition 2 and 

3 compared with condition 1. 

 

 

 
 

  



   Chapter 2: Literature Review 

 

68 
 

Authors’ 

name 

Sample Study design Experimental conditions Results 

Larsen et al. 

(2014) 

19 Caucasian adults (11 

males), mean age 53 

years. 

Three-treatment 

randomised 

cross-over trial, 

duration 5 h. 

1. Uninterrupted sitting, 

2. Sitting with 2 min LPA every 20 

min, 

3. Siting with 2 min MVPA every 20 

min. 

Systolic and diastolic blood 

pressure lower in lower in 

condition 2 and 3 compared with 

condition 1. 

No differences in MAP and hear 

heart rate between any conditions. 

Maylor et al. 

(2018) 

14 Caucasian adults, 

mean age 29 years.  

Three-treatment 

randomised 

cross-over trial, 

duration 8 h. 

1. Uninterrupted sitting, 

2. 30 min Sitting with 30 min 

continuous MPA, 

3. Siting with  2 min 32 sec VPA every 

60 min (a total of 20 min 16 sec 

VPA).  

iAUC TAG and HDL improved in 

condition 3 compared with 

condition 1.  

No difference in iAUC glucose and 

insulin between any conditions. 
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Authors’ 

name 

Sample Study design Experimental conditions Results 

Peddie et al. 

(2013) 

70 Caucasian adults (42 

females), mean age 26 

years.  

Three-treatment 

randomised 

cross-over trial, 

duration 9 h. 

1. Uninterrupted sitting, 

2. Walking for 30 min followed by 

uninterrupted sitting, 

3. Siting with  1 min 40 sec LPA 

every 30 min (a total of 30 min 

LPA). 

iAUC glucose and insulin lower in 

condition 3 compared with 

condition 1 and 2.  

iAUC TAG lower in condition 2 

compared with 3. 

Pulsford et al. 

(2017) 

25 Caucasian adult 

males, mean aged 40 

years.  

Three-treatment 

randomised 

cross-over trial, 

duration 7 h. 

1. Uninterrupted sitting, 

2. Sitting  with 2 min standing every 

20 min (a total of 28 min 

standing), 

3. Siting with 2 min LPA every 20 

min (a total of 28 min LPA). 

iAUC glucose and insulin lower in 

condition 3 compared with 

condition 1.  

LPA, light-intensity physical activity; MPA, moderate-intensity physical activity; VPA, vigorous-intensity physical activity; MVPA, moderate-to-vigorous intensity 
physical activity; TAG, triglycerides; HDL, high-density lipoprotein;  MAP, mean arterial pressure; iAUC, incremental area under the curve. 
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Several experimental studies observed the benefits of short bouts (e.g., 2 to 5 min) with 

LPA/MVPA  every 20 to 30 min in postprandial glucose and insulin in Caucasians compared to 

prolonged sitting (Bailey and Locke, 2015; Champion et al., 2018; Dunstan et al., 2012; Henson 

et al., 2016; Larsen et al., 2015; Peddie et al., 2013; Pulsford et al., 2017). Dunstan and 

colleagues (2012) investigated for the first time, the effect of breaking up sedentary time on 

postprandial glucose and insulin in overweight/obese Caucasians. They observed that 

breaking up sitting with PA bouts can reduce postprandial glucose and insulin by 24 to 30% 

and 23%, respectively, compared to prolonged sitting (Dunstan et al., 2012). A similar study 

design as Dunstan et al. (2012) was used in the study by Bailey and Locke (2015), LPA can 

reduce postprandial glucose by 16% compared to prolonged sitting in normal-weight 

Caucasian adults, yet no difference was observed in standing breaks (Bailey and Locke, 2015). 

The disparities of the findings between the studies, possibly due to weight status of the study 

participants (e.g., overweight vs. normal-weight) (Bailey and Locke, 2015; Dunstan et al., 

2012). This finding suggests that LPA can utilise comparatively higher muscle activation 

compared to standing; thus, LPA appeared to be effective to attenuate postprandial glucose 

compared to standing breaks in the previous study (Bailey and Locke, 2015). Therefore, at 

least LPA is required for short term health benefits in healthy adults. A meta-analysis based 

on nine experimental studies reported that breaking up sedentary time with at least 

LPA/MVPA significantly improved postprandial glucose compared to prolonged sitting in 

healthy adults (Chastin et al., 2015). However, breaking up sedentary time with any PA breaks 

every 20-30 min can be beneficial in clinical populations (e., obese or Type 2 diabetes patients) 

(Dempsey et al., 2016).  
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Research suggested that intensity and duration of PA exercise are the primary determinants 

of muscle glucose uptake in exercise condition where blood glucose may account for up to 

40% of oxidative metabolism and insulin sensitivity can be improved due to muscle 

contraction (Richter and Hargreaves, 2013; Sylow et al., 2021). The higher magnitude of 

postprandial glucose responses in breaking up sedentary time with PA bouts, possibly due to 

some plausible mechanisms, including the increase of intracellular glucose oxidation, insulin 

sensitivity, and skeletal muscle glucose transporter 4 (GLUT4) expression (Borghouts and 

Keizer, 2000; Richter and Hargreaves, 2013). Increasing of GLUT4 expression is crucial as it can 

attenuate the demand on insulin mediating pathways and it is closely related with greater 

insulin sensitivity (Tripathy et al., 2000). Therefore, the potential benefits of breaking up 

sedentary time with LPA/MVPA bouts on postprandial glucose and insulin are higher than 

standing and prolonged sitting condition.  

 

Breaking up sitting with PA bouts can lower postprandial glucose and triglycerides by 38% and 

32%, respectively, compared to a prolonged sitting condition in Caucasian adults, but no 

significant difference was observed in postprandial insulin (Champion et al., 2018). In contrast, 

breaking up sitting with PA bouts can reduce postprandial glucose by 16% compared to 

prolonged sitting conditions in healthy Caucasians (Bailey and Locke, 2015). The disparities 

between the studies could be due to some factors, including duration of the PA bouts (e.g., 20 

min vs. 2 min) and frequency (e.g., 60 min vs. 20 min); 20 min PA bouts would be effective 

than 2 min PA bouts to suppress postprandial glucose and TAG, which might be the key reason 

for the discrepancies of the findings between the studies (Bailey and Locke, 2015; Champion 

et al., 2018).  
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Postprandial glucose and insulin concentrations were lower by 9% and 21%, respectively, in 

breaking up sitting with PA bouts compared to prolonged sitting in Caucasian males (Pulsford 

et al., 2017). With a similar study design as Pulsford et al. (2017), postprandial glucose and 

insulin were lower 32% and 15%, respectively, in breaking up sitting with LPA compared to 

prolonged sitting in overweight/obese Caucasians (Larsen et al., 2015). Likewise, breaking up 

sitting with PA bouts can reduce postprandial glucose and insulin by 28% and 37%, 

respectively, compared to prolonged sitting conditions in overweight/obese female 

Caucasians (Henson et al., 2016). With a similar study design as Henson et al. (2016),  

postprandial insulin was reduced by 27% compared to a prolonged sitting condition in older 

(aged > 65 years) South Asians with mixed weight status (mean BMI >26 kg.m-2) and Caucasian 

adults, but no difference was observed in postprandial glucose and TAG (Yates et al., 2020). 

Similarly, LPA improved insulin sensitivity compared to prolonged sitting in obese Caucasian 

adults (Newsom et al., 2013). The arterial function was also improved in breaking up sitting 

with 3 min of simple resistance activities, including half squats, calf raises, and single knee 

raises with gluteal contractions every 30 min compared to a prolonged sitting condition in 

overweight/obese Caucasian adults (Climie et al., 2018). These findings suggest that 

postprandial response in glucose and insulin was comparatively higher in overweight/obese 

Caucasians/older South Asians/Caucasians than normal-weight Caucasian males, possibly due 

to the intensity and duration of the PA, PA bouts or weight status of the participants, 

participant’s age, and ethnicity. Clinical populations, including overweight/obese or 

dysglycaemia or individuals with metabolic inflexibility could have comparatively higher 

health benefits of breaking up sedentary time with any PA bouts every 20 to 30 min compared 

to healthy populations (Dempsey et al., 2016). Consequently, the postprandial glucose and 

insulin response could be comparatively higher in overweight/obese Caucasians/older South 
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Asians/Caucasians (Henson et al., 2016; Larsen et al., 2015; Yates et al., 2020) than normal-

weight Caucasian males (Pulsford et al., 2017).  

 

Several experimental studies reported the health benefits of breaking up sedentary time with 

MVPA bouts in different populations (Altenburg et al., 2013; Bailey et al., 2016; 2017; 2019; 

Chrismas et al., 2019; Dunstan et al., 2012; Kim et al., 2014; Maylor et al., 2018; 2019; 

Miyashita et al., 2016; Peddie et al., 2013). Breaking up sitting with MVPA bouts every can 

attenuate postprandial glucose and insulin by 30% and 23%, respectively, compared to a 

prolonged sitting in overweight/obese Caucasian adults (Dunstan et al., 2012). With a similar 

study design as Dunstan et al. (2012), Bailey et al. (2017) reported that postprandial glucose 

was improved, but not insulin in breaking up sitting with PA bouts compared to a 4 h prolonged 

sitting condition in healthy Caucasian males (Bailey et al., 2017). Similarly, Bailey et al. (2016) 

observed that postprandial glucose was reduced, but not postprandial insulin and TAG in 

breaking up sitting with MVPA bouts compared to a 5 h prolonged sitting condition in 

Caucasian females (Bailey et al., 2016). In contrast, breaking up sitting with MVPA bouts can 

attenuate postprandial TAG compared to a prolonged sitting in postmenopausal Japanese 

females (Miyashita et al., 2016). Comparably, breaking up sitting with MVPA bouts can reduce 

postprandial insulin and triglycerides, but not postprandial glycaemia compared to prolonged 

sitting in Qatari females (Chrismas et al., 2019). The difference in postprandial glucose 

response between these studies (Bailey et al., 2016; 2017; Chrismas et al., 2019; Dunstan et 

al., 2012), probably due to some factors, including the different PA bouts (2 min vs. 3 min), 

frequencies (20 min vs. 30 min), ethnicity (e.g., Caucasians vs. Qatari; Japanese), sex (male vs. 

female), and weight status of the study participants (overweight vs. normal weight) (Chrismas 

et al., 2019).  
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Breaking up sitting with short, frequent PA bouts could be beneficial than continuous exercise 

bouts. For instance, postprandial glucose and insulin iAUC was lower by 39% and 26%, 

respectively in breaking up sitting with LPA or MVPA bouts compared to prolonged sitting in 

normal-weight Caucasian adults (Peddie et al., 2013). In contrast, postprandial CRP was 

improved in breaking up sitting with MVPA bouts in normal-weight Caucasian adults, but no 

improvement in postprandial glucose, TAG, and total cholesterol compared to prolonged 

sitting (Altenburg et al., 2013).  Similarly, breaking up sitting with continuous 60 min LPA (25% 

VO2max) and MPA (65% VO2max)  attenuated postprandial triglycerides by 17% and 33%, 

respectively; whereas MPA (65% VO2max) improved postprandial glucose and fat oxidation 

compared to a prolonged sitting in healthy Caucasians (Kim et al., 2014). Additionally, breaking 

up sitting with regular LPA bouts (e.g., 2 min 32s bouts every 60 min) can improve postprandial 

triglycerides and HDL cholesterol by 2.23 mmol.L-1 and 0.99 mmol.L-1, but no response in 

postprandial glucose and insulin iAUC compared to a continuous 30 min MPA followed by 

prolonged sitting, and prolonged sitting conditions in normal-weight Caucasians (Maylor et 

al., 2018). Whilst postprandial insulin was lower by 31%, but no response in postprandial 

glucose and triglycerides in breaking up sitting with MPA bouts compared to prolonged sitting 

in normal-weight Caucasian females (Maylor et al., 2019). Similarly, postprandial glucose was 

lower, but no improvement in postprandial TAG and insulin in VPA-cycling for 1 min every 30 

min compared to prolonged sitting in normal-weight Caucasian adults (Bailey et al., 2019). It 

is suggested that regular PA bouts may be needed to be longer than 1 min (e.g., 5 min) and 

more frequent than 30 min (e.g., 20 min) in order to detect possible changes in postprandial 

TAG and insulin responses. These studies (Altenburg et al., 2013; Bailey et al., 2019; Kim et al., 

2014; Maylor et al., 2018; 2019; Peddie et al., 2013) show a variety of exercise and PA bouts, 
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including PA (walking vs. cycling), duration (1 min 40 sec vs. 2 to 8 min), intensity-MVPA (MPA 

vs. VPA), and frequency (e.g., 30 min vs. 60 min); therefore, health benefits were not similar 

across the studies. These findings also extended that breaking up sitting with short, frequent 

PA bouts appeared to be beneficial than continuous exercise bouts even with MVPA. The 

above experimental findings suggested that breaking up prolonged sitting with PA bouts (e.g., 

simple resistance activities, LPA, MPA, VPA, and MVPA) can improve cardiometabolic risk 

markers, including postprandial glucose and inulin and TAG compared to a prolonged sitting 

in controlled laboratory settings. In addition to these findings,  short bouts of PA could be an 

important intervention to reduce sedentary time to accumulate health benefits in general 

populations; yet no study was conducted in the South Asian population. Thus, further 

investigation needs to confirm whether the benefits of this short PA bouts can replicate within 

the South Asian population, which would help inform public health guidelines to reduce 

sedentary behaviour and ultimately improve cardiometabolic health in this under-researched 

population.  

 

Several experimental studies in a laboratory setting investigated the benefits of breaking up 

sedentary time with regular PA bouts on cardiometabolic risk markers in different 

populations, mainly in Caucasians, discussed in the previous sections. Nevertheless, several 

laboratory-based experimental studies contradict with the above findings, whereas no effect 

of postprandial glucose was observed in breaking up witting with PA bouts compared to 

prolonged sitting conditions (Altenburg et al., 2013; Bailey et al., 2017; Chrismas et al., 2019; 

Hansen et al., 2016; Hawari et al., 2016; 2019; Larsen et al., 2019; Maylor et al., 2018; 2019; 

Yates et al., 2020). Breaking up sitting with 2 to 8 min bouts of  LPA/MPA-cycling every 20 to 

60 min did not show any benefits in postprandial glucose, TAG, and total cholesterol compared 
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to prolonged sitting for 2.5 to 8 h in normal-weight Caucasian adults (Altenburg et al., 2013; 

Hansen et al., 2016). Comparably, no positive effect was observed in postprandial glucose, 

TAG, and insulin concentrations in breaking up sitting withstanding breaks, including chair 

squat for 30 sec to 1.5 min every 20 to 30 min compared to prolonged sitting for 6.5 to 8 h in 

overweight Caucasian males (Hawari et al., 2019; 2016). Postprandial glucose was unaffected 

in breaking up sitting with simple resistance activities (e.g., bodyweight squats, calf raises, and 

single knee raises) for a 3 min every 30 min compared to prolonged sitting in overweight 

Caucasian adults (Larsen et al., 2019). These findings are contrary to the above findings, 

probably due to the weight status of the study participants or PA bouts or frequencies and 

intensity of the PA within these studies. Overweight/obese individuals known as clinical 

populations may show higher response in PA bouts; these clinical populations may have 

comparatively higher health benefits of breaking up sedentary time with any types of PA bouts 

every 20 to 30 min than normal-weight populations. Additionally, intensity and frequency of 

PA bouts appear to be low in these studies (Hawari et al., 2019; 2016; Larsen et al., 2019), and 

the resistance activities may not utilise higher muscle activation, which may not be enough to 

suppress postprandial glucose in within these investigations (Chastin et al., 2015). 

Subsequently, these factors might lead to the postprandial glucose being unaffected.  

 

In addition to the benefits of breaking up sitting time on postprandial glycaemia, TAG, and 

insulin, previous experimental evidence (Carter et al., 2015; Donaldson et al., 2020; Hawari et 

al., 2019; 2016; Larsen et al., 2017; Peddie et al., 2013; Swartz et al., 2011) have examined 

substrate utilisation and energy expenditure response in breaking up sitting with PA bouts in 

Caucasian adults. The rate of fat oxidation and energy expenditure was increased by 17% in 

response to chair squats (standing and sitting 10 times over 30 s every 20 min) and 
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intermittent standing (standing 10 times for 1.5 min every 30 min) compared to sitting in 

overweight Caucasian adult (Hawari et al., 2019; 2016). Similarly, fat and CHO oxidation and 

energy expenditure were substantially higher in response to LPA or MVPA for 1 to 5 min every 

20 to 30 min compared to prolonged sitting in normal weight/overweight Caucasian adults 

(Carter et al., 2015; Donaldson et al., 2020; Larsen et al., 2017; Peddie et al., 2013; Swartz et 

al., 2011). These investigations suggest that breaking up sitting with PA or resistance activities, 

including chair squats, can improve metabolic health, including fat, CHO, and energy 

expenditure in normal weight/overweight Caucasian adults, but some studies have found no 

effect in substrate utilisation (Carter et al., 2015). Yet, there was no study examined in South 

Asians whether breaking up sedentary time with LPA/MVPA can improve metabolic health in 

South Asians. Thus, it is crucial to investigate the effects of breaking up sedentary time with 

LPA/MVPA on metabolic health in this under-researched population. 

 

2.11.2.2 Experimental evidence in a free-living condition  

Most experimental studies investigating the cardiometabolic health benefits of breaking up 

sedentary time with PA bouts have been conducted in controlled laboratory settings, 

discussed in the previous section. Although, a limited number of the study investigated the 

effect of breaking up sedentary time on cardiometabolic health in a free-living condition, 

which is discussed  below:  

 

A few experimental studies examined the effect of substituting sitting with standing and LPA 

on cardiometabolic risk markers in Caucasian adults (Duvivier et al., 2017; 2013; Smith et al., 

2021). Duvivier and colleagues’ (2013) study was the first free-living study in normal-weight 

Caucasian adults to investigate the effect of substituting sitting with standing and PA on 
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cardiometabolic risk markers. They reported that substituting sitting (6 h/day of sitting) and 

standing (≥2 h/day) with walking (≥4 h/day) every 30 min significantly improved postprandial 

TAG and insulin; when measured in response to an OGTT on the day after each intervention 

in normal-weight Caucasians compared to prolonged sitting (13 h /day of sitting; restricted 

walking and standing ≤2 h/day) in free-living condition lasting for 4 days (Duvivier et al., 2013). 

Duvivier et al. (2017) reported that in response to an OGTT, postprandial insulin and insulin 

sensitivity was improved by 20% and 16%, respectively, in substituting sitting (7 h/day of 

sitting) and standing (≥3 h/day) with self-perceived LPA (≥4 h/day) every 30 min in 

overweight/obese Caucasians compared to prolonged sitting (13.5 h/day of sitting; restricted 

walking and standing ≤2 h/day) in free-living conditions lasting for 4 days (Duvivier et al., 

2017). These two free-living studies similarly observed a positive effect of cardiometabolic 

health; substituting sitting with standing and walking breaks in free-living conditions can 

improve TAG and insulin concentrations in normal-weight and overweight/obese Caucasian 

adults (Duvivier et al., 2017; 2013). A three-week free-living intervention study examined the 

effect of substituting sitting with standing and LPA on glucose profile; breaking up sedentary 

time with LPA or MVPA for 3 min every 30 min improved fasting glucose and postprandial 

glucose variability, yet no other cardiometabolic risk markers, including insulin, was affected 

(in response to OGTT) on the day after each intervention in obese Caucasian adults compared 

to the control group, who continued with their habitual daily activities for 3 weeks in free-

living conditions (Smith et al., 2021). The disparities of the findings between the studies, 

possibly due to study design, duration of prolonged sitting, PA bouts, the intensity of PA, and 

participants' weight status; overall, these findings suggest that substituting sitting with 

standing, and walking is beneficial for cardiometabolic risk markers in normal 

weight/overweight/obese Caucasians. Nevertheless, there is no evidence in South Asians, and 
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it is unknown whether substituting sitting with standing, and walking can improve 

cardiometabolic risk markers in South Asians. Therefore, it is essential to examine the effect 

of substituting sitting with standing and walking on cardiometabolic risk markers in South 

Asians in free-living conditions.  

 

2.12 Summary  

South Asians are at higher risk for developing cardiometabolic diseases than the general 

population in the UK. Sedentary behaviour is prevalent in South Asians, possibly due to 

migration, culture, and religious factors. South Asians spend a large amount of sedentary time, 

particularly when recorded using objective measures. Engaging with a high amount of 

sedentary time could place South Asians at risk and increase cardiometabolic diseases. Thus, 

a review was needed to understand the total daily prevalence of sedentary time in South 

Asians based on objective and self-reported measurement methods, reviewed in Chapter 4.  

 

Prolonged sitting has adverse effects on cardiometabolic health, including increased risk for 

developing CVD and Type 2 diabetes in general populations. Evidence suggested that breaking 

up sitting with PA bouts can improve cardiometabolic diseases risk markers (Benatti et al., 

2015; Dempsey et al., 2016). As discussed in previous sections, evidence suggests that 

prolonged sitting has detrimental effects on cardiometabolic health, whilst laboratory-based 

experimental findings suggested that breaking up sedentary time with LPA/MVPA can improve 

cardiometabolic risk markers and metabolic health in general populations, mainly in Caucasian 

adults. There was limited published data available in South Asians on whether breaking up 

sedentary time with LPA/MVPA can improve cardiometabolic disease risk markers and 

metabolic health in normal-weight and overweight/obese South Asians. Only a randomised 
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cross over trial study in laboratory settings examined the effect of breaking up sedentary time 

on cardiometabolic diseases risk markers in older (aged > 65 years) South Asians with mixed 

weight status; breaking up sedentary time with LPA for 5 min every 30 min can significantly 

improve postprandial insulin, but not postprandial glucose in older South Asians compared to 

prolonged sitting for a 7.5 h (Yates et al., 2020). Though, the effect of breaking up sedentary 

time with LPA on cardiometabolic disease risk markers in younger age groups (e.g., aged <65 

years) in normal-weight and overweight/obese South Asians was unknown. Thus, it is essential 

to examine the effects of breaking up sedentary time with LPA on cardiometabolic risk 

markers and metabolic health in normal-weight and overweight/obese South Asians 

separately in controlled laboratory settings. This is therefore examined in chapters 5 and 6 

within this thesis.  

 

In addition to controlled laboratory settings, breaking up sedentary time with PA can also 

improve cardiometabolic risk markers in free-living conditions, discussed in the previous 

section. Free-living studies suggest substituting sitting with standing and LPA/MVPA can 

improve cardiometabolic disease risk markers in overweight/obese Caucasian adults. 

Nevertheless, no study investigated the effect of reducing and breaking up sedentary time 

with standing and LPA/MVPA on cardiometabolic disease risk markers in South Asians in free-

living conditions. South Asians are at higher risk for developing cardiometabolic diseases; thus, 

it is of interest to investigate if free-living findings in overweight/obese Caucasians can be 

replicated in overweight/obese South Asians in free-living conditions. This is therefore 

investigated in chapter 7 within this thesis.
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3.1 Introduction 

This chapter will outline the general methodologies implemented in the subsequent 

experimental studies (chapters 5 to 7). Any specific protocols undertaken for an experimental 

study are described within the respective experimental chapters. 

 

3.2 Participants 

This section applies to all experimental studies (chapters 5 to 7). South Asian was defined as 

anyone identifying themselves as South Asian or Asian British or South Asian British (i.e., 

Bangladeshi, Indian, Nepali, Pakistani, and Sri-Lankan) (Hanif and Susarla, 2018). Following 

local ethical approval from the University of Bedfordshire, Institute for Sport and Physical 

Activity Research Ethics Committee, South Asian participants aged between 18 and 75 years 

were recruited from local areas in Luton and Bedford. All participants were fully informed of 

any risks and discomforts associated with the research (in verbal and written form) prior to 

providing written informed consent (chapters 5 to 7: Appendix 2 to 4), completing a 

standardised health questionnaire (chapters 5 to 7: Appendix 5), and data collection. Exclusion 

criteria included: known heart disease, diabetes, bloodborne diseases (e.g., HIV), liver disease, 

renal failure, pregnancy or given birth in the last six months, recent or current smoker, taking 

any glucose or lipid-lowering medication, allergies to the test meals, other health issues 

(psychological or neurological disorders), and any other injuries that might limit the ability to 

perform light- intensity exercise. 

 

3.2.1 Randomisation 

This section applies to all experimental studies (chapters 5 to 7). Participants were randomly 

allocated intervention orders through block randomisation into conditions. Randomisation 
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was completed through an online-based research randomiser tool 

(https://www.randomizer.org/), where four blocks were produced, and four numbers were in 

each set. Individual ID numbers were allocated through an online-based list randomisation 

technique (https://www.random.org/lists/). Randomisation was performed by an individual 

independent from the research team. 

 

3.3 Recruitment strategy 

This section applies to all experimental studies (chapters 5 to 7). Participants were recruited 

through social media posts (e.g., posts on Facebook and Twitter) and the distribution of study 

flyers (chapter 5 to 7: Appendix 6 to 7) around the University of Bedfordshire (Luton and 

Bedford campuses), and in Luton and Bedford town centres, supermarkets, shopping mall, bus 

stops, and rail stations. To target prospective South Asian participants specifically, flyers were 

also distributed in the local temples, mosques, South Asian community centres, the South 

Asian Women’s Centre in Luton and Bedford areas, and Indian Independence Day in Bedford. 

The recruitment events were organised face-to-face and virtually (e.g., over Zoom) through 

local South Asian charity (e.g., SEVA TRUST-UK) and community leaders (e.g., local Member of 

the parliament, councillors of Luton and Bedford Borough, and local community leaders) in 

Luton and Bedford areas. Community seminars and virtual meetings were organised in 

different places, including Gurdwaras, Hindu temples, South Asian community centres, and 

Islamic centres located in Luton and Bedford. A local advertisement was announced in the 

South Asian community living in Luton and Bedford before the community meeting and 

seminar for each time to encourage their attendance. Recruitment stalls were installed in 

different venues, including local health fairs (e.g., organised by Healthwatch Bedford), South 

Asian cultural events (e.g., Festival of Lights-Diwali) in Luton, Dunstable, and Bedford areas. 

https://www.randomizer.org/
https://www.random.org/lists/
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Emails were also sent to different research institutes and staff of the University of 

Bedfordshire to recruit participants for the experimental studies (chapters 5 to 7). 

 

All participants were provided with a study participant information sheet (chapters 5 to 7: 

Appendix 8 to 10) in person or via email, and participants were also able to discuss this with 

the lead researcher in person or virtually (e.g., via Zoom or WhatsApp). Participants were 

required to attend preliminary testing in the Sport Science Laboratories at the University of 

Bedfordshire to ensure they met the study inclusion criteria for each experimental study. 

 

3.4 Preliminary testing 

This section applies to experimental studies 2 to 3 (chapters 5 to 6). 

3.4.1 Rating of perceived exertion  

Rating of perceived exertion (RPE) was explained to each participant during the preliminary 

visit, and participants provided their RPE during PA bouts 10 sec before ending test walking.  

Based on Bailey and Locke (2015), an exercise test to determine the walking speed for 

experimental conditions was started at a speed of 1.2 km.h-1 and increased by 0.5 km.h-1 every 

2-min until an RPE of 9 on the Borg scale (very light) was reached (Borg, 1982) (see Appendix 

11). Walking speed of RPE of 9 was recorded for each participant, which was set as walking 

speed during their main experimental condition. 

 

3.4.2 Anthropometric measurements 

Anthropometric measurements were taken once and recorded during preliminary testing for 

experimental studies 2 (chapter 5) and 3 (chapter 6). 
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3.4.2.1 Height measurement 

Height was measured to the nearest 0.1 cm using a stadiometer (Harpenden 98.602, Holtain 

Ltd., Crymych, UK). Each participant was advised to stand barefoot with both feet together on 

the stadiometer. During the measurement, it was ensured that participants faced toward as 

tall as straight as possible with their arms by their sides. Both knees were straight, and their 

buttocks and shoulders touched the stadiometer, with the head positioned in the Frankfort 

plane (Casadei and Kiel, 2020). 

 

3.4.2.2 Body fat composition and body mass index 

Body mass was measured to the nearest 0.1 kg, and the percentage of body fat (BF) was 

estimated after fasting for 4 h (sips of water was allowed, though) using the Tanita BC-418 

Segmental Body Composition Analyzer (Tanita Corp., Tokyo, Japan). Participants were advised 

to stand still on the Tanita scale without wearing shoes or socks apart from light clothing 

(Casadei and Kiel, 2020). Body Mass Index (BMI) was calculated manually using the following 

formula: 

BMI = Weight (kg)/Height (m)2 

 

A lower BMI cut-off point has been proposed for South Asians:  underweight (BMI: <18.0 kg.m-

2); normal healthy weight (BMI: 18.0 to 22.9 kg.m-2); overweight (BMI: 23.0 to 24.9 kg.m-2  and 

obese (BMI: ≥25.0 kg.m-2) (see chapter 2: section 2.10.1.1; Table 2.5) (Misra and Khurana, 

2011; WHO Expert Consultation, 2004). 
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3.4.2.3 Waist circumference measurement 

Waist circumference was measured at minimal inspiration to the nearest 0.1 cm using an 

adjustable tape measure (RST Tools, HaB, Direct) at the midpoint between the last rib and the 

top of the iliac crest (Lohman, Roche and Martorell, 1988). A lower WC cut-off point has been 

proposed for South Asians: Male: ≥90 cm and female: ≥80 cm (Misra and Khurana, 2011) (see 

chapter 2: section 2.10.1.1; Table 2.5). 

 

3.5 Control of diet and physical activity 

This section applies to experimental studies 2 to 4 (chapters 5 to 7). 

3.5.1 Control of dietary intakes 

Participants were asked to weigh their consumption, using a standard kitchen scale (Salter 

Disc Electronic Kitchen Scale, Ho-Medics Group Ltd, UK), and record food and beverage intake 

in a diary for 24 h before their first experimental condition (see Appendix 12). Participants 

were asked to consume the same volume of food and beverage at the exact times 24 h before 

their second main condition to minimise the influence of numerous chronobiological aspects 

of dietary intake (e.g., meal timing, frequency and regularity), total energy intake, and 

macronutrient intakes on cardiometabolic risk marker responses (Ekmekcioglu et al., 2011) . 

Alcohol, tea, coffee or any food or drink containing high amounts of caffeine were not 

permitted  24 h before the main conditions. 

 

3.5.2 Control of physical activity  

Participants were asked not to perform moderate to vigorous physical activity (MVPA) for 48 

h before each condition to avoid enhancing insulin sensitivity (Mikines et al., 1988). 

Participants were asked to verbally confirm they had adhered to these instructions on the 
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morning of each experimental condition. Participants were instructed to travel by car and park 

as close to the Sport and Exercise Science Laboratories as possible to minimise activity before 

attending each main experimental condition. Participant reminder sheets were provided to 

each participant during their preliminary session in the laboratory. 

 

3.6 Test meal 

This section applies to experimental studies 2 (chapter 5) and 3 (chapter 6). Participants were 

given a standardised breakfast (0 h) and lunch (3 h) in the laboratory research kitchen at the 

University of Bedfordshire (see Figure 3.1). The two standardised meals provided 25% of the 

estimated daily energy requirements for each participant. Energy requirements were 

estimated for each participant based on age, body mass, and BMI using the following Mifflin’s 

equations (Mifflin et al., 1990): 

 

Estimated energy requirements (men) = 10 x weight (kg) + 6.25 x height (cm) – 5 x age + 5 

Estimated energy requirements (women) = 10 x weight (kg) + 6.25 x height (cm) – 5 x age – 

161 

 

Breakfast consisted of cornflakes (Kelloggs), whole milk (Sainsbury's British Whole Milk), white 

bread (Warburtons Toastie Thick Sliced), orange juice (Sainsbury's Pure Orange Juice), Anchor 

Original Spreadable (Anchor), and strawberry jam (Sainsbury's) that provided 58% 

carbohydrate, 28% fat, and 13% protein (Champion et al., 2018). Lunch consisted of a non-

halal chicken sandwich (Sainsbury's British Cooked Chicken Wafer Thin Sliced,  Warburtons 

Toastie Thick Sliced White Bread, and Anchor Original Spreadable) or halal chicken sandwich 

(Sainsbury's Najma Halal Sliced Chicken Breast, Warburtons Toastie Thick Sliced White Bread, 
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and Anchor Original Spreadable) or cheese sandwich (Sainsbury's British Medium Cheddar 

Cheese, Warburtons Toastie Thick Sliced White Bread, and  Anchor Original Spreadable), 

Walkers crisps ready salted, Lucozade original, and Cadbury milk chocolate bar that provided 

58% carbohydrate, 28% fat, and 13% protein, which may provide a postprandial response in 

cardiometabolic risk markers that has been sensitive to manipulations in short and frequent 

PA bouts in the previous study with Caucasians (Champion et al., 2018). The halal chicken 

sandwich was available for Muslim participants, and the cheese sandwich was available for 

vegetarian participants. Participants were advised to choose their food preference options 

(e.g., vegetarian, halal and non-halal) from the above test meals during the preliminary testing 

session.  

 

 

Figure 3.1. Standardised breakfast and lunch.  
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The glycemic index (GI) of the breakfast and lunch was 73 and 74; values were obtained from 

the International Tables of Glycaemic Index and Glycaemic Load Values 2008 (Atkinson et al., 

2008). These high GI meals were designed to manipulate glycaemic and insulinemic response, 

which could provide sufficient scope for improvement during the activity condition (Augustin 

et al., 2015). Participants were asked to consume each meal within 15 min and replicate the 

consumption times from the first condition in the second condition (Henson et al., 2016). Food 

consumption was timed using a stop-clock to avoid going beyond fixed meal consumption 

time (i.e., 15 min). Water was provided ad libitum during the first experimental condition, and 

the total volume consumed was recorded. Participants were asked to replicate this amount 

during the second experimental condition (Henson et al., 2016). 

 

3.7 Blood pressure and heart rate monitoring 

This section applies to experimental studies 2 (chapter 5) and 3 (chapter 6). After having five 

minutes rest, resting blood pressure (mmHg) and heart rate (beats.min-1) were measured on 

the left arm of the participants seated in an upright resting position . Three readings on the 

left arm (resting on a table) were taken using an automatic device (Omron M5-I, Omron 

Matsusaka Co. Ltd., Matsusaka, Japan), with the mean average from the lowest two 

measurements being recorded (Bailey and Locke, 2015). Mean arterial pressure (MAP) was 

calculated using the following formula, where P is blood pressure (systolic or diastolic)  

(Brunner, 2010):   

MAP ≅ PDiastolic + 1/3 (PSystolic – PDiastolic) 
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3.8 Expired air sample measurement 

Expired air samples were measured during experimental studies 2 (chapter 5) and 3 (chapter 

6). 

3.8.1 Measurement of carbon dioxide production and oxygen consumption 

An expired air sample was collected continuously for 5 min periods during the condition after 

the participant had rested on a chair for at least 20 min. Calibration was performed based on 

CORTEX calibration equipment before using Metalyzer (Metalyzer 3B, Cortex Biophysik, 

Leipzig, Germany) to maintain the maximum accuracy for the expired air sample collection. 

After calibration, participants wore a Hans Rudolph reusable rubber face mask, and an online 

breath by breath gas analysis was performed (Faghy et al., 2020). After discarding respiratory 

exchange ratio values <0.70 or >1.00 (outside of this range, indirect calorimetry does not 

provide an accurate estimation for fat and carbohydrate oxidation in adults), average VO2 and 

VCO2 values were calculated and used for the estimation of carbohydrate and fat oxidation 

(Ferrannini, 1988; Romijn et al., 1992). 

 

3.8.2 Fat and carbohydrate oxidation, energy expenditure calculation by indirect 

calorimetry 

Fat and carbohydrate oxidation rates were calculated by indirect calorimetry using the 

following stoichiometric equations (Frayn, 1983), where VO2 is the volume of oxygen uptake; 

VCO2 is the volume of carbon dioxide exhaled; N is nitrogen component: 

Fat oxidation (mg.min-1) = 1.67 × VO2 (mL.min-1) - 1.67 × VCO2 (mL.min-1) - 1.92 × N (mL.min-1). 

Carbohydrate oxidation (mg.min-1) = 4.55 × VCO2 (mL.min-1) - 3.21 × VO2 (mL.min-1)   - 2.87 × N 

(mL.min-1). 
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No direct measures of urinary nitrogen excretion were performed in any experimental studies. 

Therefore, the urinary nitrogen component (N) is often excluded because it only accounts for 

< 4% of the actual energy expenditure in critically ill patients. It contributes only to a slight 

error of 1%-2% in calculating final energy expenditure in both inpatients and outpatients 

(Ferrannini, 1988). The N value was considered as zero, and therefore, the fat and 

carbohydrate oxidation calculations were based on the following equations:  

Fat oxidation (mg.min-1) = 1.67 × VO2 (mL.min-1) - 1.67 × VCO2 (mL.min-1) - 1.92 × 0 (mL.min-1) 

Carbohydrate oxidation (mg.min-1) = 4.55 × VCO2 (mL.min-1) - 3.21 × VO2 (mL.min-1)   - 2.87 × 0 

(mL.min-1) 

Therefore,  

Fat oxidation (mg.min-1) = 1.67 × VO2 (mL.min-1) - 1.67 × VCO2 (mL.min-1) 

Carbohydrate oxidation (mg.min-1) = 4.55 × VCO2 (mL.min-1) - 3.21 × VO2 (mL.min-1) 

 

Resting energy expenditure (REE) was calculated by multiplying the amount of their 

appropriate energy density, i.e., fat oxidation value was multiplied by nine, and carbohydrate 

oxidation value was multiplied by 4. Therefore, the following equation was used to calculate 

the resting energy expenditure (Brody, 1998): 

REE (Kcal.min-1) = (Fat oxidation [gm.min-1] × 9) + (Carbohydrate oxidation [gm.min-1] × 4) 

 

3.9 Blood sampling and analysis 

This section applies to experimental studies 2 (chapter 5) and 3 (chapter 6). Capillary blood 

samples were collected from a pre-warmed hand (keeping a hand in the bowl with warm 

water) in each condition via finger prick method using a lancet (Haemolance Plus Lancet, 

Prospect Diagnostics, Dronfield, UK) into two Microvette CB300 ethylenediaminetetraacetic 
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acid (EDTA) coated capillary blood collection tubes (Microvette CB300 EDTA, Sarstedt Ltd, 

Leicester, UK). After an immediate analysis of blood glucose and triglycerides, the whole blood 

sample from microvettes was centrifuged using a Micro centrifugal machine (Heraeus Pico 17 

microcentrifuge, Thermo Scientific, Loughborough, UK) at 2000 × g for 5 min (Bailey and Locke, 

2015). Afterwards, plasma was extracted using a pipette and immediately stored at minus 

80°C for future analysis. 

 

3.9.1 Blood glucose concentration analysis 

Blood glucose concentration (mmol.L-1) was measured from whole blood from one microvette 

using the YSI 2300 STAT plus glucose and lactate analyser (YSI Inc., Yellow Springs, OH, USA). 

The analyser was calibrated automatically every 15 min. 

 

3.9.2 Triglycerides analysis 

The whole blood sample was immediately used to measure triglycerides (mmol.L-1) using the 

Reflotron®Plus system (Roche Diagnostics, F.Hoffmann-La Roche Ltd., Burgess Hill, UK). A 

control test was performed prior to experimental samples, using the Reflotron check control 

strip with a grey area with a defined reflectance value. 

 

3.9.3 Metabolic load index 

Metabolic load index (MLI) (mmol.L-1) were calculated using the following equation (Emerson 

et al., 2016): MLI (mmol.L-1) = blood glucose concentration (mmol.L-1) + triglyceride 

concentrations (mmol.L-1).  
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3.9.4 Insulin analysis 

Plasma insulin (mU.L-1) was analysed using an Enzyme-Linked Immunosorbent Assay (ELISA) 

kit (Mercodia AB, Uppsala, Sweden). Mercodia insulin ELISA is a solid phase two-site enzyme 

immunoassay. The ELISA protocol was based on the direct “sandwich technique”, where two 

monoclonal antibodies are directed against separate antigenic determinants on the insulin 

molecule.  

 

3.10 Data analysis 

This section applies to experimental studies 2 (chapter 5) and 3 (chapter 6). Mean values were 

calculated for postprandial MAP (mmHg) and heart rate (beats.min-1). The total 300 min area 

under the curve (tAUC) and incremental 300 min area under the curve (iAUC) for blood glucose 

(mmol.L-1), triglycerides (mmol.L-1), MLI (mmol.L-1), plasma insulin concentration (mU.L-1), 

resting fat (mg.min-1) and carbohydrate oxidation (mg.min-1), and resting energy expenditure 

(Kcal.min-1) were calculated using the trapezoidal rule, to assess the differences between the 

experimental conditions (Wolever and Jenkins, 1986). The tAUC and iAUC were calculated 

using the following formulas:  

tAUC = (start concentration + end concentration) x ½ time (300 min); 

iAUC = tAUC – baseline area. 

 

Positive iAUC (p-iAUC) was also calculated as tAUC above the baseline value, usually a positive 

value. P-iAUC was calculated for blood glucose, TAG, and plasma insulin to assess further 

differences between the conditions, as this is recommended calculating when assessing food 

ingredients of different GI (Brouns et al., 2005). 
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4.1 Introduction  

At present, around 463 million adults live with diabetes worldwide (approximately 90% of 

these cases being Type 2 diabetes), with numbers expected to rise to 700 million by 2045 (IDF, 

2021). South Asians are suggested to be up to six times more likely to develop Type 2 diabetes 

than other ethnicities (Hanif and Susarla, 2018). In the UK, the prevalence of Type 2 diabetes 

in South Asians is approximately 20%, which is almost fivefold higher than in Caucasian adults 

(Gholap et al., 2011). Furthermore, South Asians also have significantly higher (three to five-

fold) cardiovascular disease (CVD) incidence, myocardial infarction, and mortality risk than the 

other ethnicities (Eapen et al., 2009; Fischbacher et al., 2004; Hanif and Susarla, 2018; Harding, 

2003), and the standardised mortality rate for IHD is higher in UK South Asians than Caucasians 

and African-Caribbean adults (Chaturvedi, 2003). Possible reasons for this increased risk in 

South Asians include migration and demographic transitions to a more Westernised lifestyle, 

dietary intake (e.g., high consumption of saturated fat), visceral adiposity, low PA levels, and 

higher sedentary time (Ahmad et al., 2017; Barnett et al., 2006; Fischbacher et al., 2004; 

Gholap et al., 2011; Misra and Shrivastava, 2013; Sattar and Gill, 2015). 

 

Sedentary behaviour is any waking behaviour characterised by an energy expenditure of ≤1.5 

METs while in a reclining, lying, or sitting posture (Tremblay et al., 2017). Engaging in a high 

amount of sedentary time (approximately 6 to 8 h/day) significantly increases the risk of CVD, 

Type 2 diabetes, and all-cause mortality in general populations (Bailey et al., 2019; Chau et al., 

2013; Ekelund et al., 2019; Patterson et al., 2018; Wilmot et al., 2012). A systematic review of 

22 studies found that greater sedentary time was associated with an increased risk of diabetes 

and cardiometabolic risk markers in South Asian adults (Ahmad et al., 2017). This may be of 

concern if South Asians engage in high volumes of sedentary behaviour. However, the 



Chapter 4: Prevalence of sedentary time in South Asians: A review study 

97 

systematic review by Ahmad et al. (2017) did not report the sedentary time of the studies 

included, meaning that it is unclear how sedentary South Asian adults are at a population level. 

Several studies, however, have reported daily sedentary time in South Asians. For instance, 

approximately 64% of Bangladeshi and Pakistani females living in the UK spent an average of 

8.8 h per day being sedentary when measured using objective methods (Curry and Thompson, 

2014). The World Health Organization (WHO) STEPS survey reported that the prevalence of 

daily sedentary time among Bangladeshi, Indian, Pakistani, Nepali, and Sri-Lankan adults was 

175, 309, 223, 202, and 216 min, respectively (WHO, 2021), which could be considered 

relatively low.  

 

Objective methods for the measurement of sedentary time include accelerometers and 

inclinometers. Accelerometers are worn on a fixed point of the body (typically wrist, hip, or 

thigh) and quantify acceleration resulting from bodily motion (Atkin et al., 2012). 

Inclinometers are devices that measure posture and are worn on the thigh to distinguish 

between sitting, standing, and lying (Atkin et al., 2012). A previous systematic review 

examining physical activity and sedentary time profiles in South Asians reported that 

objectively measured sedentary time ranged from 482 to 587 min/day (Mahmood et al., 

2020). However, this review included only accelerometer-derived data. Accelerometers 

cannot detect posture and, therefore, may misclassify standing as sedentary time, thus 

leading to overestimations (Hart et al., 2011). Furthermore, Mahmood et al. (2020) pooled 

data from South Asians and African Surinamese adults from more than 10 countries (i.e., 

Bangladesh, Indian, Pakistan, Nepal, Sri-Lanka, Maldives, Bhutan, Afghanistan, the 

Netherlands, and African countries) rather than focusing exclusively on South Asians, who may 

have distinct sedentary time profiles. The review by Mahmood et al. (2020) also did not 
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quantitatively synthesise sedentary time across the reported studies, so it is not clear what 

the mean sedentary time of South Asians is across the literature.  

 

To contribute a more comprehensive understanding of the prevalence of daily sedentary time 

in the South Asian population, this systematic review aimed to examine the total daily amount 

of time spent sedentary quantified via both subjective and objective measures in South Asian 

adults. 
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4.2 Methods  

4.2.1 Design 

The study was designed according to the Preferred Reporting Items for Systematic Reviews 

and Meta-Analysis (PRISMA) guidelines (Moher et al., 2009), and the study protocol was 

registered with PROSPERO (CRD42017065778). Ethical approval was obtained from the 

Institute for Sport and Physical Activity Research Ethics Committee, University of 

Bedfordshire, before starting the study (approval number 2018ISPAR011) (see Appendix 13). 

 

4.2.2 Eligibility criteria  

4.2.2.1 Inclusion criteria  

Studies were considered eligible for inclusion if they met the following criteria: written in 

English, conducted anywhere in the world in line with a similar previous systematic review 

(Harvey et al., 2015); published in a peer-reviewed journal between March 1990 and March 

2021; cross-sectional or prospective study design; report data on South Asian populations 

(either born in their resident country or migrated from the Indian subcontinent to their 

country of residence); aged ≥18 years; measured total daily sedentary time in a South Asian 

population group using self-report or objective methods; recruited healthy participants at 

baseline; provided a clear definition of sedentary behaviour (e.g., not defined as ‘physical 

inactivity); reported total sedentary time in minutes (min) or hours (h) per day. 

 

4.2.2.2 Exclusion criteria 

Studies were excluded if they were a review or intervention study; did not clearly define the 

ethnicity of the participants; did not report sedentary time separately for a South Asian 
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sample; did not conform to ethical standards; the corresponding author did not provide 

additional relevant information requested by the authors of this review. 

 

4.2.3 Search strategy and information sources 

In March 2021, electronic searches were conducted for research published between March 

1990 and March 2021 in seven databases: PubMed, Web of Science, Biomed Central, Medline, 

Scopus, SPORTDiscus, and Cumulative Index of Nursing and Allied Health Literature (CINAHL). 

The following Boolean operators were used: (“sitting” OR “sedentar*”) AND (“South Asian*” 

OR “Bangladesh*” OR “Indian*” OR “Pakistan*” OR “Sri-Lanka*” OR “Nepal*”). The search 

terms were limited to the study title and abstract. The search results were stored in online 

databases and offline (paper documents, portable memory sticks, and personal laptops). 

Relevant references cited in the studies were stored in RefWorks. 

 

4.2.4 Study selection process  

Following the removal of duplicates, a three-phase search strategy was subsequently 

employed by two reviewers (K.C.D. and D.P.B.). Firstly, the eligibility of the study titles was 

screened, and, secondly, abstracts were screened against the eligibility criteria. Thirdly, full 

articles were retrieved and assessed against the inclusion/exclusion criteria. The reference 

lists of relevant original and review articles were screened to identify any additional relevant 

studies. Authors were contacted by email to provide South Asian sub-group data if data 

reported in the article were pooled with other ethnic groups; these studies were not included 

if the requested data were not provided. 
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4.2.5 Data extraction and analysis 

Data extraction was conducted by K.C.D. using a standardised and pre-piloted data extraction 

form. The following data were extracted: author, year of publication, study design, sample 

characteristics (age, ethnicity, and sex), country of study, South Asian sample size, method of 

sedentary behaviour measurement, and mean sedentary time per day. A previous systematic 

review in the general population found that >6 h/day of daily sedentary time was the 

threshold at which the risk of CVD mortality increased (Patterson et al., 2018). To provide a 

practical health implication for the present review of South Asian adults who experience 

increased CVD risk, a threshold for a daily sedentary time of >360 min/day (6 h/day), indicating 

“high” sedentary time, was applied. 

 

4.2.6 Risk of bias and study appraisal  

Two reviewers (K.C.D. and D.P.B.) independently assessed the quality and risk of bias 

according to a standardised set of predefined criteria (see Table 4.1) (Biswas et al., 2015; 

Proper et al., 2011). Alternative Quality assessment tools, including PRISMA 2009 checklist 

and Effective Public Health Practice Project (EPHPP), were not used in this review study 

because they could measure either study quality or bias, but not both. Therefore, quality 

assessment for each study was performed using a standardised set of predefined criteria. The 

criteria consisted of eight items, with each item carrying a score weight of one: (1) sufficient 

description of the source population, (2) sufficient description of the sampling frame, 

recruitment methods, period of recruitment, and place of recruitment (setting and geographic 

location), (3) participation rate at baseline ≥80%, or if the non-response was not selective, (4) 

sufficient description of the study sample, (5) measurement method for sedentary time, (6) 

total sedentary time, (7) presentation of point estimates and measures of variability: standard 
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deviation (SD) or confidential interval (CI) or standard error (SE), and (8) no selective reporting 

of results. Each quality criterion was rated as positive (scored as 1) and negative (scored as 0). 

Two reviewers (K.C.D. and D.P.B.) scored independently for each study for quality (see Table 

4.1). The final score was agreed upon mutually between two reviewers (K.C.D. and D.P.B.). A 

study was considered “high-quality” and “low-quality” if the quality assessment score was ≥7 

and <7, respectively. This cut-off for the quality score was arbitrary due to the absence of a 

recommended cut-off within the literature. 

 

4.2.7 Synthesis of results 

The available literature was systematically reviewed to calculate the total amount of 

sedentary time (min/day) in South Asians using narrative and analytical approach. A narrative 

synthesis was conducted in this review because of the different types of sedentary behaviour 

measurement methods (e.g., self-reported questionnaire, accelerometers, and inclinometers) 

rather than a meta-analysis. The weighted mean was calculated using the following formula 

(Finch, 2009): Weighted mean (Xm) = (∑WiX) / (∑Wi), where Wi is the weighting value (sample 

size/total sample size), and X is sedentary time. The weighted mean for the total daily 

sedentary time was calculated separately for studies presenting self-reported and objective 

measures of sedentary time. Sedentary time was expressed as min/day to allow direct 

comparisons between studies (i.e., h/day data was converted to min/day). Similarly, the 

weighted SD was calculated using the formula (Finch 2009): Weighted SD (XSD) = (∑WiX) / 

(∑Wi), Where Wi is the weighting value (sample size/total sample size), and X is SD value for 

sedentary time. All data were analysed in Microsoft Excel and expressed as weighted mean ± 

weighted SD unless stated otherwise. 
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Table 4.1. Methodologic quality assessment of the included studies. 

Criteria a I, V/P 

 

Studies meeting 

criteria n (%) 

Study population and participation (baseline) 

1. Sufficient description of source population b. I 14/14 (100) 

2. Sufficient description of the sampling frame, recruitment methods, period of 

recruitment, and place of recruitment (setting and geographic location) b. 

I 10/14 (71) 

3. The participation rate at baseline ≥80%, or if the non-response was not 

Selective, show that the baseline study sample does not significantly differ from 

the population of eligible participants. 

V/P 11/14 (79) 

4. Sufficient description of the baseline study sample (i.e., individual participants in the study) for key 

characteristics (number, age, sex, and ethnicity, and sedentary time) c, d. 

I 12/14 (86) 

Data collection 

5. Sufficient measurement of sedentary behaviour: completed by objective measures (i.e., accelerometer, 

inclinometer), and not by self-report questionnaire (self-report = no; no/inadequate information = unknown). 

V/P 8/14 (57) 

6. Sedentary behaviour (total sitting time) was measured in min/day or hours/day. V/P 14/14 (100) 

Data analysis 

7. Presentation of point estimates and measures of variability (standard deviation, confidential interval, or 

standard error). 

 I 14/14 (100) 

8. No selective reporting of results. V/P 14/14 (100) 
a Criteria were rated as follows: "yes" refers to an informative description of the criterion at issue, which met the quality criterion, "no" refers to an informative 
description but an insufficient execution or lack of description of the criterion, and "unknown" refers to a vague or incomplete description of the criterion. b 

Sufficient = necessary information to be able to repeat the study; c yes is given only if sufficient information is given on all criteria. d yes is given only if no 
selective dropout on key characteristics is reported in the text or tables. I, criterion on informativeness; V/P, criterion on validity/precision. 
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4.3 Results  

4.3.1 Selection process results 

The search identified a total of 2501 studies, with 2297 studies remaining after removing 

duplicates. The study title screening led to the exclusion of 2128 studies, with abstract review 

excluding 118 studies. Fourteen published studies met the criteria for inclusion after the full-

text screening. Therefore, 14 studies were included in this systematic review (see Figure 4.1). 

The PRISMA flow chart of the study selection process is shown in Figure 4.1. 

 

Figure 4.1. The PRISMA flow chart of the study selection process. 
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4.3.2 Study characteristics  

A summary of the included study characteristics is shown in Table 4.2. All included studies 

were published between 2011 and 2020 and originated from five different countries 

(Bangladesh [n=1], India [n=2], Norway [n=1], Singapore [n=4], and the UK [n=6]); see Table 

4.2; 3 studies used a prospective cohort study design (Padmapriya et al., 2015; Uijtdewilligen 

et al., 2017; Yates et al., 2012), and the other 11 studies used a cross-sectional design 

(Andersen et al., 2011; Biddle et al., 2019; Castaneda et al., 2018; Chu et al., 2018; Curry and 

Thomson, 2014; Emadian and Thompson, 2017; Gill et al., 2011; Mathews et al., 2013; Mumu 

et al., 2017; Sullivan et al., 2011; Vaingankar et al., 2020).  

 

Of the UK based studies, participants included were migrant Bangladeshis (Curry and 

Thomson, 2014; Emadian and Thompson, 2017), Pakistanis (Curry and Thomson, 2014; 

Emadian and Thompson, 2017; Gill et al., 2011), Indians (Emadian and Thompson, 2017; Gill 

et al., 2011) and UK born South Asians (Curry and Thomson, 2014; Emadian and Thompson, 

2017). Three UK-based studies recruited migrant South Asians but did not specify their 

nationality (Biddle et al., 2019; Castaneda et al., 2018; Yates et al., 2012). The four 

Singaporean studies recruited migrant Indians living in Singapore but did not specify the 

participants' birth location (Chu et al., 2018; Padmapriya et al., 2015; Uijtdewilligen et al., 

2017; Vaingankar et al., 2020). Two studies conducted in India recruited native Indians living 

in urban and rural areas in India (Mathews et al., 2013; Sullivan et al., 2011). The Norway-

based study recruited participants born either in Pakistan or Norway (Andersen et al., 2011), 

whilst the study conducted in Bangladesh recruited native Bangladeshis living in rural and 

urban areas in Bangladesh (Mumu et al., 2017) (see Table 4.2). 
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Table 4.2. Overview of study characteristics. 

Author and year Country  Number, ethnicity, age, and sex Study design Sedentary time 
measurement method 

Total mean daily 
sedentary time (min/day) 

Higher or lower 
than the 
threshold for 
high sedentary 
time (360 
min/day) 
(Patterson et al. 
2018) 

Andersen et al. 
(2011) 

Norway 150 Pakistanis (either born in 
Norway or Pakistan) 
37 ± 7 years 
100% male 

Cross-sectional 
study 

ActiGraph accelerometer  
(Worn on the right hip) 

516 ± 96  

 

Biddle et al. 
(2019) 

United 
Kingdom 

289 South Asians 
55 ± 11 years 
43% female 

Cross-sectional 
study 

ActivPAL3 inclinometer 
(Worn on the midline 
anterior aspect of the 
upper thigh) 

516 ± 134  

 

Castaneda et al. 
(2018) 

United 
Kingdom 

25 migrant South Asians 
70 ± 8 years 
100% female 

Cross-sectional 
study 

ActiGraph accelerometer  
(Worn on the hip) 

532 ± 102  

 

Chu et al. (2018) Singapore 11 Indians  
20-65 years 
69% female 

Cross-sectional 
study 

SBQ questionnaire and   
ActiGraph accelerometer  
(Worn on the waist) 

658 ± 170 (questionnaire) 
615 ± 53 (accelerometer) 

 

 

Curry and 
Thomson (2014) 

United 
Kingdom 

140 South Asians  
(33 born in the UK, 49 born in 
Bangladesh, and 58 born in 
Pakistan) 
46 ± 14 years 
100% female 

Cross-sectional 
study 

ActiGraph accelerometer  
(Worn on the waist) 

519 ± 87 born in the UK. 
523 ± 91 born in 
Bangladesh. 
539 ± 71 born in Pakistan. 

 

 

Emadian and 
Thompson (2017) 

United 
Kingdom 

54 South Asians (either born in the 
UK or migrant from Bangladesh, 
Indian, and Pakistan) 
44 ± 9 years 
100% male 

Cross-sectional 
study 

ActiGraph accelerometer  
(Worn on the right hip) 

551 ± 95  

 

Data presented as mean ± SD;  , above the threshold value for high sedentary time; , below the threshold value for high sedentary time; SBQ, sedentary behaviour questionnaire. 
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Table 4.2. (Continued). 

Author and year Country  Number, ethnicity, age, and sex Study design Sedentary time 
measurement method 

Total mean daily 
sedentary  
time (min/day) 

Higher or lower than 
the threshold for high 
sedentary time (360 
min/day) 
(Patterson et al. 2018) 

Gill et al. (2011) United 
Kingdom 

1,228 South Asians 
(Indian and Pakistani) 
49 ± 10 years 
523 males and 705 females 

Cross-sectional 
study 

International physical 
activity questionnaire 

345 ± 17  

 

Mathews et al. 
(2013) 

India 47 Indians  
46 ± 3 years 
100% female 

Cross-sectional 
study 

ActiGraph accelerometer  
(Worn on the right hip) 

519 ± 115  

 

Mumu et al. 
(2017) 

Bangladesh 155 Bangladeshis 
35 ± 9 years 
54% females 

Cross-sectional 
study 

ActiGraph accelerometer  
(Worn on the waist level 
above the left hip) 

551 ± 83  

 

Padmapriya et al. 
(2015) 

Singapore 209 Indians  
≥18 years 
100% female  

Cohort study 
(prospective) 

International physical 
activity questionnaire 

431 ± 193  

 

Sullivan et al. 
(2011) 

India 6,447 Indians 
41 ± 0.2 
3,768 males and 2,679 females 

Cross-sectional 
study 

A quantitative physical 
activity questionnaire 

475 ± 165 for male 
474 ± 161 for female 

 

 

Uijtdewilligen et 
al. (2017) 

Singapore 2385 Indians 
≥21 years 
54% male 

Cohort study 
(prospective) 

A modifiable activity 
questionnaire 

303 ± 158  

 

Vaingankar et al. 
(2020) 

Singapore 366 Indians 
40 ± 14 years 
Males and females 

Cross-sectional 
study 

The global physical activity 
questionnaire 

345 ± 194  

 

Yates et al. (2012) United 
Kingdom 

97 South Asians 
59 ± 10 years 
52 males and 45 females 

Cohort study 
(prospective)  

International physical 
activity questionnaire 

402 ± 468 
 

 

Data presented as mean ± SD;  , above the threshold value for high sedentary time;  , below the threshold value for high sedentary time.  
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The sample sizes for the South Asian ethnic groups in the studies ranged widely, from 11 to 

6,447 South Asian participants (see Table 4.2). The participants' age range was 18 to 89 years, 

apart from one study that used a cut-off of 17 years (Sullivan et al., 2011). As the average age 

was 41 ± 10 years and only a small number of Indian-based studies were available, thus, this 

study was included in the results. Eight studies included both males and females (Biddle et al., 

2019; Chu et al., 2018; Gill et al., 2011; Mumu et al., 2017; Sullivan et al., 2011; Uijtdewilligen 

et al., 2017; Vaingankar et al., 2020; Yates et al., 2012), two studies included only males 

(Andersen et al., 2011; Emadian and Thompson, 2017), with the remaining four studies 

including only female participants (Castaneda et al., 2018; Curry and Thomson, 2014; 

Mathews et al., 2013; Padmapriya et al., 2015).  

 

4.3.3. Study quality 

The study quality rating for everyone included study is shown in Table 4.3. The quality scores 

of the individual studies included in this review ranged from 5 to 8. Eleven of the studies were 

considered high quality (Andersen et al., 2011; Biddle et al., 2019; Castaneda et al., 2018; Chu 

et al., 2018; Curry and Thomson, 2014; Emadian and Thompson, 2017; Gill et al., 2011; 

Mathews et al., 2013; Mumu et al., 2017; Sullivan et al., 2011; Vaingankar et al., 2020) and 

three of the studies were considered low quality (Padmapriya et al., 2015; Uijtdewilligen et 

al., 2017; Yates et al., 2012). 
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Table 4.3. Study quality rating for each study. 

Criteria Andersen 

et al. 

(2011)  

Biddle et 

al. (2019)  

Castaneda 

et al. 

(2018)  

Chu et al. 

(2018)  

Curry and 

Thomson (2014)  

Emadian and 

Thompson 

(2017)  

Gill et al. 

(2011)  

Study population and participation (baseline)  

1. Sufficient description of source population. 1 1 1 1 1 1 1 

2. Sufficient description of sampling frame, recruitment 

methods, period of recruitment, and place of recruitment 

(setting and geographic location). 

1 0 1 0 1 1 1 

3. The participation rate at baseline ≥80%, or if the non-

response was not selective, show that the baseline study 

sample does not significantly differ from the population of 

eligible participants. 

1 1 1 1 1 1 1 

4. Sufficient description of baseline study sample (i.e., 

individual participants in the study) for key characteristics 

(number, age, sex, ethnicity, and sedentary time). 

1 1 1 1 1 1 1 

Data collection 

5. Sufficient measurement of sedentary behaviour: 

completed by objective measures (i.e., accelerometer, 

inclinometer), and not by self-report questionnaire (self-

report= no; no/inadequate information =unknown). 

1 1 1 1 1 1 0 

6. Sedentary behaviour (total sitting time) was measured in 

minutes or hours/day. 

1 1 1 1 1 1 1 

Data analysis 

7. Presentation of point estimates and measures of variability 

(standard deviation, confidential interval, or standard error). 

1 1 1 1 1 1 1 

8. No selective reporting of results. 1 1 1 1 1 1 1 

Total score  8 7 8 7 8 8 7 
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Table 4.3. (Continued). 

Criteria Mathews 

et al. 

(2013)  

Mumu 

et al. 

(2017)  

Padmapriya et 

al. (2015)  

Sullivan et al. 

(2011)  

Uijtdewilligen 

et al. (2017)  

Vaingankat et 

al. (2020)  

Yates et al. 

(2012)  

Study population and participation (baseline)        

1. Sufficient description of source population. 1 1 1 1 1 1 1 

2. Sufficient description of sampling frame, recruitment 

methods, period of recruitment, and place of 

recruitment (setting and geographic location). 

0 0 1 1 1 1 1 

3. The participation rate at baseline ≥80%, or if the non-

response was not selective, show that the baseline 

study sample does not significantly differ from the 

population of eligible participants. 

1 1 0 1 0 1 0 

4. Sufficient description of baseline study sample (i.e., 

individual participants in the study) for key 

characteristics (number, age, sex, ethnicity, and 

sedentary time).  

1 1 0 1 1 1 0 

Data collection        

5. Sufficient measurement of sedentary behaviour: 

completed by objective measures (i.e., accelerometer, 

inclinometer), and not by self-report questionnaire (self-

report= no; no/inadequate information =unknown). 

1 1 0 0 0 0 0 

6. Sedentary behaviour (total sitting time) was 

measured in minutes or hours/day. 

1 1 1 1 1 1 1 

Data analysis        

7. Presentation of point estimates and measures of 

variability (standard deviation, confidential interval, or 

standard error). 

1 1 1 1 1 1 1 

8. No selective reporting of results. 1 1 1 1 1 1 1 

Total score  7 7 5 7 6 7 5 
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4.3.4 Sedentary time measurement methods 

Total sedentary time was measured using objective measures (i.e., accelerometers, 

inclinometers) in eight studies (accelerometers: Andersen et al., 2011; Castaneda et al., 2018; 

Chu et al., 2018; Curry and Thomson, 2014; Emadian and Thompson, 2017; Mathews et al., 

2013; Mumu et al., 2017; Inclinometers: Biddle et al., 2019), and self-report questionnaires 

were used in seven studies (Chu et al., 2018; Gill et al., 2011; Padmapriya et al., 2015; Sullivan 

et al., 2011; Uijtdewilligen et al., 2017; Vaingankar et al., 2020; Yates et al., 2012). One study 

used both a questionnaire and accelerometers (Chu et al. 2018). All data were reported as 

minutes or hours/day (see Table 4.2). 

 

4.3.5 Total sedentary time in South Asian adults 

The pooled data from all studies showed that the total weighted mean sedentary time was 

424 ± 8 min/day in South Asian adults. This weighted mean value is higher than the cut-off for 

“high” sedentary time (360 min/day) used in this review (Patterson et al., 2018). In total, 11 

of the 14 studies reported daily sedentary times that were above this threshold.  

 

Seven studies reported total mean sedentary time ranging between 303 ± 158 and 658 ± 170 

min/day using self-report questionnaires (Chu et al., 2018; Gill et al., 2011; Padmapriya et al., 

2015; Sullivan et al., 2011; Uijtdewilligen et al., 2017; Vaingankar et al., 2020; Yates et al., 

2012) (see Table 4.2). The weighted mean for the self-reported total sedentary time was 416 

± 19 min/day. Based on eight studies using objective measurement methods, total mean 

sedentary time ranged between 516 ± 134 and 615 ± 534 min/day (Andersen et al., 2011; 

Biddle et al., 2019; Castaneda et al., 2018; Chu et al., 2018; Curry and Thomson, 2014; Emadian 
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and Thompson, 2017; Mathews et al., 2013; Mumu et al., 2017) (see Table 4.2). The weighted 

mean for the objective measurement methods was 527 ± 11 min/day of sedentary time.  

 

In relation to sedentary time in male and female South Asians, based on self-reported 

measures, the average sedentary time was similar in Indian males (475 ± 165 min/day) and 

females (474 ± 161 min/day) in the study by Sullivan et al. (2011), although Padmapriya et al. 

(2015) reported lower sedentary time in migrant Indian females (431 ± 193 min/day) 

(Padmapriya et al., 2015; Sullivan et al., 2011). Based on objective measures, there was also 

no clear difference in sedentary time between male and female South Asians. In males, 

sedentary time ranged from 516 ± 96 to 551 ± 95 min/day (Andersen et al., 2011; Emadian 

and Thompson, 2017), and, in females, it ranged from 519 ± 87 to 532 ± 102 min/day 

(Castaneda et al., 2018; Curry and Thomson, 2014; Mathews et al., 2013).  

 

Of the 14 included studies, only 3 studies recruited South Asians who were living in a South 

Asian country (i.e., Bangladesh and India). The sedentary time of these samples ranged from 

474 ± 161 to 551 ± 83 min/day (Mathews et al., 2013; Mumu et al., 2017; Sullivan et al., 2011). 

The sedentary time of migrant South Asians, according to the other 11 studies, ranged from 

303 ± 158 to 658 ± 170 min/day (Andersen et al., 2011; Biddle et al., 2019; Castaneda et al., 

2018; Chu et al., 2018; Curry and Thomson, 2014; Emadian and Thompson, 2017; Gill et al., 

2011; Vaingankar et al., 2020; Padmapriya et al., 2015; Uijtdewilligen et al., 2017; Yates et al., 

2012). 
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4.4 Discussion 

This is the first study, to the authors’ knowledge, to systematically review the total daily 

sedentary time based on both self-report and objective methods in South Asian adults. The 

review's main finding is that South Asian adults engage in a mean daily sedentary time of 

approximately 7 h (424 ± 8 min), although sedentary time varies widely between self-reported 

and objective measures. The mean sedentary time of South Asians is considered ‘high’ in 

relation to the threshold applied (6 h/day or 360 min/day) that indicates an increasing risk of 

CVD mortality (Patterson et al., 2018). The sedentary time of South Asians may thus be placing 

them at increased risk of these diseases.  

 

The daily sedentary time of South Asians in the present review is lower than the 482 to 587 

min/day reported by Mahmood et al. (2020). This discrepancy may be due to Mahmood et al. 

(2020) reporting total mean sedentary time based on accelerometer data only (i.e., ActiGraph 

and ActiHeart), whereas the current review reports total sedentary time in South Asians based 

on both objective and subjective measurement methods. However, based on the weighted 

sedentary time of the studies that used objective methods in the present review, daily 

sedentary time was 527 min/day, which is similar to the range reported in the systematic 

review by Mahmood et al. (2020). 

 

Sedentary time was relatively higher when measured using objective methods (527 ± 11 

min/day) compared with self-report methods (416 ± 19 min/day). Total daily sedentary time 

was 111 min per day higher according to objective methods. This is not surprising, given that 

many sitting activities in individuals’ daily lives may be omitted within self-report measures, 

including eating, driving, phoning, listening to music, writing, and personal care (Chastin et al., 
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2013). Other sedentary activities, including typing, playing videos games, and sending text 

messages, might have also been missed when estimating total sedentary time using self-

report measures (Peterson et al., 2015). Self-reported measures have other limitations, 

including low levels of data validity and reporting biases, leading to the underestimation of 

levels of sedentary behaviour due to the lack of conscious processing with sedentary 

behaviour, which might limit the ability of an individual to recall their sitting time accurately 

(Atkin et al., 2012; Clemes et al., 2012). Therefore, overall sedentary time may be 

underestimated by 2.2 to 3.4 h/day (Chastin et al., 2014). Accelerometers and inclinometers, 

on the other hand, can measure activities continuously during the monitoring period and, 

therefore, capture all sedentary activities (e.g., sitting) that may not be recollected or reported 

when answering questionnaires (Chastin et al., 2014). The findings of the present study extend 

those of a meta-analysis that found self-report methods underestimated sedentary time by 

105 min/day compared with device measures in general population adults, but not specifically 

South Asian adults (Prince et al., 2020). However, some monitoring devices (i.e., 

accelerometers) have limited functional abilities to detect posture and may therefore 

misclassify standing as sedentary time (Hart et al., 2011). The activPAL inclinometer accurately 

detects posture and may thus be considered the gold standard method for measuring sitting 

time.  

 

In the present review, only one study measured sedentary time using activPAL devices and 

found that South Asian adults engaged in high amounts of sitting (516 min/day) (Biddle et al., 

2019). According to objective measures in this review, which may provide a more accurate 

estimation of sedentary time than self-reported measures, South Asian adults spend 

approximately 9 h each day being sedentary. This could contribute to their increased risk of 
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Type 2 diabetes, CVD, and mortality (Bailey et al., 2019; Ekelund et al., 2019; Patterson et al., 

2018; Wilmot et al., 2012). Future research is needed to confirm this hypothesis using 

objective methods of sedentary time that accurately detect this behaviour. The findings of the 

present review also support those of a systematic review that demonstrated that sedentary 

time varies widely across studies conducted within the same country and across different 

European countries (Bennie et al., 2013).  

 

Based on self-reported measures, the reported average daily sedentary time within the 

included studies in this review was similar in Indian males and Indian females, although lower 

sedentary time was reported in migrant Indian females (Padmapriya et al., 2015; Sullivan et 

al., 2011). Similarly, based on objective measures, the average daily sedentary time for the 

studies in this review was similar among male and female South Asians (Andersen et al., 2011; 

Castaneda et al., 2018; Curry and Thomson, 2014; Emadian and Thompson, 2017; Mathews et 

al., 2013). However, this review was not able to draw any firm conclusions regarding any 

potential differences in sedentary time between male and female South Asians due to the 

absence of sedentary time reported separately for each sex, i.e., only three male (Andersen 

et al., 2011; Emadian and Thompson, 2017; Sullivan et al., 2011) and five female samples 

(Castaneda et al., 2018; Curry and Thomson, 2014; Padmapriya et al., 2015; Mathews et al., 

2013 ; Sullivan et al., 2011) were available for review. There also did not appear to be any 

consistent evidence regarding any differences in sedentary time in migrants compared with 

native South Asian populations. However, drawing a firm conclusion in this respect is difficult 

due to the small number of studies that have investigated native South Asian participants 

(Mathews et al., 2013; Mumu et al., 2017; Sullivan et al., 2011). It is possible that factors such 

as culture, religion and the environment could affect the sedentary time of migrant versus 
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native South Asians, as has been suggested in relation to PA levels (Horne and Tierney, 2012).  

It is also possible that these factors could mediate the association between sedentary time 

and CVD, but there is limited research available exploring this issue in South Asian populations 

(Ahmad et al., 2017). According to this systematic review, there does not appear to be any 

clear indication as to a difference in sedentary time between male and female South Asians 

or between migrant and native South Asians. Thus, future studies should include direct 

comparisons between males and females and migrant and native populations, in addition to 

investigating how these factors could affect associations with CVD risk. This would help to 

identify potential population groups that may benefit more from targeted interventions. 

 

The pooled total sedentary time from all studies in South Asians in this review was 424 ± 8 

min/day, which is higher than the threshold of 360 min/day identified by Patterson et al. 

(2018), at which the risk of CVD mortality increases significantly. Within the current review, 

11 out of 14 studies reported total mean sedentary times that ranged between 402 and 658 

min/day (Andersen et al., 2011; Biddle et al., 2019; Castaneda et al., 2018; Chu et al., 2018; 

Curry and Thomson, 2014; Emadian and Thompson, 2017; Mathews et al., 2013; Mumu et al., 

2017; Padmapriya et al., 2015; Sullivan et al., 2011; Yates et al., 2012), which are all above this 

threshold and therefore provide consistent evidence of the potentially increased CVD risk in 

South Asian adults. The remaining three studies reported total mean sedentary between 303 

and 345 min/day in migrant South Asians living in the UK and Singapore (Gill et al., 2011; 

Uijtdewilligen et al., 2017; Vaingankar et al., 2020). The reason for the lower sedentary time 

in these three studies might be because of the measurement methods employed, i.e., self-

reported measures, which can underestimate sedentary time significantly (Chastin et al., 

2014). However, other studies using self-report methods found higher daily sedentary time 
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(Chu et al., 2018; Padmapriya et al., 2015; Sullivan et al., 2011; Yates et al., 2012), meaning 

the measurement method may not be the only reason for the disparate findings. A 

combination of factors such as country of study, migration status and measurement methods 

could affect sedentary time estimates. Nonetheless, the literature reviewed here suggests 

sedentary time could be high in South Asians, to the level that may increase their risk of CVD 

mortality. Potential reasons for a high sedentary time in South Asians could be related to a 

lack of knowledge around the risks of engaging in high sedentary time, cultural norms and a 

lack of awareness or understanding of what constitutes sedentary behaviour (Curry et al., 

2015; Emadian and Thompson, 2017). 

 

4.5 Strengths and limitations of the Study 

The main strength is that the current study is the first review study  that reported total daily 

sedentary time based on self-report and objective methods in South Asian adults. However, 

there are some limitations. Firstly, the study quality cut-off was arbitrary due to the absence 

of a recommended cut-off within the literature. Secondly, the current review incorporates 

some studies that have a small sample size, meaning that certain groups may have been 

under-represented (e.g., limited scope for exploring sedentary time based on income, 

education, and employment status for South Asians living in different countries), resulting in 

limited generalisability of the results for some sociodemographic sub-groups. Additionally, 

this study finding was based on only healthy South Asians; thus, total sedentary time may not 

be generalised in non-healthy South Asians. People with long term health complications (e.g., 

CVD and Type 2 diabetes) would be expected to be more sedentary than healthy population 

(Morrato et al., 2007). Thirdly, of particular importance is that a direct comparison between 

male and female and native and migrant South Asians was not possible across the studies due 
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to the lack of studies that have reported separate sitting times for these groups. Furthermore, 

it is crucial to recognise that South Asians are a diverse ethnic group originating from five 

different South Asian nations, with substantial differences based on language, culture, 

religion, diet, and lifestyle. Consequently, there needs to be some caution in generalising the 

results of these included studies to all South Asians. Finally, the literature search for this 

review was conducted for studies published until March 2021, which spanned the COVID-19 

pandemic, all the studies included were conducted before the pandemic. Thus, potential 

changes in sedentary time due to COVID-19 did not influence the findings. Future research 

should, thus, evaluate the effects of COVID-19 on sedentary time in South Asian adults, which 

could be higher due to national restrictions such as home confinement and social distancing, 

as has been reported in other population groups (Stockwell et al., 2021). 

 

4.6 Conclusions 

This systematic review concludes that South Asian adults spend a ‘high’ amount of time 

engaging in sedentary behaviour, which may thus increase their risk of cardiometabolic 

disease and mortality. The methods used appear to influence the estimated daily sedentary 

time in this population, with objective measures resulting in 111 min/day higher sedentary 

time than self-reported measures. The ‘high’ level of total sedentary time evident across most 

of the studies included in the review places them at increased risk of all-cause mortality, thus 

they appear to be an ‘at risk’ group. It may thus be appropriate to develop and evaluate health 

promotion interventions aimed at reducing sedentary time in this population specifically. 
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13). The effects of breaking up sedentary time on postprandial cardiometabolic disease risk 
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Study map 

Study Objectives and key findings 

Study 1: The prevalence of daily 

sedentary time in South Asian 

adults: a systematic review. 

Objectives: 

➢ To examine the total daily amount of time spent 

sedentary quantified via subjective and 

objective measures in South Asian adults. 

 

Key findings: 

➢ South Asian adults engage in a mean daily 

sedentary time of approximately 7 h. 

➢ South Asian adults spend a large proportion of 

time being sedentary, especially when recorded 

using objective measures (~9 h/day). 
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5.1 Introduction  

In modern society, people spend more than half time of their total waking day as sedentary 

(Henson et al., 2016). Engaging with a high amount of sedentary time increases the risk of 

cardiometabolic disease (including CVD and Type 2 diabetes), premature death, and all-causes 

of mortality (Bailey et al., 2019; Chau et al., 2013; Dunstan et al., 2010; 2012; Dunstan, Thorp 

and Healy, 2011; Ekelund et al., 2019; Patterson et al., 2018; Ryan et al., 2015; Wilmot et al., 

2012). The mortality rate in South Asians living in the UK was increased three to five-fold due 

to cardiometabolic disease compared to the other ethnic groups (e.g., Caucasians and African-

Caribbean groups) (Fischbacher et al., 2004; Harding, 2003). Furthermore,  the prevalence of 

Type 2 diabetes in South Asians living in the UK is almost 20%, nearly fivefold higher than 

Caucasians (Gholap et al., 2011). Research reported that the weighted mean total sedentary 

time was 424 min/day in South Asians (Dey et al., 2021), exceeding the 360 min/day threshold 

for a daily sitting time associated with increased risk of CVD mortality from a previous meta-

analysis (Patterson et al., 2018). It is anticipated that mediating to reduce sedentary time 

might be particularly beneficial in this high-risk population.  

 

Postprandial glucose and TAG are independent risk factors for developing cardiometabolic 

diseases in humans (Bonora and Muggeo, 2001; Cavalot et al., 2006; Einarson et al., 2011; 

Gerstein and Punthakee, 2010). Postprandial hyperglycaemia occurs when the multiple 

homeostatic mechanisms that decrease glucose fluctuations and restore normal glucose 

levels after a meal are reduced (Beisswenger et al., 2004). Postprandial hyperglycaemia is 

accompanied by oxidative stress, which causes endothelial dysfunction and ultimately 

atherosclerosis (Ceriello, 2000). The rapid increase in glucose during the postprandial period 

is also likely to trigger carbonyl stress which independently contributes to cardiometabolic 
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disease development (Beisswenger et al., 2004). Previous observational findings suggest an 

adverse consequence of sedentary behaviour, including prolonged sitting on cardiometabolic 

diseases (Dunstan et al., 2012; Healy et al., 2008; Hamilton et al., 2008; Owen et al., 2010). 

These data are particularly based on Caucasian individuals, with a lack of published studies 

examining whether cardiometabolic health effects are similar in South Asians. 

 

Short and frequent PA bouts may be more beneficial than continous PA bouts discussed in 

chapter 2 (section 2.11.2.1). However, the benefits of breaking up sedentary time with PA 

bouts could be more pronounced in individuals with some distinctive profiles (e.g., high 

adiposity, compromised health, low fitness, and poor glycaemic control). South Asians may 

fall in these categories, and high adiposity/visceral fat is one of the key cardiometabolic risk 

factors. Even at the same BMI, South Asians have higher WHR and higher visceral fat than 

Caucasians (Joshi et al., 2007). Consequently, a revised BMI cut-off has been proposed in this 

ethnic group, which is discussed in chapter 2 (section: 2.10.1.1). Thus, South Asians, including 

normal-weight South Asians, are at high risk for developing cardiometabolic diseases. As 

breaking up sedentary time with PA bouts is beneficial for cardiometabolic health in other 

ethnicities; therefore, it is imperative to investigate the effects of breaking up sedentary time 

with PA bouts on cardiometabolic diseases risk markers in normal-weight South Asian adults.  

 

Several experimental studies have examined the acute effect of postprandial cardiometabolic 

diseases risk markers, including postprandial glucose, TAG, and insulin responses in normal-

weight Caucasian adults (Bailey and Locke, 2015; Bailey et al., 2017; Champion et al., 2018; 

Peddie et al., 2013; Pulsford et al., 2017). The postprandial glucose, TAG, and insulin 

concentration level were significantly improved in prolonged sitting compared to other 
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conditions, including breaking up sedentary time with 1 min 40 s to 2 min LPA/MVPA every 20 

to 30 min in normal-weight Caucasian adults (Bailey and Locke, 2015; Champion et al., 2018; 

Peddie et al., 2013; Pulsford et al., 2017). These findings suggest that breaking up sedentary 

time with PA bouts can improve postprandial glucose, TAG, and insulin concentration that 

may lower the risk of cardiometabolic diseases in normal-weight Caucasians. Aditionally, fat 

and CHO oxidation and energy expenditure were significantly higher in response to LPA or 

MVPA for 1 to 5 min every 20 to 30 min compared to prolonged sitting in normal-weight 

Caucasian adults (Carter et al., 2015; Donaldson et al., 2020; Peddie et al., 2013; Swartz et al., 

2011). These suggest that breaking up sedentary time with PA bouts can be beneficial for 

metabolic health in normal-weight Caucasians, but some studies have found no effect in 

substrate utilsation (Carter et al., 2015). Nevertheless, there is a lack of published studies in 

South Asians examining the effect of breaking up sedentary time with PA bouts on 

cardiometabolic health. Only one experimental study examined the effect of breaking up 

sedentary time with LPA for 5 min every 30 min, resulting in improved postprandial insulin, 

but not postprandial glucose in older (aged >65 years) South Asians with mixed weight status 

(mean BMI >26 kg.m-2) (Yates et al., 2020). However, data is lacking on the effects of breaking 

up sedentary time with LPA on cardiometabolic disease risk markers in normal-weight South 

Asians in younger age groups (aged <65 years). Thus, it is imperative to investigate the effects 

of breaking up sedentary time with PA bouts on cardiometabolic diseases risk markers and 

metabolic health (i.e., substrate utilisation and energy expenditure) in normal-weight South 

Asian adult adults.  

 

The present study aimed to establish whether breaking up sedentary time with LPA could 

improve postprandial cardiometabolic risk markers in normal-weight South Asian adults. 
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Secondly,  the present study aimed to examine whether breaking up sedentary time with LPA 

could improve resting metabolic health in normal-weight South Asian adults. 

 

5.1.1 Study hypothesis 

It is hypothesised that breaking up sedentary time with LPA will significantly improve 

postprandial cardiometabolic risk markers (e.g., postprandial glucose, TAG, and insulin) and 

resting metabolic health compared to prolonged sitting in normal-weight South Asian adults. 
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5.2 Methods 

5.2.1 Study design 

The study was a two-condition randomised cross over trial conducted at the Sport and 

Exercise Science Laboratories at the University of Bedfordshire. The condition order was 

randomised, as described in chapter 3 (section 3.2.1). The current study was conducted 

according to the Declaration of Helsinki principles and approved by the University of 

Bedfordshire Institute for Sport and Physical Activity Research Ethics Committee, and the 

ethics approval number is 2019ISPAR003 (see Appendix 14). The study was registered as a 

clinical trial with this registry (https://www.clinicaltrials.gov/), and the study registration 

number is NCT03898206.  

 

5.2.2 Participants 

Participant full-recruitment strategy was described in chapter 3 (section 3.3). Normal-weight 

South Asians aged between 18 and 75 years who were able to walk and perform LPA were 

recruited; data collection was performed between April 2019 and March 2020. All participants 

had a BMI of between 18.0 kg.m-2 and 22.90 kg.m-2 (South Asian cut-off was used; see chapter 

3: section 3.4.2). Exclusion criteria were described in chapter 3 (section 3.2).  

 

5.2.2.1 Sample size calculations 

A-priori sample size was calculated using G* power software (version 3.0.10; Germany) with 

the primary outcome of postprandial glucose concentrations (mmol.L-1) at an effect size (d) 

1.12, calculated on the mean effect size from previous research (effect size: 1.68, Bailey and 

Locke, 2015; effect size: 0.55, Peddie et al., 2013). A total of nine normal-weight South Asian 

males and females were required for the current study to achieve 80% power and an alpha 

https://www.clinicaltrials.gov/
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value of 5% (P = 0.05). A total of 12 normal-weight participants were planned to recruit to 

allow for 20% dropout. 

 

5.2.3 Experimental protocol 

5.2.3.1 Preliminary testing  

RPE was explained to each participant during the preliminary visit. The walking speed of RPE 

of 9 was recorded for each participant, which was set as walking speed during their main 

experimental conditions (see chapter 3: section 3.4.1). Each participant completed 

anthropometric measurements during the preliminary testing session, as described in chapter 

3 (section 3.4.2). Participants were habituated to measure 5 min resting expired air samples 

taken during the main conditions (see chapter 3: section 3.8.1). 

 

5.2.3.2 Experimental conditions 

Participants attended two separate visits in the morning (at approximately 8.30 am) in the 

fasted state (minimum of 10 h overnight fast except water) to the Sport and Exercise Science 

Laboratories in a randomised order (Henson et al., 2016). The procedures for controlling diet 

and PA before each condition were described in chapter 3 (section 3.5). Participants were 

given a standardised breakfast (0 h) and lunch (3 h) in the laboratory research kitchen (see 

chapter 3: section 3.6). Participants were unaware of which condition they were taking part 

in their first experimental visit until that experimental visit commenced. Due to an acute bout 

of physical activity enhancing insulin sensitivity for up to 72 h, each condition was separated 

by a minimum of three days to eliminate potential carryover effects of the activity conditions 

(Mikines et al., 1988). Female participants were asked to indicate the expected date of their 

menstruation. Based on the information, they were tested between 1 and 10 days in their 
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follicular phase only to minimise the influence of hormonal fluctuations of blood glucose 

concentrations (Pulido and Salazar, 1999; Valdes and Elkind-Hirsch, 1991). The study 

schematic diagram of the experimental protocol is shown in Figure 5.1. 

 

Prolonged sitting condition (SIT) 

Participants remained seated for 5 h and were instructed to reduce excessive movement, only 

rising from the chair to visit the toilet; this was aided by a wheelchair pushed by the 

researcher. Participants sat in a designated room equipped with a chair and desk where they 

read books, newspapers, magazines, had internet access and worked on laptops or computers 

throughout the conditions. Before the first experimental condition, participants were asked 

to inform the researcher which activities they planned to carry out and were asked to do these 

same activities during the second condition. 

 

Breaking up sitting with walking breaks (INT-SIT) 

Participants rose from the seated position every 30 min throughout the experimental period 

to walk on a motorised treadmill (Woodway PPS55Med-i, GmbH, Germany)  at a light-intensity 

walking (self-paced light-intensity walking was determined from the preliminary testing 

session) for 5 min. Participants started walking on a treadmill at 30 min, 60 min, 90 min, 120 

min, 150 min, and 180 min in the breakfast-postprandial period and 30 min, 60 min, and 90 

min in the lunch-postprandial period (see Figure 5.1). After performing the walking activity, 

participants returned to the seated position. The activity breaks were undertaken on nine 

occasions, providing a total of 45 min of light-intensity walking. 
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Figure 5.1. Schematic diagram of the experimental protocol. 
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5.2.4 Outcome measures 

5.2.4.1 Blood glucose, triglycerides, metabolic load index, and plasma insulin 

The blood sample collection technique was described in chapter 3 (section 3.9). A total of 10 

blood samples were collected from each participant throughout the conditions (see Figure 

5.1). Blood samples were analysed for blood glucose (see chapter 3: section 3.9.1), blood 

triglycerides (see chapter 3: section 3.9.2), metabolic load index (see chapter 3: section 3.9.3), 

and plasma insulin (see chapter 3: section 3.9.4). Blood samples were collected at baseline in 

a fasted state (-15 min), breakfast postprandial period (25 min, 55 min, 85 min, 115 min, and 

175 min), and lunch postprandial period (25 min, 55 min, 85 min, and 115 min) (see Figure 

5.1). 

 

5.2.4.2 Resting fat oxidation, carbohydrate oxidation, and energy expenditure 

The expired air sample collection technique was described in chapter 3 (section 3.8.1). A total 

of 11 resting expired air samples were collected from each participant to estimate fat 

oxidation, carbohydrate oxidation, and energy expenditure (see chapter 3: section 3.8.2). 

Expired air samples were taken at baseline in a fasted state (-15 min), breakfast postprandial 

period (20-25 min, 50-55 min, 80-85 min, 110-115 min, 140-145 min, and 170-175 min), and 

lunch postprandial period (20-25 min, 50-55 min, 80-85 min, and 110-115 min) (see Figure 

5.1). 

 

5.2.4.3 Blood pressure and heart rate 

The blood pressure and heart rate measurement techniques were described in chapter 3 

(section 3.7). A total of 11 blood pressure and heart rate were measured to calculate MAP and 

mean heart rate (see chapter 3: section 3.7). Blood pressure and heart rate were taken at 
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baseline in a fasted state (-15 min), breakfast postprandial period (15 min, 45 min, 75 min, 105 

min, 135 min, and 165 min), and lunch postprandial period (15 min, 45 min, 75 min, and 105 

min) (see Figure 5.1). 

 

5.2.5 Statistical analysis 

Data analyses were performed using SPSS version 26.0 (SPSS Inc., Armonk, NY, USA). All data 

are presented as mean (95% confidential interval [CI]) unless stated otherwise. All figures of 

the results are presented as the standard error of the mean (SEM). Data were tested for 

normality using Q-Q plots. A log transformation was conducted, where data violated normality 

assumptions prior to statistical analysis. The study outcome variables, including postprandial 

glucose, TAG, MLI, plasma insulin, resting fat and CHO oxidation, and energy expenditure, 

mean MAP, and heart rate, were measured, as described in chapter 3 (section 3.10). Linear 

mixed models were used to determine the main effect of condition (INT-SIT vs SIT), condition 

order, and condition × time interaction for the postprandial cardiometabolic risk outcomes 

(blood glucose, TAG, MLI, and plasma insulin tAUC, iAUC, and positive-iAUC), fat oxidation, 

CHO oxidation, and REE, MAP, and heart rate. Condition, condition order, and time were fixed 

factors, and participants were random factors and these models were adjusted for a  potential 

covariate (i.e., baseline outcome values). Due to having a small sample size, one covariate is 

used as it is suggested that one covariate is for every 10 and 15 participants (Chen et al., 2016). 

Statistical significance was two-tailed and set at P ≤0.05. Cohens'd effect sizes (d) were 

calculated to describe the magnitude of differences between two conditions; 0.2, 0.5, and 0.8 

were indicated as the small, medium or large effect, respectively (Cohen, 1988). 
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5.3 Results 

5.3.1 Participant characteristics 

Participant characteristics are presented in Table 5.1. Fourteen (six males and eight females) 

normal-weight South Asians completed their preliminary visit in the laboratory. Eight 

participants were able to complete the full study protocol, and six remaining participants were 

unable to attend the laboratory due to COVID-19, as described in chapter 1 (section 1.3). All 

University premises were closed due to the first national lockdown in March 2020. Therefore, 

eight datasets were included in the final analysis of the study. 

 

Table 5.1. Description of the participants' characteristics. 

Characteristics N = 14 n = 8  

Bangladeshi 14% (2) 25% (2) 

Indian  65% (9) 63% (5) 

Pakistani  7% (1) 0% (0) 

Nepali  14% (2) 12% (1) 

Hinduism 93% (13) 100% (8) 

Muslim 7% (1) 0% (0) 

Employed 100% (14) 100% (8) 

Female) 57% (8) 75% (6) 

Male 43% (6) 25% (2) 

Age (years) 46.4 ± 5.1 47.2 ± 7.8 

Height (cm) 163.7 ± 1.5 161.5 ± 2.3 

Body mass (kg) 57.4 ± 1.8 53.9 ± 2.5 

Body mass index (kg.m-2) 21.3 ± 0.4 20.6 ± 0.5 

Body fat (%) 23.6 ± 1.5 23.8 ± 2.7 

Waist circumference (cm) 74.3 ± 8.8 73.6 ± 3.5 

Walking speed (km.h-1) 2.5 ± 0.6 2.5 ± 0.2 

Data presented as mean ± standard error of the mean (SEM); N =14 completed preliminary visit; n = 
8 completed full study protocol. 
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5.3.2 Baseline values 

The baseline values in the fasted state for SIT and INT-SIT are presented in Table 5.2. There 

were no significant differences in postprandial blood glucose, TAG, plasma insulin, resting fat 

and CHO oxidation, mean MAP, and heart rate (HR) between the two experimental conditions 

(P ≥0.15). However, resting energy expenditure (REE) approached significance between the 

two conditions (P = 0.07), with a small effect size (d  = 0.42) (see Table 5.2). 
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Table 5.2. Baseline values in the fasted state in the two experimental conditions. 

 Prolonged sitting condition Breaking up sitting with 

walking breaks condition 

P-value for the 

main effect of 

condition 

Cohens’ d 

effect size 

Blood glucose (mmol.L-1) 4.65 (4.26, 5.03) 4.63 (4.24, 5.01) 0.94 0.05 

Triglycerides (mmol.L-1) 1.14 (0.85, 1.14) 1.16 (0.87, 1.45) 0.90 0.04 

Insulin (mU.L-1) 6.04 (3.25, 8.844) 4.61 (1.82, 7.41) 0.15 0.33 

Resting fat oxidation (mg.min-1) 46.86 (33.45, 60.27) 42.60 (29.18, 56.01) 0.70 0.25 

Resting carbohydrate oxidation (mg.min-1) 112.98 (69.67, 156.30) 95.36 (52.04, 138.67) 0.50 0.31 

Resting energy expenditure (kcal.min-1) 0.87 (0.79, 1.03) 0.76 (0.60, 0.93) 0.07 0.42 

Mean arterial pressure (mmHg) 88.41 (79.59, 97.23) 90.38 (81.56, 99.21) 0.39 0.18 

Heart rate (beats.min-1) 66.75 (62.32, 71.17) 67.56 (63.13, 71.99) 0.67 0.14 

Data presented as mean (95% confidence interval); n = 8; There were no significant differences in any variables between the two conditions (P ≥ 0.15) or 
approached significance (P = 0.07) highlighted in bold. 
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5.3.3 Postprandial blood glucose 

There was no significant main effect of condition in postprandial blood glucose iAUC in INT-

SIT (1.43 [1.05, 1.71] mmol.L-1.5h-1) compared with SIT (1.46 [1.09, 1.84] mmol.L-1.5h-1) (P = 

0.88), with a small effect size (d = 0.07). Similarly, there was no significant main effect of 

condition for postprandial blood glucose tAUC and positive-iAUC between SIT and INT-SIT (P 

≥0.77), with a small effect size (d = 0.05-0.09) (see Table 5.3). 

 

Postprandial blood glucose responses over 5 h between the two experimental conditions are 

shown in Figure 5.2. There was no significant main effect for glucose concentration across 5 

h; compared with SIT (5.95 [5.41, 6.49] mmol.L-1), postprandial glucose concentration was 

similar in INT-SIT (5.95 [5.41, 6.49] mmol.L-1) (P = 0.98), with a small effect size (d = 0.03) (see 

Table 5.3). There was a significant effect of time on postprandial glucose (P < 0.001). Though, 

the condition × time interaction for postprandial glucose was not significant (P = 0.36). 

 



Chapter 5: Breaking up sedentary time in normal-weight South Asians 

135 
 

Table 5.3. Postprandial responses for blood glucose, triglycerides, metabolic load index, plasma insulin, resting fat, carbohydrate oxidation, and 

energy expenditure, mean arterial pressure, and heart rate in the two experimental conditions. 

 Prolonged sitting 

condition 

Breaking up sitting with 

walking breaks 

condition 

P-value for the 

main effect of 

condition 

Cohens’ d 

effect size 

Blood glucose tAUC (mmol.L-1.5h-1) 6.11 (5.61, 6.61) 6.05 (5.55, 6.56) 0.77 0.09 

Blood glucose p-iAUC (mmol.L-1.5h-1) 1.46 (1.09, 1.83) 1.46 (1.09, 1.83) 0.99 0.05 

Blood glucose concentration over timea (mmol.L-1) 5.95 (5.41, 6.49) 5.95 (5.41, 6.49) 0.98 0.03 

Triglycerides tAUC (mmol.L-1.5h-1) 1.50 (1.21, 1.78) 1.38 (1.09, 1.66) 0.13 0.35 

Triglycerides p-iAUC (mmol.L-1.5h-1) 0.37 (0.13, 0.61) 0.33 (0.08, 0.57) 0.68 0.14 

Triglycerides concentration over timea (mmol.L-1) 1.42 (1.08, 1.76) 1.30 (0.96, 1.64) 0.01 0.30 

Metabolic load index iAUC (mmol.L-1.5h-1) 1.75 (1.06, 2.44) 1.60 (0.90, 2.28) 0.42 0.19  

Metabolic load index p-iAUC (mmol.L-1.5h-1) 1.80 (1.17, 2.43) 1.76 (1.13, 2.39) 0.83 0.05  

Metabolic load index by timea (mmol.L-1) 7.32 (6.52, 8.12) 7.21 (6.41, 8.01) 0.37 0.12 

Insulin tAUC (mU.L-1.5h-1) 30.02 (22.21, 37.82) 32.28 (24.47, 40.08) 0.64 0.22 

Insulin iAUC (mU.L-1.5h-1) 24.69 (16.88, 32.49) 26.94 (19.14, 34.75) 0.64 0.22 

Resting fat oxidation tAUC (mg.min-1) 46.42 (36.87, 55.98) 43.91 (34.35, 53.46) 0.63 0.20 

Resting carbohydrate oxidation tAUC (mg.min-1) 144.99 (93.67, 196.30) 155.46 (104.14, 206.77) 0.60 0.16 

Resting energy expenditure tAUC (kcal.min-1) 1.01 (0.81, 1.21) 1.00 (0.80, 1.20) 0.84 0.05 

Resting energy expenditure iAUC (kcal.min-1) 0.22 [0.02, 0.42) 0.21 [0.01, 0.41) 0.81 0.05 

Mean arterial pressure (mmHg) 89.17 (85.96, 92.38) 87.23 (84.02, 90.45) 0.31 0.02 

Heart rate (beats.min-1) 67.49 (64.37, 70.62) 67.61 (64.49, 70.73) 0.92 0.11 

Data presented as mean (95% confidence interval); n=8; tAUC, total area under the curve; iAUC, incremental area under the curve; p-iAUC, positive incremental 
area under the curve; avalues refer to the marginal means for the main effect of condition in the condition by time analyses;  Statistically significant (P ≤0.05) 
difference was highlighted in bold. 
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5.3.4 Postprandial plasma insulin 

There was no significant main effect of condition for postprandial plasma insulin Positive-iAUC 

in SIT (24.72 [17.54, 31.91] mU.L-1.5h-1) compared to INT-SIT (26.26 [19.07, 33.44] mU.L-1.5h-1) 

(P = 0.73), with a small effect size (d = 0.16). Correspondingly, there was no significant main 

effect of condition for postprandial plasma insulin iAUC and tAUC between SIT and INT-SIT (P 

= 0.64), with a small effect size (d = 0.22) (see Table 5.3).  

 

Postprandial plasma insulin responses over 5 h between the two experimental conditions are 

shown in Figure 5.2. There was no significant main effect for plasma insulin across the 5 h; 

compared with SIT (30.55 [22.29, 38.80] mU.L-1), postprandial plasma insulin was similar in 

INT-SIT (32.67 [24.30, 41.04] mU.L-1) (P = 0.43), with a small effect size (d = 0.14). However, 

there was a significant effect of time on postprandial plasma insulin (P < 0.001). Though, the 

condition × time interaction for postprandial plasma insulin was not significant (P = 0.80). 
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Figure 5.2. Postprandial blood glucose (A), plasma insulin (B), triglycerides (C), and metabolic load index (D) responses between prolonged sitting 

and breaking up sitting with walking breaks conditions. Data are mean and 95% confidence interval. Boxes indicate standardised test meals for 

breakfast and lunch.
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5.3.5 Postprandial triglycerides 

There was no significant main effect of condition for postprandial TAG iAUC in INT-SIT (0.23 [-

0.05, 0.51] mmol.L-1.5h-1) compared with SIT (0.35 [0.07, 0.64] mmol.L-1.5h-1) (P = 0.13), with a 

small effect size (d = 0.35). There was no significant main effect of condition for postprandial 

TAG p-iAUC and tAUC between SIT and INT-SIT (P = 0.13-0.68), with a small effect size (d = 

0.14-0.35) (see Table 5.3). 

 

Postprandial TAG responses over 5 h between the two experimental conditions are shown in 

Figure 5.2. There was a significant main effect for TAG concentration across the 5 h, where 

TAG concentrations were significantly lower in INT-SIT (1.30 [0.96, 1.64] mmol.L-1) compared 

to SIT (1.42 [1.08, 1.76] mmol.L-1) (P = 0.01), with a small effect size (d = 0.30) (see Table 5.3). 

There was a significant effect of time on postprandial TAG (P <0.001). The condition × time 

interaction for postprandial TAG was not significant (P = 0.49). 

 

5.3.6 Postprandial metabolic load index 

There was no significant main effect of condition for postprandial MLI tAUC in INT-SIT (7.17 

[6.35, 7.99] mmol.L-1.5h-1) compared with SIT (7.33 [6.51, 8.15] mmol.L-1.5h-1) (P = 0.40), with 

a small effect size (d = 0.16). There was no significant main effect of condition for postprandial 

MLI iAUC and p-iAUC between the two conditions (P = 0.42-0.83), with a small effect size (d = 

0.05-0.19) (see Table 5.3). Similarly, there was no significant effect for MLI across the 5 h 

between the two conditions (P = 0.37), with a small effect size (d = 0.12) (see Table 5.3; see 

Figure 5.2 for explanatory purpose). There was a significant effect of time on postprandial MLI 

(P <0.001). The condition × time interaction for postprandial MLI was not significant (P = 0.27). 



Chapter 5: Breaking up sedentary time in normal-weight South Asians 

139 
 

  

Figure 5.3. Postprandial resting energy expenditure (A), fat oxidation (B), and carbohydrate oxidation (C) responses between prolonged sitting 

and breaking up sitting with walking breaks conditions. Data are mean and 95% confidence interval. Boxes indicate standardised test meals for 

breakfast and lunch. 
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5.3.7 Resting energy expenditure 

There was no significant main effect of condition for postprandial REE iAUC and tAUC  between 

SIT and INT-SIT (P = 0.81-0.84), with a small effect size (d = 0.05) (see Table 5.3). Postprandial 

REE responses over 5 h between the two experimental conditions are shown in Figure 5.3. 

There was no significant main effect for REE across the 5 h in SIT (1.03 [0.77, 1.29] kcal.min-1) 

and INT-SIT (1.01 [0.74, 1.25] kcal.min-1) (P = 0.17), with a small effect size (d = 0.13). There 

was a significant effect of time on postprandial REE (P <0.001). The condition × time 

interaction for postprandial REE was not significant (P = 0.41). 

 

5.3.8 Postprandial substrate utilisation 

Data for the postprandial responses of substrate utilisation tAUC is presented in Table 5.3. 

There was no significant main effect of condition for postprandial resting fat oxidation iAUC 

between SIT (3.21 [-6.35, 12.77] mg.min-1) and INT-SIT (0.67 [-8.89, 10.23] mg.min-1) (P = 0.62), 

with a small effect size (d = 0.21). Postprandial resting fat oxidation responses over 5 h 

between the two experimental conditions are shown in Figure 5.3. There was no significant 

main effect for resting fat oxidation across the 5 h in SIT (47.66 [36.53, 58.79] mg.min-1) 

compared to INT-SIT (45.44 [34.31, 56.57] mg.min-1) (P = 0.25), with a small effect size (d = 

0.35). However, there was a significant effect of time on postprandial resting fat oxidation (P 

= 0.007). Though, the condition × time interaction for postprandial resting oxidation was not 

significant (P = 0.51). 

 

There was no significant main effect of condition for postprandial resting CHO oxidation iAUC 

between SIT (44.28 [-7.05, 95.61] mg.min-1) and INT-SIT (54.75 [3.43, 106.09] mg.min-1) (P = 

0.61), with a small effect size (d = 0.16). Postprandial resting CHO oxidation responses over 5 
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h between the two experimental conditions are shown in Figure 5.3. There was no significant 

main effect for resting CHO oxidation across the 5 h in SIT (148.01 [86.81, 209.21] mg.min-1) 

compared to INT-SIT (159.75 [98.52, 220.98] mg.min-1) (P = 0.11), with a small effect size (d = 

0.04). However, there was a significant effect of time on postprandial resting CHO oxidation 

(P<0.001). Though, the condition × time interaction for postprandial resting CHO oxidation 

was not significant (P = 0.45). 

 

5.3.9 Mean arterial pressure and heart rate 

There was no significant main effect of the condition in mean MAP in INT-SIT compared with 

SIT condition (P = 0.31), with a small effect size (d = 0.02) (see Table 5.3). There was no 

significant main effect for MAP over 5 h period, but there was a trend in SIT (87.78 [83.25, 

92.31] mmHg) compared to INT-SIT (86.31 [81.80, 90.81] mmHg) (P = 0.09), with a small effect 

size (d = 0.14) (see Figure 5.4). However, there was no significant effect of time for MAP (P = 

0.39). The condition × time interaction for MAP was not significant (P = 0.68). 

 

There was no significant difference in mean HR between the two conditions (P = 0.93), with a 

small effect size (d = 0.11) (see Table 5.3). There was no significant main effect of for HR over 

5 h period  in SIT (67.98 [64.35, 71.59] beats.min-1) and INT-SIT (68.13 [64.49, 71.74] beats.min-

1) (P = 0.84), with a small effect size (d = 0.11) (see figure 5.4). There was a significant effect of 

time on postprandial HR (P <0.001). The condition × time interaction for HR was not significant 

(P = 0.65).
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Figure 5.4. Postprandial mean arterial pressure (A), and heart rate (B) responses between prolonged sitting and breaking up sitting with walking 

breaks conditions. Data are mean and 95% confidence interval. Boxes indicate standardised test meals for breakfast and lunch. 
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5.4 Discussion 

The current study is the first experimental study investigating the effects of breaking up 

sedentary time with LPA on postprandial cardiometabolic risk markers and resting metabolic 

health in normal-weight South Asian adults. These data suggest that breaking up sedentary 

time with 5 min bouts of LPA every 30 min can acutely improve postprandial TAG 

concentrations in normal-weight South Asians. Nevertheless, no significant differences were 

observed in postprandial blood glucose, plasma insulin, MLI, resting fat oxidation and CHO 

oxidation, REE, MAP, and HR between breaking up sedentary time and prolonged sitting over 

a 5 h period. 

 

The current study findings suggested that there was no significant difference in AUC and 

overall postprandial glucose, MLI, and insulin responses over time between SIT and INT-SIT 

conditions in normal-weight South Asians. Likewise, several experimental findings did not 

show any difference in postprandial glucose and insulin when breaking up sedentary time with 

LPA or MVPA for 2 min 32 sec to 8 min every 20 to 60 min in normal-weight Caucasian adults 

(Altenburg et al., 2013; Hansen et al., 2016; Maylor et al., 2018). In contrary to the current 

study findings, previous evidence (Bailey and Locke, 2015; Bailey et al., 2017; Champion et al., 

2018; Peddie et al., 2013; Pulsford et al., 2017) have suggested that breaking up sedentary 

time with LPA or MVPA for 1 to 5 min every 20 to 30 min significantly reduced (16 to 39%) 

postprandial glucose and plasma insulin in normal-weight Caucasian adults. Similarly, breaking 

up sedentary time with 5 min LPA every 30 min significantly improved postprandial insulin, 

although postprandial glucose was unaffected in older (aged >65 years) South Asians with 

mixed weight status (mean BMI >26 kg.m-2) (Yates et al., 2020). In these investigations, a 

significant reduction of postprandial glucose and plasma insulin concentrations was observed, 



Chapter 5: Breaking up sedentary time in normal-weight South Asians 

144 
 

except one study (Yates et al., 2020) in breaking up sedentary time with regular PA bouts 

compared to prolonged sitting. This disparity might be accountable to study design, including 

PA frequency (e.g., every 20 min, 30 min), duration of PA bouts (e.g., 2 min and 3 min), and 

intensity of the PA (e.g., light, and MVPA). There may be greater benefits with higher intensity 

(e.g., MVPA) with different or short duration and frequent PA bouts in cardiometabolic risk 

markers in healthy populations, possibly due to increased muscular mediated disposal of the 

metabolites (Bailey and Lock, 2015; Peddie et al., 2013).  

 

The benefits of breaking up sedentary time with any types of PA bouts every 20 to 30 min are 

more pronounced in clinical populations, including CVD and Type 2 diabetes (Dempsey et al., 

2016). However, the benefits may not replicate in normal-weight South Asians as they might 

have responded differently than other ethnic groups (e.g., Caucasians), possibly due to 

adiposity, reduction of lean muscle mass, dysfunction of pancreatic beta cells, insulin 

resistance, and metabolic inflexibility, including dysglycaemia and dyslipidaemia (Bakker et al., 

2013; Bays et al., 2021; 2011). South Asians have fewer functional adipocytes than Caucasians, 

which can increase visceral adiposity (Bays et al., 2011). South Asians are more likely store 

excess body fat in abdominal site, particularly in vital organs (e.g., including liver, heart, and 

skeletal muscle) due to their phenotype (TOFI), which ultimately can increase the flow of free 

fatty acid to the liver and produce fatty liver; thus, it can potentially contribute to develop 

insulin resistance (Nakajima et al., 2011). Thus, greater intensity of PA (e.g., MVPA) bouts 

would be needed to improve postprandial response in normal-weight South Asians than the 

current study.  
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The current study findings were based on eight participants which were slightly lower than 

estimated sample size (i.e., nine participants) and the shortage of one participant could have 

caused under power. Therefore, lack of power could not be able to statistically detect 

significant differences in postprandial variables between the conditions (O'Keefe, 2007). The 

above investigations were based on normal-weight Caucasians, except one South Asian study 

where older (aged >65 years) South Asians with mixed weight status (mean BMI >26 kg.m-2) 

were recruited (Yates et al., 2020). Thus, older obese South Asians might have responded 

differently to normal-weight South Asians, possibly due to participants age, BMI, lean muscle 

mass, basal metabolic rate, and body fat composition (Emerson et al., 2018). These may lead 

to the disparities of the findings between the present study and previous study conducted by 

Yates et al. (2020). Furthermore, the current study used different test meals, possibly 

containing different percentages of macronutrients than the previous studies (Bailey and 

Locke, 2015; Champion et al., 2018; Champion et al., 2018; Peddie et al., 2013), which might 

induce different glucose responses. Therefore, this might undermine the postprandial glucose 

response during the PA bouts as higher GI meals accelerate postprandial glucose, and 

significant differences might have been detected between pre-and post-meal conditions 

(Augustin et al., 2015; Bailey et al., 2017). These could be the possible reasons, which could 

limit postprandial response in breaking up sedentary time with LPA in normal-weight South 

Asians compared to above studies.  

 

The current study observed a significant difference in the overall postprandial TAG response 

over time, yet no significant difference was observed in AUC analysis between SIT and INT-SIT 

conditions in normal-weight South Asians. Postprandial TAG concentrations were significantly 

lower by 43% in breaking up sedentary time with PA bouts in INT-SIT compared to SIT. 
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Comparably, previous findings reported a significant reduction (up to 32%) in postprandial 

TAG in breaking up sedentary time with LPA or MVPA for 1 min 40 s to 3 min every 30 to 60 

min compared to prolonged sitting in other normal-weight Caucasians (Champion et al., 2018; 

Maylor et al., 2018; Peddie et al., 2013). These findings are similar to the current study where 

overall postprandial TAG concentration was reduced, although AUC analysis was not 

significant between the conditions. It was not established whether ethnicity or study protocol  

or experimental duration  were the factors of disparities in the findings between the current 

study and previous studies. South Asians might have responded differently because of several 

physiological mechanisms, including adiposity (having a higher percentage of body fat, 

hepatic, and visceral fat), skeletal muscle (lower lean mass and cardiorespiratory fitness), and 

insulin resistance (Bays et al., 2022; Sattar and Gill, 2015). However, these physiological 

characteristics were not examined in the current study. South Asians are more likely to have 

a higher abdominal and visceral fat than Caucasians (Wulan et al., 2010), with body fat 

percentage 5 to 8% higher in South Asians compared to Caucasians (Chandalia et al., 2007; 

Nair et al., 2008; Rush et al., 2009). Furthermore, the current study used test meals containing 

comparatively lower fat percentages than previous studies (Bailey and Locke, 2015; Champion 

et al., 2018; Peddie et al., 2013). Therefore, this might undermine the postprandial TAG 

response during the activity breaks as the magnitude of the postprandial TAG response is 

directly related to the amount of fat ingested (Dubois et al., 1998; Schönknecht et al., 2020). 

Higher fat percentage meals could accelerate postprandial lipidaemia, and significant 

differences would have been detected between pre-and post-meal conditions (Monfort-Pires 

et al., 2016). Additionally, Miyashita et al. (2016) reported that breaking up sitting with PA 

bouts over two days can improve TAG in Japanese women. This suggests that due to 

lipoprotein lipase activity, breaking up sedentary time with PA bouts  for a longer duration is 
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more likely to be effective than the short period of experimental condition that was used 

within the current study protocol. Further research should examine whether high-fat meals 

could be more sensitive in detecting an improved TG response to breaking up sedentary time 

with PA bouts in South Asian adults for a longer period than the current study to expect a 

greater TAG improvement.  

 

The current study suggested no significant difference in postprandial resting fat oxidation, 

CHO oxidation, and REE (tAUC and iAUC) in response to PA bouts compared to SIT in normal-

weight South Asians. It is of note that, REE approached significance at baseline between the 

conditions, possibly due to methodological issues (e.g., Metalyzer and connection issues with 

face mask during expired air sample collection), and participants’ characteristics; specifically, 

one of the participants showed relatively higher REE in baseline in SIT than INT-SIT, which 

might affect the overall REE response between the conditions, potentially due to lack of 

adherence to the pre-experimental controls, for example. Nevertheless, previous findings 

suggest that postprandial fat and CHO oxidation and REE was improved in breaking up 

sedentary time with PA bouts compared to the prolonged sitting  in normal-weight Caucasian 

adults (Carter et al., 2015; Donaldson et al., 2020; Larsen et al., 2017; Peddie et al., 2013; 

Swartz et al., 2011). Correspondingly, fat and CHO oxidation and REE was substantially higher 

in response to LPA or MVPA for 1 to 5 min every 20 to 30 min compared to prolonged sitting 

(Carter et al., 2015; Donaldson et al., 2020; Larsen et al., 2017; Peddie et al., 2013; Swartz et 

al., 2011). The current study is contrary to these previous findings as there was no effect of 

breaking up sedentary time with PA bouts on postprandial resting fat and CHO oxidation and 

REE in INT-SIT. It is unknown whether methodological issues, the experimental protocol or 

test meal composition (e.g., carbohydrate and fat percentage) or PA intensity might be 
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responsible for the lower magnitude of postprandial fat and CHO oxidation response 

compared to the above studies. The current study was conducted on normal-weight South 

Asians and also used different test meals containing variable amounts of CHO and fat 

percentages compared to the previous studies (Carter et al., 2015; Donaldson et al., 2020; 

Larsen et al., 2017; Peddie et al., 2013; Swartz et al., 2011). Therefore, postprandial REE and 

substrate utilisation responses could be inconsistent with the above studies during the activity 

breaks, perhaps due to the methodological issues and shortage one of the participants from 

the estimated sample size that may lead to under power and ultimately, unable to detect 

significant differences in postprandial response between the conditions statistically. 

Additionally, the current study test meals containing lower glycaemic index values or a 

percentage of fat and CHO, which could maximise postprandial REE and substrate utilisation 

responses between pre-and post-meal conditions (Augustin et al., 2015; Monfort-Pires et al., 

2016). These distinguishing factors might be responsible for the lower magnitude of 

postprandial fat, CHO oxidation, resting energy expenditure response in the current study 

compared to the above studies. 

 

According to the current study finding, there was no significant difference in the mean MAP 

and heart rate observed between SIT and INT-SIT in normal-weight South Asians. Likewise, 

some previous experimental studies reported no significant difference in MAP and heart rate 

in walking breaks compared to prolonged sitting in normal-weight Caucasians (Bailey and 

Locke, 2015; Larsen et al., 2014; Stutzman et al., 2010). Though, some previous studies 

reported a significant difference in MAP/systolic blood pressure and heart rate in breaking up 

sedentary time with walking breaks for 1 to 5 min every 20 to 30 min in normal weight (Carter 

et al., 2015; Champion et al., 2018; Gondim et al., 2015). MAP and heart rate responses might 
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differ in normal-weight Caucasians, perhaps due to physiological mechanisms, including 

cardiac muscle and skeletal muscle, compared to the above studies (Sattar and Gill, 2015). 

MAP and heart rate response depends on cardiac output and peripheral resistance regulated 

by thermoregulation, blood volume, efferent sympathetic nerve activity, and afferent nerve 

activity (Kaufman et al., 1987; MacDonald et al., 2002). The above mechanisms might be 

accountable for the lower magnitude of postprandial MAP/heart rate responses in the current 

study compared to the above studies. Further study is needed whether breaking up sedentary 

time with LPA or MPA bouts for a longer duration can improve MAP and heart rate in normal-

weight South Asians.  

 

This current study’s findings suggest limited cardiometabolic improvements of breaking up 

sedentary time with LPA bouts in normal-weight South Asians compared to prolonged sitting, 

normal-weight South Asians might have responded differently due to having distinct 

metabolic profiles (e.g., a higher percentage of body fat, hepatic and visceral fat, dysfunction 

of pancreatic beta cells, and insulin resistance) compared to other ethnicities (e.g., 

Caucasians) (Bays et al., 2021; Sattar and Gill, 2015). It could be possible that MPVA instead 

of LPA would have been needed to improve postprandial hyperglycaemia in South Asians, 

probably due to increased muscular contraction and could ultimately improve inflammation 

and endothelial function and reduce carotid intima-media thickness (Ceriello et al., 2005; 

Esposito et al., 2004). Furthermore, high-intensity exercise for a longer duration of more than 

5 min might have a greater response on cardiometabolic risk markers (e.g., TAG), as it might 

reduce insulin concentration that influences to reduce lipoprotein lipase activity in adipose 

tissue (Frayn, 2010). The current study findings suggest that regular activity breaks can 

improve TAG in normal-weight South Asian adults. Therefore, future research should 
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investigate the postprandial cardiometabolic risk markers response to the modified 

experimental protocol with different intensities, durations, frequencies, and modes of PA 

(e.g., MVPA) in the current study to provide further mechanistic explanations on 

cardiometabolic risk markers in this ethnic group. It is acknowledged that the cardiometabolic 

health benefit of breaking up sedentary time with any types of PA bouts every 20 to 30 min is 

more pronounced in clinical populations (e.g., overweight/obese South Asians) compared to 

healthy normal-weight populations (Dempsey et al., 2016). Subsequently, further work needs 

to be done as a potential therapeutic intervention to explore the effects of breaking up 

sedentary time with MVPA breaks with a similar or different duration (e.g., 5 min every 20 

min) than the current study in overweight/obese South Asians in a controlled laboratory /free-

living setting.  

 

5.5 Strengths and limitations 

This is the first randomised cross-over study investigating the effects of breaking up sedentary 

time with LPA on cardiometabolic diseases risk markers (e.g., postprandial glucose, 

triglycerides, insulin, and MLI) and resting metabolic health (e.g., substrate utilisation) in 

normal-weight South Asians in the controlled laboratory settings. Nevertheless, there are 

some limitations in the current study. Firstly, data collection in the current study was affected 

due to COVID-19, as discussed in Chapter 1 (section 1.3) and therefore, this current study 

findings were based on eight participants,  whereas originally nine participants were needed 

to achieve 80% power to detect significant differences between the conditions; thus, the 

shortage of one participant may have caused in under power. It is hypothetical that nine 

participants may have provided estimated power (i.e., 80%) for this current study to 

statistically detect significant differences in postprandial variables between the conditions. 
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Secondly, the current study investigated the acute effect over a single day experimental 

protocol; therefore, this acute effect could not be generalised in a long-term intervention in 

this population. A future investigation is required to examine the chronic effects of breaking 

up sitting with LPA over a long period in free-living conditions instead of in the controlled 

laboratory settings. Thirdly, the effects of PA bouts on cardiometabolic risk markers in other 

ethnicities (e.g., South Asians vs. Caucasians) with different age and weight status were not 

compared. Additionally, there were no explanations whether some of the factors, including 

age and weight status may account for differences in findings between the studies and these 

could have been controlled in the data analysis. Further research could investigate the efficacy 

of PA bouts on postprandial cardiometabolic risk markers in normal-weight South Asians 

versus Caucasians. Finally, the standardised test meal (breakfast and lunch) was provided 

during the conditions to observe the postprandial responses and, therefore, the magnitude of 

the postprandial cardiometabolic risk marker responses to walking breaks may not be 

generalised to a normal-dietary intake (e.g., GI  value, macronutrient composition, meal size, 

frequency, and timing of the meal) or different dietary patterns (e.g., South Asians diet: 

containing mostly rice or roti/chapati). Further research should examine the effect of normal 

diet/South Asian diet and breaking of sedentary time with LPA on cardiometabolic risk 

markers and metabolic health in normal-weight South Asians in free-living settings.  

 

5.6 Conclusion 

The current study shows that breaking up sedentary time with 5 min bouts of LPA every 30 

min can acutely improve postprandial TAG response over five hours, but not glucose or MLI 

or insulin, in normal-weight South Asians compared to prolonged sitting. This intervention 

could play a crucial role for improving cardiometabolic health in normal-weight South Asians. 
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Further research needs to be done to explore the effects of breaking up sedentary time with 

LPA in overweight/obese South Asians. Furthermore, future research should be investigated 

to examine the effectiveness of reducing sedentary time through a long-term lifestyle 

intervention in improving cardiometabolic health in the South Asian population.
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Study map  

Study Objectives and key findings 

Study 1: The prevalence of 

daily sedentary time in South 

Asian adults: a systematic 

review. 

Objectives: 

➢ To examine the total daily amount of time spent 

sedentary quantified via subjective and objective 

measures in South Asian adults. 

 

Key findings: 

➢ South Asian adults engage in a mean daily 

sedentary time of approximately 7 h. 

➢ South Asian adults spend a large proportion of time 

being sedentary, especially when recorded using 

objective measures (approximately 9 h/day). 

Study 2: The effects of 

breaking up sedentary time on 

postprandial cardiometabolic 

diseases risk markers in 

normal-weight South Asian 

adults. 

Objectives: 

➢ To establish whether breaking up sedentary time 

with light-intensity walking can improve 

postprandial cardiometabolic diseases risk markers 

and resting metabolic health in normal-weight 

South Asians. 

 

Key findings: 

➢ Breaking up sedentary time with 5 min bouts of 

light-intensity walking every 30 min can acutely 

improve postprandial triglycerides in normal-

weight South Asians compared with prolonged 

sitting for a 5 h period.  

➢ Postprandial responses in blood glucose, metabolic 

load index, plasma insulin, resting fat and 

carbohydrate oxidation, resting energy 

expenditure, mean arterial pressure, and heart 

rate were similar in prescribed exercise 

intervention (i.e., breaking up sedentary time with 

5 min bouts of light-intensity walking every 30 min) 

compared to the prolonged sitting condition. 
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6.1 Introduction 

Obesity, including abdominal fat, is a predisposing factor for developing cardiometabolic 

diseases in South Asians, where insulin resistance is postulated to play an important role (Bays 

et al., 2022; Ehtisham et al., 2005; Gray et al., 2011; Smith, 2007). Type 2 diabetes could be 

five times more prevalent in obese adults than normal-weight adults (Abdullah et al., 2010). 

At the same BMI category, South Asians have a higher percentage of visceral fat than 

Caucasians (Bays et al., 2021; 2011; Joshi et al., 2007). Thus, South Asian adults have a 

significantly higher possibility of developing cardiometabolic diseases than Caucasians (Paul 

et al., 2017; Misra and Khurana, 2011; Tillin et al., 2015). Therefore, a lower BMI and WC cut-

off point has been proposed for South Asian populations, as described in chapter 2 (section 

2.10.1.1). The research investigated within the current thesis (Studies 1 and 2; chapters 4 and 

5) has reported South Asians engaged with a high amount of sedentary time (weighted mean: 

424 min/day), which might increase the risk of developing cardiometabolic diseases. Breaking 

up sitting with 5 min bouts of LPA every 30 min can acutely improve postprandial TAG 

concentrations in normal-weight South Asians, yet other cardiometabolic outcomes, including 

glucose, MLI, and insulin responses, were unaffected (chapter 5). It is unknown whether the 

cardiometabolic health effects are similar in overweight/obese South Asians to normal-weight 

South Asians.  

 

Postprandial glucose and TAG concentrations act as independent risk factors for developing 

cardiometabolic diseases, as described in chapter 2 (section 2.10.1). Several experimental 

studies found that breaking up sedentary time with 2 to 5 min bouts of LPA/MVPA every 20 

to 30 min can significantly improve cardiometabolic risk markers (e.g., postprandial glucose, 

TAG, and insulin) in overweight/obese Caucasians (Dunstan et al., 2012; Henson et al., 2016; 
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Larsen et al., 2015). Moreover, fat oxidation and energy expenditure was significantly higher 

in response to breaking up sedentary time with LPA or MVPA for 2 min every 30 min or chair 

squats (standing and sitting 10 times more than 30 s every 20 min) or intermittent standing 

(standing 10 times fo 1.5 min every 30 min) with compared to prolonged sitting in 

overweight/obese Caucasian adults (Hawari et al., 2019; 2016; Larsen et al., 2017). Evidence 

suggests that these benefits could be more pronounced in the overweight/obese population 

than the healthy population,  perhaps due to there larger scope for improvement. Indeed, 

past research has shown that breaking up of sedentary time with LPA/MVPA bouts for 20-30 

min can improve cardiometabolic risk markers, especially in clinical populations with 

compromised health (e.g., insulin resistance, high adiposity, low fitness, and metabolic 

inflexibility) (Dempsey et al., 2016). Overweight/obese South Asians could be considered a 

high-risk group due to distinctive health profiles (e.g., excessive abdominal and visceral fat , 

dysfunction of pancreatic beta cell, insulin resistance,hyperglycaemia, , and poor glycaemic 

control) (Baye et al., 2011; Sattar and Gill, 2015). Thus, breaking up sedentary time with PA 

bouts could be particularly beneficial for their cardiometabolic health. Yet, there is a lack of 

published studies examining the effect of breaking up sedentary time with PA bouts on 

cardiometabolic risk markers and metabolic health (e.g., substrate utilisation and energy 

expenditure) in overweight/obese South Asians.  

 

Only one experimental study has examined the effect of breaking up sedentary time (with 5 

min bouts of LPA every 30 min) in a South Asian sample who were older (aged >65 years) and 

mixed weight status (BMI >26 kg.m-2). That study found significant improvements in 

postprandial insulin, yet postprandial glucose was unaffected compared to prolonged sitting 

(Yates et al., 2020). Nevertheless, data on the effects of breaking up sedentary time with LPA 
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on cardiometabolic disease risk markers in younger South Asians (aged <65 years) is lacking. 

Study by Yates et al. (2020) did not focus on overweight/obese South Asians specifically. This 

lack of control of weight status may have resulted in large inter-individual variation and meant 

that it is not possible to apply the findings directly to overweight/obese populations. 

Therefore, the present study aimed to establish whether breaking up sedentary time with LPA 

could improve postprandial cardiometabolic risk markers in overweight/obese South Asian 

adults. Secondly, the present study aimed to examine whether breaking up sedentary time 

with LPA could improve resting metabolic health in normal-weight South Asian adults. This 

intervention could help in improving cardiometabolic health in overweight/obese South 

Asians. 

 

6.1.1 Study hypothesis  

It is hypothesised that breaking up sedentary time with LPA will significantly improve 

postprandial cardiometabolic risk markers and resting metabolic health compared to 

prolonged sitting in overweight/obese South Asian adults. 
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6.2 Methods 

6.2.1 Study design 

The study was a two-condition randomised cross over trial conducted at the Sport and 

Exercise Science Laboratories at the University of Bedfordshire. The condition order was 

randomised, as per chapter 5 (study 2). The study was conducted according to the Declaration 

of Helsinki principles and approved by the University of Bedfordshire Institute for Sport and 

Physical Activity Research Ethics Committee, and the ethics approval number is 2019ISPAR003 

(see Appendix 14). The study was registered as a clinical trial with this registry 

(https://www.clinicaltrials.gov/), and the study registration number is NCT03898206. 

 

6.2.2 Participants 

Participant recruitment strategy was explained, as per chapter 5 (study 2). Overweight/obese 

South Asians aged between 18 and 75 years who were able to walk and perform LPA were 

recruited; data collection was performed between April 2019 and March 2020. All participants 

had a BMI >23 kg.m-2 (South Asian cut-off was used; see chapter 3: section 3.4.2). Exclusion 

criteria were described, as per chapter 5 (study 2).  

 

6.2.2.1 Sample size calculations 

A-priori sample size was calculated using G* power software (version 3.0.10; Germany) with 

the primary outcome of postprandial glucose concentrations (mmol.L-1), effect size (d) 0.89, 

calculated on the mean effect size from previous research (effect size: 0.56, Dunstan et al., 

2012; effect size: 1.98, Henson et al., 2016; effect size: 0.13, Yates et al., 2020). A total of 12 

overweight and obese South Asian male and female were required for the current study to 

achieve 80% power and an alpha value of 5% (P = 0.05). A total of 16 overweight/obese 

https://www.clinicaltrials.gov/
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participants were planned to recruit to allow for 20% dropout. It should be emphasised that, 

based on the original sample size calculation, 54 participants with half being 

overweight/obese and half normal-weight were needed to examine the interactive effect of  

weight status on the study outcomes. This meant that more participants were recruited for 

this study, which focused on overweight/obese participants only, than required. A full 

explanation was presented in the previous chapter 1 (section 1.3 Impact of COVID-19). 

 

6.2.3 Experimental Protocol 

6.2.3.1 Preliminary testing 

RPE was recorded for each participant, as per chapter 5 (study 2). Each participant completed 

anthropometric measurements, as per chapter 5 (study 2). Resting expired air samples were 

taken, as per chapter 5 (study 2). 

 

6.2.3.2 Experiemental conditions 

Experimental conditions is eactly same as chapter 5 (study 2). To avoid repetition, all 

desciption as per chapter 5 (study 2) section 5.2.3.2. The experimental protocol is shown in 

Figure 6.1. 

 

Prolonged sitting condition (SIT)  

Prolonged sitting condition is the same as chapter 5 (study 2). 

 

Breaking up sitting with walking breaks (INT-SIT) 

Breaking up prolonged sitting with walking breaks condition is the same as chapter 5 (study 

2). 
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Figure 6.1. Schematic diagram of the experimental protocol. 
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6.2.4 Outcome measures 

6.2.4.1 Blood glucose, triglycerides, metabolic load index, and plasma insulin 

The blood sample collection technique was described in chapter 3 (section 3.9). A total of 10 

blood samples were collected from each participant throughout the conditions (see Figure 

6.1). Blood samples were analysed for blood glucose (see chapter 3: section 3.9.1), blood TAG 

concentrations (see chapter 3: section 3.9.2), MLI (see chapter 3: section 3.9.3), and plasma 

insulin (see chapter 3: section 3.9.4). Blood samples were collected, as per chapter 5 (study 2) 

(see Figure 6.1). 

 

6.2.4.2 Resting fat oxidation, carbohydrate oxidation, and energy expenditure 

The resting expired air sample collection technique was described in chapter 3 (section 3.8.1). 

A total of 11 expired air samples were collected from each participant to analyse fat oxidation, 

CHO oxidation, and resting energy expenditure (see chapter 3: section 3.8.2). Expired air 

sample was taken, as per chapter 5 (study 2) (see Figure 6.1). 

 

6.2.4.3 Blood pressure and heart rate 

The blood pressure and heart rate measurement technique were described in chapter 3 

(section 3.7). A total of 11 blood pressure and heart rate were measured to calculate MAP and 

mean heart rate (see chapter 3: section 3.7). Blood pressure and heart rate were taken, as per 

chapter 5 (study 2) (see Figure 6.1). 

 

6.2.5 Statistical analysis  

Data analyses were performed using SPSS version 26.0 (SPSS Inc., Armonk, NY, USA). All data 

are presented as mean (95% confidence interval [CI]) unless stated otherwise. All figures of 
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the results are presented as the standard error of the mean (SEM). Data were tested for 

normality using Q-Q plots. A log transformation was conducted, where data violated normality 

assumptions prior to statistical analysis. A full description of outcome measures (i.e., 

postprandial glucose, TAG, MLI, plasma insulin, resting fat and CHO oxidation, REE, MAP, and 

heart rate) is described in chapter 3 (section 3.10). Linear mixed models were used to 

determine the main effect of condition (INT-SIT vs SIT), condition order, condition × time 

interaction for the postprandial cardiometabolic risk outcomes (glucose, TAG, MLI, and insulin 

tAUC, iAUC, and positive-iAUC), fat and CHO oxidation, and REE, MAP, and heart rate. 

Condition, condition order, and time were fixed factors, and participants were random factors 

and these models were adjusted for the potential confounder (i.e., baseline outcome values). 

One covariate was used during the statistical analysis because of the small sample size, and it 

is suggested that one covariate is recommended for every 10 and 15 participants (Chen et al., 

2016). Statistical significance was two-tailed and set at P ≤0.05. Cohens’ d effect sizes (d) were 

calculated to describe the magnitude of differences between two conditions; 0.2, 0.5, and 0.8 

were indicated as the small, medium or large effect, respectively (Cohen, 1988). 
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6.3 Results 

6.3.1 Participant characteristics 

Participant characteristics are presented in Table 6.1. Forty-five (20 males and 25 females) 

overweight/obese South Asian adults were recruited, and 40 (18 males and 22 females) 

participants completed their preliminary visit in the laboratory. Nineteen (five males and 

fourteen females) overweight/obese participants were able to complete the full study 

protocol. The remaining 21 participants were unable to attend the laboratory due to 

University of Bedfordshire premises being closed with the COVID-19 government first national 

lockdown on 23rd March 2020, as described in chapter 1 (section 1.3). As such, 19 datasets 

were included in the final analysis in the study. 

 

Table 6.1. Description of the participants' characteristics. 

Characteristics N = 40 n = 19 

Bangladeshi 22% (9) 5% (1) 

Indian 45% (18) 53% (10) 

Pakistani 30% (12) 37% (7) 

Nepali 3% (1) 5% (1) 

Hinduism 23% (9) 26% (5) 

Sikhism 25% (10) 42% (8) 

Muslim 52% (21) 32% (6) 

Employed 95% (38) 95% (18) 

Retired 5% (2) 5% (1) 

Female 55% (22) 74% (14) 

Male 45% (18) 26% (5) 

Age (years) 44.1 ± 2.2 50.4 ± 3.3 

Height (cm) 163.2 ± 1.2 160.4 ± 1.4 
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Characteristics N = 40 n = 19 

Body mass (kg) 74.1 ± 2.4 67.9 ± 1.8 

Body mass index (kg.m-2) 27.7 ± 0.6 26.4 ± 0.6 

Body fat (%) 32.6 ± 1.2 34.3 ± 1.7 

Waist circumference (cm) 91.8 ± 2.3 92.7 ± 2.3 

Walking speed (km.h-1) 2.7 ± 0.1 2.6 ± 0.2 

Data presented as mean ± standard error of the mean (SEM); N = 40 completed preliminary visit; n = 
19 completed full study protocol.  
 

 
6.3.2 Baseline values 

The baseline values in the fasted state for SIT and INT-SIT are presented in Table 6.2. There 

were no significant differences in any fasted variables (e.g., blood glucose, TAG, plasma 

insulin, resting fat oxidation, CHO oxidation, and REE, MAP, and heart rate) between the two 

experimental conditions (P ≥0.15).
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Table 6.2. Baseline values in the fasted state in the two experimental conditions. 

 Prolonged sitting 

condition 

Breaking up sitting with 

walking breaks condition 

P-value for the main 

effect of condition 

Cohens’ d 

effect size 

Blood glucose (mmol.L-1) 4.68 (4.53, 4.83) 4.58 (4.43, 4.74) 0.29 0.30 

Triglycerides (mmol.L-1) 1.49 (1.26, 1.71) 1.34 (1.11, 1.56) 0.15 0.31 

Insulin (mU.L-1) 7.38 (4.43, 10.33) 6.96 (4.01, 9.91) 0.59 0.09 

Resting fat oxidation (mg.min-1) 45.15 (37.90, 52.41) 47.26 (40.01, 54.51) 0.65 0.13 

Resting carbohydrate oxidation (mg.min-1) 101.56 (76.93, 126.20) 120.97 (96.34, 145.61) 0.22 0.36 

Resting energy expenditure (kcal.min-1) 0.82 (0.72, 0.93) 0.90 (0.80, 1.01) 0.31 0.37 

Mean arterial pressure (mmHg) 93.51 (87.51, 99.51) 94.44 (88.44, 100.44) 0.58 0.07 

Heart rate (beats.min-1) 69.57 (64.22, 74.93) 70.89 (65.53, 76.25) 0.48 0.12 

Data presented as mean (95% confidence interval); n=19. There were no significant differences in any variables between the two conditions (P ≥0.15).
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6.3.3 Postprandial blood glucose 

There was no significant main effect of condition for postprandial glucose tAUC and iAUC  

between SIT and INT-SIT conditions, but the difference approached significance (P = 0.08), 

with a small effect size (d = 0.31) (see Table 6.3; see Figure 6.2 for illustrative purposes). There 

was a trend for a reduction in postprandial glucose iAUC in INT-SIT (1.52 [1.21, 1.85] mmol.L-

1.5h-1) compared with SIT (1.73 [1.40, 2.06] mmol.L-1.5h-1) (P = 0.08), with a small effect size (d 

= 0.30). There was a trend for the main effect of condition in postprandial glucose positive-

iAUC in INT-SIT (1.57 [1.25, 188] mmol.L-1.5h-1) compared to SIT condition (1.77 [1.45, 2.08] 

mmol.L-1.5h-1) (P = 0.08), with a small effect size (d = 0.30) (see Table 6.3). 

 

Postprandial blood glucose responses over 5 h between the two experimental conditions are 

shown in Figure 6.3. There was a significant main effect for glucose concentration across the 

5 h; compared with SIT (6.37 [6.06, 6.68] mmol.L-1), INT-SIT (6.17 [5.86, 6.48] mmol.L-1) 

attenuated postprandial blood glucose (P = 0.01), with a small effect size (d = 0.37) (see Table 

6.3). There was a significant effect of time on postprandial glucose (P <0.001). Though, the 

condition × time interaction was not significant (P = 0.97). 
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Figure 6.2. Postprandial blood glucose total area under the curve (tAUC) between prolonged 

sitting (SIT) and breaking up sitting with walking breaks (INT-SIT) conditions. Data are mean ± 

standard error of the mean. *Trend for the main effect of condition in postprandial glucose 

between the two experimental conditions (P = 0.08) with a small effect size (d = 0.31). 
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Table 6.3. Postprandial responses for blood glucose, triglycerides, metabolic load index, plasma insulin, fat, and carbohydrate oxidation, resting 

energy expenditure, mean arterial pressure, and heart rate in the two experimental conditions. 

 Prolonged sitting 

condition 

Breaking up sitting 

with walking breaks 

condition 

P-value for the 

main effect of 

condition 

Cohens’ d 

effect size 

Blood glucose tAUC (mmol.L-1.5h-1) 6.37 (6.04, 6.69) 6.16 (5.84, 6.49) 0.08 0.31 

Blood glucose iAUC (mmol.L-1.5h-1) 1.73 (1.40, 2.06) 1.52 (1.21, 1.85) 0.08 0.30 

Blood glucose concentration over timea (mmol.L-1) 6.37 (6.06, 6.68) 6.17 (5.86, 6.48) 0.01 0.37 

Triglycerides p-iAUC (mmol.L-1.5h-1) 0.67 (0.47, 0.88) 0.65 (0.44, 0.86) 0.79 0.06 

Triglycerides tAUC (mmol.L-1.5h-1) 2.08 (1.87, 2.30) 2.04 (1.82, 2.26) 0.66 0.10 

Triglycerides concentration over timea (mmol.L-1) 2.09 (1.87, 2.31) 2.01 (1.78, 2.22) 0.04 0.19 

Plasma insulin p-iAUC (mU.L-1.5h-1) 44.22 (35.56, 52.88) 41.07 (32.41, 49.73) 0.54 0.17 

Plasma insulin tAUC (mU.L-1.5h-1) 51.36 (42.67, 60.04) 48.29 (39.61, 56.97) 0.55 0.16 

Plasma insulin concentration over timea (mU.L-1) 51.91 (44.64, 59.16) 48.81 (41.57, 56.06) 0.31 0.83 

Metabolic load index tAUC (mmol.L-1.5h-1) 8.43 (8.03, 8.84) 8.21 (7.81, 8.61) 0.17 0.26  

Metabolic load index iAUC (mmol.L-1.5h-1) 2.38 (1.98, 2.78) 2.16 (1.76, 2.56) 0.17 0.26  

Metabolic load index p-iAUC (mmol.L-1.5h-1) 2.42 (2.03, 2.81) 2.23 (1.84, 2.62) 0.24 0.23  

Metabolic load index over timea (mmol.L-1) 8.44 (8.05, 8.83) 8.19 (7.81, 8.58) 0.01 0.32  
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 Prolonged sitting 

condition 

Breaking up sitting with 

walking breaks condition 

P-value for the 

main effect of 

condition 

Cohens’ d 

effect size 

Resting fat oxidation tAUC (mg.min-1) 44.21 (38.47, 49.95) 46.99 (41.28, 52.70) 0.47 0.23 

Resting fat oxidation over timea (mg.min-1) 45.57 (41.21, 49.94) 48.38 (44.02, 52.74) 0.01 0.23 

Resting carbohydrate oxidation tAUC (mg.min-1) 154.77 (136.60, 172.95) 160.35 (142.02, 178.69) 0.54 0.14 

Resting carbohydrate oxidation over timea (mg.min-1) 151.62 (136.48, 166.77) 163.04 (147.86, 178.22) <0.001 0.48 

Resting energy expenditure iAUC (kcal.min-1) 0.17 (0.13, 0.22) 0.22 (0.17, 0.27) 0.04 0.51 

Resting energy expenditure tAUC (kcal.min-1) 1.01 (0.97, 1.06) 1.06 (1.02, 1.11) 0.03 0.51 

Resting energy expenditure over timea (kcal.min-1) 1.42 (0.16, 2.69) 30.62 (29.36, 31.89) <0.001 0.53 

Mean arterial pressure (mmHg) 94.21 (92.05, 96.38) 93.33 (91.16, 95.50) 0.42 0.02 

Heart rate (beats.min-1) 69.23 (66.91, 71.56) 69.76 (67.44, 72.08) 0.69 0.14 

Data presented as mean (95% confidence interval); n=19; tAUC, total area under the curve; iAUC, incremental area under the curve; p-iAUC, positive 
incremental area under the curve; avalues refer to the marginal means for the main effect of condition in the condition by time analyses; Statistically significant 
(P ≤0.05) differences or approached significance (P = 0.08) highlighted in bold.  
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6.3.4 Postprandial plasma insulin 

There was no significant main effect of condition for postprandial insulin tAUC and positive-

iAUC  between SIT and INT-SIT conditions (P = 0.54-0.55), with a small effect size (d = 0.16-

0.17) (see Table 6.3). There was no significant main effect of condition for postprandial plasma 

insulin iAUC in SIT (44.18 [35.50, 52.86] mU.L-1.5h-1) compared with INT-SIT (41.12 [32.43, 

49.80] mU.L-1.5h-1) (P = 0.55), with a small effect size (d = 0.16).  

 

Postprandial plasma insulin responses over 5 h between the two experimental conditions are 

shown in Figure 6.3. There was no significant main effect for plasma insulin concentration 

across the 5 h; compared with SIT (51.91 [44.64, 59.16] mU.L-1), postprandial plasma insulin 

did not differ significantly  in INT-SIT (48.81 [41.57, 56.06] mU.L-1) (P = 0.31), but there was a 

large effect size (d = 0.83). There was a significant effect of time on postprandial plasma insulin 

(P <0.001). The condition × time interaction for postprandial plasma insulin was not significant 

(P = 0.93).  
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Figure 6.3. Postprandial blood glucose (A), insulin (B), triglycerides (C), and metabolic load index (D) responses between prolonged sitting and 

breaking up sitting with walking breaks conditions. Data are mean and 95% confidence interval. Boxes indicate standardised test meals for 

breakfast and lunch.
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6.3.5 Postprandial triglycerides and metabolic load index 

There was no significant main effect of condition for postprandial TAG and MLI tAUC, iAUC 

and positive-iAUC  between SIT and INT-SIT conditions (P = 0.17-0.79), with a small effect size 

(d = 0.06-0.26) (see Table 6.3). There was no significant main effect of condition for 

postprandial TAG iAUC in SIT (0.67 [0.45, 0.89] mmol.L-1.5h-1) compared with INT-SIT (0.61 

[0.41, 0.84] mmol.L-1.5h-1) (P = 0.66), with a small effect size (d = 0.10).  

 

Postprandial TAG and MLI responses over 5 h between the two experimental conditions are 

shown in Figure 6.3. There was a significant main effect for TAG and MLI concentration across 

the 5 h, which were significantly lower in INT-SIT compared to SIT (P = 0.01-0.04), with a small 

effect size (d = 0.19-0.32) (see Table 6.3). There was a significant effect of time on postprandial 

triglycerides and MLI (P <0.001). The condition × time interaction for postprandial MLI and 

triglycerides was not significant (P = 0.97-1.0). 

 

6.3.6 Resting energy expenditure 

There was a significant main effect of condition for postprandial resting energy expenditure 

tAUC and iAUC between the two experimental conditions (P = 0.03-0.04), with a medium 

effect size (d = 0.51) (see Table 6.3; see Figure 6.4 for explanatory purposes). Postprandial REE 

iAUC was significantly higher in INT-SIT (0.22 [0.17, 0.27] kcal.min-1) compared to SIT (0.17 

[0.13, 0.22] kcal.min-1) (P = 0.04), with a medium effect size (d = 0.51).  

 

The REE response over 5 h between the two conditions is shown in Figure 6.5. There was a 

significant main effect for REE across the 5 h, which was significantly higher in INT-SIT (30.62 
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[29.36, 31.89] kcal.min-1) compared to SIT (1.42 [0.16, 2.69] kcal.min-1) (P <0.001), with a 

medium effect size (d = 0.53). There was a significant effect of time on postprandial REE (P < 

0.001). The condition × time interaction for postprandial REE was significant (P <0.001). 

Postprandial REE responses for PA bouts varied across the time; REE was increased in 

maximum level at 110 min in lunch postprandial period, compared to prolonged sitting (see 

Figure 6.5).  

 

 

Figure 6.4. Postprandial resting energy expenditure total area under the curve (tAUC) between 

prolonged sitting (SIT) and breaking up sitting with walking breaks (INT-SIT) conditions. Data 

are mean ± standard error of the mean. *Significant difference between the two experimental 

conditions (P = 0.03), with a medium effect size (d = 0.51). 

  



Chapter 6: Breaking up sedentary time in overweight/obese South Asians 

176 
 

6.3.7 Postprandial substrate utilisation  

Data for the postprandial responses of substrate utilisation tAUC is presented in Table 6.3. 

There was no significant main effect of condition for postprandial resting fat oxidation iAUC 

in SIT (2.42 [-3.33, 8.17] mg.min-1) compared with INT-SIT (2.17 [-3.61, 7.85] mg.min-1) (P = 

0.91), with a small effect size (d = 0.13). The postprandial resting fat oxidation over 5 h 

between the two conditions are shown in Figure 6.5. There was a significant main effect for 

resting fat oxidation across the 5 h, which was significantly lower in SIT (45.57 [41.21, 49.94] 

mg.min-1) compared to INT-SIT (48.38 [44.02, 52.74] mg.min-1) (P = 0.01), with a small effect 

size (d = 0.23) (see Table 6.3). There was a significant effect of time on postprandial resting fat 

oxidation (P <0.001). The condition × time interaction for postprandial fat resting oxidation 

was not significant (P = 0.56). 

 

There was no significant main effect of condition for resting CHO oxidation iAUC between SIT 

(43.56 [26.53, 60.61] mg.min-1) and INT-SIT (52.38 [35.19, 69.57] mg.min-1) (P = 0.31), with a 

small effect size (d = 0.24). The postprandial responses of mean resting CHO oxidation over 5 

h between the two experimental conditions are shown in Figure 6.5. There was a significant 

main effect for resting CHO oxidation across the 5 h, which was significantly lower in SIT 

(151.62 [136.48, 166.77] mg.min-1) compared to INT-SIT (163.04 [147.86, 178.22] mg.min-1) (P 

<0.001), with a small effect size (d = 0.48) (see Table 6.3). There was a significant effect of time 

on resting CHO oxidation (P<0.001). The condition × time interaction for postprandial resting 

CHO oxidation was not significant (P = 0.86). 
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Figure 6.5. Postprandial resting energy expenditure (A), fat oxidation (B), and  carbohydrate oxidation (C) responses between prolonged sitting 

and breaking up sitting with walking breaks conditions. Data are mean and 95% confidence interval. Boxes indicate standardised test meals for 

breakfast and lunch.
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6.3.8 Mean arterial pressure and heart rate  

Data for postprandial responses for MAP and heart rate in SIT and INT-SIT conditions are 

presented in Table 6.3. There was no significant main effect of condition for MAP in INT-SIT 

compared with SIT condition (P = 0.42), with a small effect size (d = 0.02) (see Table 6.3). There 

was no significant main effect for MAP over 5 h period in SIT (94.20 [91.67, 96.74] mmHg) 

compared to INT-SIT (93.49 [90.95, 96.02] mmHg) (P = 0.17), with a small effect size (d = 0.06) 

(see Figure 6.6). There was a significant effect of time for MAP (P <0.001). The condition × time 

interaction for MAP was not significant (P = 0.76). 

 

There was no significant main effect of condition for the mean heart rate between the two 

conditions (P = 0.69), with a small effect size (d = 0.15) (see Table 6.3). There was no significant 

main effect for heart rate over 5 h period in SIT (69.09 [66.77, 71.43] beats.min-1) compared 

to INT-SIT (69.82 [67.49, 72.16] beats.min-1) (P = 0.17), with a small effect size (d = 0.12) (see 

Figure 6.6). However, there was a significant effect of time on postprandial heart rate (P 

<0.001). Though, the condition × time interaction for postprandial heart rate was not 

significant (P = 0.56). 
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Figure 6.6. Postprandial mean arterial pressure (A), and heart rate (B) responses between prolonged sitting and breaking up sitting with walking 

breaks conditions. Data are mean and 95% confidence interval. Boxes indicate standardised test meals for breakfast and lunch. 
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6.4 Discussion  

The current study is the first among  overweight/obese South Asians to investigate the effect 

of breaking up sedentary time with LPA on postprandial cardiometabolic risk markers in 

controlled laboratory settings. These data suggest that breaking up sedentary time with 5 min 

bouts of LPA every 30 min can acutely attenuate postprandial glucose, TAG, MLI, and increase 

resting fat and CHO oxidation, and energy expenditure in overweight/obese South Asians 

compared with prolonged sitting for a 5 h period. 

 

In contrary with the findings from this current study, chapter 5 (study 2) reported that,  

breaking up sitting with 5 min bouts of LPA every 30 min can acutely improve only postprandial 

TAG, but not the other cardiometabolic variables that were assessed (e.g., postprandial 

glucose) in normal-weight South Asians when compared with the prolonged sitting condition. 

Together, these findings extend current knowledge by showing that the beneficial reductions 

in TAG concentrations apply to both non-overweight and overweight/obese South Asian 

populations. whereas only the overweight/obese South Asians benefitted in terms of 

improving postprandial glucose, TAG, MLI, resting fat and CHO oxidation, and energy 

expenditure. To support the current study findings, several studies reported that breaking up 

sedentary time with LPA bouts can attenuate postprandial glucose and insulin in 

overweight/obese Caucasian adults (Dunstan et al., 2012; Henson et al., 2016; Larsen et al., 

2015). The current study reported a significant reduction by 13% in postprandial glucose iAUC 

in INT-SIT compared to the prolonged sitting condition in overweight/obese South Asians, yet 

no difference was observed in postprandial insulin iAUC. The postprandial glucose reduction 

in the current study is comparatively lower than the previous investigations (Dunstan et al., 

2012; Henson et al., 2016; Larsen et al., 2015), which have reported that postprandial glucose 



Chapter 6: Breaking up sedentary time in overweight/obese South Asians 

181 
 

and insulin were reduced by 28 to 32% and 15 to 37%, respectively in overweight/obese 

Caucasians. These disparities might be accountable to ethnicity of the study participants 

[South Asians vs. Caucasians), study design/experimental protocol, including frequency (e.g., 

every 30 min vs. 20 min) and duration of PA bouts (e.g., 5 min vs. 2 to 5 min) and intensity of 

the PA (e.g., light and moderate), and composition of test meals (e.g., glycaemic index [GI] and 

percentage of CHO in meals). Additionally, the current study used test meals containing 

different macronutrients, including CHO and fat percentages compared to the previous 

studies (Dunstan et al., 2012; Henson et al., 2016). Therefore, this might undermine the 

postprandial glucose response during the activity breaks as higher GI meals could accelerate 

postprandial glucose, and significant differences might have been detected between pre-and 

post-meal conditions (Augustin et al., 2015).  

 

In contrary with the current study findings, a South Asian study reported that breaking up 

sedentary time with LPA for 5 min every 30 min significantly reduced postprandial plasma 

insulin, yet no difference was observed in postprandial glucose in older (aged >65 years) South 

Asians with mixed weight status (BMI >26 kg.m-2) (Yates et al., 2020). There could be some 

potential factors (e.g., participants’ age, micronutrient of the standardised test meal, walking 

speed, PA bouts, and duration of the experimental condition), which could manipulate the 

findings between the older South study by Yates et al. (2020) and the current study. Yates et 

al. (2020) recruited older South Asians (mean aged >66 years) compared to the current study 

where a comparatively younger South Asians were recruited (mean aged ≤50.4 years). 

Secondly, Yates et al., (2020) used a comparatively higher percentage of fat (35%) in their test 

meal compared to the current study ( fat content 28%). Thirdly, participants spent sitting more 

than 7.5 h and performed a total of 60 min PA (walking speed between 2.4 and 4.4 km.h-1) 
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along with 12 PA bouts compared to the current study where participants sat for 5 h and 

performed a total of 45 min PA (walking speed ≤2.5 km.h-1) along with 9 PA bouts. These 

suggest that a higher percentage of fat, comparatively higher walking speed, and number of 

PA bouts in older South Asians could manipulate the postprandial response in PA bouts, which 

could differentiate the findings between the study by Yates et al. (2020) and the current study. 

 

In this study, two types of analysis, including AUC and condition over time were performed to 

examine the effect of breaking up sedentary time on cardiometabolic risk markers. In medical 

research, particularly in diabetes research, AUC is usually used to describe the glycaemic 

response to foods, whereas condition over time analysis can compare groups of series of time 

points and distinguish two main ways in which the outcomes variables may change with time 

(Brouns et al., 2005). The current study showed that the data analysis approach, including AUC 

and condition over time did not produce similar findings. For instance, the current study 

observed a significant difference in the overall postprandial TAG and MLI responses over time, 

but not the AUC analysis between SIT and INT-SIT conditions in overweight/obese South 

Asians. These data are in line with previous investigations, including finding from chapter 5 

(Study 2) within the thesis with no significant difference in postprandial TAG AUC reported 

when breaking up sedentary time with LPA/MVPA for 2 to 8 min every 20 to 60 min compared 

to prolonged sitting in normal-weight/overweight Caucasian adults (Altenburg et al., 2013; 

Bailey et al., 2016; Bailey and Locke, 2015; Henson et al., 2016; Maylor et al., 2019) or older 

South Asians (Yates et al., 2020), yet MLI was not investigated within the past studies. In 

contrast, a number of experimental studies reported a significant reduction (up to 32%) in 

postprandial TAG iAUC in breaking up sedentary time with LPA/MVPA for 1 min 40 s to 3 min 

every 30 to 60 min compared to prolonged sitting in normal-weight Caucasians (Champion et 
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al., 2018; Maylor et al., 2018; Peddie et al., 2013). The reasons for the disparity in findings 

between the studies could explain differences in a range of variables, including weight status, 

ethnicity, and test meals. The current study used test meals containing comparatively lower 

fat percentages than previous studies (Bailey and Locke, 2015; Champion et al., 2018; Dunstan 

et al., 2012; Henson et al., 2016; Yates et al., 2020). Therefore, this might undermine the 

postprandial TAG response during the activity breaks as the magnitude of the postprandial 

TAG response is directly in reply to the amount of fat ingested (Dubois et al., 1998; 

Schönknecht et al., 2020). Higher fatty percentage meals could accelerate postprandial 

lipidaemia, and significant differences would have been detected between pre-and post-meal 

conditions (Monfort-Pires et al., 2016).  

 

Overweight/obese South Asians might respond differently than overweight Caucasians, 

possibly due to several factors (e.g., physiological mechanism, including high adiposity, 

metabolic inflexibility, and insulin resistance). Overweight/obese South Asians are more likely 

to have a higher abdominal and visceral fat than Caucasians (Bays et al., 2011; Wulan et al., 

2010). Consequently, due to having a higher percentage of body fat (hepatic and visceral fat), 

insulin resistance, and metabolic dysfunction (e.g., inflammation) could have occurred in 

overweight/obese South Asians (Bays et al., 2021; Sattar and Gill, 2015). Overweight/obesity 

is associated with obesity‐induced inflammation/meta-inflammation, and these contribute to 

develop insulin resistance, Type 2 diabetes, and metabolic dysfunction, and CVD (Dias et al., 

2017; Gregor and Hotamisligil, 2011). Nevertheless, this is not examined in the current study; 

thus, it is not clear whether they could affect postprandial glucose and insulin response. 

Future research should examine the effect of breaking up sedentary time with PA bouts on 
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body fat composition, insulin resistance, and metabolic dysfunction in overweight/obese 

South Asians compared to prolonged sitting.  

 

Study 2 (chapter 5) finding within the thesis did not observe any significant difference in REE 

in walking breaks in normal-weight South Asians. In contrast, the current study reports a 

significant difference in postprandial REE in walking breaks in overweight/obese South Asians, 

with postprandial REE iAUC 25% higher in INT-SIT compared to SIT condition. Several previous 

experimental studies support these data, where REE was substantially higher in PA bouts 

(standing, LPA/MVPA for 1 to 5 min every 20 to 30 min) compared to prolonged sitting in 

normal-weight/overweight Caucasians (Carter et al., 2015; Donaldson et al., 2020; Larsen et 

al., 2017; Swartz et al., 2011). Likewise, REE was higher by up to +16.6% in chair squats 

(standing and sitting 10 times more than 30s every 20 min) and intermittent standing 

(standing 10 times for 1.5 min every 30 min) compared to prolonged sitting condition in 

overweight/obese Caucasians (Hawari et al., 2019; Hawari et al., 2016). Furthermore, the 

current study findings suggest a significant difference in the overall postprandial resting fat 

oxidation and CHO oxidation over 5 h period, yet no difference was observed in AUC analysis 

in walking breaks in overweight/obese South Asians. The findings suggest that resting fat and 

CHO oxidation increased by 14% and 19%, respectively, in INT-SIT compared to SIT. To support 

these findings, previous findings reported that the rate of fat oxidation was increased up to 

+15.9% in chair squats and intermittent standing conditions compared to a sitting condition 

(Hawari et al., 2019; Hawari et al., 2016). Similarly, several experimental studies reported that 

fat and CHO oxidation was comparatively higher in individuals who had LPA/MVPA bouts for 

1 to 2 min every 30 min compared to prolonged sitting condition (Donaldson et al., 2020; 

Peddie et al., 2013). Regular activity breaks (e.g., walking or chair squats) can increase REE, 
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possibly due to the increased substrate utilisation to meet extra energy demands for muscle 

contractions (e.g., concentric, and eccentric muscular activity) in the lower limbs (Hamilton et 

al., 2007). The above investigations observed a range of postprandial response in substrate 

utilisation and REE in normal weight/overweight Caucasians, which was inconsistent across 

the previous studies, in addition to the current study findings. The potential reasons for the 

disparity in findings between the studies could explain differences in a range of variables, 

including study design, weight status, experimental protocol (e.g., exercise intensity, duration, 

and mode of PA bouts), ethnicity, and test meals. 

 

The current study reported no significant difference in mean MAP and heart rate between SIT 

and INT-SIT conditions in overweight/obese South Asians. These data are consistent with 

previous experimental studies, including study 2 (chapter 5), where no significant difference 

in MAP and heart rate was reported in walking breaks conditions compared to prolonged 

sitting in normal-weight Caucasians (Bailey and Locke, 2015), overweight Caucasians (Larsen 

et al., 2014), and pregnant Caucasian women (Stutzman et al., 2010). However, previous 

studies have also reported a significant difference in MAP/systolic blood pressure and heart 

rate in breaking up sedentary time with walking breaks for 1 to 5 min every 20 to 30 min in 

Caucasians (Carter et al., 2015; Champion et al., 2018; Gondim et al., 2015), and older South 

Asians (Yates et al., 2020). It is unknown whether the duration, and intensity of the PA bouts, 

study participants' age or weight status might be accountable for the lower magnitude of 

postprandial MAP/heart rate responses in the current study compared to the above studies. 

Mean MAP and heart rate responses might differ in overweight/obese South Asians, perhaps  

due to physiological mechanisms, including high body fat, cardiac muscle, skeletal muscle (low 

lean mass and cardiorespiratory fitness) compared to the above studies (Bays et al., 2022; 
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Sattar and Gill, 2015). Mean arterial blood pressure and heart rate response depend on 

cardiac output and peripheral resistance regulated by thermoregulation, blood volume, 

efferent sympathetic nerve activity, and afferent nerve activity (Kaufman et al., 1987; 

MacDonald et al., 2002). Furthermore, blood pressure response is associated with age; 

therefore, the age of the participants in the current study was not the same as the previous 

studies (Franklin et al., 2001). The above mechanisms might be accountable for the lower 

magnitude of postprandial MAP/heart rate responses in the current study compared to the 

previous studies. 

 

The current study findings suggest the positive effect of LPA in postprandial glucose, TAG, MLI, 

resting fat and CHO oxidation, and REE in overweight/obese South Asians. Perhaps, MVPA 

instead of LPA could have been needed in the controlled laboratory or free-living settings to 

induce further improvements, especially for insulin response (Maylor et al., 2019). This is, 

possibly due to increased muscular contraction, which could ultimately improve 

inflammation, and endothelial function; eventually, reduce carotid intima-media thickness 

(Ceriello et al., 2005; Esposito et al., 2004). It is suggested that high-intensity exercise for a 

longer duration more than 5 min in controlled laboratory or free-living conditions might have 

a greater response on cardiometabolic risk markers (Maylor et al., 2019). This higher intensity 

of PA bouts for a longer duration might reduce insulin concentration that influences to reduce 

lipoprotein lipase activity in adipose tissue (Frayn, 2010). Postprandial hypertriglyceridemia 

acts as a risk factor to affect endothelial function and atherosclerosis, and associated with 

heart disease (Ceriello et al., 2004). Regular activity breaks can improve postprandial 

hypertriglyceridemia, ultimately reduce the risk of cardiometabolic diseases, including Type 2 

diabetes, CVD and CHD (Ceriello, 2005; Katsanos et al., 2004; Katsanos and Moffatt, 2004). 
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The current study findings suggest that regular activity breaks can improve cardiometabolic 

health in overweight/obese South Asians. Therefore, future research should investigate the 

postprandial cardiometabolic risk markers response to the different experimental protocols 

with different intensities, durations, frequencies, and modes of exercise than the current 

study to provide further mechanistic explanations on cardiometabolic risk markers in 

overweight/obese South Asians.  Additionally, further work needs to be done as a potential 

therapeutic intervention to explore the long-term effects of breaking up sedentary time with 

LPA/MVPA bouts with a different duration than the current study in overweight/obese South 

Asians in free-living conditions. 

 

6.5 Strengths and limitations 

This is the first overweight/obese South Asian randomised cross-over study in a controlled 

laboratory setting examining the effects of breaking up sedentary time with LPA on 

cardiometabolic diseases risk markers (e.g., postprandial glucose, TAG concentrations, MLI, 

and plasma insulin) and resting metabolic health, including substrate utilisation (e.g., fat and 

CHO oxidation) and REE. Nevertheless, there are some limitations in the current study. Firstly, 

the current study investigated the acute effect over a single day experimental protocol. Thus, 

this acute effect could not be generalised in a long-term intervention in overweight/obese 

South Asians. A future study is needed to examine the chronic effect of breaking up sedentary 

time with walking breaks in free-living conditions for the long term instead of over a single day 

laboratory-based study. Secondly, the current study tested postprandial responses of the 

standardised meals (test meals containing a fixed amount of GI values and percentage of CHO 

and fat) during the experimental conditions; therefore, the magnitude of the postprandial 

cardiometabolic risk markers responses to walking breaks may not be generalised to South 
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Asians diet (e.g., mainly containing rice or roti/chapati) or normal-meals (e.g., meals 

containing lower or higher GI value, macronutrient composition, meal size, frequency, and 

timing of the meal). Finally, the current study did not compare the cardiometabolic health 

benefits of breaking up sedentary time with LPA in overweight/obese South Asians with other 

ethnicities (e.g., overweight/obese Caucasians). Future study should examine the long-term 

effect of breaking up sedentary time with LPA/MVPA on cardiometabolic risk markers in 

overweight/obese South Asians versus Caucasians.  

 

6.6 Conclusion 

The current study shows that breaking up sedentary time with 5 min bouts of LPA every 30 

min can acutely attenuate postprandial glucose, triglycerides, MLI, and increase resting fat 

and carbohydrate oxidation, and REE, but not insulin, MAP and heart rate in overweight/obese 

South Asians compared to prolonged sitting. This intervention could play a crucial role for 

improving cardiometabolic health in this population. Due to the limited evidence base, further 

research is needed to explore the effects of breaking up sedentary time with LPA in 

overweight/obese South Asians in free-living conditions. Furthermore, future research should 

examine the effectiveness of reducing sedentary time through a long-term lifestyles 

intervention in improving cardiometabolic health in the South Asian population. 
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Study Map  

Study Objectives and key findings 

Study 1: The prevalence of 

daily sedentary time in South 

Asian adults: a systematic 

review. 

Objectives: 

➢ To examine the total daily amount of time spent 

sedentary quantified via subjective and objective 

measures in South Asian adults. 

 

Key findings: 

➢ South Asian adults engage in a mean daily 

sedentary time of approximately 7 h. 

➢ South Asian adults spend a large proportion of time 

being sedentary, especially when recorded using 

objective measures (approximately 9 h/day). 

Study 2: The effects of 

breaking up sedentary time 

on postprandial 

cardiometabolic diseases risk 

markers in normal-weight 

South Asian adults. 

Objectives: 

➢ To establish whether breaking up sedentary time 

with light-intensity walking can improve 

postprandial cardiometabolic diseases risk markers 

and resting metabolic health in normal-weight 

South Asian adults. 

 

Key findings: 

➢ Breaking up sedentary time with 5 min bouts of 

light-intensity walking every 30 min can acutely 

improve postprandial triglycerides in normal-

weight South Asian adults compared with 

prolonged sitting for a 5 h period.  

➢ Postprandial responses in blood glucose, metabolic 

load index, plasma insulin concentration, resting fat 

and carbohydrate oxidation, resting energy 

expenditure,  mean arterial pressure, and heart rate 

were similar in prescribed exercise intervention 

(i.e., breaking up sedentary time with 5 min bouts 

of light-intensity walking every 30 min) compared 

to prolonged sitting condition. 
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Study 3: The effects of 

breaking up sedentary time 

on postprandial 

cardiometabolic diseases risk 

markers in overweight/obese 

South Asian adults. 

Objectives: 

➢ To examine whether breaking up sedentary time 

with light-intensity walking can improve 

postprandial cardiometabolic diseases risk markers 

and resting metabolic health in overweight/obese 

South Asian adults.  

 

Key findings: 

➢ Breaking up sedentary time with 5 min bouts of 

light-intensity walking every 30 min can acutely 

attenuate postprandial glucose, triglycerides, 

metabolic load index, and increase resting fat and 

carbohydrate oxidation, and energy expenditure in 

overweight/obese South Asian adults compared 

with prolonged sitting for a 5 h period. 

➢ Postprandial responses in plasma insulin, mean 

arterial pressure, and heart rate were unaffected in 

prescribed activity intervention (i.e., breaking up 

sedentary time with 5 min bouts of light-intensity 

walking every 30 min) compared to prolonged 

sitting condition. 
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7.1 Introduction  

People living in developed countries (e.g., the UK and USA) spend more than 50% of their 

waking day sedentary (Henson et al., 2016; Matthews et al., 2008; Van der Berg et al., 2016). 

The impact of sedentary behaviour in cardiometabolic health has been discussed throughout 

this thesis. In addition to sedentary behaviour, high BMI is associated with CVD, CHD, 

dyslipidaemia, and insulin resistance (Bays et al., 2021; Poirier et al., 2006; Wormser et al., 

2011), with obesity, considered an independent risk factor for cardiometabolic diseases 

(Yaturu, 2011). Consequently, people living with obesity can be considered as an ‘at risk’ 

group.  

 

Increasing PA can reduce the risk of developing cardiometabolic diseases and all-cause 

mortality (Stensel, 2009). Previous experimental findings suggest that breaking up sedentary 

time with regular walking breaks can attenuate cardiometabolic risk markers in 

overweight/obese Caucasian adults (Dunstan et al., 2012; Henson et al., 2016; Hawari et al., 

2016; Larsen et al., 2015). The research reported within the current thesis has observed that 

breaking up sedentary time with 5 min bouts of LPA every 30 min acutely improved 

postprandial glucose, TAG, and MLI over 5 h, but the AUC was not affected; postprandial REE 

and the overall fat and CHO oxidation was increased over 5 h in overweight/obese South 

Asians (chapter 6: study 3), whereas only postprandial TAG was improved in normal-weight 

South Asians (chapter 5: study 2) compared to prolonged sitting. However, these two studies 

have been conducted across a single day in a controlled laboratory setting. Unlike laboratory-

based interventions, sitting time may not reduce significantly in free-living interventions, 

possibly due to the environment and lack of in-person monitoring from the researchers (Young 

et al., 2016). Although, findings could be more ecologically valid in free-living conditions due 
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to real-life settings (Duvivier et al., 2017). Therefore, it is essential to investigate the effects of 

reducing and breaking up sedentary time with PA bouts on cardiometabolic diseases risk 

markers in overweight/obese South Asian adults in free-living conditions. In terms of practical 

application, it is of interest to examine if controlled laboratory-based findings can be 

replicated in free-living conditions. 

 

Several experimental studies in free-living conditions have investigated the acute effects of 

substituting sitting with standing and LPA/MPA on cardiometabolic risk markers in Caucasians 

(Duvivier et al., 2017; 2013; Smith et al., 2021). Substituting sitting (6 to 7 h/day of sitting) and 

standing (≥2 to 3 h/day) with self-perceived LPA (≥4 h/day) every 30 min significantly improved 

postprandial insulin and insulin sensitivity by 20% and 16%, respectively, but only glucose 

tolerance was improved in female compared to male participants; when measured in 

response to an OGTT on the day after each intervention in normal-weight/overweight/obese 

Caucasians compared to prolonged sitting (restricted walking and standing ≤2 h/day) in free-

living condition lasting for 4 days (Duvivier et al., 2017; 2013). Nevertheless, there is no 

evidence available in free-living intervention in overweight/obese South Asians, and it may 

not be possible to apply the findings from the previous free-living studies in Caucasians 

directly to the South Asians (see chapter 2: section 2.10). Therefore, it is essential to examine 

the effect of substituting sitting with standing and LPA on cardiometabolic risk markers in male 

and female overweight/obese South Asians, who may respond differently, possibly due to 

their adiposity, distinct metabolic, culture, biological, and behavioural profiles.  

 

At present, with the technological advancement in continuous glucose monitoring (CGM), it is 

worthwhile to measure 24 h glucose profiles with greater accuracy in free-living conditions 
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(León et al. 2018; Rahmi et al., 2021). The main advantage of CGM is that it offers data on 

interstitial glucose when a flash glucose sensor is inserted on the individual’s arm, which 

allows assessing glycaemic control in real-life settings (Chan et al., 2019; O'Riordan et al., 

2009). In contrast to OGTT, CGM could be a useful clinical tool to assess glucose profile, 

including the identity of sensitive and early glucose abnormalities in individuals, which may 

not be detected by the OGTT (León et al., 2018). Consequently, the early diagnosis of 

abnormal glucose could help reduce the risk of developing diabetes by optimising the 

abnormal glucose management in individual patients. In addition, CGM may assist in 

identifying individuals eligible for insulin treatment compared to OGTT results (Elidottir et al., 

2021). Subsequently,  CGM could provide better oversight of the individuals’ glucose profiles 

in free-living conditions. A limited number of free-living studies used CGM to examine the 

effect of substituting sitting with standing and LPA on glucose profile; breaking up sedentary 

time with LPA or MVPA for 3 min every 30 min improved fasting glucose and postprandial 

glucose variability (in response to OGTT) on the day after each intervention in obese Caucasian 

adults compared to the control group, who continued with their habitual daily activities for 3 

weeks in free-living conditions (Smith et al., 2021). Nevertheless, there is a lack of findings in 

overweight/obese South Asians. Thus, it is crucial to use CGM  to investigate the effect of 

substituting sitting with standing and LPA on glucose profile in overweight/obese South 

Asians. The current study aimed to investigate whether reducing and breaking up sedentary 

time with standing and PA bouts (i.e., 2 to 5 min self-perceived LPA every 30 min)  could 

improve glucose profile, sedentary bouts, and PA levels in overweight/obese South Asians in 

free-living conditions. The current study also aimed to examine the effects of the reducing and 

breaking up sedentary time with standing and PA bouts on glucose profile, sedentary bouts, 

and PA levels in male versus female overweight/obese South Asians.  
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7.1.1 Study hypothesis 

It is hypothesised that reducing and breaking up sedentary time with standing and light-

intensity PA bouts will significantly improve glucose profile (i.e., 24 h and waking period), 

sitting time and sedentary bouts, time spent in light-intensity PA, total step count, standing 

time, and steeping time compared to prolonged sitting in overweight/obese South Asians in 

free-living conditions. 
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7.2 Methods 

7.2.1 Experimental design 

This study was a two-activity regimen (Sit and Sit Less) randomised cross over design in free-

living conditions, with each regimen lasting four days. Condition order was randomised, as 

described in chapter 3 (section 3.2.1). The current study was conducted according to the 

Declaration of Helsinki principles and approved by the Institute for Sport and Physical Activity 

Research Ethics Committee, University of Bedfordshire (approval number: 2020ISPAR006) 

(see Appendix 15). The study was registered as a clinical trial with this registry 

(https://www.clinicaltrials.gov/), and the study registration number is NCT04645875. 

 

7.2.2 Participants 

Participant recruitment strategies were described in chapter 3 (section 3.3).  

Overweight/obese South Asians aged between 18 and 75 years who were able to walk were 

recruited and data collection was performed between November 2020 and July 2021. All 

participants had a BMI > 23 kg.m-2 (South Asian cut-off was used; see chapter 3: section 3.4.2). 

Exclusion criteria were described in chapter 3 (section 3.2). 

 

7.2.2.1 Sample size calculations 

A-priori sample size was calculated using G*power (version 3.0.10; Germany) with the primary 

outcome of glucose (mmol.L-1), effect size (d) 0.94, calculated on the mean effect size from 

previous research (effect size: 0.30, Dey et al., 2020; effect size: 0.56, Dunstan et al., 2012; 

effect size: : 1.98, Henson et al., 2016). A total of 11 overweight/obese South Asian males and 

females were required for the current study to achieve 80% power and an alpha value of 5% 

(P = 0.05). A total of 14 overweight/obese participants were planned to recruit to allow for 

https://www.clinicaltrials.gov/
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20% dropout. It should be highlighed that a total of 18 participants were recruited, resulting 

in 14 complete datasets. Four additional  participants were recruited as expecting a high 

dropout rate and incomplete datasets due to high COVID-19 infection rate in the community 

during the recruitment and data collection period and the nature of the study being in free-

living conditions, where compliance could be an issue. 

 

7.2.2.2 Control of diet and physical activity 

Participants were asked to weigh their meals, using a standard kitchen scale (Salter Disc 

Electronic Kitchen Scale, Ho-Medics Group Ltd, UK), and record food and beverage 

consumption in a diary for the first 4-day (day 1-4) condition and replicate their dietary intakes 

and timings for the second 4-day (day 8-11) regimen  (Duvivier et al., 2017). Participants were 

instructed to consume three meals per day containing at least 50% carbohydrate (they were 

educated this and provided with culturally appropriate examples of meals and snacks that 

contain at least 50% carbohydrate) (see Appendix 16) to ensure that there was a scope to 

improve postprandial glucose with the walking activity bouts (Sit Less regimen). Participants 

were advised that the meals were spaced evenly throughout the day with 3-4 hour intervals 

to ensure three distinct glucose responses and that snacks were consumed between meals. 

Alcohol was not permitted during the study duration. Additionally, participants were advised 

to perform their daily PA according to the study protocol instructions but avoid performing 

structured exercise (e.g., cycling, sports, gym workout, and running session) during the activity 

regimens. At the end of the regimens, each participant was asked to return their completed 

food diaries (see Appendix 12) and activity logbook (see Appendix 21), which were assessed 

based on the provided instructions to evaluate their dietary and PA compliance for each 
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regimen. Based on the completed records (i.e., food diaries and PA logbook) and verbal 

communications, all participants complied to the dieatry and PA controls.  

 

7.2.3 Experimemental protocol 

7.2.3.1 Preliminary testing  

Due to COVID-19 restrictions, anthropometric measurement tools, including a stadiometer 

(Harpenden 98.602, Holtain Ltd., Crymych, UK), a measurement tape, and digital weighing 

scale (Tanita, BWB0800, Allied Weighing, UK), activity monitor (activPAL), and Flash Glucose 

Monitor (FGM; Freestyle Libre), and sensor were posted to the participant's home or 

workplace or the PhD researcher delivered all these items to participants doorstep to allow 

participants to take their measures, including height, weight, and waist circumference. The 

PhD researcher provided virtual instructions via video calls (e.g., WhatsApp messenger) to 

complete their anthropometric measurements to enhance the standardisation of 

measurement techniques between the participants.  

 

Participants were advised to take off their shoes and heavy outer clothes before measuring 

their height and weight. Height was measured to the nearest 0.1 cm using a stadiometer 

(Harpenden 98.602, Holtain Ltd., Crymych, UK). Body mass was measured to the nearest 0.1 

kg using the Tanita BWB0800 digital scale (Allied Weighing, UK). Body Mass Index (BMI) was 

calculated using the following formula: Weight (kg) / Height (m)2. Waist circumference was 

measured at minimal inspiration to the nearest 0.1 cm using an adjustable tape measure (RST 

Tools, HaB, Direct) at the midpoint between the last rib and the top of the iliac crest at the 

end of gentle expiration (Lohman et al., 1988). The PhD researcher demonstrated via video 

calls all activities (e.g., walking at a slow pace, walking on the spot, jumping up and down, and 
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standing) for the Sit Less regimen to make sure they could adhere to them effectively during 

their activity regimen. Additionally, participants were provided full written instructions for 

each activity regimen (see Appendix  17 and 18 for Sit and Sit Less regimen, respectively).  

 

7.2.3.2 Try-out day 

Every participant performed a try-out day of the Sit Less regimen after preliminary testing and 

before the first experimental condition. Those participants were only included for this study 

if they adhered to the study protocol (e.g., substitute a minimum of 5 h/day sitting with ≥2 h 

of self-perceived LPA and ≥3 h of standing) based on reviewing the activPAL activity monitor 

data worn during the day. Participants had the option of making a second attempt to adhere 

to the protocol. Participants were provided with a list of activities that they used to break up 

their sitting time, including walking at a slow pace, walking on the spot, jumping up and down, 

and standing. Participants were provided with complete instructions for all activities (see 

Appendix 18). 

 

7.2.3.3 Experimental conditions 

Participants undertook two separate activity regimens in free-living conditions, which lasted 

4 days each  (see Figure 7.1). Due to an acute bout of PA enhancing insulin sensitivity for up 

to 72 h, each condition was separated by a minimum of three days to eliminate potential 

carryover effects of the activity conditions (Mikines et al., 1988). After the preliminary visit 

and virtual instructions, the PhD researcher met with participants at their workplace or home 

to set up the FGM device and postural monitor (i.e., activPAL) for 11 days. The participants 

needed to fit a FreeStyle Libre (Abbott Diabetes Care, Abbott Laboratories Ltd, Berkshire, UK) 

FGM at the midline of the upper arm (see Appendix 19). The participant needed to wear the 
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activPAL device on their mid-upper thigh (see Appendix 20). This setup was completed 24 h 

before experimental regimen commencement (main activity regimens were started on a 

Monday), and a total of 11 days (i.e., 8 days [4 days*2 regimens] and 3 days washout) were 

needed to cover the study protocol. Therefore, regimen 1 (e.g. Sit regimen) was for 4 days 

(day 1-Monday; day 2-Tuesday; day 3-Wednesday; day 4-Thursday) (see Appendix 17), 

washout period was for 3 days (day 5-Friday; day 6-Saturday; day 7-Sunday), and regimen 2 

(e.g. Sit Less regimen) was for 4 days (day 8-Monday; day 9-Tuesday; day 10-Wednesday; day 

11-Thursday) (see Appendix 18). The order of the regimens was randomly allocated (see study 

design section). Participants were instructed verbally to the full study protocol during their 

preliminary testing session, and virtual instructions via video calls were also provided during 

the experimental regimen to remind them as a step by step of the entire study protocol. 

 

During each regimen, participants were provided with a stopwatch (Quantum, 5501, Cranlea, 

UK) and a pedometer (Omron Walking Style IV Pedometer BLK, HJ-325-EW, Japan). 

Participants were instructed virtually to measure all non-sitting time with the provided 

stopwatch and all steps with the pedometer. They kept a record for every hour in an activity 

logbook provided for each regimen (see Appendix 21). Participants received feedback on the 

total non-sitting time and the number of steps based on their try-out day for the Sit Less 

regimen. For example, the participants were instructed to substitute a total of 5 h sitting with 

3 h standing and 2 h LPA and walk around 12,000 steps per day (including jumping). On 

average, 6,000 steps are equivalent to 1 h walking  (see Appendix 18) (Duvivier et al., 2017). 

The activPAL monitor recorded the start and end of each period spent sitting/lying, standing, 

and stepping (step counts and walking). The study schematic diagram of the experimental 

protocol is shown in Figure 7.1: 
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Sit regimen: Participants were instructed to restrict walking and standing to ≤1 h/day 

each (total ≤2 h/day) for their waking day (see Figure 7.1). Participants were allowed to 

perform their daily activities, including cooking and other household activities, within the 2 h 

of permitted walking and standing. An activity logbook was provided to participants, where 

they recorded their performed activities for every hour. This activity logbook helped them to 

visualise their performed activities (see Appendix 21).  

 

Sit Less regimen: Participants were instructed to substitute (relevant to the Sit 

regimen) a minimum of 5 h/day sitting with ≥3 h of standing and ≥2 h of self-perceived LPA. 

Participants were advised to rise from the seated position for 2 to 5 min every 30 min to 

engage in standing and self-perceived LPA to interrupt their sitting (see Figure 7.1). 

Participants were asked to record all their performed activities each hour on their activity 

logbook provided by the PhD researcher (see Appendix 21). 
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Figure 7.1. Schematic diagram of the experimental protocol in free-living conditions. 
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7.2.4 Outcome measures  

7.2.4.1 Flash glucose monitoring  

Flash glucose monitoring (FGM) includes a set of devices, i.e., a FGM reader and sensor. These 

devices were posted, and virtual instructions were provided to ensure participants could 

attach the sensor to their right or left arm (backside of their upper arm) (see Appendix 19). 

The Freestyle Libre FGM provides valid and accurate measurements of interstitial glucose 

corresponding with capillary plasma glucose up to 14 days, which is not affected by participant 

characteristics (e.g., age, ethnicity, and weight status) (Elidottir et al., 2021; Sekido et al., 

2017). Freestyle Libre device is a pre-calibrated device; therefore, no calibration is required 

from the users. This device was selected to monitor interstitial glucose with a low participant 

burden.  

 

Participants wore FGM-sensor on the backside of their upper arm continuously for a total of 

11 full days, during which both activity regimens were completed with a 3-day washout (see 

Figure 7.1). Initial 1 h calibration was completed while setting up the monitor on their arm. 

Clear written and verbal instructions were provided virtually to each participant. They scanned 

the FGM sensor at least once every 8 h via the FreeStyle Libre receiver to ensure that the 

sensor data continued to synchronise with the FGM reader, although they could scan more 

frequent where possible. Participants scanned the sensor using the FGM reader throughout 

the day, including when they woke up, at mealtime (e.g., breakfast and lunch time), and when 

they went to bed. Participants recorded their interstitial glucose value, including fasted and 

mealtime interstitial glucose throughout the day, in a glucose log book provided by the PhD 

researcher (see Appendix 22).  
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Interstitial glucose concentrations (mmol.L-1) were measured from the subcutaneous tissue's 

interstitial fluid every minute, and data averaged for each 15 min period was stored and 

transmitted to a reader. The interstitial glucose data from the FGM reader was downloaded 

by the PhD researcher and processed using RStudio software (version 1.4.1103, Boston, USA). 

Standardised continuous glucose monitoring (CGM) metrics were used to select the potential 

variables during the analysis (Battelino et al., 2019). During the activity regimen, days in which 

the FGM receiver recorded data >70% of the 24 h period were classified as valid wear 

(Battelino et al., 2019). After an automated estimate of valid FGM data using the valid wear 

criteria, RStudio summary outputs variables were produced for 24 h glucose profile in 

Microsoft Excel sheet from the final data based on the standardised CGM metrics (Battelino 

et al., 2019). Additionally, FGM data for waking period were also retrieved from each 

participant’s daily logbook during the regimens (see appendix 20). Included CGM variables for 

24 h and waking period glucose were number of valid days FGM worn, percentage of time 

FGM was active, baseline glucose value, mean glucose value, glucose variability (% coefficient 

of variation [CV]), time above range 1 (hyperglycaemia; % of reading and time >10.0 mmol.L-

1), time above range 2 (severe hyperglycaemia; % of reading and time >13.9 mmol.L-1), time in 

range (% of reading and time 3.9 to 10.0 mmol.L-1), time below range 1 (hypoglycaemia; % of 

reading and time 3.0 to 3.8 mmol.L-1), and time below range 2 (severe hypoglycaemia; <3.0 

mmol.L-1), number of hypoglycaemia/severe hypoglycaemia episodes, number of 

hyperglycaemia/severe hyperglycaemia episodes, and tAUC. Interstitial glucose iAUC was 

calculated using the trapezoidal method (see chapter 3: section 3.10). A similar number of 

FGM valid day, a minimun of one valid day of both FGM and activPAL data, was required in 

each experimental regimen for inclusion in the analysis to coincide with a valid day based on 

the activPAL data. The mean standardised CGM metrics variables, including interstitial glucose 
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value were calculated for the average of valid days for 24 h and waking period of each activity 

regimen. Therefore, standardised CGM metrics variables for 24 h and waking hours were 

calculated separately to examine the CGM effects between the Sit and Sit Less regimens. 

 

7.2.4.2 Measurement of sitting and physical activity 

Sitting patterns and PA were measured 24 h/day during each activity regimen using an 

activPAL3 activity monitor (PAL Technologies, Glasco, Scotland). The activity monitor was 

worn at least 24 h before each activity regimen (preferably on Friday) to obtain 4 wear days 

(i.e., Monday to Thursday) during the experimental regimens, and it was attached waterproof 

to the skin on the midline of the anterior aspect of the right upper thigh with 10 × 10 cm 

adhesive hypoallergic thin plastic film (Hypafix, BSN medical Limited, UK). The activPAL 

monitor objectively measured sitting/lying, standing, light, and MVPA stepping. The activPAL 

device is reliable and validated for these activities, including step numbers, sitting, sit to 

upright transitions, and stepping (Edwardson et al., 2016; Ryan et al., 2006; Stansfield et al., 

2015).  

 

ActivPAL3 data were processed using ProcessingPAL software (PALAnalysis v1.4.060919, 

University of Leicester, UK).  A valid wear day was defined as a wear time of ≥10 h, ≥500 steps, 

and 95% of time spent in activities, including sitting, standing, and stepping (Edwardson et al., 

2017; Winkler et al., 2016). After an automated estimate of valid data using the valid wear 

criteria, ProcessingPAL summary outputs variables were produced in a Microsoft Excel sheet 

from the final data and an automated algorithm in ProcessingPAL was used to determine wake 

and sleep time (Winkler et al., 2016). Additionally, participants’ daily record logbook was used 

to verify against these automated wake and bed/sleep time obtained from ProcessingPAL (see 

https://eur03.safelinks.protection.outlook.com/ap/w-59584e83/?url=https%3A%2F%2Fbrunel365-my.sharepoint.com%2Fpersonal%2Fbddb017_brunel_ac_uk%2FDocuments%2FCurrent%2520Research%2F1.%2520Sedentary%2520behaviourg%2520projects%2FFree%2520living%2520study%2520Charlotte%2520Stringer%2FDissemination%2F3.%2520Interrupting%2520sitting%2520free%2520living%2520APNM.docx%23_ENREF_34&data=04%7C01%7CKamalesh.Dey%40study.beds.ac.uk%7C49231ed7d0974303090808d95cdfdb53%7C3133dbdc3c644bdaa66a751445a19275%7C1%7C1%7C637642938803652321%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=5TV5oY61NMRjPwBIfFtPc0dGWB0YoNjgKhKd28RIbvM%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/ap/w-59584e83/?url=https%3A%2F%2Fbrunel365-my.sharepoint.com%2Fpersonal%2Fbddb017_brunel_ac_uk%2FDocuments%2FCurrent%2520Research%2F1.%2520Sedentary%2520behaviourg%2520projects%2FFree%2520living%2520study%2520Charlotte%2520Stringer%2FDissemination%2F3.%2520Interrupting%2520sitting%2520free%2520living%2520APNM.docx%23_ENREF_34&data=04%7C01%7CKamalesh.Dey%40study.beds.ac.uk%7C49231ed7d0974303090808d95cdfdb53%7C3133dbdc3c644bdaa66a751445a19275%7C1%7C1%7C637642938803652321%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=5TV5oY61NMRjPwBIfFtPc0dGWB0YoNjgKhKd28RIbvM%3D&reserved=0
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Appendix 20). Included variables were waking wear time, sitting time, standing time, total 

stepping time, light steeping time, moderate-vigorous steeping time, the total number of light 

steps, total number of moderate-vigorous steps, total number of steps, time spent in 

sedentary bouts lasting 0-30 min, time spent in sedentary bouts lasting 30-60 min, time spent 

in sedentary bouts lasting >60 min, time spent in sedentary bouts lasting >30 min, number of 

sedentary bouts lasting 0-30 min, number of sedentary bouts lasting 30-60 min, number of 

sedentary bouts lasting >60 min, number of sedentary bouts lasting > 30 min, the total number 

of sedentary bouts, and number of sedentary to upright transition.  Afterwards, mean total 

sitting time, sedentary bouts and free-living PA were calculated for the average of valid days 

of each activity regimen. 

 

There were some compliance criteria (a total of two criteria for each regimen) were designed 

based on the study protocol assigned for each participant during the activity regimens, 

including Sit and Sit Less to evaluate the adherence of the study protocol. In Sit regimen, the 

two compliance criteria were as criteria 1 (total standing time ≤1 h/day), and criteria 2 (total 

stepping time ≤1 h/day) (see Appendix 34). On the other hand, the two compliance criteria 

were as criteria 1 (total standing time ≥3 h/day), and criteria 2 (total stepping time ≥2 h/day) 

in Sit Less regimen (see Appendix 35). 

 

7.2.5 Statistical analysis 

Data analyses were performed using SPSS version 26.0 (SPSS Inc., Armonk, N.Y., USA). All data 

are presented as mean (95% CI) unless stated otherwise. All figures of the results are 

presented as SEM. Data were tested for normality using Q-Q plots. A log transformation was 

conducted, where data violated normality assumptions prior to statistical analysis. The 
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outcome measures for FGM data analysis were listed in the earlier section in this chapter 

(section 7.2.4.1).  The outcome measures for activPAL data analysis were listed in the earlier 

section in this chapter (section 7.2.4.2). The differences in the outcome variables between the 

activity regimens , regimen order, and regimen × sex interaction were analysed using linear 

mixed models, where the regimen and regimen order were fixed factors, and participants 

were random factor. These models were adjusted for potential confounders (activPAL 

analysis: activPAL wear time; FGM analysis: baseline interstitial glucose value). Statistical 

significance was two-tailed and set at P ≤0.05. Cohens' d effect sizes (d) were calculated to 

describe the magnitude of differences between two conditions; 0.2, 0.5, and 0.8 indicated the 

small, medium or large effect, respectively (Cohen, 1988).  
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7.3 Results 

7.3.1 Participant characteristics 

Participant characteristics are presented in Table 7.1. Eighteen (eight males and ten females) 

overweight/obese South Asians completed the preliminary testing period, including the try-

out day. Fourteen participants (five Bangladeshis, five Indians, and four Pakistanis) were able 

to complete the full study protocol, including four valid wear days for FGM and activPAL in 

each regimen. The four dropouts were unable to complete the full study protocol either due 

to device malfunctioning (i.e., FGM sensor) or testing COVID-19 positive during the 

experimental regimens. Therefore, fourteen datasets were included in the final analyses.  

 

7.3.2 Study protocol compliance criteria  

Based on the available sedentary and PA data from the activPAL, it was possible to analyse 

two sets of compliance criteria for each regimen. Compliance to the Sit regimen protocol was 

assessed based on engaging in ≤1 h of standing and ≤1 h of walking per day. In the Sit Less 

regimen, criteria were engaging in ≥3 h of standing and ≥2 h of self-perceived LPA. All 

participants were assessed separately based on these compliance criteria for each regimen, 

which are attached in Appendix 34 (Sit regimen) and Appendix 35 (Sit Less regimen). Only one 

participant (n=1) complied full criteria for four days, one participant (n=1) complied full criteria 

for three days, two participants (n=2) complied full criteria for two days, and remaining  

participants (n=10) did not comply with the protocol in Sit regimen. Based on the compliance 

criteria in Sit Less regimen, ten participant (n=10) complied full criteria for four days, two 

participants (n=2) complied full criteria for three days, and two participants (n=2) complied 

full criteria for one day.  
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Please note that no participants were excluded in the analysis for non-compliance of the 

rigorous study protocol due to having a final sample size as zero; thus, this permits an 

examination of the prescription of each regimen, but not the full adherence to each regimen. 

Although the lack of compliance may be regarded as a limitation of the study, it highlights the 

issue regarding ecological validity of sedentary and PA protocols and this finding can be used 

to inform future research involving similar protocols over extended periods. As suggested, the 

lack of compliance could guide the design of future studies, where it should be ensured that 

any prescribed regimens more practical and achievable for the participants in their habitual 

life. 

 

Table 7.1 Description of the participants' characteristics. 

Characteristics n = 18 N = 14 

Bangladeshi 33% (6) 36% (5) 

Indian 39% (7) 36% (5) 

Pakistani 28% (5) 28% (4) 

Hinduism 22% (4) 29% (4) 

Sikhism 17% (3) 21% (3) 

Muslim 61% (11) 50% (7) 

Employed 95% (17) 93% (13) 

Retired 5% (1) 7% (1) 

Female 56% (10) 50% (7) 

Male 44% (8) 50% (7) 

Age (years) 42.1 ± 2.8 40.9 ± 3.2 

Height (cm) 161.0 ± 1.7 161.5 ± 2.1 

Body mass (kg) 71.1 ± 2.3 69.1 ± 2.4 

Body mass index (kg.m-2) 27.5 ± 0.9 26.5 ± 0.8 

Waist circumference (cm) 94.9 ± 2.6 92.3 ± 2.7 

Data presented as mean ± standard error of the mean (SEM); n (18), completed preliminary testing 
and try-out day; N (14), completed full study protocol. 
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7.3.3 Average interstitial glucose for the two experimental regimens 

7.3.3.1 Average interstitial glucose for 24 hours 

Flash glucose monitoring metrics for the average of 4 valid days for 24 h between the Sit and 

Sit Less regimens are illustrated in Table 7.2. There were no significant differences for iAUC 

interstitial glucose in Sit (5.74 [5.49, 6.01] mmol.L-1.24h-1) compared to Sit Less regimen (5.78 

[5.52, 6.03] mmol.L-1.24h-1) (P = 0.83), with a small effect size (d = 0.08). There were no 

significant differences in any other variables (e.g., mean interstitial glucose, and interstitial 

glucose tAUC) in the two experimental regimens (P ≥0.22; a small effect size, d = 0.06-0.30) 

(see Table 7.2). Similarly, there were no significant main effects of sex and regimen × sex 

interaction in any variables between the regimens (P ≥0.15) (see Table 7.3). 

 

7.3.3.2 Average interstitial glucose for waking hours  

Flash glucose monitoring metrics for the average of 4 valid days for waking hours between the 

Sit and Sit Less regimens are illustrated in Table 7.4. There were no significant differences for 

tAUC interstitial glucose in Sit (95.94 [89.42, 102.46] mmol.L-1) compared to Sit Less regimen 

(93.31 [86.79, 99.83] mmol.L-1) (P = 0.36), with a small effect size (d = 0.19). There were no 

significant differences in any other variables (e.g., mean interstitial glucose) in the two 

experimental regimens (P ≥0.09; a small effect size, d = 0.01-0.55) (see Table 7.4). Likewise, 

there were no significant main effects of sex and regimen × sex interaction in any variables 

between the regimens (P ≥0.06) (see Table 7.5).
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Table 7.2 Continuous glucose monitoring metrics for 24 hours between the Sit and Sit Less regimens. 

Variables Sit regimen Sit Less regimen P-value for  

the main 

effect of 

regimen 

Cohens’ d 

effect size 

Mean interstitial glucose (mmol.L-1) 6.35 (6.10, 6.59) 6.25 (6.00, 6.49) 0.55 0.17 

Glucose variability (%) 0.18 (0.16, 0.21) 0.18 (0.16, 0.21) 0.77 0.06 

Time above range 1 (>10.0 mmol.L-1) (hyperglycaemia) (%) 0.77 (-0.83, 2.36) 0.59 (-1.01, 2.18) 0.22 0.07 

Time above range 2 (>13.9 mmol.L-1) (severe hyperglycaemia) (%) 5.32 (0.68, 9.96) 3.96 (-0.68, 8.59) 0.40 0.18 

Time in range (3.9 - 10.0 mmol.L-1) (%) 92.34 (86.64, 98.06) 94.16 (88.45, 99.87) 0.47 0.20 

Time below range 1 (3.0 – 3.8 mmol.L-1) (hypoglycaemia) (%) 2.39 (-0.45, 5.27) 1.82 (-1.06, 4.69) 0.77 0.07 

Time below range 2 (<3.0 mmol.L-1) (severe hypoglycaemia) (%) 0.03 (-0.09, 0.14) 0.08 (-0.04, 0.19) 0.51 0.28 

Number of hypoglycaemia (episodes 15 min) (n/day) 0.60 (0.01, 1.19) 0.89 (0.30, 1.49) 0.45 0.30 

Number of hyperglycaemia (episodes 15 min) (n/day) 1.08 (0.35, 1.81) 1.02 (0.29, 1.75) 0.82 0.10 

Number of severe hyperglycaemia (episodes 15 min) (n/day) 0.30 (-0.24, 0.85) 0.26 (-0.29, 0.81) 0.60 0.07 

Interstitial glucose tAUC (mmol.L-1.24h-1) 5.96 (5.71, 6.21) 5.99 (5.74, 6.24) 0.83 0.08 

Data presented as mean (95% confidence interval); N, number of participants =14; n, number; tAUC, total area under the curve. There were no significant 
differences in any variables between Sit and Sit Less regimens (P ≥0.22). 

In the table, no severe hypoglycaemia episode was detected in the Sit and Sit Less regimens; therefore, it was not included for the analysis. 
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Table 7.3 Continuous glucose monitoring metrics for 24 hours in male and female in the Sit and Sit Less regimens. 

Variables Sit regimen Sit Less regimen P-value 

for main 

effect of 

sex 

P-value for 

regimen*sex 

interaction 

 Male Female Male Female   

Mean interstitial glucose (mmol.L-1) 6.41 (6.03, 6.77) 6.29 (5.92, 6.65) 6.19 (5.83, 6.55) 6.29 (5.93, 6.65) 0.94 0.53 

Glycaemic variability (%CV) 0.19 (0.16, 0.23) 0.17 (0.14, 0.21) 0.19 (0.15, 0.23) 0.16 (0.13, 0.20) 0.30 0.83 

Time above range (hyperglycaemia) (% 

of reading and time >10.0 mmol.L-1) 

1.66 (-0.68, 4.01) -0.12 (-2.46, 2.22) 1.27 (-1.06, 3.61) -0.11 (-2.45, 2.22) 0.31 0.15 

Time above ranges (severe 

hyperglycaemia) (% of reading and 

time>13.9 mmol.L-1) 

8.73 (0.60, 

16.87) 

2.10 (-5.98, 10.18) 5.92 (-2.10, 13.96) 1.79 (-6.28, 9.86) 0.28 0.41 

Time in range (% of reading and time 3.9 

- 10.0 mmol.L-1) 

91.57 (82.74, 

100.40) 

93.09 (84.40, 

101.79) 

93.52 (84.93, 

102.11) 

94.83 (86.14, 103.51) 0.79 0.96 

Time below range (hypoglycaemia) (% of 

reading and time 3.0 – 3.8 mmol.L-1) 

0.72 (-3.51, 4.95) 4.02 (-0.17, 8.20) 1.08 (-3.06, 5.23) 2.61 (-1.57, 6.78) 0.27 0.66 

Time below range (severe 

hypoglycaemia) (<3.0 mmol.L-1) 

0.03 (-0.14, 0.19) 0.02 (-0.14, 0.19) 0.17 (0.01, 0.33) -0.01 (-0.17, 0.15) 0.28 0.27 
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Variables Sit regimen  Sit Less regimen  P-value 

for main 

effect of 

sex 

P-value for 

regimen*sex 

interaction 

 
Male Female Male Female   

Number of hyperglycaemia (episodes 

15 min) 

1.47 (0.43, 2.51) 0.70 (-0.31, 1.72) 1.62 (0.61, 2.63) 0.41 (-0.61, 1.43) 0.14 0.40 

Number of severe hyperglycaemia 

(episodes 15 min) 

0.57 (-0.23, 1.37) 0.03 (-0.76, 0.84) 0.47 (-0.32, 1.27) 0.03 (-0.76, 0.83) 0.35 0.57 

Interstitial glucose (tAUC) (mmol.L-1.24 

h-1) 

6.03 (5.65, 6.41) 5.88 (5.51, 6.26) 5.97 (5.60, 6.34) 6.01 (5.64, 5.97) 0.78 0.59 

Interstitial glucose (iAUC) (mmol.L-1.24 

h-1) 

5.82 (5.44, 6.20) 5.66 (5.29, 6.04) 5.75 (5.38, 6.13) 5.80 (5.42, 6.17) 0.78 0.59 

Data presented as mean (95% CI); N, number of participants =14 (7 male and 7 female); h, hour; n, number; tAUC, total area under the curve; iAUC, 
incremental area under the curve. There were no significant differences in any variables between Sit and Sit Less regimens (P ≥0.15). 

In the table, no severe hypoglycaemia episode was detected in the Sit and Sit Less regimens; therefore, it was not included for the analysis. 
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Table 7.4 Continuous glucose monitoring metrics for waking hours between the Sit and Sit Less regimens. 

Variables Sit regimen Sit Less regimen P-value for  

the main 

effect of 

regimen 

Cohens’ 

d effect 

size 

Mean interstitial glucose (mmol.L-1) 6.59 (6.29, 6.90) 6.42 (6.11, 6.72) 0.19 0.20 

Glycaemic variability (%CV) 0.17 (0.15, 0.20) 0.19 (0.16, 0.22) 0.09 0.26 

Time above range 1 (>10.0 mmol.L-1) hyperglycaemia) (%) 0.97 (-1.06, 3.01) 0.92 (-1.12, 2.96) 0.74 0.03 

Time above range 2 (>13.9 mmol.L-1) (severe hyperglycaemia) (%) 6.66 (-0.01, 13.34) 5.23 (-1.44, 11.91) 0.26 0.14 

Time in range (3.9 - 10.0 mmol.L-1) (%) 92.95 (86.75, 99.15) 92.42 (86.22, 98.62) 0.79 0.01 

Time below range (3.0 – 3.8 mmol.L-1) (hypoglycaemia) (%) 0.51 (-1.27, 2.30) 2.21 (0.42, 3.99) 0.11 0.55 

Number of hypoglycaemia (episodes 15 min) (n/day) 0.29 (-0.22, 0.82) 0.54 (0.01, 1.06) 0.54 0.28 

Number of hyperglycaemia (episodes 15 min) (n/day) 0.86 (0.27, 1.45) 0.89 (0.30, 1.48) 0.89 0.06 

Number of severe hyperglycaemia (episodes 15 min) (n/day) 0.28 (-0.22, 0.78) 0.26 (-0.24, 0.77) 0.82 0.05 

Interstitial glucose (iAUC) (mmol.L-1) 90.70 (84.18, 97.22) 88.07 (81.55, 94.59) 0.36 0.19 

Data presented as mean (95% confidence interval); N, number of participants =14; n, number; iAUC, incremental area under the curve. There were no 

significant differences in any variables between Sit and Sit Less regimens (P ≥0.09).  

In the table, time below range and severe hypoglycaemia episode were not detected in the Sit and Sit Less regimens; therefore, those were not included for 
the analysis. 
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Table 7.5 Continuous glucose monitoring metrics for waking hours in male and female in the Sit and Sit Less regimens. 

Variables Sit regimen Sit Less regimen P-value for 

main effect 

of sex 

P-value for 

regimen*sex 

interaction 

 Male Female Male Female   

Mean interstitial glucose 

(mmol.L-1) 

7.00 (6.14, 7.86) 6.26 (5.40, 7.12) 6.60 (5.74, 7.46) 6.16 (5.30, 7.02) 0.28 0.06 

Glycaemic variability (%CV) 0.19 (0.15, 0.23) 0.16 (0.12, 0.20) 0.20 (0.16, 0.23) 0.17 (0.13, 0.21) 0.28 0.96 

Time above range 1 (>10.0 

mmol.L-1) hyperglycaemia) (%) 

1.92 (-1.01, 4.86) -0.03 (-2.90, 2.96) 1.80 (-1.12, 4.73) -0.03 (-2.90, 2.96) 0.34 0.73 

Time above range 2 (>13.9 

mmol.L-1) (severe 

hyperglycaemia) (%) 

12.47 (2.27, 22.67) 1.15 (-9.02, 11.33) 9.10 (-1.06, 19.26) 1.07 (-9.11, 11.24) 0.15 0.12 

Time in range (3.9 - 10.0 

mmol.L-1) (%) 

87.59 (76.32, 98.86) 97.92 (86.70, 

109.15) 

90.25 (79.06, 

101.44) 

94.98 (83.75, 

106.20) 

0.29 0.13 

Time below range (3.0 – 3.8 

mmol.L-1) (hypoglycaemia) (%) 

0.64 (-1.99, 3.28) 0.37 (-2.22, 2.97) 1.01 (-1.55, 3.57) 3.41 (0.82, 6.01) 0.49 0.19 

Number of hypoglycaemia 

(episodes 15 min) (n/day) 

0.15 (-0.57, 0.88) 0.45 (-0.27, 1.17) 1.01 (0.30, 1.73) 0.05 (-0.66, 

0.78) 

0.36 0.10 
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Variables Sit regimen Sit Less regimen P-value 

for main 

effect of 

sex 

P-value for 

regimen*sex 

interaction 

 Male Female Male Female   

Number of hyperglycaemia 

(episodes 15 min) (n/day) 

1.23 (0.42, 2.04) 0.50 (-0.30, 1.30) 1.38 (0.59, 2.17) 0.38 (-0.41, 1.18) 0.11 0.50 

Number of severe 

hyperglycaemia (episodes 15 

min) (n/day) 

0.50 (-0.24, 1.25) 0.06 (-0.67, 0.80) 0.46 (-0.27, 1.20) 0.06 (-0.68, 0.80) 0.39 0.81 

Interstitial glucose (tAUC) 

(mmol.L-1) 

98.76 (88.43, 

109.09) 

93.25 (83.07, 

103.43) 

93.73 (83.67, 103.79) 92.75 (82.58, 

102.92) 

0.61 0.42 

Interstitial glucose (iAUC) 

(mmol.L-1) 

93.52 (83.19, 

103.86) 

88.01 (77.83, 98.19) 88.49 (78.44, 98.55) 87.52 (77.34, 97.69) 0.61 0.42 

Data presented as mean (95% CI); N, number of participants =14 (7 male and 7 female); h, hour; n, number; tAUC, total area under the curve; iAUC, 

incremental area under the curve. There were no significant differences in any variables between Sit and Sit Less regimens (P ≥0.06).  

In the table, time below range and severe hypoglycaemia episode were not detected in the Sit and Sit Less regimens; therefore, those were not included for 

the analysis. 
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7.3.4 Sitting time and sedentary bout related variables  

Participants spent an average of 10.59 h/day sitting in Sit regimen; this was significantly higher 

by 41% than Sit Less regimen (7.02 [5.93, 8.10] h/day) (P<0.001, with a large effect size, d = 

1.65) (see Figure 7.2 for illustrative purposes). There was a significant main effect of sex; 

compared to males (9.72 [8.60, 10.84] h/day), females (7.88 [6.75, 9.00] h/day) spent lower 

sitting time by 21% (P = 0.02; with a large effect size, d = 1.38) (see Table 7.7). The regimen × 

sex interaction for sitting time was significant (P = 0.007); females spent lower sitting time 

compared to males (12.25 [10.99, 13.49] and 7.19 [5.96, 8.44] h/day) in Sit and Sit Less 

regimen, respectively (see Table 7.7).  

 

Time spent in sedentary bouts lasting >30 min was significantly higher by 52% in Sit regimen 

compared to Sit Less regimen (4.28 [2.74, 5.81] h/day) (P = 0.001; with a large effect size, d = 

1.08) (see Figure 7.2). There was a significant main effect of sex; Compared with males (7.28 

[5.63, 8.93] h/day), time spent in sedentary bouts lasting >30 min was significantly lower by 

57% in females (4.23 [2.58, 5.88] h/day) (P = 0.01; with a large effect size, d = 1.56) (see Table 

7.7). The regimen × sex interaction for time spent in sedentary bouts lasting >30 min was 

significant (P = 0.006); females spending lower sedentary bouts lasting >30 min compared to 

males (9.53 [7.80, 11.25] and 5.03 [3.13, 6.75] h/day) in Sit and Sit Less regimen, respectively 

(see Table 7.7).  

 

Number of sedentary bouts lasting >30 min was significantly higher by 43% in Sit compared to 

Sit Less regimen (3.79 [2.66, 4.92] n/day) (P = 0.003; with a large effect size, d = 0.97) (see 

Table 7.6). There was a significant main effect of sex; compared with males (5.78 [4.51, 7.03) 
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n/day), number of sedentary bouts lasting >30 min was significantly lower by 41% in females 

(3.85 [2.59, 5.12] n/day) (P = 0.03; with a large effect size, d = 1.29) (see Table 7.7). The 

regimen × sex interaction for the number of sedentary bouts lasting >30 min approached 

significance (P = 0.09); females having lower numbers of sedentary bouts lasting >30 min 

compared to males (7.24 [5.86, 8.62] and 4.30 [2.93, 5.68] n/day) in Sit and Sit Less regimen, 

respectively (see Table 7.7).  

 

There were significant differences in other variables (i.e., time spent in sedentary bouts lasting 

>60 min and number of sedentary bouts lasting >60 min) between the two experimental 

regimens (P ≤0.005, with a large effect size, d = 0.93-0.99) (see Table 7.6). There was a 

significant main effect of sex in other variables (i.e., time spent in sedentary bouts lasting >60 

min and number of sedentary bouts lasting >60 min) (P ≤0.02; with a large effect size, d = 1.46-

1.50) (see Table 7.7). The regimen × sex interaction was significant in other variables (i.e., time 

spent in sedentary bouts lasting >60 min and number of sedentary bouts lasting >60 min) (P 

≤0.01) (see Table 7.7).  

 

There were no significant differences in other variables (i.e., time spent in sedentary bouts 

lasting 0-30 min and 30-60 min, number of sedentary bouts lasting 0-30 min and 30-60 min, 

total number of sedentary bouts, and number of sedentary to upright transition) between the 

two experimental regimens (P ≥0.11; with small-medium effect sizes, d = 0.03-0.51) (see Table 

7.6). There were no significant main effects of sex in other variables (i.e., time spent in 

sedentary bouts lasting 0-30 min and 30-60 min, and number of sedentary bouts lasting 30-

60 min) between the two experimental regimens (P ≥0.43; with small-medium effect sizes, d 

= 0.31-0.62) (see Table 7.7). However, there was a significant main effect of sex: compared 
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with males (38.12 [28.15, 48.08] n/day), number of sedentary to upright transition was 

significantly higher by 32% in females (52.07 [42.08, 62.05] n/day) (P = 0.05; with a large effect 

size, d = 1.19) (see Table 7.7). Likewise, there was a significant main effect of sex in other 

variables (i.e., number of sedentary bouts lasting 0-30 min, and total number of sedentary 

bouts) between the two experimental regimens (P ≤0.05; with large effect sizes, d = 1.16-1.31) 

(see Table 7.7). Additionally, the regimen × sex interaction was significant for the number of 

sedentary to upright transition (P = 0.04); females having lower numbers of sedentary to 

upright transition compared to males (33.51 [23.03, 43.99] and 42.72 [32.29, 53.16] n/day) in 

Sit and Sit Less regimen, respectively (see Table 7.7). Similarly, the regimen × sex interaction 

was significant in other variables (i.e., time spent in sedentary bouts lasting 0-30 min, number 

of sedentary bouts lasting 0-30 min, and total number of sedentary bouts) (P ≤0.04) (see Table 

7.7). Whilst the regimen × sex interaction was not significant in other variables (i.e., time spent 

in sedentary bouts lasting 30-60 min, and number of sedentary bouts lasting 30-60 min) (P 

≥0.87) (see Table 7.7).  
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Figure 7.2. Total sitting time and time spent in sedentary bouts lasting >30 min between Sit and Sit Less regimens. Data are mean ± standard 

error of the mean. *Significant differences between the two experimental regimens (P ≤ 0.001), with a large effect size (d = 1.08-1.65). 
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Table 7.6. Sedentary bout related variables in the Sit and Sit Less regimens. 

Variables Sit regimen Sit Less regimen P-value for the 

main effect of 

regimen 

Cohens’ d 

effect size 

Time spent in sedentary bouts lasting 0-30 min (h/day) 3.43 (2.77, 4.09) 3.37 (2.71, 4.03) 0.84 0.03 

Time spent in sedentary bouts lasting 30-60 min (h/day) 2.16 (1.58, 2.73) 1.61 (1.03, 2.19) 0.11 0.51 

Time spent in sedentary bouts lasting >60 min (h/day) 5.07 (3.64, 6.51) 2.69 (1.26, 4.13) 0.004 0.93 

Number of sedentary bouts lasting 0-30 min (n/day) 38.49 (29.52, 47.47) 42.71 (33.71, 51.71) 0.27 0.31 

Number of sedentary bouts lasting 30-60 min (n/day) 2.99 (2.21, 3.77) 2.29 (1.50, 3.07) 0.15 0.48 

Number of sedentary bouts lasting >60 min (n/day) 2.83 (2.09, 3.57) 1.51 (0.77, 2.25) 0.005 0.99 

Number of sedentary bouts lasting >30 min (n/day) 5.83 (4.71, 6.96) 3.79 (2.66, 4.92) 0.003 0.97 

Total number of sedentary bouts (n/day) 44.15 (35.73, 52.57) 46.51 (38.07, 54.95) 0.50 0.22 

Number of sedentary to upright transition (n/day)  43.85 (35.46, 52.26) 46.27 (37.85, 54.69) 0.49 0.22 

Data presented as mean (95% CI); N =14; h, hour; n, number; Statistically significant (P ≤ 0.05) differences highlighted in bold.  
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Table 7.7 Sitting and sedentary bout related variables in male and female in the Sit and Sit Less regimens. 

Variables Sit regimen Sit Less regimen P-value for 

main effect 

of sex 

P-value for 

regimen*sex 

interaction 

 Male Female Male Female   

Total sitting time (h/day)  12.25 (10.99, 

13.49) 

8.97 (7.72, 

10.21) 

7.19 (5.96, 8.44) 6.79 (5.52, 8.05) 0.02 0.007 

Time spent in sedentary bouts 

lasting 0-30 min (h/day) 

2.89 (1.96, 3.83) 3.96 (3.03, 4.89) 3.58 (2.65, 4.51) 3.19 (2.25, 4.13) 0.57 0.005 

Time spent in sedentary bouts 

lasting 30-60 min (h/day) 

2.32 (1.47, 3.17) 2.00 (1.15, 2.85) 1.77 (0.92, 2.61) 1.46 (0.59, 2.32) 0.52 0.98 

Time spent in sedentary bouts 

lasting >60 min (h/day) 

7.15 (5.51, 8.81) 3.01 (1.37, 4.66) 3.25 (1.61, 4.89) 2.08 (0.42, 3.75) 0.02 0.01 

Time spent in sedentary bouts 

lasting >30 min (h/day) 

9.53 (7.80, 11.25) 5.00 (3.28, 6.72) 5.03 (3.13, 6.75) 3.47 (1.17, 5.20) 0.01 0.006 

Number of sedentary bouts 

lasting 0-30 min (n/day) 

26.62 (15.75, 

37.49) 

50.24 (39.41, 

61.07) 

38.70 (27.88, 

49.53) 

46.99 (36.06, 

57.93) 

0.03 0.02 
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Variables Sit regimen Sit Less regimen P-value for 

main effect 

of sex 

P-value for 

regimen*sex 

interaction 

 Male Female Male Female   

Number of sedentary bouts 

lasting 30-60 min (n/day) 

3.28 (2.13, 

4.430) 

2.70 (1.56, 3.84) 2.49 (1.36, 3.64) 2.07 (0.91, 3.23) 0.43 0.87 

Number of sedentary bouts 

lasting >60 min (n/day) 

3.93 (3.08, 4.78) 1.75 (0.91, 2.59) 1.75 (0.91, 2.60) 1.23 (0.37, 2.09) 0.01 0.02 

Number of sedentary bouts 

lasting >30 min (n/day) 

7.24 (5.86, 8.62) 4.44 (3.07, 5.82) 4.30 (2.93, 5.68) 3.26 (1.87, 4.66) 0.03 0.09 

Total number of sedentary 

bouts (n/day) 

33.91 (23.34, 

44.48) 

54.28 (43.75, 

64.82) 

43.03 (32.50, 

53.56) 

50.19 ( 39.56, 

60.84) 

0.05 0.04 

Number of sedentary to upright 

transition (n/day)  

33.51 (23.03, 

43.99) 

54.10 (43.67, 

64.54) 

42.72 (32.29, 

53.16) 

50.03 (39.49, 

60.58) 

0.05 0.04 

Data presented as mean (95% CI); N, number of participants =14 (7 male and 7 female); h, hour; n, number; Statistically significant (P ≤ 0.05) differences or 

approached significance (P = 0.09) highlighted in bold.
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7.3.5 Physical activity related variables 

Physical activity related variables, including standing time and walking in free-living 

conditions, were successfully altered between Sit and Sit Less regimens (see Table 7.8). 

Standing time was significantly higher by approximately 2 h in Sit Less (5.73 [4.75, 6.71] h/day) 

compared to Sit regimen (3.82 [2.84, 4.79] h/day) (P = 0.008; with a large effect size, d = 1.08) 

(see Table 7.8). There was no significant, but there was a trend of the main effect of sex; 

compared with males (4.11 [3.11, 5.12] h/day), standing time was higher by 1 h in females 

(5.46 [4.49, 6.47] h/day) (P = 0.06; with a large effect size, d = 1.11) (see Table 7.9). The 

regimen × sex interaction was significant for the standing time (P = 0.01); females spent higher 

standing time compared to males (2.45 [1.26, 3.64] and 5.77 [4.59, 6.95] h/day) in Sit and Sit 

Less regimen, respectively (see Table 7.9).  

 

 Compared to Sit (1.15 [0.78, 1.52] h/day), the total daily stepping time was significantly higher 

by approximately 2 h in Sit Less regimen (2.77 [2.40, 3.14] h/day) (P <0.001; with a large effect 

size, d = 2.39) (Figure 7.3 for illustrative purposes). There was no significant main effect of sex; 

compared with males (1.77 [1.31, 2.23] h/day), total stepping time was higher by 1 h in 

females (2.16 [1.68, 2.62] h/day) (P = 0.21; with a medium effect size, d = 0.71) (see Table 7.9). 

The regimen × sex interaction was not significant for the total stepping time (P = 0.76) (see 

Table 7.9). 

 

Light, and moderate-vigorous stepping time was significantly higher by 0.5 to 1 h in Sit Less 

compared to Sit regimen (P <0.001; with a large effect size, d = 1.32-2.25) (see Table 7.8). 

There was a significant main effect of sex; light stepping time was significantly higher by 0.4 h 
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in females (0.98 [0.76, 1.23] h/day) than males (0.58 [0.34, 0.82] h/day) (P = 0.02; with a large 

effect size, d = 1.49) (see Table 7.9). However, there was no significant main effect of sex in 

moderate-vigorous stepping time (P = 0.99, with a small effect size, d = 0.02) (see Table 7.9). 

The regimen × sex interaction was not significant for the light, and moderate-vigorous 

stepping time (P ≥0.71) (see Table 7.9).   

 

Compared with Sit (4960 [2828, 7092] n/day), the total number of steps was significantly 

higher by 121% in Sit Less regimen (13658 [11516, 15799] n/day) (P <0.001; with a large effect 

size, d = 2.33) (Figure 7.3 for explanatory purposes). There was no significant main effect of 

sex; compared with males (9007 [6423, 11592] n/day), total number of steps was higher by 

8% in females (9615 [7014, 12216] n/day) (P = 0.72; with a small effect size, d = 0.23) (see 

Table 7.9). The regimen × sex interaction was not significant for the total number of steps (P 

= 0.79) (see Table 7.9). 

 

Total number of light and moderate-vigorous steps was significantly higher by 71 to 136% in 

Sit Less compared to Sit regimen (P <0.001; with a large effect size, d = 2.15-2.33) (see Table 

7.8). There was a significant main effect of sex; total number of light steps was significantly 

higher by 55% in females (2275 [1755, 2794] n/day) compared to males (1348 [829, 1867] 

n/day) (P = 0.01; with a large effect size, d = 1.53) (see Table 7.9). There was no significant 

main effect of sex for the total moderate-vigorous steps (P = 0.89, with a small effect size, d = 

0.07) (see Table 7.9). The regimen × sex interaction was not significant for the light and 

moderate-vigorous steps (P ≥0.63) (see Table 7.9).
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Figure 7.3. Total stepping time and total number of steps between Sit and Sit Less regimens. Data are mean ± standard error of the mean. 

*Significant differences between the Sit and Sit Less regimens (P  <0.001), with a large effect size (d = 2.33-2.39). 
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Table 7.8. Physical activity related variables in the Sit and Sit Less regimens. 

Variables Sit regimen Sit Less regimen P-value for the main 

effect of regimen 

Cohens’ d 

effect size 

Standing time (h/day) 3.82 (2.84, 4.79) 5.73 (4.75, 6.71) 0.008 1.08 

Light stepping time (h/day) 0.55 (0.34, 0.76) 1.02 (0.81, 1.24) <0.001 1.32 

Moderate-vigorous stepping time (h/day) 0.59 ( 0.29, 0.89) 1.76 (1.46, 2.06) <0.001 2.25 

Total number of light steps (n/day) 1226 (754, 1698) 2398 (1926, 2870) <0.001 1.47 

Total number of moderate-vigorous steps (n/day) 3709 (1657, 5761) 11314 (9252, 13375) <0.001 2.15 

Data presented as mean (95% CI); N, number of participants =14; h, hour; n, number; Statistically significant (P ≤ 0.05) differences highlighted in bold. 
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Table 7.9. Physical activity related variables in male and female in the Sit and Sit Less regimens. 

Variables Sit regimen Sit Less regimen P-value 

for main 

effect of 

sex 

P-value 

for regimen*sex 

interaction 

 Male Female Male Female   

Standing time (h/day) 2.45(1.26, 3.64) 5.17 (3.99, 6.35) 5.77 (4.59, 6.95) 5.74 (4.54, 6.94) 0.06 0.01 

Total stepping time (h/day) 0.93 (0.40, 1.45) 1.37 (0.85, 1.89) 2.62 (2.09, 3.14) 2.94 (2.41, 3.47) 0.21 0.76 

Light steeping time (h/day) 0.35 (0.11, 0.59) 0.75 (0.51, 0.99) 0.81 (0.57, 1.05) 1.24 (0.99. 1.48) 0.02 0.77 

Moderate-vigorous steeping 

time (h/day) 

0.56 (0.11, 1.00) 0.63 (0.19, 1.07) 1.79 (1.35, 2.24) 1.73 (1.27, 2.18) 0.99 0.71 

Total number of light steps 

(n/day) 

794 (261, 1326) 1662 (1131, 

2193) 

1902 (1371, 

2433) 

2887 (2352, 3422) 0.01 0.63 

Total number of moderate-

vigorous steps (n/day) 

3617 (560, 6673) 3806 (774, 

6838) 

11623 (8592, 

14654) 

10995 (7898, 

14092) 

0.57 0.76 

Total number of steps (n/day) 4467 (1299, 

7634) 

5445 (2303, 

8588) 

13548 (10407, 

16690) 

13784 (10575, 

169930) 

0.72 0.79 

Data presented as mean (95% CI); N =14 (7 male and 7 female); h, hour; n, number; Statistically significant (P ≤ 0.05) differences or approached significance 

(P = 0.06) highlighted in bold.
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7.4 Discussion 

The current study is the first randomised cross-over design in a free-living condition 

investigating the effect of substituting sitting with standing and self-perceived LPA on glucose, 

sitting time, sedentary bouts, and PA levels in overweight/obese South Asian adults. The key 

findings were that there was a significant difference in total sitting time, sedentary bouts (e.g., 

time spent in sedentary bouts lasting ≥30 min, the number of sedentary bouts lasting ≥30 min) 

and PA levels (e.g., standing time, total stepping time, and the total number of steps), but 

these did not correspond with changes in interstitial glucose response between the Sit and Sit 

Less regimens.  

 

The current study observed no significant difference in free-living interstitial glucose metrics 

variables, including tAUC, iAUC and glucose variability, between the Sit and Sit Less regimens 

in overweight/obese South Asians in free-living conditions. These data support previous free-

living studies where no significant difference in glucose was found, yet postprandial insulin 

assessed on the day after each intervention (substituted ≥6 to 7 h/day of sitting with ≥2 to 3 

h/day of standing and ≥4 h/day of LPA every 30 min) was improved in overweight/obese 

Caucasians (Duvivier et al., 2017; 2013), but the current study did not examine other 

cardiometabolic variables, including postprandial insulin. Additionally, the current study did 

not find sex-differences in glucose response between the experimental regimens. In contrast, 

previous research observed sex-differences in glucose tolerance; compared to the Sit regimen, 

glucose was significantly lower in female overweight/obese Caucasians, but not in male 

overweight/obese Caucasians in Sit Less regimen. Contrary to the current study findings, 

frequent activity breaks with 3 min of LPA or MVPA every 30 min lowered fasting glucose and 
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glucose variability in obese adults in free-living conditions (Smith et al., 2021). The above 

investigations have observed either a reduction of postprandial glucose/fasting glucose or 

insulin concentrations in the activity regimen, contrary to the current study findings, where 

no significant reduction of glucose was observed. This disparity might be accountable, possibly 

due to some factors, including ethnicity (i.e., South Asians who may not have similar effects 

of PA bouts on cardiometabolic risk markers than Caucasians, possibly due to South Asians’ 

phenotype (TOFI), lower levels of insulin sensitivity, and metabolic complications, including 

fasting hyperglycaemia (Bays et al., 2021; 2011)), study protocol, including substituting sitting 

time (current study: ≥5 h/day vs. previous study ≥6 to 7 h/day), standing  time (current study: 

≥3 h/day vs. previous studies ≥2 to 3 h/day), and LPA (current study: ≥2 h/day vs. previous 

studies ≥4 h/day), types of the test meals/drink characteristics (e.g., oral glucose tolerance 

test [OGTT], low glycaemic index [GI], and percentage of CHO), and glucose measurement 

methods (e.g., CGM via FGM device).  

 

The current study reported that sitting time and sedentary bouts were reduced and PA levels 

were improved in Sit Less regimen compared to Sit regimen. The current study conducted two 

activity regimens lasting for 4 days each and used CGM without any OGTT in overweight/obese 

South Asians (mean aged 41 years) where participants spent siting of 10.5 h/day with standing 

of 3.8 h/day and PA of 1 h/day and standing of 3.8 h/day Sit regimen, whereas sitting of 7 

h/day with standing of 6 h/day and PA of 3 h/day in Sit Less regimen. Similarly, sitting time 

was reduced and PA levels were improved in Sit Less regimen in previous free-living study 

(Duvivier et al., 2017; 2013). Duvivier et al. (2017) conducted two activity regimens lasting for 

4 days each in overweight/obese Caucasians (mean aged 64 years), where participants spent 

siting of 13.5 h/day with the standing of 1.4 h/day and PA of 0.7 h/day in Sit regimen, whereas 
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sitting of 7.6 h/day, standing of 4 h/day and PA of 4.3 h/day in Sit Less regimen and OGTT was 

performed on day 5 after each experimental regimen and the standardised meal was provided 

before 12 h of final measurement. Similarly, Duvivier et al. (2013) conducted three regimens 

lasting for 4 days each in normal-weight Caucasian adults (mean aged 21 years) in free-living 

conditions, where participants were instructed to sit 14 h/day in Sit regimen, sitting of 13 

h/day with MVPA  of 1 h/day in exercise regimen, and sitting of 6 h/day with standing of 2 

h/day and LPA of 4h/day in minimal intensity PA regimen and OGTT was performed after 4 

days of activity regimen. These findings suggest that siting time, sedentary bouts, and PA levels 

were inconsistent across the studies, including the current study, which may have meant no 

benefits on glucose in the previous studies, but other cardiometabolic variables, including 

insulin sensitivity was improved (Duvivier et al., 2017; 2013), in addition to the current study. 

However, there could have been improvement in insulin in the current study, but the current 

investigation was limited to glucose. Therefore, further research should examine the effects 

of current study protocol with OGTT on other cardiometabolic variables (e.g., insulin) in 

overweight/obese South Asians.  

 

In contrary to the current study, Smith et al. (2021) conducted 3 weeks free-living study where 

CGM was used in the control group (habitual lifestyle without any PA restrictions), and OGTT 

was performed in intervention groups (breaking up sedentary time with LPA or MVPA for 3 

min every 30 min) in obese Caucasians which was not similar study design compared to the 

current study. Thus, it could be possible that study design, sedentary bouts, PA levels, and 

ethnicity of the study participants could have manipulated findings between the studies. In 

addition, overweight/obese South Asians could have responded differently than Caucasians. 

It is feasible that overweight/obese South Asians might have different physiological responses 
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due to having metabolic inflexibility and other pathophysiological risk factors (e.g., abdominal, 

and visceral fat, central obesity, insulin resistance, early declines of pancreatic beta-cell 

functions/beta cell dysfunctions, high levels of C-reactive protein and leptin, and lower levels 

of adiponectin) compared to other ethnic groups (Bakker et al., 2013; Bays et al., 2021; 

Forouhi et al., 2001; Gujral et al., 2013).  

 

These above factors could slow down muscle contraction process and ultimately reduce 

glucose metabolism despite PA (Bergouignan et al., 2016). In contrast to the previous studies 

(Duvivier et al., 2017; 2013; Smith et al., 2021), the current study only measured glucose 

response acutely, there could have been improved insulin sensitivity where less insulin was 

needed to dispose glucose, but the current study findings were limited as did not measure 

insulin. It is also possible that other cardiometabolic disease risk markers, including TAG and 

insulin, might have improved, or glucose might improve over time if the activity regimen was 

repeated habitually. Additionally, thus, these findings may be necessary for this population as 

they are at higher risk of developing cardiometabolic disease than other ethnicities (e.g., 

Caucasians) (Fischbacher et al., 2004; Hanif and Susarla, 2018). Future research should 

examine the chronic effect of substituting sitting with standing and LPA for an extended period 

in overweight/obese South in habitual lifestyle. The chronic effects of this study protocol 

would allow for an examination of the chronic adaptations that could occur as opposed to the 

acute effects. Additionally, this investigations for a longer period would facilitate a potential 

scope to determine the benefits of acute versus chronic effects on cardiometabolic health in 

overweight/obese South Asians in their habitual life. 

 



Chapter 7: Substituting sitting in free-living conditions in overweight/obese South Asians 

233 
 

The current study observed that sitting time and sedentary bout related variables (a total of 

11 h/day siting; 7 h/day, time spent in sedentary bouts lasting >30 min; 6 n/day, number of 

sedentary bouts lasting >30 min) were significantly higher and physical activity related 

variables (4 h/day, standing; 1 h/day, total steeping time; 4,960 n/day, total number of steps) 

was significantly lower in Sit compared to Sit Less regimen. The current study observed sex 

differences in sedentary bouts and PA levels between the regimens. In Sit Less regimen, 

female overweight/obese South Asians engaged with less sedentary behaviour and higher PA 

levels than male overweight/obese South Asians. These findings are consistent with the 

previous free-living findings, yet no sex difference was observed (Duvivier et al., 2017; 2013). 

No previous research reported sex difference in sedentary bouts and PA levels; thus, future 

observational studies should investigate this to confirm the current study findings. In contrary 

to the previous study by Smith et al. (2021) reported no changes in sedentary bouts, but daily 

step count and walking time were increased compared to habitual lifestyle. The disparity of 

the findings between the current and previous studies is possibly due to study design and the 

participants’ compliance to the study protocol, which successfully replaced sitting with 

standing and PA bouts. Future studies should consider using similar techniques used within 

the current study and designing study protocol within specified times of the day (e.g., working 

hours, including 9 am to 5 pm rather than waking hours across the day) with less restrictive 

protocols, especially for Sit regimen (e.g., a total of 4 h standing and walking rather than 2 h 

in the current study) to ensure flexibility for the participants and ultimately enhance 

compliance rate 

 

Overall, the current study found that reducing sedentary time and increasing PA levels did not 

affect glucose response in overweight/obese South Asians. Nevertheless, sitting time and 
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sedentary bouts were reduced and PA levels were improved in the short time in this ethnic 

group. Previous evidence reported that higher sedentary time is closely associated with 

increased risk of developing obesity, Type 2 diabetes, CVD, metabolic syndrome, colon, lung 

cancer, and all-cause mortality (Heron et al., 2019; Katzmarzyk et al., 2019; Patel et al., 2019; 

Park et al., 2020; Patterson et al., 2018); thus, reduction of sedentary time could have 

cardiometabolic health benefits considering there was no glucose response in 

overweight/obese South Asians between the two experimental regimens. Further research 

should examine the longer-term effects of substituting sitting with standing and LPA with 

more frequent PA bouts within a specific period of time (e.g., working hours, for instance 

between 9 am to 5 pm) on cardiometabolic disease risk markers, including blood glucose, TAG, 

and insulin in overweight/obese South Asians in free-living conditions.  

 

7.5 Strengths and limitations 

The main strength is that the current study is the first randomised cross-over design in free-

living conditions in overweight/obese South Asians, where CGM was used to evaluate 

continuous glucose levels in response to manipulations in sitting and PA levels. The current 

study was conducted in free-living conditions; thus, the current findings are more ecologically 

valid than a controlled laboratory setting. However, there are some limitations, the current 

study measured only glucose response acutely while other cardiometabolic risk markers, 

including postprandial insulin, was not examined. Thus, the current study was not able to 

determine insulin responses, which may have responded more favourably to the activity 

regimen in line with previous free-living studies where improvement in insulin is often 

pronounced with no change in glucose (Duvivier et al., 2017; 2013). Secondly, no baseline data 

in sitting and PA levels were collected before the main activity regimen. However, the current 
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study protocol was intended for the participants to reduce and replace sitting with standing 

and walking in the Sit Less regimen compared with the Sit regimen, as opposed to their 

habitual activity. This is similar to the controlled laboratory conditions in which protocol of 

breaking up siting are compared to imposed prolonged sitting conditions, as opposed to 

habitual sitting/activity. Thirdly, according to group and individual-leve analysis, most of the 

study participants failed to fully adhere to the Sit regimen protocol  (i.e., restrict walking and 

standing to ≤1 h/day each); thus, it was not possible to truly determine the effects of regimens 

on glycaemia. Due to non-compliance of the study protocol could be the potential reason for 

a non-significant glucose response between the regimens. Despite this, the protocol was 

sufficient in terms of participants engaging in significantly less sitting and more standing with 

stepping time and walking in the Sit Less regimen than the Sit regimen, suggesting that a 

comparison of glycaemia between the two regimens would still offer useful insight. Fourthly, 

in Sit Less regimen, unfortunately it was not possible to determine compliance to the 

components of the regimens that were based on frequencies of interruptions to sitting time 

(e.g., breaking up sitting for 2 to 5 min every 30 min) as this data was not available from the 

activPAL analyses. Furthermore, data was only collected whether participants were employed 

or retired but did not include types of work. Finally, the current study tested glucose response 

of the meals containing at least 50% carbohydrate, which may not be generalised to South 

Asians diet (e.g., containing mostly rice or roti/chapati and high saturated fat, including 

ghee/butter) or regular diet (e.g., different percentage micronutrient content, including fat, 

protein, and GI), which could have been directly associated with glycaemic response 

(Augustin, 2013). Further research is required to examine the long-term  effects of substituting 

sitting with standing and LPA for a specific period of time (e.g., between 9 to 5 pm rather than 
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the entire waking hours in the current study) on cardioembolic risk markers (e.g., glucose) in 

overweight/obese South Asians.  

 

7.6 Conclusions 

The current study suggested that a free-living 4-day intervention to contrast the effects of 

substituting sitting with standing and self-perceived light-intensity walking versus prolonged 

sitting did not improve glucose response in overweight/obese South Asians. Nevertheless, this 

intervention increased indices of PA and reduced sedentary time across four days. Further 

research is needed to explore the potential chronic cardiometabolic effects of substituting 

sitting with standing and walking within specified times across the day (e.g., working hours, 

including 9 am to 5 pm) and with the assessment of a wide range of cardiometabolic variables, 

including plasma insulin and TAG in overweight/obese South Asians to determine whether 

such interventions should be promoted for long term cardiometabolic health. 
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8.1 Introduction 

The fundamental aim of this PhD was to examine the effects of breaking up sedentary time on 

cardiometabolic disease risk markers and metabolic health in South Asian adults. Previous 

chapters within this thesis have investigated the relationship between sedentary behaviour 

and cardiometabolic risk markers (e.g., blood glucose, TAG concentrations, metabolic load 

index, and insulin), substrate utilisation (i.e., fat and CHO oxidation), and energy expenditure. 

Four novel research studies were illustrated within the thesis, where the first study 

systematically examined the daily sedentary time in South Asians. Subsequently, two acute 

intervention studies investigated the effects of breaking up sedentary time with LPA bouts on 

cardiometabolic risk markers and metabolic health in normal-weight/overweight/obese South 

Asian adults. Finally, a free-living study examined the effects of substituting sitting with 

standing and self-perceived LPA on glucose concentration, siting time and sedentary bouts, 

and PA levels in overweight/obese South Asians. Cardiometabolic disease risk markers and 

metabolic health were examined within the thesis to describe the effects of different acute 

experimental studies in a different setting, including laboratory and free-living conditions in 

normal-weight/overweight/obese South Asians. This chapter summarises and synthesises the 

primary findings of chapters 4 to 7 (studies 1 to 4) within this thesis and discusses the 

overarching implications of the findings and future research recommendations.   

 

8.2 Thesis summary and findings  

The  systematic review within the thesis (chapter 4) reported the total daily sedentary time in 

South Asians based on self-report and objective methods and the pooled total sedentary time 

from all studies in South Asians was 7 h/day (Dey et al., 2021). Subsequently, South Asians 

spent a large proportion of time (approximately 9 h/day) being sedentary when recorded 
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using objective measures, whereas they spent approximately 7 h/day being sedentary when 

measured using subjective measurement method (Dey et al., 2021). These findings 

complement past research showing sedentary time may be underestimated by 2.2 to 3.4 

h/day when quantified using subjective measures (Chastin et al., 2014). Self-

reported/subjective measures have some limitations, including low levels of data validity and 

reporting biases, leading to the underestimation of levels of sedentary behaviour (Atkin et al., 

2012; Clemes et al., 2012). On the other hand, accelerometers and inclinometers can measure 

activities continuously; thus, these devices can capture all sedentary activities (e.g., sitting) 

that may not be recollected or reported when answering questionnaires (Chastin et al., 2014). 

It is acknowledged that sedentary behaviour data could be more reliable and accurate when 

recorded using objective measures compared to the subjective measurement method. 

Therefore, objective measurement method is the  gold standard in sedentary behaviour and 

PA research; thus, researcher should use objective measurement method to measure 

sedentary behaviour and PA levels in the future research studies.  

 

There was no direct comparison of sedentary behaviour between male and females South 

Asians presented in the review within this thesis (chapter 4) due to the lack of sedentary data 

reported separately for each sex in the included studies. The review was also unable to draw 

any firm conclusion between native and migrant South Asians due to few studies investigating 

native South Asian populations. Sedentary time was inconsistent between the studies, 

perhaps due to factors such as culture, religion, and the environment, which could affect the 

sedentary time of migrant versus native South Asians, as has been suggested relating to 

physical activity levels (Horne et al., 2012). The review findings suggested that South Asians 

spent a large amount of time being sedentary in their habitual life, which could ultimately 
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increase their risk of developing cardiometabolic disease. Previous research reported that 

excessive amount of sedentary time act as an independent risk factor for all-cause, and CVD 

related mortality (Chau et al., 2015; Katzmarzyk et al., 2019). Additionally, several 

experimental studies purported that prolonged uninterrupted sitting can acutely impair 

postprandial cardiometabolic risk markers (e.g., glucose, TAG, and insulin) (Dempsey et al., 

2016; Dunstan et al., 2012; Grace et al., 2017; Peddie et al., 2021; Taylor et al., 2021), which 

ultimately develop cardiometabolic disease (e.g., CVD and Type 2 diabetes), and related 

complications (e.g., lower blood flow to the lower limbs, metabolic syndrome, and vascular 

dysfunctions, and stroke) (Ahmadi‐Abhari et al., 2017; Restaino et al., 2016; Taylore et al., 

2021; Thosar et al., 2015; Van der Berg et al., 2016). Consequently, South Asian adults could 

be considered as ‘at risk’ group due to engaging with high amounts of sedentary time. 

Therefore, this review provided a strong rationale to investigate the effect of breaking up 

sedentary time with LPA bouts on cardiometabolic risk markers in this population in chapters 

5 to 7.  

 

Breaking up sedentary time with 5 min bouts of LPA every 30 min can acutely attenuate 

postprandial glucose, TAG concentrations, metabolic load index, and increase postprandial 

resting energy expenditure, resting fat and CHO oxidation, whereas postprandial plasma 

insulin, MAP, and heart rate were unaffected in INT-SIT compared to SIT over a 5 h period in 

overweight/obese South Asians (chapter 6). In contrast, normal-weight South Asians did not 

show any differences in postprandial glucose, metabolic load index, plasma insulin, resting 

energy expenditure, fat and CHO oxidation, MAP, and heart rate, but postprandial TAG was 

reduced by 43%, in breaking up sedentary time with 5 min bouts of LPA every 30 min in INT-

SIT compared with SIT over a 5 h period (chapter 5). These findings suggested that the effects 
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of breaking up sedentary time with LPA bouts (i.e., a total of 9 LPA bouts) were beneficial in 

improving a range of cardiometabolic risk markers (i.e., glucose, TAG, and metabolic load 

index) and metabolic health (i.e., resting energy expenditure, fat and CHO oxidation) in 

overweight/obese South Asians, whereas the effect of LPA bouts in normal-weight South 

Asians was limited to only TAG. These disparities of the findings between the studies, possibly 

due to some distinctive factors (e.g., higher adiposity, habitual PA levels, diet, and sleep) in 

overweight/obese South Asians. Nevertheless, these factors were not examined in the 

studies. Higher intensity PA bouts could be beneficial in normal-weight South Asians to induce 

similar benefits as their overweight/obese counterparts.  

 

It is acknowledged that breaking up sedentary time with LPA bouts was generally beneficial 

and consequently improved at least some cardiometabolic risk markers in both normal-weight 

and overweight/obese South Asians. Previous research suggested that any breaks or 

interruption to prolonged sedentary time can be referred as sedentary breaks (Carson et al., 

2014), which was observed to be beneficial for cardiometabolic risk markers (e.g., 2 h plasma 

glucose and TAG) (Healy et al., 2008). Similarly, the findings within the current studies 

complement previous evidence showing that additional daily sedentary breaks (e.g., an 

average of 10 sedentary breaks) were beneficial for cardiometabolic health and an average of 

10 sedentary breaks improved cardiometabolic risk markers, including systolic blood pressure, 

glucose, TAG, HDL, and insulin (Carson et al., 2014). A recent study suggested that regular 

activity breaks (i.e., 2 min walking at 5 km.h-1 speed every 30 min) can improve blood flow, 

shears stress, and postprandial metabolism, including insulin (Peddie et al., 2021). In addition 

to cardiometabolic benefits, resting substrate utilisation and energy expenditure were 

increased in breaking up sedentary time with LPA in overweight/obese South Asians. The 
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increase in CHO and fat oxidation contribute to lower glucose and TAG concentrations, which 

could help to improve cardiometabolic health and weight management in overweight/obese 

South Asians if repeated over extended periods.  

 

In contrary to the findings from the studies within the thesis, Yates et al. (2020) observed that 

breaking up sedentary time with 5 min LPA every 30 min can improve postprandial insulin in 

older (aged >65 years) South Asians with mixed weight status (mean BMI >26 kg.m-2). The 

discrepancies of the findings between the South Asian studies could be due to several reasons, 

including participants’ age, macronutrient content and glycaemic index of the standardised 

test meal, walking speed, mode of PA bouts (LPA or MVPA), frequency, duration, and 

experimental protocol duration. Yates et al. (2020) recruited older South Asians (mean aged 

>66 years) compared to the current studies within the thesis (mean aged between 47.4 and 

50.4 years ), they used a comparatively higher percentage of fat (35%) in their test meal 

compared to the current study (28%), participants spent sitting more than 7.5 h compared to 

the current study (5 h), average walking speed was relatively higher (between 2.4 and 4.4 

km.h-1) compared to the current study (2.5 km.h-1), and the number of PA bouts was higher 

(12 PA bouts)  and spent a total of 60 min PA compared to the current study (9 PA bouts and 

45 min PA). The test meal containing a high-fat percentage, comparatively higher walking 

speed, and number of PA bouts in older South Asians which could manipulate the postprandial 

response in PA bouts; the higher walking speed and number of PA bouts could lead to higher 

substrate oxidation and overall energy demands, subsequently more glucose and TAG would 

be oxidised. These factors could differentiate the findings between the Yates et al. (2020) 

study and the studies within this thesis.  
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 Postprandial glucose, TAG concentrations, and metabolic load index improved in 

overweight/obese South Asians, but only TAG was improved in normal-weight by engaging 

with 5 min bouts of LPA every 30 min after consumption of a standardised test meal during 

the experimental protocol. The postorandial responses in normal-weight South Asians is 

consistent with the other experimental studies in normal-weight adults in other ethnicities 

(e.g., Caucasians) (Champion et al., 2018; Chrismas et al., 2019; Maylor et al., 2018). 

Additionally, the postprandial response in overweight and obese are consistent with previous 

experimental studies in similar weight status in other ethnicities (e.g., Caucasians) (Climie et 

al., 2018; Dunstan et al., 2012; Henson et al., 2016; Larsen et al., 2015; Miyashita et al., 2016; 

Newsom et al., 2013; Wongpipit et al., 2021). Nevertheless, there were no postprandial 

responses with PA bouts on other cardiometabolic variables, including plasma insulin in 

overweight/obese South Asians. In contrary , breaking up sitting with LPA or MVPA for 1 to 5 

min every 20 to 30 min significantly improve postprandial plasma insulin in overweight/obese 

in other ethnicities (Dunstan et al., 2012; Henson et al., 2016; Holmstrup et al., 2014; Larsen 

et al., 2015; Newsom et al., 2013). The findings from these investigations conflict with the 

current studies within the thesis, perhaps due to some considerations, including study design, 

including protocol duration, intensity, and frequency of the prescribed PA, participants’ 

characteristics (e.g., ethnicity and age), and composition of test meals. It could be plausible 

that South Asians may respond differently than other ethnicities (e.g., Caucasians) due to their 

body fat composition (e.g., abdominal visceral and intrahepatic fat), low lean mass, lower 

cardiorespiratory fitness, phenotype (i.e., TOFI), insulin resistance, dysfunction  of pancreatic 

beta cell, and metabolic dysfunction or inflexibility, and lower skeletal muscle fat oxidation 

with exercise; thus, individuals might not be as responsive even if individuals have a large 

scope for improvement (Bays et al., 2021; 2011; Hall et al., 2010; Sattar and Gill, 2015). 
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Therefore, overweight/obese South Asians could improve their metabolic response with 

higher intensity of PA than the prescribed exercise within the current studies, possibly due to 

their lower skeletal muscle fat oxidation capacity (Hall et al., 2010). Future studies should 

examine the long-term effects of breaking up sedentary time with MPVA bouts with the 

similar protocol of the current studies  on cardiometabolic risk markers in this population. 

 

Postprandial resting energy expenditure and mean resting fat and CHO oxidation increased by 

25% in breaking up sitting with 5 min LPA every 30 min compared to prolonged sitting in 

overweight/obese South Asians. This increase in CHO and fat oxidation could oxidise more 

glucose and TAG; ultimately, the concentration of glucose, TAG, and metabolic load index 

would be lowered in overweight/obese South Asians. To support these findings, previous 

investigations (Donaldson et al., 2020; Hawari et al., 2019; Hawari et al., 2016; Peddie et al., 

2013) have suggested that breaking up sedentary time with LPA or MVPA for 1 to 5 min every 

20 to 30 min and resistance exercise (e.g., chair squats) can improve fat and CHO oxidation, 

energy expenditure in normal-weight/overweight Caucasians. Contrary to the previous and 

current study findings in overweight and obese South Asians, there were no responses on 

postprandial resting fat and CHO oxidation and energy expenditure in PA bouts in normal-

weight  South Asians. Additionally, there were no responses of PA bouts in mean postprandial 

MAP and heart rate in normal-weight/overweight/obese South Asian adults. In contrast, 

previous studies (Carter et al., 2015; Champion et al., 2018; Gondim et al., 2015) have 

reported a significant difference in MAP/systolic blood pressure and heart rate in breaking up 

sedentary time with PA bouts for 1 to 5 min every 20 to 30 min in normal-weight Caucasians. 

These disparities in the findings within the current studies are probably due to the 

composition of the test meals, study design, types of PA bouts, participants’ characteristics 
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(e.g., body fat percentage, TOFI phenotype, age, and ethnicity), and physiological mechanism, 

including lower lean mass and cardiorespiratory fitness (Bays et al., 2021; Franklin et al., 2001; 

Sattar and Gill, 2015). Regarding the composition of the test meals, the current studies 

provided a standardised meals that contained different percentages of CHO and fat than the 

previous studies (Donaldson et al., 2020; Hawari et al., 2019; 2016; Larsen et al., 2017; Peddie 

et al., 2013; Swartz et al., 2011). Thus, the variable amount of fat and CHO within the test 

meals could influence postprandial fat and CHO oxidation responses between pre-and post-

meal conditions (Augustin et al., 2015; Monfort-Pires et al., 2016). Further study should 

examine the long-term effects of breaking up sedentary time with MVPA bouts on metabolic 

responses with the similar study protocol and test meal in the current studies within this thesis 

in South Asians. 

 

The effects of breaking up sedentary time with LPA bouts on cardiometabolic health in normal-

weight and overweight/obese South Asians were investigated within this thesis in a controlled 

laboratory environment. These controlled laboratory-based findings may not be generalised 

in a real-life setting. Thus, it is of interest to examine if controlled laboratory-based findings 

can be replicated in a free-living condition, which could be more ecologically valid due to real-

life settings. Subsequently, a final acute experimental study within this thesis was conducted 

in a free-living condition in overweight/obese South Asians. Substituting sitting with standing 

and self-perceived LPA for 2 to 5 min every 30 min reduced total sitting time, sedentary bouts 

(e.g., time spent in sedentary bouts lasting ≥30 min, the number of sedentary bouts lasting 

≥30 min), and increased PA levels (e.g., standing time, total stepping time, and the total 

number of steps), but interstitial glucose was not affected in overweight and obese South 

Asians (chapter 7).  
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In contrary to the findings from the laboratory based study in overweight and obese South 

Asians within this thesis, there was no glucose response observed in the free-living condition 

within the thesis. Similarly, the past free-living research found no glucose response, yet 

plasma insulin and insulin sensitivity were improved in Sit Less regimen (Duvivier et al., 2017; 

2013). However, the investigation in free-living condition within this thesis was limited to 

glucose. This disparities of the finding between the past research and the studies within this 

thesis possibly depends on some factors, including study design (e.g., controlled laboratory 

vs. free-living conditions), study duration (e.g., 5 h vs. 4 days), meal pattern (e.g., standardised 

high GI test meal vs. prescribed meal containing at least 50% CHO), ethnicity (e.g., South Arians 

vs. Caucasians), sedentary duration (e.g., 5 h vs. entire waking hours apart from 2 h), and PA 

(e.g., 45 min PA vs. 5 h [3 h standing + 2 h walking]). These possible factors could manipulate 

glucose response between the studies. For example, the combination of no supervision during 

the trials and likely having lower GI, lower CHO meals mean that the effect of breaking up 

sedentary time with PA bouts may have been compromised (e.g., non-compliance of the study 

protocol, including engaged with sitting/PA for more or less than the prescribed amount), and 

was less detectable in free-living conditions (i.e., chapter 7) compared to laboratory-based 

studies (chapters 5 and 6).  

 

In addition to the findings from the laboratory based studies within this thesis, there were 

significant improvements in sitting time, sedentary bouts, and PA levels in Sit Less compared 

to Sit regimens in free-living conditions, which were not examined in those laboratory based 

studies. These free-living findings were extended to the findings from the laboratory-based 

studies. Additionally, a direct comparison of sitting time, sedentary bouts, and PA levels 
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between male and female overweight/obese South Asians was presented in free-living 

conditions. It showed that male South Asians engaged with higher sedentary bouts, including 

total sitting time compared to females overweight/obese South Asians. Furthermore, PA 

levels, including the total number of light steps, were higher in females than males 

overweight/obese South Asians, yet the total number of steps was similar between Sit and Sit 

Less regimens. An observational study would be needed to determine sedentary behaviour 

and PA levels in male versus female overweight/obese South Asians to authenticate the 

findings in free-living conditions.  

 

8.3 Strengths and limitations of the thesis  

This is the first thesis that presents four novel research studies, including a review and three 

acute experimental studies in the South Asian population in controlled laboratory and free-

living settings. Firstly, a systematic review was conducted for the first time that reported total 

daily sedentary time based on both self-report and objective methods in South Asians. 

Additionally, the direct comparison of the total sedentary time in South Asians was established  

between objective and subjective measurement method within the review. Secondly, three 

acute experimental research were conducted for the first time that investigated the impact of 

the breaking up sedentary time on cardiometabolic risk markers in South Asians in controlled 

laboratory and free-living settings. Thirdly, two types of analysis, including AUC and condition 

over time were performed in this thesis to evaluate the true effects of PA bouts on 

cardiometabolic risk markers, as this analytical approach does not always produce the same 

results. In medical research, particularly in diabetes research, AUC is usually used to describe 

the glycaemic response to foods, whereas condition over time analysis can compare groups 

of series of time points and distinguish two main ways in which the outcomes variables may 



                                                                                                                Chapter 8: General  Discussion 
 

248 
 

change with time  (Brouns et al., 2005). The clinical implications of this may not be clear, but 

researcher can take into account in the future studies. Fourthly, CGM was used for the first 

time in South Asians to evaluate glucose levels in waking hours, in addition to 24 hours in 

response to manipulations in sitting and PA, including standing and walking; glucose 

responses, sedentary bouts and PA levels were reported separately for the first time in male 

and female overweight/obese South Asians in free-living settings. Finally, two acute 

laboratory-based experimental studies within the thesis investigated for the first time how 

breaking up sedentary time with LPA bouts impacts resting metabolic health in South Asians. 

These effects are investigated separately in normal-weight and overweight/obese South 

Asians in the laboratory and free-living settings to help inform guidelines and practice for 

specific target groups. 

 

There are some limitations of this thesis. Firstly, the review study reported total sedentary 

time in generally healthy South Asians; thus, findings may not be generalised in South Asians 

with long term health complications (e.g., CVD and Type 2 diabetes). Thus, further research 

needs to be done in South Asians with clinical complications to extend the current findings to 

populations who are most ‘in need’. Secondly, a direct comparison of total sedentary time 

between male versus female and native versus migrant South Asians was not possible due to 

the lack of studies that reported sedentary time separately in these groups. Thirdly, study 

design and data collection in experimental studies within this thesis were restricted due to 

COVID-19, as discussed in chapter 1 and meant that examining the interactive effects with 

weight status statistically was not possible (section: 1.3). Fourthly, no studies within this thesis 

examined the longer-term effects of breaking up sedentary time with PA bouts on 

cardiometabolic risk markers and metabolic health in South Asians. Thus, a future 
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investigation is required to examine the chronic effect of breaking up sedentary time with 

different intensities of PA bouts with a larger sample size for an extended period than the 

current studies within this thesis. Fifthly, in free-living settings, participants may struggle to 

comply study protocol, especially for Sit regimen (i.e., restrict walking and standing to ≤1 

h/day each in their entire waking hours), possibly due to strict study protocol. Therefore, it 

was observed that participants engaged with standing and walking time more than prescribed 

PA. However, it may not be practical to control participant’s’ PA levels in the free-living 

conditions; which would be possible in laboratory settings. Furthermore, regarding 

employment status for the participants, data was only collected whether participants were 

employed or retired but did not include types of work. Finally, this thesis was restricted to 

analysing a range of cardiometabolic risk markers that fell within the available funds; thus, the 

effects on a wider range of cardiometabolic risk markers (e.g., HDL) are unknown. Research 

within this thesis investigated postprandial cardiometabolic risk markers and metabolic 

response based on a standardised diet, whilst breakfast and lunch were provided based on 

the South Asians’ preferences. Practically, the standardised diet may not have a similar 

response to the traditional South Asian diet. Therefore, the magnitude of the postprandial 

responses to walking breaks may not be generalised to South Asian diet (e.g., mainly 

carbohydrate-rich diet, including rice and roti/chapati, high saturated fat, including 

ghee/butter, and meal size, timing)  or regular diet (e.g., percentage of fat and carbohydrate, 

GI value, timing, and meal size).  

 

8.4 Implications of the thesis findings and future directions 

South Asians engaged with a high amount of sedentary time in their habitual life; thus, this 

population group are at high risk of developing CVD mortality risk and related complications 
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(e.g., high blood pressure, low blood flow in lower limb, and obesity). It is anticipated that the 

findings within this thesis could guide public health professionals (e.g., local and national 

health authorities), and health scientists, including behavioural scientists to publish sedentary 

behaviour guidelines (e.g., sedentary bouts <30 min and sitting <6 h/day) via numerous 

platforms (e.g., local media or newspaper or organising seminars in the local community 

centres or GP surgeries) with “Sit Less and Move More” slogan, which could be effective for 

the general public, especially South Asian community, to inform them regarding sedentary 

behaviour and potential adverse health consequences, which could ultimately increase their 

awareness regarding sedentary behaviour guidelines; thus, could refrain them from being 

sedentary.  

 

The findings within this thesis can provide valuable information, particularly subjective 

measurement methods which undermine the overall sedentary time. This could be a clear 

message to the academics, researchers, and health professionals in terms of making 

comparisons between objective and subjective measurement methods of sedentary 

behaviour, which ultimately could influence future researchers to conduct device based 

sedentary behaviour research rather than subjective measurement methods. South Asians 

were appeared to engage higher amounts of sedentary time when measured objectively; thus, 

they could be an important target group for public health efforts to reduce sedentary time 

and cardiometabolic disease risk. Public health researchers and health practitioners could 

seek long term public health interventions to reduce sedentary behaviour in this under-

researched population. Future research should examine the association of sedentary time 

with cardiometabolic health outcomes in this ethnic group. It would be important for studies 

to investigate sedentary time in males versus females and migrant versus native South Asians 
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to identify population groups that require intervention. Future studies should also investigate 

the effects of COVID-19 and other pandemics on sedentary time in South Asians to better 

inform public health strategies in response to such health crises.  

 

The findings within this thesis suggest that the benefits of PA bouts are more pronounced in 

overweight/obese South Asians than normal-weight South Asians. Eventually, prescribed PA 

bouts within the studies would have potential implications improving cardiometabolic health 

in South Asian population. For instances, prescribed PA bouts within the studies in this thesis 

could contribute to hyperglycaemia, hyperlipidaemia, and weight management in 

overweight/obese South Asians, whereas only hyperlipidaemia management in normal-

weight South Asian cohorts. Overall, in the laboratory-based studies within this thesis, 

participants engaged with a total of 45 min LPA during the interrupted sitting condition, that 

was equivalent to national PA guidelines (e.g., moderate PA for 150 min/week or vigorous PA 

for 75 min/week). Thus, the amount of performed PA was appeared to be beneficial for 

cardiometabolic health in South Asians. Future research would be not to pool data from 

normal-weight and overweight/obese South Asians to examine possible reasons for different 

responses between these groups (e.g., lower adiposity, higher habitual PA or fitness, diet, 

sleeping pattern in the normal-weight South Asians). Further investigation would be required 

to examine the effects of South Asians diet (e.g., traditional South Asian diet containing rice 

and ghee/butter, different types of fish, and meat curry, including chicken and mutton/lamb) 

with the current study protocol on postprandial cardiometabolic disease risk markers in South 

Asians. These could observe the postprandial response differently in this population, possibly 

due to their distinctive physiological characteristics (e.g., adiposity and lean muscle mass). 

Further research should also investigate the effect of breaking up sedentary time with PA 
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bouts on body fat composition, insulin resistance, and metabolic dysfunction in 

overweight/obese versus normal-weight South Asians compared to prolonged sitting. Finally, 

future studies should examine the chronic effects of breaking up sedentary time with LPA or 

MVPA with a large sample size than the current study on cardiometabolic health in 

overweight/obese versus normal-weight South Asians or other ethnic groups, including 

Caucasians.  

 

The findings within this thesis can provide practical information related to South Asians, 

especially overweight/obese cohort, promoting their PA levels and replacing sitting with 

standing and walking breaks in their habitual life. Additionally, male South Asians could be a 

particularly important target group due to their higher habitual sedentary time than female 

South Asians. Consequently, this group could improve their PA levels and, ultimately, could 

reduce daily sedentary time. Eventually, this study protocol could contribute to reducing 

cardiometabolic risk, particularly related to sedentary behaviour in the South Asian 

population, although further research with larger samples would be required to confirm this. 

Future research should design a study protocol for a specified time (e.g., between 9 am to 5 

pm) rather than the entire waking hours with less restrictive ways, particularly for Sit regimen 

where participants could restrict their siting and standing to ≤2 h/day instead of ≤1 h/day each 

in the current free-living study. The proposed protocol would be more practical and achievable 

in free-living settings where participants could comply with the study protocol. Therefore, the 

proposed protocol may provide opportunities to determine the efficacy of reducing and 

breaking up sedentary time with LPA on cardiometabolic risk markers in overweight/obese 

South Asians in free-living conditions. Finally, future research is needed for an extended period 

of time to differentiate between acute versus chronic effects than the current study, 
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additionally, to explore the chronic effects of substituting sitting with standing and LPA on 

cardiometabolic risk markers in South Asians to identify their long-term efficacy for improving 

cardiometabolic health. 

 

The overall findings from this thesis would be informative for numerous audiences, 

particularly in the South Asian population, healthcare practitioners (e.g., GP), allied health 

professionals (e.g., physiotherapist), public health practitioners, public health policymakers, 

researchers, and academics. Individual studies conducted within this thesis recruited South 

Asians, including normal-weight/overweight/obese adults. It is important to involve these 

underprivileged groups in the research studies. These groups are under-represented in public 

health research in the UK and are at higher risk of developing cardiometabolic disease than 

any other ethnicities living in the UK. It was a great success to conduct experimental studies 

in South Asians and successfully engaging them in sedentary behaviour and PA interventions 

within the studies to get the opportunities to explore the effects of PA bouts on 

cardiometabolic diseases risk markers and metabolic health in this under-researched 

population. The findings from this thesis could assist public health policymakers and primary 

care providers in reconciling the public health problem in the South Asian population. 

Furthermore, the experimental findings within this thesis suggest that breaking up sedentary 

time with LPA can improve cardiometabolic health in South Asians in laboratory settings. The 

improvements in glucose were detectable in controlled laboratory conditions but not in free-

living conditions; thus, there may be issues will translation of the research to real-life settings. 

These findings could support other researchers in developing future experimental and 

intervention studies to explore the longer-term effects of such interventions in South Asians.  
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8.5 Conclusions  

South Asian adults engage in high amounts of sedentary time habitually, which could 

compromise their cardiometabolic health. In a laboratory setting, the benefits of breaking up 

sedentary time with PA bouts on cardiometabolic risk markers and metabolic health are more 

pronounced in overweight and obese compared to normal-weight South Asians. Breaking up 

sedentary time with 5 min bouts of LPA every 30 min can acutely attenuate postprandial 

glucose, triglycerides concentrations, metabolic load index, and increase resting fat and 

carbohydrate oxidation, energy expenditure in overweight/obese South Asian adults, but only 

triglycerides concentrations are improved in normal-weight South Asians, compared to 

prolonged sitting. These therapeutic interventions could play a crucial role for improving 

cardiometabolic health in this population. Additionally, substituting sitting with standing and 

self-perceived LPA bouts for 2 to 5 min every 30 min can reduce sitting time, sedentary bouts, 

and increase PA levels, but glucose response is unaffected in overweight/obese South Asians 

in free-living conditions. Furthermore, the effects of replacing sitting with standing and PA 

bouts are higher in female compared to male South Asians with overweight and obesity on 

sitting time, sedentary bouts, and PA levels in free-living conditions. This experimental 

protocol in free-living settings increases PA levels and reduces sedentary time simultaneously 

in South Asians; the possible consequential improvements in cardiometabolic health require 

investigation  in this under-researched population.  
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Appendix 24: Activity logbook for try-out day.  
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Appendix 25: Case report form for preliminary visit for Chapter 5 and 6.  
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Appendix 26: Case report form for sitting condition for Chapters 5 and 6.  
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Appendix 27: Case report form for activity breaks condition for Chapters 5 and 6.  
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Appendix 28: Participant’s reminder sheet for Chapters 5 and 6. 
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Appendix 29: Case report form for preliminary visit for Chapter 7.  
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Appendix 30: GP self-referral letter template.  
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Appendix 31: Insulin analysis protocol (ELISA).  
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Appendix 32: Blank ELISA sheet template for insulin analysis.  
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Appendix 34: Compliance criteria checklist for Sit regimen.  

Participant ID Day Criteria 1 (total standing time ≤1 h/day) Criteria 2 (total stepping time ≤1 h/day) Total number of compliance 
criteria (score) 

01 1 No No 0 

2 No No 0 

3 No Yes 1 

4 No No 0 

02 1 No No 0 

2 No No 0 

3 No No 0 

4 No No 0 

03 1 No No 0 

2 No No 0 

3 No No 0 

4 No Yes 1 

04 1 No Yes 1 

2 No Yes 1 

3 No Yes 1 

4 No Yes 1 

05 1 No Yes 1 

2 No Yes 1 

3 No Yes 1 

4 No yes 1 

06 1 No No 0 

2 No No 0 

3 No No 0 

4 No No 0 

07 1 No Yes 1 

2 No Yes 1 

3 No Yes 1 
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4 No No 1 

08 1 No No 1 

2 No No 1 

3 No No 1 

4 No No 1 

09 1 No Yes 1 

2 Yes Yes 2 

3 Yes Yes 2 

4 No Yes 1 

10 1 Yes Yes 2 

2 No Yes 1 

3 Yes Yes 2 

4 Yes Yes 2 

12 1 No Yes 1 

2 No Yes 1 

3 No Yes 1 

4 No Yes 1 

13 1 Yes Yes 2 

2 Yes Yes 2 

3 Yes Yes 2 

4 Yes Yes 2 

14 1 No Yes 1 

2 No No 0 

3 No No 0 

4 No Yes 1 

16 1 No No 0 

2 No Yes 1 

3 Yes Yes 2 

4 Yes Yes 2 
Yes was count as score 1 and No was count as score 0.  

Based on the compliance criteria, only one participant (ID 13) complied full criteria (a total of two criteria) for four days, one participant (ID10) complied full 

criteria for three days, two participants (ID 09 and 16) complied full criteria for two days in Sit regimen (fully complied criteria [2] are highlighted in yellow). 
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Appendix 35: Compliance criteria checklist for Sit Less regimen. 

Participant ID Day Criteria 1 (total standing time ≥3 h/day) Criteria 2 (total stepping time ≥2 
h/day) 

Total number of compliance 
criteria (score) 

01 1 Yes Yes 2 

2 Yes Yes 2 

3 Yes Yes 2 

4 Yes Yes 2 

02 1 Yes Yes 2 

2 Yes Yes 2 

3 Yes Yes 2 

4 Yes Yes 2 

03 1 Yes Yes 2 

2 Yes Yes 2 

3 Yes Yes 2 

4 Yes Yes 2 

04 1 No Yes 1 

2 Yes Yes 2 

3 Yes No 1 

4 Yes No 1 

05 1 Yes Yes 2 

2 Yes Yes 2 

3 Yes Yes 2 

4 Yes yes 2 

06 1 Yes Yes 2 

2 Yes Yes 2 

3 Yes Yes 2 

4 Yes Yes 2 

07 1 Yes Yes 2 

2 Yes Yes 2 

3 Yes Yes 2 

4 Yes Yes 2 
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08 1 Yes Yes 2 

2 Yes Yes 2 

3 Yes Yes 2 

4 Yes Yes 2 

09 1 Yes Yes 2 

2 Yes Yes 2 

3 Yes Yes 2 

4 Yes Yes 2 

10 1 Yes Yes 2 

2 Yes Yes 2 

3 Yes Yes 2 

4 No Yes 1 

12 1 Yes Yes 2 

2 Yes Yes 2 

3 Yes Yes 2 

4 Yes Yes 2 

13 1 Yes Yes 2 

2 Yes Yes 2 

3 No No 0 

4 Yes Yes 2 

14 1 Yes Yes 2 

2 Yes Yes 2 

3 Yes yes 2 

4 Yes Yes 2 

16 1 Yes Yes 2 

2 No Yes 1 

3 No Yes 1 

 4 No Yes 1 
Yes was count as score 1 and No was count as score 0.  

Based on the compliance criteria, ten participant (ID 01, 02, 03, 05, 06, 07, 08, 09, 12, and 14) complied full criteria (a total of two criteria) for four days, two participants (ID 

10 and 13) complied full criteria for three days, two participants (ID 04, and 16) complied full criteria for one day in Sit Less regimen (fully complied criteria [2] are 

highlighted in yellow).  
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