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to identify whether risk factors are independent of physical 
activity levels to inform culturally-specific interventions for 
South Asians.

Keywords  South Asians · Sedentary behaviour · 
Cardiometabolic disease

Introduction

South Asia is the fastest growing region in the world 
(The World Bank 2016), and individuals of South Asian 
ethnic background are growing as one of the largest vis-
ible minority populations in other regions of the world 
(Government of Canada 2013; Hanif et al. 2014; United 
States Census Bureau 2012). South Asians have shown 
to be at greater risk for coronary heart disease compared 
to other ethnic groups (Williams et  al. 2011). Numer-
ous studies have reported a higher prevalence of cardi-
ometabolic disease in South Asians and disproportion-
ally poorer health outcomes overall when compared to 
other ethnic groups (Gupta and Brister 2006; Hanif et al. 
2014; Leenen et  al. 2008; Manuel and Schultz 2004; 
Rana et al. 2014; Shah 2008). The elevated risk for car-
diometabolic disease among South Asians may arise 
from complex interactions between genetic and environ-
mental factors (Rana et al. 2014). Among South Asians, 
the incidence of cardiometabolic disease is rising due 
to a marked shift in lifestyle as a result of economic 
growth, urbanization, sedentary lifestyle, and changes 
in dietary pattern (Ravikiran et  al. 2010). This pattern 
is especially observed among individuals living in South 
Asian countries such as India. It is essential to determine 
the impact of ethno-specific behavioral patterns on the 
risk for cardiometabolic diseases to identify targets for 
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public health interventions among this ethnic minority 
group (Chomitz et al. 2013; Yates et al. 2012a). Reduc-
ing sedentary time has been proposed as a novel public 
health approach to managing disease risk. Reducing time 
spent sitting during different times of the day may be 
more feasible than previous efforts to promote structured 
exercise programs (Dempsey et  al. 2014). Further, con-
trary to previous assumptions, physical activity interven-
tions do not necessarily result in meaningful reductions 
of sedentary time (Prince et al. 2014).

Sedentary behaviours refer to activities that do not 
require significant energy expenditure, including tel-
evision (TV) viewing, computer use, driving, reading 
or playing video games while in a sitting or reclining 
position (Sedentary Behaviour Research Network 2012). 
High quality data have shown greater sedentary time 
is related to higher mortality, as well as a greater inci-
dence of cardiovascular diseases, cancers, type 2 diabe-
tes, and other risk factors (Biswas et al. 2015; Ford and 
Caspersen 2012; Grontved and Hu 2011; Proper et  al. 
2011; Rhodes et al. 2012; Saunders et al. 2012; Wilmot 
et al. 2012).

Sedentary behaviours are important determinants of 
metabolic dysfunction (Saunders et al. 2012). However, 
the magnitude of effect has the potential to be greater 
in some high-risk minority groups (Yates et  al. 2012a). 
South Asians are described as having substantially lower 
levels of physical activity and higher sedentary time 
than the general population (Fischbacher et  al. 2004). 
Differences exist when comparing the manner in which 
sedentary behaviours are performed irrespective of total 
sedentary time, highlighting the importance of analyzing 
domain-specific sedentary behaviours (Healy et al. 2008, 
2011). There is currently no published synthesis look-
ing at the relationship between sedentary time (across 
domains) and cardiometabolic risk factors and disease 
in South Asian adults. Additional research regarding 
sedentary behaviours would allow the development and 
dissemination of culturally appropriate interventions 
to reduce sedentary time in South Asians (Babakus 
and Thompson 2012; Ye et  al. 2009). Such a synthesis 
provides evidence as to the need for the development 
of culturally appropriate interventions. Therefore, the 
objective of this study was to systematically review the 
literature to determine whether total sedentary time and 
domain-specific sedentary behaviours (e.g., TV view-
ing time, screen time, sitting time) are associated with 
cardiometabolic diseases/conditions (e.g., diabetes, car-
diovascular disease, metabolic syndrome) and markers 
of disease (body mass index [BMI], waist circumfer-
ence [WC], lipids, blood pressure [BP], glucose, insulin) 
among South Asian adults.

Methods

The available literature was systematically reviewed to 
examine sedentary time as an independent risk factor 
for cardiometabolic diseases and their markers in South 
Asian adults. The review sought to identify all studies that 
reported on the possible association between sedentary 
time and/or domain-specific sedentary behaviours (e.g., 
TV time, sitting time, etc.) with cardiometabolic diseases 
and their risk factors (primary and secondary outcomes) 
in South Asian adults. This systematic review adhered to 
the reporting guidelines of the preferred reporting items 
for systematic reviews and meta-analyses (PRISMA) 
statement and met the criteria outlined in a measurement 
tool to assess systematic reviews (AMSTAR) checklist 
(Moher et al. 2009; Shea et al. 2007, 2009). The system-
atic review methodology was prospectively registered 
with PROSPERO (CRD42014012871; http://www.crd.
york.ac.uk/PROSPERO).

Study inclusion criteria

Types of participants

Studies were included if the population was identi-
fied as being comprised of South Asian adults (mean 
age ≥18 years). South Asian populations included those 
who reside in, were born in, have parentage, and/or have 
emigrated from South Asia (as defined by The World 
Bank) including Bangladesh, Sri Lanka, India, Pakistan, 
Afghanistan, Bhutan, Maldives, and Nepal (The World 
Bank 2015). Exclusion criteria included non-South Asian 
populations and/or non-adult populations (mean age <18 
years).

Types of exposures

The review included studies that reported sedentary time 
or time spent in domains of sedentary behaviours (e.g., 
TV time, sitting time, etc.) as a risk factor for cardio-
metabolic disease. Quantification of sedentary time was 
extracted based on what was provided in individual stud-
ies. Both self-reported and objectively measured sed-
entary time were included. Sedentary time was either 
reported on a continuous scale (e.g., minutes/day with 
beta coefficients, mean measures) or categorized based 
on the data (e.g., >2 h of TV time vs. ≤2 h and reported 
as odds ratios or relative risks). Total exposure to seden-
tary time and time spent in specific domains were exam-
ined including sitting time, TV time, screen time, com-
puter time and reading time.

http://www.crd.york.ac.uk/PROSPERO
http://www.crd.york.ac.uk/PROSPERO
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Types of comparators

The review compared greater and lower levels of sedentary 
time as risk factors for cardiometabolic disease and mark-
ers of disease.

Types of outcomes

The primary outcomes of interest in this systematic review 
were presence of diabetes mellitus II, cardiovascular dis-
ease (including coronary heart disease and stroke) and met-
abolic syndrome X (MetS). Secondary outcomes included 
markers of cardiometabolic disease such as elevated fast-
ing blood glucose, elevated fasting insulin, percentage of 
hemoglobin A1c (HbA1c), total cholesterol, high density 
lipoprotein (HDL), low density lipoprotein (LDL), triglyc-
erides and BP and anthropomorphic characteristics such as 
WC, BMI and waist-to-hip ratio (WHR).

Type of studies

No restriction was placed on the type of study design.

Search strategy

This review originally retrieved studies completed prior 
to and including September 2014 written in English or 
French language (or with translations). An updated search 
was performed to identify all studies from October 2014 
to December 1, 2016. Relevant studies were systemati-
cally searched and identified using the following electronic 
bibliographic databases: ovid medline (R) In-process & 
other non-indexed citation and ovid medline (R) (1946 to 
December 2016); Embase Classic + Embase (1947–2016 
December 1); EBM Reviews—Cochrane Central Regis-
ter of Controlled Trials (December 2016); SPORTDiscus 
(1830–December 2016); CINAHL; and Dissertations and 
Theses (1861–December 2016). Grey literature included 
conference abstracts and dissertations, provided that the 
abstract allowed reviewers to ascertain the inclusion and 
exclusion criteria of the study.

Formal search strategies were developed with guidance 
from an experienced research librarian to ensure qual-
ity, transparency and maximum sensitivity during article 
retrieval. Due to the recent and upcoming nature of seden-
tary behaviour research, traditional and related terms were 
included in the search strategy to ensure maximum expo-
sure to all relevant and existing literature. A sample search 
strategy for Medline is provided in Supplemental Table 1. 
This search strategy was modified according to the index-
ing systems of other databases. All searches were imported 
into Endnote X7 (Thompson Reuters, San Fransisco, CA, 
USA). A list of included studies is provided in Table  1, 

whereas the list of excluded studies is reported in Supple-
mental Table 2.

Selection of studies

Two authors (SS and SA or SAP) independently performed 
title and abstract screening of all records to identify poten-
tially relevant articles. Two authors (SS and SA or KLW) 
also independently performed full text screening to confirm 
studies met inclusion and exclusion criteria, with mutual 
consensus. Discrepancies were resolved with discussion 
between all authors.

Data extraction and analysis

Standardized data abstraction forms in Microsoft Excel 
(Microsoft, 2011) were compiled by SA or SAP and veri-
fied by SAP or KLW. Information was extracted on study 
characteristics (year, author, title, study design), population 
characteristics (age range population description), coun-
try of study, sample size analyzed (total and by sex), sed-
entary behaviour exposure [self-report vs. direct measure, 
domain (e.g., TV, sitting, total, units) and methods (e.g., 
questionnaire, accelerometer)], outcome measurement 
(e.g., primary vs. secondary, self-report vs. objective), and 
measure of effect (odds ratio, relative risk, β-estimate) or 
correlation. Additional secondary outcomes [e.g., insulin 
resistance (HOMA-IR), sum of skin folds, C-reactive pro-
tein  (CRP)] were obtained from the studies depending on 
applicability to cardiometabolic risk.

Quality of evidence

The quality of individual studies was assessed using a 
modified version of the Downs and Black checklist (Downs 
and Black 1998) and individual study scores can be found 
in Table 2. The Downs and Black checklist assessed study 
quality using an adapted 20-item checklist (originally 27 
items), including reporting, external validity, internal valid-
ity and power of study. The assessment provided an overall 
numeric score for quality out of possible 20 points, with 
those studies higher than the 15/20 median split consid-
ered good quality. One assessor (SA or SAP) independently 
assessed the quality using the checklist with a second asses-
sor (SA, SAP or KLW) reviewing all scores. Disagreements 
were resolved upon consensus. Although planned, the 
Cochrane Collaboration’s tool for assessing risk of bias in 
randomized trials (Higgins et al. 2011) was not employed 
in this review due to limited availability of randomized 
controlled trials meeting eligibility criteria.
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Results

Description of studies

Searching of the six databases identified 1757 poten-
tial articles (Supplementary Fig.  1). After removing 536 
duplicate articles, 1221 articles progressed to the title and 
abstract screening stage. Of these, 767 articles were identi-
fied in Medline, 333 in Embase, 18 in Cochrane Central, 34 
in CINAHL, 17 in SPORTDiscus, and 52 in Dissertations 
and Theses. An additional article was identified via the 
authors’ knowledge. The primary title and abstract screen-
ing yielded 414 articles, which progressed to the detailed 
full-text screening stage. Of these, 22 studies met inclu-
sion and exclusion criteria. Common reasons for excluding 
studies included no sedentary behaviour exposure, no asso-
ciation between SB and health outcome reported, review 
paper, unable to obtain or locate an article, and duplicate 
article. Results from the studies can be found in Table  2 
and Supplementary Table 2.

Results from the updated search identified two publica-
tions (Agrawal et al. 2014b; Waidyatilaka et al. 2014) that 
reported on duplicate data found in previous publications. 
Findings from the originally retrieved studies (Agrawal 
et  al. 2014a; Waidyatilaka et  al. 2013) were retained to 
avoid duplicate results.

Individual study quality

Based on the median split (15/20), 59% of the studies were 
considered high quality. Most studies minimized the effects 
of selection bias. Despite high scores for internal validity 
(mean = 6.41 out of 8), the majority of studies presented 
issues with external validity, reporting and power. Only 
a few studies (n = 4) reported having sufficient power to 
detect clinically important effects related to the exposure 
and outcomes under study.

Data synthesis

Twenty-two studies met the inclusion criteria and were 
included in the qualitative analysis; six studies reported 
on results relating to cardiometabolic diseases (five dia-
betes, one myocardial infarction) and 19 studies reported 
on results related to markers of cardiometabolic diseases 
(15 BMI, five WC or WHR, six glucose, five insulin, two 
lipids, four BP). Results identified a general trend whereby 
increased time spent in sedentary behaviours was associ-
ated with increased likelihood of diabetes (N = 5/5), as well 
as higher BMI (N = 13/15), WC or WHR (N = 3/5), and glu-
cose (N = 4/6).

Primary outcomes

Six studies reported on results pertaining to the associa-
tion between sedentary time and cardiometabolic diseases 
(Table  2). One prospective cohort study (Anjana et  al. 
2015), one case-control study (Rastogi et  al. 2004) and 
three cross-sectional studies (Agrawal et  al. 2014a; Shah 
et al. 2015; Waidyatilaka et al. 2013) suggested that greater 
sedentary time is associated with higher prevalence of dia-
betes in both men and women. Using a prospective study 
design, Anjana and colleagues identified an 84% increased 
risk for developing diabetes in the highest quartile of TV 
and sitting time (Anjana et  al. 2015). Waidyatilaka et  al. 
reported that the odds of diabetes were 43% (OR 1.43; 95% 
CI 0.72–2.82) greater in those sitting ≥185 min/day versus 
<185 min/day and were over four times greater (OR 4.23; 
95% CI 2.13–8.41) in those watching ≥85 min/day of TV 
compared to those with <85 min/day (Waidyatilaka et  al. 
2013). Agrawal et  al. (2014a) and Rastogi et  al. (Rastogi 
et al. 2004) reported higher proportions of diabetes among 
those watching TV almost every day (vs. those watching 
TV once a week or less) and those in sedentary activities 
longer than 215 min (vs. ≤70 min), respectively. Only one 
study reported on the relationship between sedentary time 
and CVD. After adjusting for age and sex, greater seden-
tary time (≥215 min/day) had a 58% greater risk of myo-
cardial infarction than those with <70 min/day of sedentary 
time (Rastogi et al. 2004).

Secondary outcomes

Supplementary Table  2 provides a description of the 
association between sedentary behaviours and secondary 
outcomes.

Body mass index (BMI)

Of all the secondary outcomes, BMI was the most fre-
quently studied risk factor. Thirteen studies reported that 
BMI was significantly associated with sedentary time 
(Agrawal et  al. 2013; Curry and Thompson 2014; Ghosh 
and Bhagat 2014; Gupta and Siddhu 2015; Little et  al. 
2016; Mani 2014; Nag and Ghosh 2015; Nang et al. 2013; 
Rastogi et al. 2004; Singh and Purohit 2011; Sullivan et al. 
2012; Tandon et  al. 2011; Yates et  al. 2012b), whereas 
two studies reported no significant association (Khan et al. 
2016; Pomerleau et al. 1999).

Waist circumference (WC)

Four studies reported on WC and two on waist-to-hip ratio. 
Two studies found no significant association between sed-
entary time and WC and waist-to-hip ratio (Curry and 
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Thompson 2014; Rastogi et al. 2004), whereas Ghosh et al. 
and Nag et al. showed higher WCs with increasing TV time 
(Ghosh and Bhagat 2014; Nag and Ghosh 2015) and Yates 
reported a significant correlation between screen time and 
WC among women only (Yates et al. 2012b).

Two‑hour (2‑h) glucose/fasting glucose

Six studies reported on the relationships between 2-h 
or fasting blood glucose and sedentary time (total and 
domain-specific). Of these studies, one study found a 
significant relationship between sedentary time and 2-h 
glucose (Andersen et  al. 2015). In contrast, Yates et  al. 
reported sitting time was not significantly associated with 
2-h glucose in men or women (Yates et  al. 2012b). Gill 
et  al. found a low though significant correlation between 
sitting time (independent of physical activity) and 2-h glu-
cose, but not with fasting glucose (Gill et  al. 2011). Nag 
and Ghosh reported that fasting blood glucose was higher 
with increasing duration of TV watching (Nag and Ghosh 
2015). Three studies did not find a significant association 
between fasting glucose and sedentary behaviour, with two 
looking at screen time (Gill et al. 2011; Yates et al. 2012b) 
and one looking at general screen time (Nang et al. 2013).

Hemoglobin A1c (HbA1c)

Only one study examined the association between HbA1c 
and sedentary time among South Asian women. After con-
trolling for confounders, greater sitting time and TV time 
were significantly correlated with HbA1c. Women view-
ing TV for ≥185 min/day were four times more likely to be 
dysglycemic compared to those viewing <185  min/day of 
TV (Waidyatilaka et al. 2013).

Insulin

Five studies reported on findings related to insulin. 
Andersen et  al. reported that 2-h insulin was strongly 
related to sedentary time, with reductions of 1.6 pmol/L 
with every one-minute reduction of sedentary time in 
Pakistani men (Andersen E 2013). Using the same data, 
Andersen et al. also demonstrated that changes in sedentary 
time were significantly and beneficially associated with 
changes in postprandial insulin and C-peptide (Andersen 
et  al. 2015). Yates et  al. showed a significant trend with 
increasing screen time associated with increasing fasting 
insulin for women, but not for men (Yates et  al. 2012b). 
Similarly, Nang et  al. reported a significant trend with 
greater homeostatic model assessment to quantify insulin 
resistance (HOMA-IR) with increasing screen time catego-
ries adjusted for age, sex, ethnicity and education (Nang 
et  al. 2013). Interestingly, Nag and Ghosh found higher Ta
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insulin and HOMA-IR among those watching 31–60 min of 
TV per day compared to those watching less than 30 and 
more than 60 min per day (Nag and Ghosh 2015).

Lipid profile

Two studies reported on the relationship between sedentary 
time and lipid profiles. Using a model adjusted for age, sex, 
ethnicity and education, Nang et  al. reported a significant 
trend with greater screen time associated with lower HDL-c 
and higher LDL, cholesterol and triglycerides (Nang et al. 
2013). Nag and Ghosh found that total cholesterol and LDL 
increased with greater duration of TV watching, but did not 
find a significant association with triglycerides, HDL or 
very low density lipoprotein (Nag and Ghosh 2015).

Blood pressure (BP)

Four studies reported on the relationship between seden-
tary time and BP. Two studies reported significantly higher 
BP values (Nang et al. 2013) and prevalence of hyperten-
sion (Rastogi et  al. 2004) with greater amount of screen 
or sedentary time, respectively. Whereas two other stud-
ies reported no significant group differences for systolic or 
diastolic BP or mean arterial pressure across TV time cat-
egories (Ghosh and Bhagat 2014; Nag and Ghosh 2015).

Subgroup analysis

Sex differences

Sex differences were examined in a few of the studies with 
differences found between men and women for BMI, WC 
and fasting insulin levels. Yates et al. and Curry et al. noted 
WC and BMI were significantly associated with sedentary 
time in South Asian women only (Curry and Thompson 
2014; Yates et al. 2012b).

Domain‑specific sedentary time

When domains of sedentary time were examined, twelve 
studies reported on TV time (Agrawal et al. 2013, 2014a; 
Anjana et  al. 2015; Ghosh and Bhagat 2014; Gupta and 
Siddhu 2015; Khan et  al. 2016; Little et  al. 2016; Nag 
and Ghosh 2015; Pomerleau et al. 1999; Shah et al. 2015; 
Tandon et al. 2011; Waidyatilaka et al. 2013), six on sit-
ting time (Anjana et  al. 2015; Gill et  al. 2011; Gupta 
and Siddhu 2015; Little et  al. 2016; Waidyatilaka et  al. 
2013; Yates et al. 2012b), one on screen time (Nang et al. 
2013), and one on computer time (Khan et al. 2016). The 
remaining seven looked at a general measure of sedentary 
time (Andersen et  al. 2015; Andersen 2013; Curry and 

Thompson 2014; Mani 2014; Rastogi et  al. 2004; Singh 
and Purohit 2011; Sullivan et  al. 2012). Qualitatively, 
these results showed the same trend for each domain of 
sedentary behaviour.

Domain-specific analysis of sedentary behaviours 
identified that most studies found a significant associa-
tion between greater TV time and higher BMI and WC 
(Agrawal et al. 2013; Ghosh and Bhagat 2014; Gupta and 
Siddhu 2015; Little et  al. 2016; Nag and Ghosh 2015; 
Nang et al. 2013; Tandon et al. 2011). Moreover, Waid-
yatilaka et al. noted TV time was significantly associated 
with dysglycemia after controlling for confounders; how-
ever, the relative risk of dysglycemia from longer dura-
tion of TV time was almost three times higher than sitting 
time (Waidyatilaka et al. 2013). Overall, there appears to 
be a greater cardiometabolic risk associated with higher 
amounts of TV time, compared to overall sedentary time.

Sitting time has been less examined with a total of six 
studies reporting on this domain. Three studies looked at 
anthropometrics and sitting time and reported significant 
positive correlations between greater sitting time and 
BMI and WC (Gupta and Siddhu 2015; Little et al. 2016; 
Yates et al. 2012b). Yates et al. however, found this rela-
tionship among women, but not men (Yates et al. 2012b). 
Studies looking at the relationship between sitting time 
and diabetes and its markers provide conflicting results. 
In a prospective cohort of men and women from the gen-
eral population in India, Anjana et al. found a greater risk 
for diabetes with greater sitting time (Anjana et al. 2015). 
A study of urban South Asian women revealed a signifi-
cant positive correlation between sitting time and dysgly-
cemia, although there were no significant differences in 
the odds of dysglycemia between those who sat less than 
185 min/day compared to those who sat longer (Waidya-
tilaka et al. 2013). In contrast, a study of attendees from a 
diabetes screening program reported that sitting time was 
not significantly correlated with either 2-h or fasting glu-
cose (Yates et al. 2012b). Whereas a study of individuals 
of Indian and Pakistani origin living in Scotland found 
no significant correlation between sitting time and fast-
ing glucose, the study did however report that greater sit-
ting time was associated with 2-hour glucose (Gill et al. 
2011).

All studies that reported on overall sedentary time 
and BMI reported a significant relationship with greater 
sedentary time associated with a higher BMI (Curry and 
Thompson 2014; Mani 2014; Rastogi et  al. 2004; Singh 
and Purohit 2011; Sullivan et  al. 2012). Interestingly 
studies reporting on measures of central obesity reported 
a lack of association between total sedentary time and 
WC (Curry and Thompson 2014) or waist-to-hip ratio 
(Rastogi et al. 2004).
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Discussion

This is the first systematic review to examine sedentary 
behaviours as risk factors for cardiometabolic disease in 
the South Asian population. Ultimately the objective of 
this review was to provide a concise summary of the lit-
erature to date to inform the need for effective evidence-
based interventions to reduce sedentary time among 
South Asian adults. Using a qualitative summary of all 
published evidence to date, this review found that greater 
sedentary time in South Asian adults was consistently 
associated with diabetes, and higher BMI, WC, insulin 
and HOMA-IR. Inconsistent and limited evidence was 
observed for relationships with the risk for myocardial 
infarction, glucose and BP. Very few to no studies have 
reported on the associations between sedentary time and 
lipids, MetS, cardiovascular disease, and hypertension.

This review builds on the previous evidence from 
two meta-analyses, which link high sedentary time with 
diabetes (Biswas et  al. 2015; Wilmot et  al. 2012). One 
review suggested that South Asians are more than four 
times as likely to develop diabetes with greater sedentary 
time (Waidyatilaka et  al. 2013), whereas Biswas et  al. 
and Wilmot et al. reported the magnitude of the risk to be 
approximately twice as high as in the general population 
(Biswas et  al. 2015; Wilmot et  al. 2012). This suggests 
that South Asian adults are potentially at double the risk 
for diabetes. Unfortunately, the scarcity of available evi-
dence on this sub-population limits the ability to ascer-
tain whether this risk is truly greater in this population 
group. One of the studies in the present review reported a 
58% higher risk of coronary heart disease in South Asian 
adults who were in the highest category of time spent 
in sedentary activities (Rastogi et  al. 2004). Whereas 
in their systematic review, Biswas et  al. suggested that 
in general, greater sedentary time is associated with a 
14% greater risk of cardiovascular disease (Biswas et al. 
2015). It is possible that South Asians are at a greater 
risk for cardiovascular disease with greater sedentary 
time, but further studies are needed to establish whether 
this is in fact consistently the case.

Thirteen of fifteen studies reported a significant relation-
ship between increasing sedentary time and greater BMI. 
These results are similar to those reported in recent system-
atic reviews in adults (Lynch et al. 2011; Thorp et al. 2011). 
Unfortunately, there remains a lack of direct comparison 
within individual studies to examine whether South Asians 
are specifically at greater risk of overweight and obesity 
with higher levels of sedentary time. Although more evi-
dence is needed, it should be recognized that a number of 
studies have demonstrated higher risk of BMI in South 
Asian adults compared to the general population (Deuren-
berg et al. 2002; Misra and Khurana 2009).

Study limitations

This review has several limitations including the lack of 
available high quality studies examining the relationship 
between sedentary time and cardiometabolic diseases and 
risk factors among South Asian adults. A second limitation 
was that a meta-analysis was not feasible or appropriate 
due to the heterogeneity of study designs. A third limita-
tion was that selective reporting of positive outcomes in the 
individual studies could potentially reduce the generaliz-
ability of the findings. Also, a number of articles could not 
be retrieved via the University of Ottawa’s library lending 
service and several were not available in English or French. 
A further limitation is the predominant use of self-report 
data in the individual studies. Self-reported data are highly 
susceptible to recall, interviewer and reporting bias that 
could have affected the magnitude of results. Few studies to 
date have used objective measures such as accelerometers 
or inclinometers for the measurement of sedentary behav-
iours. Unfortunately, only two studies in the present review 
reported on the use of objective measures of sedentary time 
(Andersen 2013; Curry and Thompson 2014) and there-
fore, it was not possible to compare results between self-
report and objective measures. Finally, analysis of results 
was not consistent across studies, especially with respect to 
adjustment of confounders.

While it was the goal to obtain studies that performed 
analyses adjusting for physical activity, the majority of the 
studies did not report on adjusted values. This has impor-
tant consequences as it was not possible to adjust for indi-
viduals’ engagement in physical activity and identify the 
true effects of sedentary time on cardiometabolic diseases. 
Recently, Biswas et al. reported that hazard ratios for dis-
ease associated with sedentary time are more pronounced 
at lower levels of physical activity than at higher levels 
(Biswas et al. 2015).

Sedentary behaviours in South Asian adults should be 
further explored as it is known that this population is gen-
erally at higher risk for cardiometabolic disease. Further, 
there seems to be a significant lack of awareness of the det-
rimental effects of a sedentary lifestyle in this population 
(Lawton et al. 2006). South Asian adults are more likely to 
hold passive beliefs regarding personal health risk (Lawton 
et al. 2006). It is possible that lack of awareness around the 
detrimental effects of sedentary behaviours on health out-
comes contributes to greater engagement in these behav-
iours among South Asian adults (Ravikiran et al. 2010).

In light of the findings of this systematic review, there 
is evidence to support the development of interventions 
targeting sedentary behaviours in South Asian adults. As 
suggested by Ye et al. and Agrawal and Ebrahim, preven-
tion of cardiometabolic disease should focus on lifestyle 
aspects and target public health education programs geared 
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specifically to this population (Agrawal and Ebrahim 2012; 
Ye et al. 2009). The emphasis of such programs should be 
on embracing the differences inherent in the South Asian 
population and emphasizing planning and development of 
health programs that take such differences into account (Ye 
et  al. 2009). Targeting sedentary behaviours specifically 
may lead to reductions in health risk (Buman et al. 2014). 
To date, most interventions have aimed to increase physi-
cal activity (Misra et al. 2009); however, it is now known 
that physical activity interventions alone often do not con-
fer meaningful reductions in sedentary time (Prince et  al. 
2014). Further interventions addressing sedentary behav-
iours in South Asian adults should include educational 
material in South Asian languages and using culturally 
appropriate examples to increase knowledge and awareness 
of sedentary behaviours as risk factors (Castro et al. 2010). 
Resources to increase the awareness of risk factors and risk 
factor modification interventions could help South Asians 
to prevent/reduce these risk factors. For example, the Heart 
and Stroke Foundation of Canada’s website provides infor-
mation on heart disease and stroke in various languages to 
try to increase awareness and help South Asians prevent/
manage their risk factors (Heart and Stroke Foundation 
2016).

Conclusions

This review shows that greater total sedentary time and 
domain-specific sedentary behaviours were associated 
with cardiometabolic disease (i.e., diabetes) and mark-
ers of disease among South Asian adults. Trends in South 
Asians were similar if not greater than those observed in 
other populations, yet it is important to recognize the 
intercultural physical and behavioural variances that may 
potentially influence awareness, education and likelihood 
to change behaviours and subsequently improve cardio-
metabolic health. Further studies are required to examine 
whether the effects of sedentary behaviour on cardiomet-
abolic disease and its markers are independent of moder-
ate-to-vigorous  intensity physical activity in South Asian 
adults and to compare these results to other ethnic groups.
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