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Abstract: This study aimed to systematically review total daily sedentary time in South Asian adults.
Seven electronic databases were searched, identifying relevant articles published in peer-reviewed
journals between March 1990 and March 2021. The study was designed in accordance with PRISMA
guidelines. Prospective or cross-sectional design studies reporting total daily sedentary time in
South Asian adults (aged ≥18 years), reported in English, were included. Study quality and risk
of bias were assessed, and the weighted mean total daily sedentary time was calculated. Fourteen
full texts were included in this systematic review from studies that were conducted in Bangladesh,
India, Norway, Singapore, and the United Kingdom. Pooled sedentary time across all studies was
424 ± 8 min/day. Sedentary time was measured using self-report questionnaires in seven studies,
with a weighted mean daily sedentary time of 416 ± 19 min/day. Eight studies used accelerometers
and inclinometers with a weighted mean sedentary time of 527 ± 11 min/day. South Asian adults
spend a large proportion of their time being sedentary, especially when recorded using objective
measures (~9 h/day). These findings suggest that South Asians are an important target population
for public health efforts to reduced sedentary time, and researchers and practitioners should seek to
standardise and carefully consider the tools used when measuring sedentary time in this population.

Keywords: sedentary behaviour; sitting; cardiometabolic disease; cardiovascular disease; South Asians

1. Introduction

South Asians are referred to as “Indo-Asians” and are considered the natives of
first or subsequent generation migrants originating from the Indian subcontinents (i.e.,
Bangladesh, India, Pakistan, Nepal, and Sri Lanka) [1]. South Asians are the largest
growing population, increasing in population by 1.1% annually and representing one-
fifth of the current global population [2]. 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 [3]. South Asians are suggested to be
up to six times more likely to develop Type 2 diabetes than other ethnicities [4]. In the
UK, the prevalence of Type 2 diabetes in South Asians is approximately 20%, which is
almost five-fold higher than in Caucasian adults [5]. Likewise, the prevalence of Type
2 diabetes is three times higher in migrant South Asians living in the USA and Canada
than other ethnic groups [6–8]. South Asians also have significantly higher (three- to five-
fold) cardiovascular disease (CVD) incidence, myocardial infarction, and mortality risk
than other ethnicities [4,9–11], and the standardised mortality rate for ischaemic heart
disease (IHD) is higher in UK-based South Asians than Caucasians and African–Caribbean
adults [12]. Possible reasons for this increased risk in South Asians include migration
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and demographic transitions to a more Westernised lifestyle, dietary intake (e.g., high
consumption of saturated fat), visceral adiposity, low physical activity levels, and higher
sedentary time [5,10,13–16].

Sedentary behaviour is any waking behaviour characterised by an energy expenditure
of ≤1.5 metabolic equivalents (METs) while in a reclining, lying, or sitting posture [17].
Engaging in a high amount of sedentary time significantly increases the risk of CVD, Type
2 diabetes, and all-cause mortality in the general population [18–22]. 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 [16]. This may be of
concern if South Asians engage in high volumes of sedentary behaviour. However, the
systematic review by Ahmad et al. [16] did not report the sedentary time of the studies
included, meaning that it is unclear how sedentary South Asian adults are at a popula-
tion level. A number of 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 objec-
tive methods [23]. The World Health Organization (WHO) STEPS survey reported that
the prevalence of self-report daily sedentary time among Bangladeshi, Indian, Pakistani,
Nepali, and Sri-Lankan adults was 175, 309, 223, 202, and 216 min, respectively [24], 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 [25]. Inclinometers are devices that measure posture and are worn on the thigh
to distinguish between sitting, standing, and lying [25]. 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 [26]. However, this
review included only accelerometer-derived data. Accelerometers cannot detect posture
and, therefore, may misclassify standing as sedentary time, thus leading to overestima-
tions [27]. Furthermore, Mahmood et al. [26] 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. [26] also did not 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 seden-
tary 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.

2. Materials and Methods
2.1. Design

This review was designed according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) guidelines [28], and the study protocol was regis-
tered 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).

2.2. Study Search and Selection

Seven electronic databases (PubMed, Web of Science, Biomed Central, Medline,
Scopus, SPORTDiscus, and Cumulative Index of Nursing and Allied Health Literature
[CINAHL]) were systematically searched for research published between March 1990 and
March 2021. 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 was limited to peer-reviewed journal articles published in English.
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Only cross-sectional or prospective study design articles were considered for inclusion,
with review articles and conference abstracts being excluded. Studies were eligible for
inclusion if they reported data on a South Asian population (either born in their resident
country or migrated from the Indian subcontinent); included adults (aged ≥18 years);
measured total daily sedentary time using self-report or objective methods; the subjects
were defined as healthy at baseline; provided a clear definition of sedentary time (e.g.,
not defined as “physical inactivity”); and reported total sedentary time in minutes or
hours per day. Authors were contacted by email to provide South Asian sub-group data if
data in the article were pooled with other ethnic groups; these studies were not included
if the requested data were not provided. Studies were excluded if they were a review
or intervention study, did not clearly define the ethnicity of the participants, or did not
conform to ethical standards.

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.

2.3. Data Extraction and Analysis

Data extraction was conducted by K.C.D. 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 [21]. 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.

2.4. 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 1) [29,30]. 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, re-
cruitment 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 deviation (SD), confidential interval (CI) or standard error, and (8) no selective
reporting of results. Each quality criterion was rated as positive (scored as 1) and negative
(scored as 0). 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.

2.5. Synthesis of Results

The available literature was systematically reviewed to calculate the total amount of
sedentary time (min/day) in South Asians using a 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 [31]: Weighted mean (Xm) = (∑WiX)/(∑Wi), where Wi is the weight-
ing value (sample size/total sample size), and X is the sedentary time. The weighted
mean for total daily sedentary time was calculated separately for studies presenting self-
reported and objective measures of sedentary time. Sedentary time was expressed in
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min/day. Similarly, the weighted SD was calculated using the formula [31]: Weighted SD
(XSD) = (∑WiX)/(∑Wi), where Wi is the weighting value (sample size/total sample size),
and X is the SD for sedentary time. All data were analysed in Excel file Tables S1–S3 and
expressed as weighted mean ± weighted SD unless stated otherwise.

Table 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, 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.

3. Results
3.1. Study Characteristics

The search identified a total of 2501 studies, with 2297 studies remaining after re-
moving duplicates. The study title screening led to the exclusion of 2128 studies, with
an abstract review excluding 118 studies. Fourteen published studies met the criteria for
inclusion after a full-text screening. Therefore, 14 studies were included in this system-
atic review (Figure 1). 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 2); 3 studies used a prospective cohort
study design [32–34], and the other 11 studies used a cross-sectional design [23,35–44].

Of the UK-based studies, the participants included were migrant Bangladeshis [23,39],
Pakistanis [23,39,40], Indians [39,40] and UK-born South Asians [23,39]. Three UK-based
studies recruited migrant South Asians but did not specify their nationality [34,36,37]. The
four Singaporean studies recruited migrant Indians living in Singapore but did not specify
the participants’ birth location [32,33,38,44]. Two studies conducted in India recruited
native Indians living in urban and rural areas in India [41,43]. The Norway-based study
recruited participants born either in Pakistan or Norway [35], whilst the study conducted in
Bangladesh recruited native Bangladeshis living in rural and urban areas [42] (see Table 2).
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The sample sizes for the South Asian ethnic groups in the studies ranged widely,
from 11 to 6447 South Asian participants (see Table 2). The participants’ age range
was 18 to 89 years, apart from one study that used a cut-off of 17 years [43]. As the
average age was 41 ± 10 years and only a small number of Indian-based studies were
available, this study was included in the results. Eight studies included both males and
females [33,34,36,38,40,42–44], two studies included only males [35,39], with the remaining
four studies including only female participants [23,32,37,41].

Figure 1. PRISMA flow chart of the study selection process.
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Table 2. Overview of study characteristics.

Author and
Year

Country Sample Size, 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) [21]

Andersen et al.
(2011) [35]

Norway

150 Pakistanis (either born in Norway
or Pakistan) Cross-sectional study

Accelerometer
516 ± 96
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3.2. Study Quality

The study quality rating for each individual included study is shown Table S4. The
quality scores of the individual studies included in this review ranged from 5 to 8. Eleven of
the studies were considered high quality [23,35–44] and three of the studies were considered
low quality [32–34].

3.3. Sedentary Time Measurement Methods

Total sedentary time was measured using objective measures (i.e., accelerometers
and inclinometers) in eight studies (accelerometers: [23,35,37–39,41,42]; inclinometers: [36];
self-report questionnaires were used in seven studies: [32–34,38,40,43,44]). One study
used both a questionnaire and accelerometers [38]. All data was reported as minutes or
hours/day (see Table 2).

3.4. 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 [21]. 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 [32–34,38,40,43,44] (see Table 2). The
weighted mean for the self-reported total sedentary time was 416 ± 19 min/day. Based
on eight studies using objective methods, total mean sedentary time ranged between
516 ± 134 and 615 ± 534 min/day [23,35–39,41,42] (see Table 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 fe-
males (474 ± 161 min/day) in the study by Sullivan et al. [43], although Padmapriya et al. [32]
reported lower sedentary time in migrant Indian females (431 ± 193 min/day). Based on ob-
jective 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 [35,39],
and, in females, it ranged from 519 ± 87 to 532 ± 102 min/day [23,37,41].

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 [41–43]. The sedentary time of migrant South Asians,
according to the other 11 studies, ranged from 303 ± 158 to 658 ± 170 min/day [23,32–40,44].

4. Discussion

This is the first study, to the authors’ knowledge, to systematically review total daily
sedentary time based on both self-report and objective methods in South Asian adults.
The review’s main findings are 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 daily sedentary time of South Asians in the
present review is lower than the 482 to 587 min/day reported by Mahmood et al. [26].
This discrepancy may be due to Mahmood et al. [26] 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. [26].

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 sur-
prising, 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
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personal care [45]. 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 [46]. 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 [25,47].
Therefore, overall sedentary time may be underestimated by 2.2 to 3.4 h/day [48]. Ac-
celerometers 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 [48]. The findings
of the present study extend those of a meta-analysis that found self-report methods un-
derestimated sedentary time by 105 min/day compared with device measures in general
population adults, but not specifically South Asian adults [49]. However, some monitoring
devices (i.e., accelerometers) have limited functional abilities to detect posture and may
therefore misclassify standing as sedentary time [27]. 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 ac-
tivPAL devices and found that South Asian adults engaged in high amounts of sitting
(516 min/day) [36]. 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 Type 2 diabetes, CVD, and mortality [18,20–22]. 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 [50]. This highlights the need for
the standardisation of methodology across studies that seek to understand the sedentary
behaviour profiles of different population groups.

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 [32,43]. Similarly, based on
objective measures, the average daily sedentary time for the studies in this review was
similar among male and female South Asians [23,35,37,39,41]. 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 sep-
arately for each sex, i.e., only three male [35,39,43] and five female samples [23,32,37,41,43]
were available for review. There also did not appear to be any consistent evidence re-
garding 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 [41–43].
It is possible that factors such as culture, religion and the environment could affect the
sedentary time of migrant versus native South Asians, as has been suggested in relation to
physical activity levels [51]. It is also possible that these factors could mediate the associa-
tion between sedentary time and CVD, but there is limited research available exploring
this issue in South Asian populations [16]. 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. [21], at which the risk of CVD mortality increases significantly. Within
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the current review, 11 out of 14 studies reported total mean sedentary times that ranged
between 402 and 658 min/day [23,32,34–39,41–43], 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 mean sedentary time between 303 and
345 min/day in migrant South Asians living in the UK and Singapore [33,40,44]. 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 [48]. However, other studies using self-report methods found higher daily
sedentary time [32,34,38,43], 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 [39,52].

Limitations of the Study

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
socio-demographic sub-groups. 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 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. Although
the literature search for this review was conducted for studies published up until March
2021, which spanned the COVID-19 pandemic, all of 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 [53].

5. Conclusions

This systematic review concludes that the prevalence of daily sedentary time in South
Asian adults is influenced by the measurement methods used, with objective measures
resulting in 111 min/day higher sedentary time than self-report measures. Regardless of
the measurement method used, South Asians should be an important target population for
public health strategies focused on reducing sedentary time. There is currently insufficient
evidence regarding any differences in sedentary time between male and female or migrant
and native South Asians. These findings suggest that researchers and practitioners should
seek to standardise and carefully consider the tools used when measuring sedentary time
in this population to appropriately inform public health guidelines.
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10.3390/ijerph18179275/s1, Table S1: Questionnaire. Table S2: Device-measured. Table S3: Pooled
measures. Table S4: Study quality rating for each study.

https://www.mdpi.com/article/10.3390/ijerph18179275/s1
https://www.mdpi.com/article/10.3390/ijerph18179275/s1


Int. J. Environ. Res. Public Health 2021, 18, 9275 11 of 13

Author Contributions: The study was designed by K.C.D., J.K.Z.-F. and D.P.B.; K.C.D. and D.P.B.
conducted article screening and quality appraisals. Data interpretation and manuscript preparation
were undertaken by K.C.D. and D.P.B.; J.K.Z.-F., L.R.S. and R.L.J. critically reviewed the manuscript.
All authors approved the final manuscript version. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: 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).

Informed Consent Statement: Not applicable as the study did not involve humans.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Misra, A.; Khurana, L. Obesity-related non-communicable diseases: South Asians vs. White Caucasians. Int. J. Obes. 2011, 35,

167–187. [CrossRef] [PubMed]
2. The World Bank Group. The Total Population of South Asian Region. Available online: https://data.worldbank.org/indicator/

SP.POP.TOTL.MA.IN?end=2016&locations=8S-BD&start=2016&view=bar&year_high_desc=false (accessed on 10 June 2020).
3. International Diabetes Federation. The Prevalence of Diabetes. Available online: https://idf.org/aboutdiabetes/what-is-

diabetes/facts-figures.html (accessed on 12 February 2020).
4. Hanif, R.W.; Susarla, R. Diabetes and cardiovascular risk in UK South Asians: An overview. Br. J. Cardiol. 2018, 25, S8–S13.
5. Gholap, N.; Davies, M.; Patel, K.; Sattar, N.; Khunti, K. Type 2 diabetes and cardiovascular disease in South Asians. Prim. Care

Diab. 2011, 5, 45–56. [CrossRef] [PubMed]
6. Karter, A.J.; Schillinger, D.; Adams, A.S.; Moffet, H.H.; Liu, J.; Adler, N.E.; Kanaya, A.M. Elevated rates of diabetes in Pacific

Islanders and Asian subgroups: The Diabetes Study of Northern California (DISTANCE). Diab. Care 2013, 36, 574–579. [CrossRef]
7. Oza-Frank, R.; Ali, M.K.; Vaccarino, V.; Narayan, K.M. Asian Americans: Diabetes prevalence across U.S. and World Health

Organization weight classifications. Diab. Care 2009, 32, 1644–1646. [CrossRef] [PubMed]
8. Rana, A.; de Souza, R.J.; Kandasamy, S.; Lear, S.A.; Anand, S.S. Cardiovascular risk among South Asians living in Canada: A

systematic review and meta-analysis. CMAJ Open 2014, 2, E183–E191. [CrossRef] [PubMed]
9. Eapen, D.; Kalra, G.L.; Merchant, N.; Arora, A.; Khan, B.V. Metabolic syndrome and cardiovascular disease in South Asians. Vasc.

Health Risk Manag. 2009, 5, 731–743.
10. Fischbacher, C.; Hunt, S.; Alexander, L. How physically active are South Asians in the United Kingdom? A literature review. J.

Public Health 2004, 26, 250–258. [CrossRef]
11. Harding, S. Mortality of migrants from the Indian subcontinent to England and Wales: Effect of duration of residence. Epidemiology

2003, 14, 287–292. [CrossRef]
12. Chaturvedi, N. Ethnic differences in cardiovascular disease. Heart 2003, 89, 681–686. [CrossRef]
13. Misra, A.; Shrivastava, U. Obesity and dyslipidemia in South Asians. Nutrients 2013, 5, 2708–2733. [CrossRef] [PubMed]
14. Barnett, A.H.; Dixon, A.; Bellary, S.; Hanif, M.; O’hare, J.; Raymond, N.; Kumar, S. Type 2 diabetes and cardiovascular risk in the

UK south Asian community. Diabetologia 2006, 49, 2234–2246. [CrossRef]
15. Sattar, N.; Gill, J.M. Type 2 diabetes in migrant south Asians: Mechanisms, mitigation, and management. Lancet Diabetes

Endocrinol. 2015, 3, 1004–1016. [CrossRef]
16. Ahmad, S.; Shanmugasegaram, S.; Walker, K.; Prince, S. Examining sedentary time as a risk factor for cardiometabolic diseases

and their markers in South Asian adults: A systematic review. Int. J. Public Health 2017, 62, 503–515. [CrossRef]
17. Tremblay, M.S.; Aubert, S.; Barnes, J.D.; Saunders, T.J.; Carson, V.; Latimer-Cheung, A.E.; Chastin, S.F.; Altenburg, T.M.; Chinapaw,

M.J. Sedentary behavior research network (SBRN)–terminology consensus project process and outcome. Int. J. Behav. Nutr. Phys.
Act. 2017, 14, 75. [CrossRef] [PubMed]

18. Bailey, D.P.; Hewson, D.J.; Champion, R.B.; Sayegh, S.M. Sitting time and risk of cardiovascular disease and diabetes: A systematic
review and meta-analysis. Am. J. Prev. Med. 2019, 57, 408–416. [CrossRef] [PubMed]

19. Chau, J.Y.; Grunseit, A.C.; Chey, T.; Stamatakis, E.; Brown, W.J.; Matthews, C.E.; Bauman, A.E.; van der Ploeg, H.P. Daily sitting
time and all-cause mortality: A meta-analysis. PLoS ONE 2013, 8, e80000. [CrossRef]

20. Ekelund, U.; Brown, W.J.; Steene-Johannessen, J.; Fagerland, M.W.; Owen, N.; Powell, K.E.; Bauman, A.E.; Lee, I.M. Do the
associations of sedentary behaviour with cardiovascular disease mortality and cancer mortality differ by physical activity level? A
systematic review and harmonised meta-analysis of data from 850 060 participants. Br. J. Sports Med. 2019, 53, 886–894. [CrossRef]

21. Patterson, R.; McNamara, E.; Tainio, M.; de Sá, T.H.; Smith, A.D.; Sharp, S.J.; Edwards, P.; Woodcock, J.; Brage, S.; Wijndaele, K.
Sedentary behaviour and risk of all-cause, cardiovascular and cancer mortality, and incident type 2 diabetes: A systematic review
and dose response meta-analysis. Eur. J. Epidemiol. 2018, 33, 811–829. [CrossRef] [PubMed]

http://doi.org/10.1038/ijo.2010.135
http://www.ncbi.nlm.nih.gov/pubmed/20644557
https://data.worldbank.org/indicator/SP.POP.TOTL.MA.IN?end=2016&locations=8S-BD&start=2016&view=bar&year_high_desc=false
https://data.worldbank.org/indicator/SP.POP.TOTL.MA.IN?end=2016&locations=8S-BD&start=2016&view=bar&year_high_desc=false
https://idf.org/aboutdiabetes/what-is-diabetes/facts-figures.html
https://idf.org/aboutdiabetes/what-is-diabetes/facts-figures.html
http://doi.org/10.1016/j.pcd.2010.08.002
http://www.ncbi.nlm.nih.gov/pubmed/20869934
http://doi.org/10.2337/dc12-0722
http://doi.org/10.2337/dc09-0573
http://www.ncbi.nlm.nih.gov/pubmed/19509010
http://doi.org/10.9778/cmajo.20130064
http://www.ncbi.nlm.nih.gov/pubmed/25295238
http://doi.org/10.1093/pubmed/fdh158
http://doi.org/10.1097/01.EDE.0000050369.88416.82
http://doi.org/10.1136/heart.89.6.681
http://doi.org/10.3390/nu5072708
http://www.ncbi.nlm.nih.gov/pubmed/23863826
http://doi.org/10.1007/s00125-006-0325-1
http://doi.org/10.1016/S2213-8587(15)00326-5
http://doi.org/10.1007/s00038-017-0947-8
http://doi.org/10.1186/s12966-017-0525-8
http://www.ncbi.nlm.nih.gov/pubmed/28599680
http://doi.org/10.1016/j.amepre.2019.04.015
http://www.ncbi.nlm.nih.gov/pubmed/31377090
http://doi.org/10.1371/journal.pone.0080000
http://doi.org/10.1136/bjsports-2017-098963
http://doi.org/10.1007/s10654-018-0380-1
http://www.ncbi.nlm.nih.gov/pubmed/29589226


Int. J. Environ. Res. Public Health 2021, 18, 9275 12 of 13

22. Wilmot, E.G.; Edwardson, C.L.; Achana, F.A.; Davies, M.J.; Gorely, T.; Gray, L.J.; Khunti, K.; Yates, T.; Biddle, S.J. Sedentary time
in adults and the association with diabetes, cardiovascular disease, and death: Systematic review and meta-analysis. Diabetologia
2012, 55, 2895–2905. [CrossRef] [PubMed]

23. Curry, W.B.; Thompson, J.L. Objectively measured physical activity and sedentary time in south Asian women: A cross-sectional
study. BMC Public Health 2014, 14, 1269. [CrossRef] [PubMed]

24. World Health Organisation (WHO). The WHO STEPwise Approach to NCD Risk Factor Surveillance (STEPS). Available online:
https://www.who.int/teams/noncommunicable-diseases/surveillance/data (accessed on 1 July 2021).

25. Atkin, A.J.; Gorely, T.; Clemes, S.A.; Yates, T.; Edwardson, C.; Brage, S.; Salmon, J.; Marshall, S.J.; Biddle, S.J. Methods of
measurement in epidemiology: Sedentary behaviour. Int. J. Epidemiol. 2012, 41, 1460–1471. [CrossRef]

26. Mahmood, B.; Tang, T.S.; Afshar, R.; Ashe, M.C. Objective measurement of physical activity and sedentary behavior among South
Asian adults: A systematic review. PLoS ONE 2020, 15, e0236573. [CrossRef] [PubMed]

27. Hart, T.L.; Ainsworth, B.E.; Tudor-Locke, C. Objective and subjective measures of sedentary behavior and physical activity. Med.
Sci. Sports Exerc. 2011, 43, 449–456. [CrossRef]

28. Moher, D.; Liberati, A.; Tetzlaff, J.; Altman, D.G. Prisma Group Preferred reporting items for systematic reviews and meta-analyses:
The PRISMA statement. PLoS Med. 2009, 6, e1000097. [CrossRef]

29. Biswas, A.; Oh, P.I.; Faulkner, G.E.; Bajaj, R.R.; Silver, M.A.; Mitchell, M.S.; Alter, D.A. Sedentary time and its association with risk
for disease incidence, mortality, and hospitalization in adults: A systematic review and meta-analysis. Ann. Intern. Med. 2015,
162, 123–132. [CrossRef]

30. Proper, K.I.; Singh, A.S.; Van Mechelen, W.; Chinapaw, M.J. Sedentary behaviors and health outcomes among adults: A systematic
review of prospective studies. Am. J. Prev. Med. 2011, 40, 174–182. [CrossRef]

31. Finch, T. Incremental calculation of weighted mean and variance. Univ. Camb. 2009, 4, 41–42.
32. Padmapriya, N.; Shen, L.; Soh, S.; Shen, Z.; Kwek, K.; Godfrey, K.M.; Gluckman, P.D.; Chong, Y.; Saw, S.; Müller-Riemenschneider,

F. Physical activity and sedentary behavior patterns before and during pregnancy in a multi-ethnic sample of Asian women in
Singapore. Matern. Child Health J. 2015, 19, 2523–2535. [CrossRef]

33. Uijtdewilligen, L.; Yin, J.D.; van der Ploeg, H.P.; Müller-Riemenschneider, F. Correlates of occupational, leisure and total sitting
time in working adults: Results from the Singapore multi-ethnic cohort. Int. J. Behav. Nutr. Phys. Act. 2017, 14, 169. [CrossRef]
[PubMed]

34. Yates, T.; Khunti, K.; Wilmot, E.G.; Brady, E.; Webb, D.; Srinivasan, B.; Henson, J.; Talbot, D.; Davies, M.J. Self-reported sitting
time and markers of inflammation, insulin resistance, and adiposity. Am. J. Prev. Med. 2012, 42, 1–7. [CrossRef] [PubMed]

35. Andersen, E.; Høstmark, A.T.; Lorentzen, C.; Anderssen, S.A. Low level of objectively measured physical activity and cardiorespi-
ratory fitness, and high prevalence of metabolic syndrome among Pakistani male immigrants in Oslo, Norway. Norsk Epidemiol.
2011, 20. Available online: https://doi.org/10.5324/nje.v20i2.1343 (accessed on 21 July 2020). [CrossRef]

36. Biddle, G.J.; Edwardson, C.L.; Rowlands, A.V.; Davies, M.J.; Bodicoat, D.H.; Hardeman, W.; Eborall, H.; Sutton, S.; Griffin, S.;
Khunti, K. Differences in objectively measured physical activity and sedentary behaviour between white Europeans and south
Asians recruited from primary care: Cross-sectional analysis of the PROPELS trial. BMC Public Health 2019, 19, 95. [CrossRef]

37. Castaneda-Gameros, D.; Redwood, S.; Thompson, J.L. Physical activity, sedentary time, and frailty in older migrant women from
ethnically diverse backgrounds: A mixed-methods study. J. Aging Phys. Act. 2018, 26, 194–203. [CrossRef] [PubMed]

38. Chu, A.H.; Ng, S.H.; Koh, D.; Müller-Riemenschneider, F. Domain-specific adult sedentary behaviour questionnaire (ASBQ) and
the GPAQ single-item question: A reliability and validity study in an Asian population. Int. J. Environ. Res. Public Health 2018, 15,
739. [CrossRef]

39. Emadian, A.; Thompson, J. A mixed-methods examination of physical activity and sedentary time in overweight and obese South
Asian men living in the United Kingdom. Int. J. Environ. Res. Public Health 2017, 14, 348. [CrossRef] [PubMed]

40. Gill, J.M.; Bhopal, R.; Douglas, A.; Wallia, S.; Bhopal, R.; Sheikh, A.; Forbes, J.F.; McKnight, J.; Sattar, N.; Murray, G.; et al. Sitting
time and waist circumference are associated with glycemia in U.K. South Asians: Data from 1228 adults screened for the PODOSA
trial. Diabetes Care 2011, 34, 1214–1218. [CrossRef]

41. Mathews, E.; Salvo, D.; Sarma, P.S.; Thankappan, K.R.; Pratt, M. Adapting and Validating the Global Physical Activity Question-
naire (GPAQ) for Trivandrum, India, 2013. Prev. Chronic Dis. 2016, 13, E53. [CrossRef]

42. Mumu, S.J.; Ali, L.; Barnett, A.; Merom, D. Validity of the global physical activity questionnaire (GPAQ) in Bangladesh. BMC
Public Health 2017, 17, 650. [CrossRef]

43. Sullivan, R.; Kinra, S.; Ekelund, U.; AV, B.; Vaz, M.; Kurpad, A.; Collier, T.; Srinath Reddy, K.; Prabhakaran, D.; Ben-Shlomo, Y.
Socio-demographic patterning of physical activity across migrant groups in India: Results from the Indian Migration Study. PLoS
ONE 2011, 6, e24898. [CrossRef]

44. Vaingankar, J.A.; Müller-Riemenschneider, F.; Chu, A.H.Y.; Subramaniam, M.; Tan, L.W.L.; Chong, S.A.; van Dam, R.M. Sleep
Duration, Sleep Quality and Physical Activity, but Not Sedentary Behaviour, Are Associated with Positive Mental Health in
a Multi-Ethnic Asian Population: A Cross-Sectional Evaluation. Int. J. Environ. Res. Public Health 2020, 17, 8489. [CrossRef]
[PubMed]

45. Chastin, S.F.; Schwarz, U.; Skelton, D.A. Development of a consensus taxonomy of sedentary behaviors (SIT): Report of Delphi
Round 1. PLoS ONE 2013, 8, e82313. [CrossRef] [PubMed]

http://doi.org/10.1007/s00125-012-2677-z
http://www.ncbi.nlm.nih.gov/pubmed/22890825
http://doi.org/10.1186/1471-2458-14-1269
http://www.ncbi.nlm.nih.gov/pubmed/25495589
https://www.who.int/teams/noncommunicable-diseases/surveillance/data
http://doi.org/10.1093/ije/dys118
http://doi.org/10.1371/journal.pone.0236573
http://www.ncbi.nlm.nih.gov/pubmed/32756595
http://doi.org/10.1249/MSS.0b013e3181ef5a93
http://doi.org/10.1371/journal.pmed.1000097
http://doi.org/10.7326/M14-1651
http://doi.org/10.1016/j.amepre.2010.10.015
http://doi.org/10.1007/s10995-015-1773-3
http://doi.org/10.1186/s12966-017-0626-4
http://www.ncbi.nlm.nih.gov/pubmed/29237471
http://doi.org/10.1016/j.amepre.2011.09.022
http://www.ncbi.nlm.nih.gov/pubmed/22176839
https://doi.org/10.5324/nje.v20i2.1343
http://doi.org/10.5324/nje.v20i2.1343
http://doi.org/10.1186/s12889-018-6341-5
http://doi.org/10.1123/japa.2016-0287
http://www.ncbi.nlm.nih.gov/pubmed/28605284
http://doi.org/10.3390/ijerph15040739
http://doi.org/10.3390/ijerph14040348
http://www.ncbi.nlm.nih.gov/pubmed/28346386
http://doi.org/10.2337/dc10-2313
http://doi.org/10.5888/pcd13.150528
http://doi.org/10.1186/s12889-017-4666-0
http://doi.org/10.1371/journal.pone.0024898
http://doi.org/10.3390/ijerph17228489
http://www.ncbi.nlm.nih.gov/pubmed/33207763
http://doi.org/10.1371/journal.pone.0082313
http://www.ncbi.nlm.nih.gov/pubmed/24312653


Int. J. Environ. Res. Public Health 2021, 18, 9275 13 of 13

46. Peterson, N.E.; Sirard, J.R.; Kulbok, P.A.; DeBoer, M.D.; Erickson, J.M. Validation of accelerometer thresholds and inclinometry for
measurement of sedentary behavior in young adult university students. Res. Nurs. Health 2015, 38, 492–499. [CrossRef] [PubMed]

47. Clemes, S.A.; David, B.M.; Zhao, Y.; Han, X.; Brown, W. Validity of Two Self-Report Measures of Sitting Time. J. Phys. Act. Health
2012, 9, 533–539. [CrossRef]

48. Chastin, S.; Culhane, B.; Dall, P. Comparison of self-reported measure of sitting time (IPAQ) with objective measurement
(activPAL). Physiol. Meas. 2014, 35, 2319. [CrossRef]

49. Prince, S.A.; Cardilli, L.; Reed, J.L.; Saunders, T.J.; Kite, C.; Douillette, K.; Fournier, K.; Buckley, J.P. A comparison of self-reported
and device measured sedentary behaviour in adults: A systematic review and meta-analysis. Int. J. Behav. Nutr. Phys. Act. 2020,
17, 1–17. [CrossRef] [PubMed]

50. Bennie, J.A.; Chau, J.Y.; van der Ploeg, H.P.; Stamatakis, E.; Do, A.; Bauman, A. The prevalence and correlates of sitting in
European adults-a comparison of 32 Eurobarometer-participating countries. Int. J. Behav. Nutri. Phys. Act. 2013, 10, 1–13.
[CrossRef] [PubMed]

51. Horne, M.; Tierney, S. What are the barriers and facilitators to exercise and physical activity uptake and adherence among South
Asian older adults: A systematic review of qualitative studies. Prev. Med. 2012, 55, 276–284. [CrossRef]

52. Curry, W.B.; Duda, J.L.; Thompson, J.L. Perceived and objectively measured physical activity and sedentary time among South
Asian women in the UK. Int. J. Environ. Res. Public Health 2015, 12, 3152–3173. [CrossRef]

53. Stockwell, S.; Trott, M.; Tully, M.; Shin, J.; Barnett, Y.; Butler, L.; McDermott, D.; Schuch, F.; Smith, L. Changes in physical activity
and sedentary behaviours from before to during the COVID-19 pandemic lockdown: A systematic review. BMJ Open Sport Exerc.
Med. 2021, 7, e000960. [CrossRef]

http://doi.org/10.1002/nur.21694
http://www.ncbi.nlm.nih.gov/pubmed/26444969
http://doi.org/10.1123/jpah.9.4.533
http://doi.org/10.1088/0967-3334/35/11/2319
http://doi.org/10.1186/s12966-020-00938-3
http://www.ncbi.nlm.nih.gov/pubmed/32131845
http://doi.org/10.1186/1479-5868-10-107
http://www.ncbi.nlm.nih.gov/pubmed/24020702
http://doi.org/10.1016/j.ypmed.2012.07.016
http://doi.org/10.3390/ijerph120303152
http://doi.org/10.1136/bmjsem-2020-000960

	Introduction 
	Materials and Methods 
	Design 
	Study Search and Selection 
	Data Extraction and Analysis 
	Risk of Bias and Study Appraisal 
	Synthesis of Results 

	Results 
	Study Characteristics 
	Study Quality 
	Sedentary Time Measurement Methods 
	Total Sedentary Time in South Asian Adults 

	Discussion 
	Conclusions 
	References

