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ABSTRACT
Objective: We investigate differences between White
and South Asian (SA) populations in levels of
objectively measured and self-reported physical
activity.
Design: Cross-sectional study.
Setting: Leicestershire, UK, 2010–2011.
Participants: Baseline data were pooled from two
diabetes prevention trials that recruited a total of 4282
participants from primary care with a high risk score
for type 2 diabetes. For this study, 2843 White (age=64
±8, female=37%) and 243 SA (age=58±9,
female=34%) participants had complete physical
activity data and were included in the analysis.
Outcome measures: Moderate-intensity to vigorousintensity physical activity (MVPA) and walking activity
were measured using the International Physical Activity
Questionnaire (IPAQ), and a combination of
piezoelectric pedometer (NL-800) and accelerometer
(Actigraph GT3X) were used to objectively measure
physical activity.
Results: Compared to White participants, SA
participants self-reported less MVPA (30 vs 51 min/
day; p<0.001) and walking activity (11 vs 17 min/day;
P=0.001). However, there was no difference in
objectively measured ambulatory activity (5992 steps/
day vs 6157 steps/day; p=0.75) or in time spent in
MVPA (18.0 vs 21.5 min/day; p=0.23). Results were
largely unaffected when adjusted for age, sex and
social deprivation. Compared to accelerometer data,
White participants overestimated their time in MVPA by
51 min/day and SA participants by 21 min/day.
Conclusions: SA and White groups undertook similar
levels of physical activity when measured objectively
despite self-reported estimates being around 40%
lower in the SA group. This emphasises the limitations
of comparing self-reported lifestyle measures across
different populations and ethnic groups.
Trial registration number: Reports baseline data
from: Walking Away from Type 2 Diabetes
(ISRCTN31392913) and Let’s Prevent Diabetes
(NCT00677937).

Strengths and limitations of this study
▪ Self-reported measures of physical activity have
numerous limitations, which may contribute to
reported differences between ethnic groups.
▪ Using data from two large studies, physical activity levels between South Asian (SA) populations
and the general population were similar when
using objective measures of movement.
▪ Despite the similarity between ethnic groups
with objective measures, large differences were
found with a commonly used self-reported
measure of physical activity where SA participants reported around 20 min less physical
activity per day than the general population.
▪ The major strength of this study is the use of
both objective and self-reported measures of
physical activity, which highlights how reliance
on self-report may exaggerate differences
between ethnic groups.
▪ The population included in this study was identified with a high risk of type 2 diabetes and there
was some missing data, which may act to limit
generalisability.

INTRODUCTION
In the UK and other industrialised countries,
individuals from South Asian (SA) populations are known to have substantially higher
rates of chronic disease, particularly type 2
diabetes
and
cardiovascular
disease.1
Differences in health behaviours, such as
physical activity, have been reported to be an
important determinant of this increased
risk.1 2 For example, SA and other minority
ethnic groups have consistently been shown
to undertake as little as half the amount of
daily physical activity as the majority White
population in the UK and USA.3–6 In the
UK, it has been estimated that differences in
self-reported physical activity between SA and
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METHODS
This study reports baseline data from the Walking Away
from Type 2 Diabetes and Let’s Prevent Diabetes trials.
Both studies are ongoing concurrently within primary
care, Leicestershire, UK. The design of both studies and
baseline proﬁle of recruited participants has been
described in detail previously.8–10 Both studies underwent National Health Service (NHS) ethical review;
written consent was obtained for each participant.
Walking Away: 833 adults were recruited from 10
general practices, 2010–2011.8 Individuals were included
on the basis of having a high risk of impaired glucose
regulation (IGR) (composite of impaired glucose tolerance and/or impaired fasting glycaemia) or undiagnosed type 2 diabetes mellitus identiﬁed using a
modiﬁed version of the automated Leicester Risk Score,
speciﬁcally designed to be administered in primary
care.10 11 An automated platform using medical records
was used to rank individuals for diabetes risk using predeﬁned weighted variables (age, gender, body mass
index (BMI), family history of type 2 diabetes and use of
antihypertensive medication). Those scoring within the
90th centile in each practice were invited to attend a
screening visit and to take part in the study. All those
who were screened and did not have diabetes were
included in a randomised controlled trial testing the
effectiveness of a structured education programme
designed to promote increased walking activity.8
Let’s Prevent Diabetes: 3449 adults were recruited from
44 general practices, 2010–2011.9 As with Walking Away,
individuals were recruited on the basis of scoring within
the 90th centile of the automated Leicester Risk Score
(described above). Those conﬁrmed to have IGR were
invited to continue into a randomised controlled trial
testing the effectiveness of a structured education programme designed to promote increased walking activity,
a healthy diet and weight loss.
2

Ethnicity and social deprivation
In both studies, information on ethnicity was obtained
following an interview-administered protocol with a
healthcare professional. Participants classiﬁed themselves into 1 of 16 ethnic groups including White
(British, Irish or other), Asian or Asian British (Indian,
Pakistani, Bangladeshi or other), and Black or Black
British (Caribbean, African or any other Black background). Social deprivation was determined by assigning
an Index of Multiple Deprivation (IMD) score to the
participant’s resident area.12 IMD scores are publically
available continuous measures of compound social and
material deprivation that are calculated using a variety of
data including current income, employment, education
and housing.
Physical activity
International Physical Activity Questionnaire (IPAQ; both
studies)
Self-reported
total
moderate-intensity
to
vigorous-intensity physical activity (MVPA) and walking
activity were measured using the short past 7 days
self-administered format of IPAQ.13 IPAQ has been internationally validated, and measures the frequency and
duration of any walking, other moderate or vigorousintensity physical activity undertaken for more than
10 continuous minutes across all contexts (eg, work,
home and leisure) over a 7-day period.13 Total time in
MVPA per day was determined by summing weekly time
in walking, moderate-intensity and vigorous-intensity
activity, and dividing by 7.
Accelerometer (Walking Away only)
Participants were asked to wear a tri-axial accelerometer
(Actigraph GT3X, Florida, USA) on the right midaxillary line of the hip (attached via a waistband), for
seven consecutive days during waking hours. These
accelerometers translate raw accelerations into activity
counts. The accelerometers were initialised to record
activity in 15 s epochs. However, to allow for valid comparisons against the IPAQ, which assesses non-sporadic
activity, data were reintegrated into 60 s epochs.
Freedson cut-points were used to categorise MVPA
(≥1952 counts per minute).14 We also derived the time
spent in bouts of at least 10 min of MVPA; a 10 min bout
was deﬁned as 10 or more consecutive minutes above
the moderate intensity activity count threshold, with
allowance for interruptions of two 60 s epochs below the
moderate threshold. Total physical activity (movement)
was computed using accelerometer-deﬁned counts over
the full period of valid data collection. Similarly, ambulatory activity was measured using steps, which are also a
function on the GT3X accelerometer.
Non-wear time was deﬁned as a minimum of 60 min
of continuous zero counts, and days with at least
600 min wear time were considered valid. In order for
data to be included in the analysis, participants required
at least four valid days.15 Physical activity variables were
Yates T, et al. BMJ Open 2015;5:e006181. doi:10.1136/bmjopen-2014-006181
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White ethnic groups account for over 20% of the excess
risk of CHD mortality in the SA sample.2 However,
studies investigating ethnic-speciﬁc differences in physical activity have relied on self-reported measures of
behaviour, which are relatively easy and inexpensive to
administer. Self-reported measures of physical activity
have inherent limitations, which are likely to be exacerbated when used to compare health behaviour across
populations. For example, the way in which physical
activity is conceptualised and reported is likely to be
heavily inﬂuenced by cultural factors beyond total physical activity volume. Many of these limitations can be
overcome by employing objective measures of physical
activity, such as through the use of pedometers or accelerometers.7 The aim of this study was to investigate and
compare levels of self-reported and objectively assessed
physical activity in a White and SA group. In addition,
we investigated whether validity estimates for the selfreported measures differ across ethnic groups.

Open Access

Pedometer (Let’s Prevent only)
Piezoelectric pedometers with a 7-day memory (NL-800,
New-lifestyles, USA) were used to measure ambulatory
activity. New-lifestyles pedometers have been shown to
have excellent reliability and validity, and are more
accurate than spring-levered pedometers for use on
overweight and obese individuals.16 17 All participants
were ﬁtted with a pedometer ( placed on their trunk
along the right anterior axillary line) and instructed to
wear it during waking hours for seven consecutive days
and to keep a daily log of the time the instrument was
attached in the morning and taken-off in the evening.
At least three valid days of data were required; a valid
day constituted at least 10 h of wear time as assessed by
the pedometer log. It has been shown that the average
steps per day of any weekly 3-day combination are highly
correlated (r>0.8) with the average steps per day taken
over a full 7-day period;18 consequently, three or more
days of data provide an acceptable measure of habitual
walking activity.

analysis was conducted through a Poisson regression
model. Results were analysed for the full cohort and
stratiﬁed by sex. Stratiﬁed results are only reported for
the self-reported data and objectively measured ambulatory activity, given the small number of SA individuals
with accelerometer data in Walking Away.
The ability of IPAQ to accurately rank participants’
physical activity levels compared to objective measures
was assessed using Spearman correlation coefﬁcients.
The validity of IPAQ in the Walking Away study was
further assessed using Bland-Altman plots for the 1 and
10 min bout deﬁnitions of accelerometer derived MVPA.
All analyses were two-sided, p<0 0.05 was considered
signiﬁcant, and carried out on PASW Statistics V.18
(SPSS, http://www.spss.com). Analysis was conducted in
2012.
Sensitivity analysis
We investigate whether differences in self-reported activity between ethnic groups were maintained after those
reporting 0 min of MVPA/week were excluded; the
prevalence of zero MVPA could potentially be affected
by differences in the ability to understand the questionnaire. In addition, self-reported physical activity and
objectively measured ambulatory activity results were
stratiﬁed by study group in order to investigate whether
the same pattern of results occurred across both studies.

Data analysis
This study reports data on those identifying themselves
as White, Asian or Asian British; other ethnic groups
were not adequately represented and were excluded
from analysis. Asian or Asian British participants are
referred to as SA throughout. Only those with complete
physical activity data were included.
Given that the recruitment strategy and standard operating procedures were consistent across studies, IPAQ
data were combined. Furthermore, as the instruments
used to measure steps/day in Walking Away (accelerometer) and Let’s Prevent ( pedometer) both used piezoelectric technology and have been shown to have similar
high levels of accuracy in the measurement of steps
undertaken,19 in addition to the fact that the average
estimates were similar across studies (Walking Away
median=6324 steps/day (IQR=4501, 8441); Let’s Prevent
median=6099 steps per day (IQR=4342, 8159)), the
measure of ambulatory activity was also combined across
studies. This approach was followed with a sensitivity analysis (see below).
Differences in levels of physical activity between ethnic
groups were determined using independent T Tests;
Mann-Whitney tests were used for non-parametric variables. Linear regression models were used to assess
whether differences between ethnic groups were
affected when adjusted for basic demographic variables
(age, sex and social deprivation). As data for selfreported MVPA were highly skewed and remained so
after transformation techniques were applied, adjusted

RESULTS
Overall, 605 (73%) participants from Walking Away and
2481 (72%) participants from Let’s Prevent were classiﬁed as either White or SA, and had complete selfreported and valid objective measures of physical activity.
We report data for these White and SA participants with
complete physical activity data. In Walking Away, those
with missing data, and therefore excluded, were younger
(excluded=60.6±8.8 years, included=64.2±7.5 years) and
more likely to be SA (excluded=12%, included=7%);
however, there was no difference in sex or social deprivation between those with missing and those with complete data. For Let’s Prevent, those with missing data
were younger (excluded=62.3±8.7 years, included=63.7
±7.7 years), more likely to be female (excluded=42%,
included=37%) and from a SA background
(excluded=19%, included=8%), although there was no
difference in social deprivation.
The age, sex, level of social deprivation and BMI of
included participants from both studies are shown in
table 1.
Table 2 shows levels of different physical activity constructs across White and SA groups by self-reported and
objective measurements. Self-reported physical activity
was substantially different across ethnic groups, with SA
participants’ reporting levels of MVPA and walking activity around 35–40% lower than White participants
( p≤0.001 for both measures). In contrast, there were no
signiﬁcant differences between the two ethnic groups in
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reported as average daily values derived by dividing total
valid outputs by days worn.
A physical activity data analysis tool (ActiSCi, Suffolk,
UK) was used to derive wear time, apply cut-point activity categories and undertake reintegration of epoch
lengths (15–60 s).
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Variable

Walking Away
White (n=561)

Sex (female)
Age (years)
Social deprivation score
BMI (kg/m2)

195 (35)
64.7 (7.1)
12.5 (8.1, 21.2)
32.0 (5.0)

South Asian (n=44)

Let’s Prevent
White (n=2282)

South Asian (n=199)

15 (34)
58.1 (9.8)
22.6 (12.5, 29.3)
29.7 (4.6)

859 (38)
64.1 (7.4)
11.0 (7.0, 19.0)
32.2 (5.5)

68 (34)
58.5 (9.3)
24.0 (13.0, 34.0)
30.1 (5.9)

Categorical results as number (column percentage), continuous parametric results as mean (SD) and continuous non-parametric results as
median (IQR).
BMI, body mass index.

any of the physical activity constructs measured objectively, although differences in total number of MVPA
minutes neared signiﬁcance ( p=0.06). Differences in
self-reported MVPA and walking time remained when
stratiﬁed by sex (see online supplementary resource 1).
Objectively measured ambulatory activity was lower in SA
females (5252 steps/day; IQR 3927, 7241) compared to
White females (5626 steps/day; IQR 4064, 7503), there
was no ethnic difference in males (see online supplementary resource 1).
Table 3 shows the correlations between self-reported
and objectively measured physical activity stratiﬁed by
ethnic group. Correlation coefﬁcients ranged from weak
to moderate (ρ=0.17–0.50). Correlation coefﬁcients
tended to be stronger in SA participants compared to
White participants.
Figure 1 shows Bland-Altman plots, stratiﬁed by ethnic
group, for time spent in MVPA as assessed by IPAQ and
accelerometer measures from the Walking Away study.
Plots were completed for two accelerometer outputs:
total MVPA time and MVPA time accumulated in bouts
of at least 10 min. Regardless of the accelerometer
MVPA deﬁnition, participants tended to substantially
overestimate their MVPA time with self-report, although
the discrepancy between measures was lower in SA participants. Speciﬁcally, the median difference between
IPAQ and accelerometer total accumulated MVPA was
51 (10, 129) min/day for White participants and 21

(0, 63) min/day for SA participants; the corresponding
ﬁgures when using accelerometer MVPA time in at least
10 min bouts were 67 (22, 148) and 35 (10, 78) min/
day, respectively. All plots demonstrated strong proportional bias, with the difference between measures
increasing in proportion to the average level of physical
activity.

Sensitivity analysis
The difference in self-reported MVPA between White
and SA ethnic groups was maintained if those reporting
0 min were removed from the analysis; the median
(IQR) values were 77.0 (33, 154) and 51 (26, 120) min/
day for White and SA participants, respectively
( p<0.001).
Differences between ethnic groups in self-reported
MVPA and walking activity were similar across studies (in
all cases, SA participants reported levels of MVPA and
walking activity 35–55% lower than White participants,
(data not shown)). Levels of ambulatory activity for
White and SA participants in Walking Away (accelerometer measure) were 6344 (4560, 8474) steps/day and
5847 (4300, 7756) steps/day, respectively ( p=0.16 for difference). The same data for Let’s Prevent ( pedometer
measure) were: 6100 (4337, 8113) steps/day and 6025
(4351, 8514) steps/day, respectively ( p=0.28 for
difference).

Table 2 Self-reported and objectively assessed physical activity data, stratified by ethnic group

Variable

White

South Asian

Adjusted p value
Unadjusted (adjusted for age, sex
and social deprivation)
p value

Self-reported data
Walking (mins/day)*
17 (0, 60)
11 (0, 40)
0.001
Total MVPA (mins/day)*
51 (4, 124)
30 (0, 79)
<0.001
Objective data
Ambulatory activity (steps/day)*
6157 (4372, 8171) 5992 (4351, 8422) 0.75
Moderate to vigorous intensity (mins/day)† 21.5 (10.5, 41.6)
18.0 (7.5, 36.1)
0.23
Time in MVPA bouts (mins/week)†
28.0 (0, 101.2)
17.3 (0, 134.4)
0.54

<0.001
<0.001
0.15
0.06‡
0.80‡

Data as median (IQR).
*Data for the combined Walking Away and Let’s Prevent cohorts.
†Data available for the Walking Away study only.
‡Model additionally adjusted for accelerometer wear time.
MVPA, moderate-intensity to vigorous-intensity physical activity.
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Table 1 Participant characteristics
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White group
Self-reported MVPA (min/day)
Self-reported walking (min/day)
SA group
Self-reported MVPA (min/day)
Self-reported walking (min/day)

p Value

Accelerometer
derived MVPA
in at least 10 min
bouts (min/week)*

p Value

0.35
0.34

<0.001
<0.001

0.25
0.30

<0.001
<0.001

0.47
0.46

0.001
0.001

0.50
0.49

0.001
0.001

p Value

Accelerometer
derived total
MVPA (min/day)*

0.25
0.17

<0.001
<0.001

0.31
0.23

<0.001
<0.001

Ambulatory
activity
(steps/day)

*Data available for the walking away study only.
MVPA, moderate-intensity to vigorous-intensity physical activity.

DISCUSSION
This paper provides novel evidence showing that differences in self-reported levels of physical activity between
White and SA groups are less pronounced with objective

measurement. Speciﬁcally, while self-reported walking
and MVPA levels were around 35–40% lower in SA individuals compared to the majority White population, no
meaningful differences were observed in objectively

Figure 1 Bland Altman plots showing the mean bias and limits of agreement when comparing self-reported MVPA with
accelerometer derived total MVPA (graph A for White participants and C for South Asian participants) and MVPA accumulated in
at least 10 min bouts (graph B for White participants and graph D for South Asian participants). MVPA, moderate-intensity to
vigorous-intensity physical activity.
Yates T, et al. BMJ Open 2015;5:e006181. doi:10.1136/bmjopen-2014-006181
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Table 3 Correlation coefficients between self-reported and objectively assessed physical activity data, stratified by ethnic
group
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There are numerous reasons why spurious ethnic differences in levels of physical activity may be detected by
self-report. Physical activity questionnaires have tended
to be developed and validated in White populations,
which is a limitation, as factors inﬂuencing recall bias
are likely to vary across populations and ethnic groups.
For example, inter-cultural differences in how concepts
such as ‘moderate’ and ‘vigorous’ are interpreted, and
norms around the social acceptability or desirability of
undertaking purposeful physical activity have been
reported as factors that may contribute to differences in
how physical activity is self-reported.3 5 22 These factors
have the potential to distort investigations into selfreported differences between groups. This study, therefore, helps reinforce the major limitations and high
potential for erroneous conclusions when investigating
differences in self-reported health behaviour across
populations or ethnic groups.
This study also provides data for the validity of IPAQ in a
primary care-based White and SA population. While correlation coefﬁcients between IPAQ and objectively derived
estimates of physical activity were low-to-moderate across
both ethnic groups, they tended to be stronger for SA participants. Moreover, the degree of overestimating MVPA
with self-report was around 50% lower in the SA group.
Overall, our validity estimates are in agreement with other
studies, which have reported that IPAQ and other physical
activity questionnaires substantially overestimate levels of
MVPA and provide weak to moderate correlations with
objective criterion measures.23
This study has several strengths and limitations.
Strengths include the large primary care-based sample
and the fact that physical activity was measured using
the most widely utilised self-report and objective instruments within lifestyle research. There are several limitations, which may all act to limit generalisability,
including: the amount of missing data, particularly for
SA participants in the Let’s Prevent study; the relatively
small size of the SA cohort; the high-risk nature of the
included cohorts; and the fact that participants were
being recruited into a clinical trial. Nonetheless, differences in self-reported physical activity between ethnic
groups were consistent with previously published population level data in the UK.4 5 In addition, it is possible
that the degree of reactivity to wearing an accelerometer
for a week could have varied by ethnic group, potentially
masking any true difference in physical activity levels.
However, it is unlikely that this could account for the
large discrepancy in ethnic-speciﬁc ﬁndings between
self-reported and objectively measured activity levels.
In conclusion, this study found no, or small, differences between SA and White groups in objectively
assessed physical activity despite self-reported estimates
being 35–40% lower in the SA group. This ﬁnding casts
doubt on the reality of the substantial ethnic-speciﬁc differences in levels of physical activity that have been
reported with self-reported measures. The discrepancy
in ethnic comparisons derived with objective and self-
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measured ambulatory activity or MVPA in the combined
cohort, although small ethnic differences were observed
in objectively measured ambulatory activity for females,
with SA females being less active, when results were
stratiﬁed by sex. The lower levels of self-reported physical activity observed in SA participants showed better
agreement with objective estimates compared to White
participants who substantially over-estimated their activity
levels.
Numerous studies relying on self-reported instruments
have investigated differences in physical activity between
White and SA populations in the UK and elsewhere.3–5
These studies have overwhelmingly reported substantial,
clinically meaningful, ethnic-speciﬁc differences, consistent with the ﬁndings from this study.3 For example, a
2004 review of UK data identiﬁed 11 studies comparing
SAs to White Europeans;3 all reported lower levels of
physical activity within SA groups. More recent investigations based on large population-based samples have continued to support these ﬁndings.4 5
In contrast to self-report, there is a paucity of data
investigating ethnic-speciﬁc differences in physical activity
using objective measures in adults. However, although
there is a lack of studies that have directly investigated the
impact of self-reported and objectively measured physical
activity in the same cohort over the same time period,
emerging evidence from national survey data supports
ﬁndings from this study that ethnic differences are less
pronounced when objective measures are used. For
example, accelerometer data from the National Health
and Nutrition Examination Survey (NHANES) found no
difference in levels of MVPA between Black and White
participants;15 this was in contrast to earlier self-reported
data, which revealed meaningful differences in physical
activity levels between these ethnic groups.6 Similarly,
large population based samples from the UK, including
data from the Health Survey for England, have demonstrated that SA groups report 25–50% less activity than
White Europeans.3–5 However, Health Survey for
England data from 2008 found that ethnicity was not a
signiﬁcant predictor of objectively assessed ﬁtness.20
Therefore, there is increasing evidence that differences
in physical activity levels between ethnic groups may not
be meaningful when objective measures are employed.
The need for purposeful physical activity has been systematically engineered out of daily life in modern industrialised environments, therefore levels of physical
activity within the general population in the UK and
other industrialised countries are extremely low. For
example, when measured objectively, less than 5% of
the population undertake at least 30 min of MVPA, in
bouts of at least 10 min, on at least 5 days of the
week.20 21 Indeed, in the current study, participants
accumulated an average of less than 30 min per week of
MVPA in bouts of at least 10 min. Therefore, it is
implausible that some ethnic groups could accumulate
levels that are substantially lower than these already low
values.
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reported estimates of physical activity is a reminder of
the limitations of trying to meaningfully compare physical activity behaviours across populations and ethnic
groups with self-reported instruments, and suggests
future studies should only attempt these types of comparisons when objective measures are available.

