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ABSTRACT
Background The cardiovascular disease (CVD) burden 
among South Asians is high. Lifestyle interventions have been 
effective in the primary prevention of CVD, but this has not 
been replicated, through a synthesis of randomised trials, in 
South Asians.
Methods Four electronic databases (MEDLINE, Embase, 
CENTRAL and CINAHL), two clinical trial registries and 
references of included articles were searched through 
June 2022 (featuring ≥90% South Asian participants). 
Random- effects pairwise meta- analyses were performed, 
and heterogeneity was quantified with the I2 statistic. The 
Grades of Recommendation, Assessment, Development, 
and Evaluation (GRADE) framework was used to report on 
the quality of evidence (International Prospective Register of 
Systematic Reviews registration (PROSPERO).
Results Thirty- five studies were included. Twelve tested 
diet and physical activity interventions; 18 tested diet alone; 
and 5 tested physical activity alone. All reported effects of the 
intervention(s) on at least one established risk factor for CVD, 
including blood pressure (systolic blood pressure (SBP), diastolic 
blood pressure (DBP) and blood lipids (high- density lipoprotein 
cholesterol (HDLc), low- density lipoprotein cholesterol (LDLc) or 
triglycerides). No trials reported clinical CVD. There is moderate- 
quality evidence that diet and physical activity interventions 
improve SBP (mean difference (MD) −2.72 mm Hg, 95% CI 
−4.11 to –1.33) and DBP (MD −1.53 mm Hg, 95% CI −2.57 to 
–0.48); high- quality to moderate- quality evidence that diet- only 
interventions improve DBP (MD −2.05 mm Hg, 95% CI −2.93 
to −1.16) and blood lipids (triglycerides (MD −0.10 mmol/L, 
95% CI −0.14 to −0.06) and LDLc (MD −0.19 mmol/L, 95% CI 
−0.32 to −0.06)); and moderate- quality evidence that physical 
activity- only interventions improve SBP (MD −9.7 mm Hg, 95% 
CI −11.05 to −8.35), DBP (MD −7.29 mm Hg, 95% CI −8.42 
to −6.16) and HDLc (MD 0.08 mmol/L, 95% CI 0.04 to 0.11) 
compared with usual care.
Conclusions Lifestyle interventions improve blood pressure 
and blood lipid profiles in adult South Asians at risk of CVD. 
Tailored interventions should be used to modify cardiovascular 
risk factors in this at- risk group.
PROSPERO registration number CRD42018090419.

INTRODUCTION
More people die worldwide from cardiovas-
cular disease (CVD) than from any other 

cause.1 South Asians (individuals originating 
from India, Pakistan, Bangladesh, Sri Lanka, 
Nepal and/or Bhutan) are quickly becoming 
one of the largest populations worldwide.2 
Currently, South Asians make up 24.8% of the 
world’s population.3 By 2025, it is expected 
that this will rise to 26.2% of the world’s 
population.3 In Western countries, the prev-
alence of CVD among South Asians is three 
to four times higher and more aggressive 
than non- South Asians due to earlier (<50 
years) development of cardiovascular risk 
factors such as abdominal adiposity, dyslip-
idaemia and dysglycaemia.4–9 Improving 
established cardiometabolic risk factors 
for CVD including abnormal lipid profiles, 
high blood pressure and type 2 diabetes 
early, which together account for over two- 
thirds of the population attributable risk of 
myocardial infarction (MI),10 may lower the 
burden of CVD, improve quality of life and 
reduce healthcare costs attributable to CVD. 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ This review is the first to compile evidence from 
randomised trials conducted to assess the effect of 
lifestyle interventions that include diet and/or phys-
ical activity components on cardiovascular risk in 
South Asians.

 ⇒ None of the included trials reported on any clinical 
endpoint of cardiovascular disease (CVD) (incidence 
of myocardial infarction or stroke). Whether lifestyle 
interventions can prevent clinical CVD in South 
Asians remains unclear.

 ⇒ There were not enough physical activity intervention 
studies to adequately assess the effect of that par-
ticular lifestyle intervention on cardiovascular risk in 
South Asians.

 ⇒ The diet- only interventions included in the review 
were variable in design and could have contrib-
uted to the unaccounted- for heterogeneity in the 
meta- analyses.
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According to the WHO, a healthy diet and regular phys-
ical activity can substantially reduce the risk of CVD, 
largely through modifying these risk factors.1 These strat-
egies will likely be beneficial in lowering the burden of 
CVD among South Asians.

Although pharmacological approaches are useful for 
patients, many individuals with cardiovascular risk factors 
prefer non- pharmacological approaches to CVD risk 
management.11 12 Interventions that improve diet and/
or increase physical activity are typically less expensive, 
improve individual well- being and are less likely to be 
associated with negative side effects compared with some 
drug therapies.11 13 Diet and physical activity interventions 
are effective in reducing cardiovascular risk factors (ie, 
diabetes) and CVD incidence.8 14–17 Canadian and Euro-
pean clinical guidelines propose healthy behavioural 
changes through diet and physical activity as the first 
line of treatment for individuals with cardiovascular risk 
factors.18 19

The effectiveness of diet and physical activity interven-
tions in improving cardiovascular health in the general 
population has been extensively reviewed,8 20–23 but no 
systematic reviews have assessed the effectiveness of such 
interventions in the South Asian population. There 
are several physiological, cultural and socioeconomic 
factors that may contribute to differences when assessing 
healthy active living interventions in ethnic populations 
compared with non- ethnic populations. For example, 
physiological measures such as body mass index (BMI) 
thresholds and waist circumference cut- offs are different 
for South Asians due to a differential body fat distribu-
tion.24–26 In addition, the dietary habits of South Asians 
are affected by cultural customs, beliefs, food availability 
and generational preferences.26 While beneficial effects 
of diet and physical activity interventions have been well 
documented, findings from studies conducted in non- 
South Asian populations must be replicated in such an 
ethnically diverse population, given the variable risk factor 
profiles and cultural context. In this review, we synthesise 
data from randomised controlled trials (RCTs) assessing 
the effect of diet and/or physical activity interventions 
on cardiovascular risk in adult South Asian populations. 
Our primary objective is to determine if dietary modifica-
tions, physical activity or a combination of both improves 
cardiovascular risk factors in randomised trials involving 
adult South Asians (International Prospective Register of 
Systematic Reviews registration ID: CRD42018090419).

METHODS
Search strategy and selection criteria
The authors worked with an experienced research 
librarian to develop subject- specific and keyword 
approaches to search strategies across all databases 
(online supplemental appendix 1). We searched four 
databases through June 2022 including MEDLINE, 
Embase, Cochrane Central Register of Controlled Trials 
(The Cochrane Library) and CINAHL. We also searched 

for ongoing or completed trials using the clinical trials 
registry platform (www.ClinicalTrials.gov) and the WHO 
International Clinical Trials Registry Platform Search 
Portal (http://apps.who.int/trialsearch/) and manually 
searched the references of included studies.

RCTs aimed at primary prevention of CVD of any dura-
tion, including cluster randomised and/or factorial 2×2 
designs, involving at least one diet and/or physical activity 
component, among adult (18 years or older) South Asians 
originating from India, Pakistan, Sri Lanka, Bangladesh, 
Bhutan and/or Nepal, regardless of their place of resi-
dence (including outside of South Asia), were eligible for 
this review. No language or publication status restrictions 
were applied. A native speaker or a professional trans-
lator would have been contacted if the search resulted 
in any non- English papers. The comparator was defined 
as no intervention or usual diet/physical activity advice 
through leaflets, websites or other modes of communi-
cation. Eligible studies must have reported one or more 
of the following outcomes: incidence of MI (fatal and/or 
non- fatal), incidence of stroke (fatal and/or non- fatal), 
blood lipids (low- density lipoprotein cholesterol (LDLc, 
mmol/L), high- density lipoprotein cholesterol (HDLc, 
mmol/L), non- HDLc (mmol/L, if reported directly), 
triglycerides (mmol/L), blood pressure (systolic blood 
pressure (SBP) and diastolic blood pressure (DBP) (mm 
Hg)), hypertension (dichotomous, reported as n (%) 
based on a threshold of 140/90 mm Hg), visceral adipose 
tissue volume (cm3, MRI or CT reported) and incidence 
of type 2 diabetes (self- reported, n (%)). However, since 
no important CVD clinical endpoints were reported in 
the trials included, additional data on BMI (kg/m2), 
weight (kg), waist circumference (cm), homeostatic 
model assessment of insulin resistance (HOMA- IR), 
fasting plasma glucose (FPG, mmol/L) and insulin sensi-
tivity (IS) were also extracted to better understand the 
effects of diet and/or physical activity interventions on 
cardiovascular risk. Studies of secondary prevention (ie, 
in populations that had experienced a prior CVD event 
such as a MI, stroke, coronary heart disease, etc) and 
studies in which <90% of the sample were South Asians 
were excluded (tables 1 and 2).

Study selection and data extraction
Two review authors (JL and MA) independently reviewed 
studies in duplicate at the title and abstract screening 
stage using Distiller SR (Evidence Partners, Ottawa, 
Canada).27 The authors (JL and MA) resolved conflicts 
internally on discussion and consulted a senior author 
(RJdS) to resolve any discrepancies. Once the full- text 
articles were identified, two review authors (JL, working 
with either MA or BJK) independently and in duplicate 
screened full- text of studies for inclusion, again using 
Distiller SR, with discrepancies resolved by consensus or 
discussion with a third author (RJdS). There was excel-
lent agreement between the screeners (kappa=0.95).

The authors (JL, working with either MA or BJK) inde-
pendently and in duplicate extracted information on 

https://dx.doi.org/10.1136/bmjopen-2021-059666
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study design, focus of intervention, study setting, unit of 
randomisation, unit of analysis, sample ethnicity, sample 
size, mean age, age range, sex (% female), baseline health 
status, intervention, comparator, and main and addi-
tional outcomes onto a piloted extraction form. Where 
necessary, study investigators were contacted via email to 
obtain further data if such data were not reported in the 
published paper. The primary author (JL) transferred the 
extracted data into a review manager (RevMan V.5.3)28 
file, and both MA and BJK independently verified the 
fidelity of the transfer.

Patient and public involvement
No patients or members of the public were included in 
the design, conduct, reporting or dissemination of this 
work.

Statistical analysis
Data for meta- analyses were prepared based on the 
Cochrane Handbook for Systematic Reviews.29 For contin-
uous outcomes, postintervention scores were used to 
calculate the mean differences (MDs), along with 95% 
CIs. However, within- group change scores were used in 

Table 1 PICO question

PICO criteria Definition

Population Adult (18 years or older) South Asians originating from India, Pakistan, Sri Lanka, Bangladesh, Bhutan and/or 
Nepal, regardless of their place of residence

Intervention Lifestyle interventions that target either a diet or a physical exercise component through a multimedia or a 
behavioural support strategy

Comparator Routine/standard care

Outcome Cardiovascular outcomes including incidence of myocardial infarction (fatal and/or non- fatal), incidence of 
stroke (fatal and/or non- fatal), blood lipids (LDLc (mmol/L), HDLc (mmol/L), non- HDLc (mmol/L if reported 
directly) and triglycerides (mmol/L)), blood pressure (SBP and DBP (mm Hg)), hypertension (dichotomous, 
reported as n (%) based on a threshold of 140/90 mm Hg), visceral adipose tissue volume (cm3, MRI or CT 
reported) and incidence of type 2 diabetes self- reported, n (%))

DBP, diastolic blood pressure; HDLc, high- density lipoprotein cholesterol; LDLc, low- density lipoprotein cholesterol; SBP, systolic blood 
pressure.

Table 2 Study Inclusion/exclusion criteria

Inclusion criteria Exclusion criteria

Human studies Study assesses primary 
prevention of diabetes, obesity or 
metabolic syndrome

Study assesses primary prevention of CVD and risk reduction in patients without any 
history of CVD

Minimum age restriction less than 
18

Randomised controlled trials, both individual and cluster randomised and/or factorial 2×2 
designs

Active intervention as a 
comparator, or only one arm or no 
comparator

Adult (18 years or older) South Asians originating from India, Pakistan, Sri Lanka, 
Bangladesh, Bhutan and/or Nepal, regardless of their place of residence

Non- inert placebo

Lifestyle intervention must have one diet or physical exercise component or both combined Study includes a population that 
is not primarily South Asian (less 
than 90%)

Lifestyle interventions that have a multimedia component (eg, text messaging) or a 
behavioural component if it affects at least one of diet or a physical activity component 
change

Addresses at least one of the following: incidence of myocardial infarction (fatal and/
or non- fatal), incidence of stroke (fatal and/or non- fatal), blood lipids (LDLc (mmol/L), 
HDLc (mmol/L), non- HDLc (mmol/L, if reported directly) and triglycerides (mmol/L)), blood 
pressure (SBP and DBP (mm Hg)), hypertension (dichotomous, reported as n (%) based on 
a threshold of 140/90 mm Hg), visceral adipose tissue volume (cm3, MRI or CT reported) 
and incidence of type 2 diabetes (self- reported, n (%))

CVD, cardiovascular disease; DBP, diastolic blood pressure; HDLc, high- density lipoprotein; LDLc, low- density lipoprotein; SBP, systolic 
blood pressure.
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cases where the statistical treatment of postintervention 
scores did not accurately represent the true treatment 
effect reported in the original publication, using the 
analytical plan (eg, analysis of covariance). For dichoto-
mous outcomes, relative risk (RR) estimates with 95% CIs 
were used. To help provide clinical context and aid in our 
quality of evidence assessment, we established minimally 
important differences (MIDs) for each risk factor that was 
affected by the intervention.

The authors encountered two main unit of analysis 
issues: (1) multiple intervention arms and 2) cluster 
randomised trials. For one of the studies with multiple 
trial arms/intervention groups,30 data from the trial arm 
judged to be the most relevant to the review authors’ defi-
nition of ‘lifestyle (diet and/or physical activity) inter-
ventions’ in the pairwise comparison (meta- analysis) 
were used because each trial arm had a unique group 
of participants allocated to it.31 For the other two studies 
with multiple trial arms,32 33 the effects of the two exercise 
arms were different from each other for many outcomes, 
so rather than combining the groups into a single pair-
wise comparison versus control, the control group was 
split into half. This was preferable to combining two 
heterogenous activity arms. Cluster randomised trials 
were also assessed based on Cochrane guidelines.31 Most 
included cluster randomised trials reported individual 
participant data,30 34–39 adjusted for the clustering effect, 
which made it possible to use directly in the authors’ 
meta- analyses. Generic inverse variance meta- analysis was 
conducted for one of the cluster trials which reported 
effect estimates adjusted for clustering but not individual 
participant data.40 No ongoing studies that have not 
published/provided results were included in the review. 
The RevMan calculator28 was used to calculate SD, SEs 
or 95% CIs, where necessary. Where these data were not 
available, values were imputed based on recommenda-
tions made by the Cochrane Handbook,31 such as imputing 
missing SDs for an included study based on SDs from 
other similarly powered included studies reporting that 
same outcome.

Where at least two studies were available, Dersimonian 
and Laird random- effects meta- analyses were performed 
in RevMan V.5.3.28 The review authors used the random- 
effects model based on prior assumptions of variability 
across the studies. A fixed- effects model was conducted 
when fewer than five studies were combined in a meta- 
analysis because the estimated SD of underlying true 
effects across studies (tau) cannot be reliably estimated 
when the number of studies is small.41 For each meta- 
analysis, the Cochrane’s Q and the I2 statistic were used 
to detect and quantify heterogeneity, respectively. If the 
I2 statistic was more than 50% and the p value for the χ2 
test was <0.05, the studies were judged to have substan-
tial heterogeneity between them.42 Overlaps between CIs 
of effect estimates were also considered to further assess 
clinical heterogeneity between trials. Lastly, a funnel plot 
was created to assess the small study reporting bias when 
there were 10 or more trials reporting on an outcome. 

The funnel plot was examined using Egger’s test to ascer-
tain if there was any publication bias.

Assessment of risk of bias (ROB) of included studies
Two review authors (JL, working with either MA or 
BJK) independently assessed study ROB on each of the 
following domains: random sequence generation, allo-
cation concealment, blinding of participants, personnel 
and outcome assessors, the proportion of missing 
outcome data, and whether there was selective reporting 
of outcomes using the Cochrane Handbook for Systematic 
Reviews29 (online supplemental appendix 2).

Subgroup analyses
The authors stratified the pooled effects by the type of 
intervention to evaluate whether the effect differed 
between (1) combined diet and physical activity versus 
usual care interventions, (2) diet- only versus usual care 
interventions and (3) physical activity only versus usual 
care interventions. Initially, several subgroup analyses 
were planned to discern if the effects of the interven-
tions varied across sex (male vs female), age (over 65 
vs under 65), nationality, immigration status (SA living 
in South Asia vs SA living abroad), baseline risk factors 
(none vs some) and medication use (no drugs vs some 
drug use). However, subgroup analyses were only under-
taken for outcomes that were reported by more than 10 
studies to ensure adequate power within each subgroup.41 
In addition, three sensitivity analyses were carried out: 
(1) excluding studies that were judged to be of high 
risk based on ROB domains; (2) excluding studies that 
reported values that were likely erroneously reported (eg, 
triglyceride levels of 0.8 mmol/L in baseline interven-
tion compared with 4.98 mmol/L in the baseline control 
group)43; and (3) excluding studies led by an author (RB 
Singh), which have had a letter of concern published 
questioning the veracity of data collection, but no formal 
retraction being issued.44 45

Assessment of the quality of evidence
The quality of evidence presented in this review was eval-
uated using GRADE.46 Two review authors (JL, working 
with MA or BJK) evaluated the evidence based on ROB, 
inconsistency, indirectness, imprecision and publication 
bias for all outcomes reported in the meta- analyses. The 
following were considered to be MIDs, based on literature: 
HDLc=minimum of 10% increase,47 LDLc=0.28 mmol/L,48 
triglycerides=0.90 mmol/L,48 SBP=5 mm Hg,49 DBP=5 mm 
Hg,49 FPG=0.6 mmol/L,50 weight change=5–6 kg51 and 
BMI=2.3 units. A minimum important change of 2.3 units 
for BMI corresponds to a 13 lb weight loss, which would 
bring a 5 ft 5 inches South Asian person with an above ideal 
BMI (≥23) into the middle of the normal range (18.5–23.0).

RESULTS
An electronic search of the databases identified 34 eligible 
publications (reporting on 33 trials), and one additional 
study through a manual reference check of included 
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studies was found (figure 1 and online supplemental 
appendix 3). The main reasons for exclusion of the 158 
out of 193 full- text studies included the study not being 
an RCT (n=40, 25.3%) and studies not assessing primary 
prevention of CVD (n=35, 22.2%) (online supplemental 
appendix 4).

Of the 35 included studies (online supplemental table 
S1), 26 were parallel- arm RCTs,10 32 33 43–45 52–72 and 8 were 
cluster RCTs.30 34–40 Thirty- one studies were conducted in 
South Asian countries (20 in India, 5 in Pakistan, 3 in Nepal, 
2 in Sri Lanka and 1 in Bangladesh)30 32–40 43–45 53–60 62–64 66–72 
and 4 studies were conducted outside of Asia (1 in the 
USA and 3 in Canada).10 32 52 61 Most participants in the 
studies had at least one major risk factor for CVD such 
as diabetes,33 54 60 63 67–69 71 dyslipidaemia,43 55 64 hyperten-
sion,35 40 44 45 65 66 70 72 obesity53 57 or metabolic syndrome.36 56 
Eighteen studies assessed diet alone34 39 43–45 53–59 62 64 67–69 71; 
5 studies assessed physical activity alone32 33 60 65 72; and 
12 studies assessed a combination of diet and physical 
activity modifications.10 30 35–38 40 52 61 63 66 70 The compar-
ator in all of the trials was usual lifestyle/dietary advice, 
with the exception of three trials in which the comparator 
was no intervention.37 58 71 No studies reported on the 
incidence of fatal or non- fatal MI and/or stroke. Twenty 
studies reported on blood lipids (HDLc, LDLc and 
triglycerides)30 36 39 43–45 53–60 62 64 67–69 71; 26 studies reported on blood 
pressure (SBP and DBP)10 30 33–40 43–45 52–55 57 61 62 65–67 69 71 72; 3 
studies reported on hypertension10 52 63; 2 studies reported 
on visceral adipose tissue volume32 56; and 2 studies 

reported on the incidence of type 2 diabetes.10 52 No 
studies directly reported on non- HDLc.

Figures 2 and 3 present summary ROB assessments. 
A detailed ROB assessment for each study appears in 
online supplemental appendix 2. The domains for which 
the studies were judged to be at the lowest ROB were 
random sequence generation (70% low risk), blinding 
of outcome assessment (72% low risk) and incomplete 
outcome data across most of the outcomes (78% low 
risk), while the highest ROB was associated with blinding 
of participants and personnel across all outcomes (82% 
high risk). Blinding of participants and personnel is 
typically not feasible for complex, food- based diet and 
physical activity interventions. We identified the domain 
of selective reporting to have the highest proportion of 
unclear bias as we were unable to find relevant informa-
tion in registered protocols or other study- related sources 
(none of the authors we contacted for missing protocols 
provided any additional information). We present the 
GRADE assessment with reasons for downgrading in the 
‘summary of findings’ tables (tables 3–8), created using 
the GRADEpro Guideline Development Tool.73

Diet and physical activity interventions versus usual care
Blood pressure
Systolic blood pressure
Based on the pooled data from 12 studies (14 589 partic-
ipants), with an average follow- up length of 11 months 
(minimum (min)=3, maximum (max)=24) diet and phys-
ical activity interventions significantly reduce SBP (MD 
−2.72 mm Hg, 95% CI −4.11 to −1.33 mm Hg), compared 
with usual care (online supplemental appendix 5, eFigure 
1.1; ⊕⊕⊕◯, moderate). However, the upper bound of 
the CI, which is −4.11 mm Hg, still does not meet the MID 
of −5.0 mm Hg and therefore is not clinically significant. 
There is no significant funnel plot asymmetry (Egger’s 
p=0.34) (online supplemental appendix 5, eFigure 1.1b). 
The reported heterogeneity is high (I2=54%, p=0.01) 
after removing one study10 from the sensitivity analysis. 
There is no statistically significant heterogeneity between 
the subgroups of people taking medications and those 
who did not take any medications throughout the trials 
(I2=41.8%, p=0.19).

Figure 1 Study Preferred Reporting Items for Systematic 
Reviews and Meta- Analyses flow diagram.

Figure 2 ROB graph: review authors’ judgements about 
each ROB item presented as percentages across all included 
studies. ROB, risk of bias.
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Diastolic blood pressure
Based on the pooled data from 11 studies (14 527 partic-
ipants), with an average follow- up length of 11 months 
(min=3, max=24), diet and physical activity interven-
tions significantly reduce DBP (MD −1.53 mm Hg, 95% 
CI −2.57 to −1.01 mm Hg), compared with usual care 
(online supplemental appendix 5, eFigure 1.2; ⊕⊕◯◯, 
low). However, the upper bound of the CI, which is −2.57 
mm Hg, still does not meet the MID of −5.0 mm Hg and 
therefore is not clinically significant. There is significant 
funnel plot asymmetry (Egger’s p=0.013) (online supple-
mental eFigure 1.2b). The reported heterogeneity is high 

(I2=67%, p=0.0008) after removing one study10 from the 
sensitivity analysis. There is no statistically significant 
heterogeneity between the two subgroups of people 
taking medications and those who did not take any medi-
cations throughout the studies (I2=38.3%, p=0.20).

Hypertension
Based on the pooled data from two studies with low hetero-
geneity (I2=0%, p=0.84; 635 participants), and an average 
follow- up length of 7.5 (min=3, max- 12) months, there is 
no statistically significant difference in hypertension with 
provision of a combined diet and physical activity inter-
vention (RR=0.47, 95% CI 0.17 to 1.35) compared with 
usual care in this sensitivity analysis (online supplemental 
appendix 5, eFigure 1.3; ⊕⊕⊕◯, moderate).

Blood lipids
None of the 12 combined diet and physical activity inter-
ventions reported on any of the blood lipid parameters 
(HDLc, LDLc and triglycerides).

Incidence of type 2 diabetes
Based on the pooled data from two studies with low 
heterogeneity (I2=0%, p=0.40; 661 participants) and an 
average follow- up length of 9 (min=6, max=12) months, 
there is no statistically significant difference in the inci-
dence of type 2 diabetes with provision of a combined 
diet and physical activity intervention (RR=1.25, 95% CI 
0.39 to 4.06) compared with usual care (online supple-
mental appendix 5, eFigure 1.4; ⊕⊕⊕◯, moderate).

Additional outcomes
Diet and physical activity interventions significantly 
reduced BMI (MD −1.07 kg/m2, 95% CI −1.27 kg/m2 to 
−0.88 kg/m2) (online supplemental appendix 5, eFigure 
1.5; ⊕⊕⊕⊕, high; average follow- up length=8.25 
months (min=3, max=12)), weight (MD −2.70 kg, 95% 
CI −3.17 to −2.27 kg) (online supplemental appendix 5, 
eFigure 1.6; ⊕⊕⊕⊕, high; average follow- up length=10 
months (min=6, max=12)), waist circumference (MD 
−3.07 cm, 95% CI −5.15 to −0.98 cm) (online supple-
mental appendix 5, eFigure 1.7; ⊕⊕⊕◯, moderate; 
average follow- up length=8 months (min=6, max=12) 
and FPG levels (MD −0.77 mmol/L, 95% CI −1.2 to −0.35 
mmol/L) (online supplemental appendix 5, eFigure 1.8; 
⊕⊕⊕◯, moderate; average follow- up length: 9 months 
(min=6, max=12)), compared with usual care. The CI for 
FPG includes the MID (0.6 mmol/L). Therefore, we do 
not have enough evidence to say if it is clinically signifi-
cant. However, for the other additional outcomes, CIs lie 
to the right of the MIDs and therefore are not clinically 
significant. None of the trials reported on IS or insulin 
resistance (HOMA- IR).

Diet-only interventions versus usual care
Blood pressure
Systolic blood pressure
Based on the pooled data from eight studies (1495 partic-
ipants), with an average follow- up length of 4 months 

Figure 3 ROB summary: review authors’ judgements about 
each ROB item for each included study. ROB, risk of bias.
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(min=1, max=12), diet- only interventions do not signifi-
cantly reduce SBP (MD −1.25 mm Hg, 95% CI −2.66 to 
0.16 mm Hg), compared with usual care (online supple-
mental appendix 5, eFigure 2.1; ⊕⊕⊕⊕, high). The 
reported heterogeneity is not of concern (I2=0%, p=0.63) 
after removing two high ROB studies34 62 and two other 
studies (Singh et al44 45) with suspected incorrect data74 in 
this sensitivity analysis (online supplemental appendix 5, 
eFigure 2.1). There is no statistically significant hetero-
geneity between the two subgroups of people taking 
medications and those who did not take any medications 
throughout the studies (I2=0%, p=0.88).

Diastolic blood pressure
Based on the pooled data from eight studies (1495 partic-
ipants), with an average follow- up length of 4 months 
(min=1, max=12), diet- only interventions significantly 
reduce DBP (MD −2.05 mm Hg, 95% CI −2.93 to −1.16 

mm Hg), compared with usual care (online supplemental 
appendix 5, eFigure 2.2; ⊕⊕⊕⊕, high). However, the 
upper bound of the CI, which is −2.9 mm Hg, still does 
not meet the MID of −5.0 mm Hg and therefore is not 
clinically significant. The reported heterogeneity is not 
of concern (I2=0%, p=0.66) after removing the high- risk 
studies34 44 45 62 in this sensitivity analysis (online supple-
mental appendix 5, eFigure 2.2). There is no statistically 
significant heterogeneity between the two subgroups of 
people taking medications and those who did not take 
any medications throughout the studies (I2=0%, p=0.53).

Blood lipids
Triglycerides
Based on the pooled data from seven studies (1337 
participants), with an average follow- up length of 4 
months (min=1, max=6), there is a statistically signifi-
cant difference in triglyceride concentrations with the 

Table 3 Comparison 1: diet and physical activity versus usual care (main outcomes)

Outcomes

Anticipated absolute effects* (95% CI) Relative 
effect
(95% CI)

Participants, n
(studies)

Certainty of the 
evidence
(GRADE)Risk with usual care Risk with diet+physical

SBP (mm Hg) The mean SBP was 130.63 
mm Hg.

MD 2.72 mm Hg lower
(from 4.11 lower to 1.33 
lower)

– 14 589
(12 RCTs)

⊕⊕⊕◯
Moderate†

SBP (mm Hg), no 
medications

The mean SBP, no 
medications, was 127.4 mm 
Hg.

MD 1.72 mm Hg lower
(from 3.71 lower to 0.27 
higher)

– 11 715
(5 RCTs)

⊕⊕⊕⊕High

SBP (mm Hg), 
medications

The mean SBP, medications, 
was 133.86 mm Hg.

MD 3.61 mm Hg lower
(from 5.63 lower to 1.59 
lower)

– 2874
(7 RCTs)

⊕⊕⊕ ◯
Moderate‡

DBP (mm Hg) The mean DBP was 85.39 
mm Hg.

MD 1.53 mm Hg lower
(from 2.57 lower to 0.48 
lower)

– 14 527
(11 RCTs)

⊕⊕ ◯◯
Low§¶

DBP (mm Hg), no 
medications

The mean DBP, no 
medications, was 84.93 mm 
Hg.

MD 0.67 mm Hg lower
(from 2.36 lower to 1.01 
higher)

– 11 653
(4 RCTs)

⊕⊕⊕ ◯
Moderate**

DBP (mm Hg), 
medications

The mean DBP, medications, 
was 85.85 mm Hg.

MD 2.05 mm Hg lower
(from 3.35 lower to 0.75 
lower)

– 2874
(7 RCTs)

⊕⊕⊕ ◯
Moderate¶

Hypertension (yes/
no)

34 per 1000 16 per 1000
(6–46)

RR 0.47
(0.17–
1.35)

635
(2 RCTs)

⊕⊕⊕ ◯
Moderate‡‡

Incidence of 
diabetes (yes/no)

15 per 1000 18 per 1000
(6–60)

RR 1.25
(0.39–
4.06)

661
(2 RCTs)

⊕⊕⊕ ◯
Moderate‡‡

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative 
effect of the intervention (and its 95% CI).
*I2 statistic=54%, p=0.01, implying significant heterogeneity between studies without a lot of overlap in CIs.
†I2 statistic=58%, p=0.03, implying significant heterogeneity between studies without a lot of overlap in CIs.
‡I2 statistic=67%, p=0.0008, implying significant heterogeneity between studies without a lot of overlap in CIs.
§Egger’s test: p=0.013.
¶I2 statistic=61%, p=0.02, implying significant heterogeneity between studies without a lot of overlap in CIs.
**I2 statistic=69%, p=0.02, implying significant heterogeneity between studies without a lot of overlap in CIs.
††Optimal Information Size (OIS) not met.
CI, confidence interval; DBP, diastolic blood pressure; MD, mean difference; RCT, randomised controlled trial; RR, relative risk; SBP, systolic 
blood pressure.
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provision of diet only interventions (MD −0.12 mmol/L, 
95% CI −0.19 to −0.06 mmol/L), compared with usual 
care (online supplemental appendix 5, eFigure 2.3; 
⊕⊕⊕◯, moderate). However, the upper bound of the 
95% CI, −0.19 mmol/L, still does not meet the MID of 
0.90 mmol/L and therefore is not clinically significant. 
The reported heterogeneity is low (I2=50%, p=0.06) after 
removing three studies44 45 68 from the sensitivity analysis 
(online supplemental appendix 5, eFigure 2.3). There 
is statistically significant heterogeneity between the two 
subgroups of people taking medications and those who 
did not take any medications throughout the studies 
(I2=76.2%, p=0.04).

High-density lipoprotein cholesterol
Based on the pooled data from 10 studies (1620 partic-
ipants), with an average follow- up length of 3 months 
(min=1, max=6), there is no statistically significant 
difference in HDLc concentrations with the provision 
of diet- only interventions (MD 0.03 mmol/L, 95% CI 
−0.02 mmol/L to 0.07 mmol/L), compared with usual 
care (online supplemental appendix 5, eFigure 2.4; 
⊕⊕◯◯, low). There is significant heterogeneity (I2=84%, 
p=<0.001) and funnel plot asymmetry (Egger’s p=0.003) 
(online supplemental appendix 5, eFigure 2.4b) even 
after removing high ROB studies44 45 62 68 (online supple-
mental appendix 5, eFigure 2.4). There is no statistically 
significant heterogeneity between the two subgroups of 
people taking medications and those who did not take 
any medications throughout the trials (I2=0%, p=0.59).

Low-density lipoprotein cholesterol
Based on the pooled data from 11 trials (1701 partic-
ipants), with an average follow- up length of 3 months 
(min=1, max=6), diet- only interventions significantly 
lowered LDLc concentration (MD −0.19 mmol/L, 

95% CI −0.32 to −0.06 mmol/L), compared with 
usual care (online supplemental appendix 5, eFigure 
2.5; ⊕⊕◯◯, low). The CI for LDLc includes the MID 
(0.28 mmol/L).48 Therefore, we do not have enough 
evidence to say if it is clinically significant. There is 
significant funnel plot asymmetry (Egger’s p=0.03) 
(online supplemental appendix 5, eFigure 2.5b). The 
reported heterogeneity persists (I2=80%, p=<0.001) 
even after removing two high- risk studies62 68 (online 
supplemental appendix 5, eFigure 2.5). However, there 
is no statistically significant heterogeneity between the 
two subgroups of people taking medications and those 
who did not take any medications throughout the trials 
(I2=48.1%, p=0.17).

Additional outcomes
Diet- only interventions significantly reduce BMI (MD 
−0.39 kg/m2, 95% CI −0.64 to −0.14 kg/m2) (online 
supplemental appendix 5, eFigure 2.6; ⊕⊕⊕⊕, high), 
weight (MD −1.35 kg, 95% CI −2.38 to −0.32 kg) (online 
supplemental appendix 5, eFigure 2.7; ⊕⊕⊕◯, moderate; 
and FPG levels (MD −0.8 mmol/L; 95% CI −0.33 to −0.03 
mmol/L) (online supplemental appendix 5, eFigure 2.8; 
⊕⊕⊕◯, moderate), with an average length of follow- up 
being 3–4 months (min=1, max=6), compared with usual 
care. However, the upper bounds of the CIs for BMI, 
weight change or FPG still do not meet their MIDs and 
therefore are not clinically significant. Diet- only interven-
tions did not reduce waist circumference (online supple-
mental appendix 5, eFigure 2.9; ⊕⊕⊕⊕, high; average 
length of follow- up: 4 months, min=1, max=6) or insulin 
resistance (HOMA- IR) (online supplemental appendix 
5, eFigure 2.10; ⊕⊕⊕◯, moderate; average length 
of follow- up: 4 months, min=2, max- 6). There were no 
studies which reported on IS.

Table 4 Comparison 1: diet and physical activity interventions versus usual care (additional outcomes)

Outcomes

Anticipated absolute effects* (95% CI) Relative 
effect
(95% CI)

Participants, n
(studies)

Certainty of the 
evidence
(GRADE)Risk with usual care Risk with diet+physical

BMI (kg/m2) The mean BMI was 24.75 
kg/m2.

Mean 1.07 kg/m2 lower
(from 1.27 lower to 0.88 
lower)

– 871
(3 RCTs)

⊕⊕⊕⊕High

Weight change (kg) The mean weight was 70.45 
kg.

Mean 2.72 kg lower
(from 3.17 lower to 2.27 
lower)

– 814
(3 RCTs)

⊕⊕⊕⊕High

Waist circumference 
(cm)

The mean waist 
circumference was 94.43 
cm.

MD 3.07 cm lower
(from 5.15 lower to 0.98 
lower)

– 451
(3 RCTs)

⊕⊕⊕◯
Moderate†

FPG (mmol/L) The mean FPG was 6.55 
mmol/L.

MD 0.77 mmol/L lower
(from 1.2 lower to 0.35 
lower)

– 331
(2 RCTs)

⊕⊕⊕◯
Moderate†

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative 
effect of the intervention (and its 95% CI).
†OIS not met.
BMI, body mass index; CI, confidence interval; FPG, fasting plasma glucose; MD, mean difference; RCT, randomised controlled trial.
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Physical activity only versus usual care
Blood pressure
Systolic blood pressure

Based on the pooled data from two studies with low 
heterogeneity (I2  =18%, p=0.27; 103 participants), and 
an average follow- up length of 2 months (min=2, max=2), 

Table 5 Comparison 2: diet- only intervention versus usual care (main outcomes)

Outcomes

Anticipated absolute effects* (95% CI) Relative 
effect
(95% CI)

Participants, 
n
(studies)

Certainty of the 
evidence
(GRADE)Risk with usual care Risk with diet

Triglycerides 
(mmol/L)

The mean triglycerides was 
1.59 mmol/L.

MD 0.12 mmol/L lower
(0.10 lower to 0.06 lower)

– 1337
(7 RCTs)

⊕⊕⊕◯
Moderate†

Triglycerides 
(mmol/L), no 
medications

The mean triglycerides, 
no medications, was 1.57 
mmol/L.

MD 0.16 mmol/L lower
(0.24 lower to 0.08 lower)

– 1003
(5 RCTs)

⊕⊕⊕⊕High

Triglycerides 
(mmol/L) - 
medications

The mean triglycerides, 
medications, was 1.24 
mmol/L.

MD 0.01 mmol/L lower
(0.13 lower to 0.06 lower)

– 334
(2 RCTs)

⊕⊕⊕◯
Moderate‡

HDLc (mmol/L) The mean HDLc was 1.06 
mmol/L.

MD 0.03 mmol/L higher
(0.02 lower to 0.07 higher)

– 1620
(10 RCTs)

⊕⊕◯◯
Low§¶

HDLc (mmol/L), 
no medications

The mean HDLc, no 
medications, was 1.06 
mmol/L.

MD 0.02 mmol/L higher
(0.03 lower to 0.08 higher)

– 1286
(8 RCTs)

⊕⊕⊕◯
Moderate**

HDLc (mmol/L), 
medications

The mean HDLc, medications, 
was 0.54 mmol/L.

MD 0.04 mmol/L higher
(0.01 lower to 0.07 higher)

– 334
(2 RCTs)

⊕⊕⊕◯
Moderate‡

LDLc (mmol/L) The mean LDLc was 2.92 
mmol/L.

MD 0.19 mmol/L lower
(0.32 lower to 0.06 lower)

– 1701
(11 RCTs)

⊕⊕◯◯
Low††‡‡

LDLc, (mmol/L) 
no medications

The mean LDLc, no 
medications, was 3.13 
mmol/L.

MD 0.23 mmol/L lower
(0.37 lower to 0.08 lower)

– 1352
(9 RCTs)

⊕⊕⊕◯
Moderate††

LDLc (mmol/L), 
medications

The mean LDLc, medications, 
was 2.70 mmol/L.

MD 0.2 mmol/L lower
(0.3 lower to 0.34 higher)

– 334
(2 RCTs)

⊕⊕⊕◯
Moderate‡

SBP (mm Hg) The mean SBP was 129.54 
mm Hg.

MD 1.25 mm Hg lower
(2.66 lower to 0.16 higher)

– 1495
(8 RCTs)

⊕⊕⊕⊕High

SBP (mm Hg), 
no medications

The mean SBP, no 
medications, was 132.16 mm 
Hg.

MD 1.19 mm Hg lower
(2.78 lower to 0.39 higher)

– 1146
(6 RCTs)

⊕⊕⊕⊕High

SBP (mm Hg), 
medications

The mean SBP, medications 
was 126.92 mm Hg.

MD 1.47 mm Hg lower
(4.57 lower to 1.64 higher)

– 349
(2 RCTs)

⊕⊕⊕◯
Moderate‡

DBP (mm Hg) The mean DBP was 81.67 
mm Hg.

MD 2.05 mm Hg lower
(from 2.93 lower to 1.16 lower)

– 1495
(8 RCTs)

⊕⊕⊕⊕High

DBP (mm Hg), 
no medications

The mean DBP, no 
medications, was 82.34 mm 
Hg.

2.22 mm Hg lower
(from 3.26 lower to 1.19 lower)

– 1146
(6 RCTs)

⊕⊕⊕⊕High

DBP (mm Hg), 
medications

The mean DBP, medications, 
was 81 mm Hg.

MD 1.59 mm Hg lower
(from 3.27 lower to 0.1 higher)

– 349
(2 RCTs)

⊕⊕⊕◯
Moderate‡

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative 
effect of the intervention (and its 95% CI).
.I2 statistic for subgroup differences is 76.2%, (P=0.04), implying there is significant heterogeneity between the two subgroups of medication 
use
‡OIS is not met when high- risk studies are removed.
§I2 statistic =84%, p=<0.00001, implying significant heterogeneity between studies without a lot of overlap in CIs.
¶Egger’s test: p=0.003.
**I2 statistic =84%, p=<0.00001, implying significant heterogeneity between studies without a lot of overlap in CIs.
††I2 statistic =80%, p=<0.00001, implying significant heterogeneity between studies without a lot of overlap in CIs.
‡‡Egger’s test: p=0.03.
§§
CI, confidence interval; DBP, diastolic blood pressure; HDLc, high- density lipoprotein; LDLc, low- density lipoprotein; MD, mean difference; 
RCT, randomised controlled trial; SBP, systolic blood pressure.
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there is a statistically significant difference in SBP (MD 
−9.7 mm Hg; 95% CI −11.05 to −8.35 mm Hg), between 
the provision of a physical activity intervention and usual 
care (online supplemental appendix 5, eFigure 3.1 
⊕⊕⊕◯, moderate). The CI lies completely to the left of 
the MID (5 mm Hg) and is therefore clinically and statis-
tically significant.

Diastolic blood pressure
Based on the pooled data from two studies with low 
heterogeneity (I2=17%, p=0.27; 103 participants) and an 
average follow- up length of 2 months (min=2, max=2), 
there is a statistically significant difference in DBP (MD 
−7.29 mm Hg, 95% CI −8.42 to −6.16 mm Hg) between 
the provision of a physical activity intervention and usual 
care (online supplemental appendix 5, eFigure 3.2; 
⊕⊕⊕◯, moderate). The CI lies completely to the left of 
the MID (5 mm Hg) and is therefore clinically and statis-
tically significant.

Blood lipids
High-density lipoprotein cholesterol
Based on the pooled data from two studies with low 
heterogeneity (I2=0%, p=0.49; 183 participants), and an 

average follow- up length of 3 months (min=3, max=3), 
there is a statistically significant increase in HDLc (MD 
0.08 mmol/L, 95% CI 0.04 to 0.11 mmol/L) between 
the provision of a physical activity intervention and usual 
care (online supplemental appendix 5, eFigure 3.3; 
⊕⊕⊕◯, moderate). However, the CI includes the MID 
(a minimum 10% increase in HDLc). Therefore, we do 
not have enough evidence to suggest whether it is clini-
cally significant.

Low-density lipoprotein cholesterol
Based on the pooled data from two studies with low 
heterogeneity (I2=77%, p=0.01; 183 participants) and an 
average follow- up length of 3 months (min=3, max=3), 
there is no statistically significant difference in LDLc (MD 
−0.02 mmol/L; 95% CI −0.10 to 0.05 mmol/L) between 
the provision of a physical activity intervention and usual 
care (online supplemental appendix 5, eFigure 3.4; 
⊕⊕◯◯, low).

Additional outcomes
Physical activity only interventions did not reduce BMI, 
weight, waist circumference or FPG levels (online supple-
mental appendix 5, eFigures 3.5- 3.8; ⊕⊕⊕◯, moderate; 

Table 6 Comparison 2: diet- only intervention versus usual care (additional outcomes)

Outcomes

Anticipated absolute effects* (95% CI) Relative 
effect
(95% CI)

Participants, n
(studies)

Certainty of the 
evidence
(GRADE)Risk with usual care Risk with diet

BMI (kg/m2) The mean BMI was 27.86 kg/
m2.

MD 0.39 kg/m2 lower
(from 0.64 lower to 0.14 
lower)

– 1415
(7 RCTs)

⊕⊕⊕⊕High

Weight change (kg) The mean weight was 73.37 
kg.

MD 1.35 kg lower
(from 2.38 lower to 0.32 
lower)

– 1563
(9 RCTs)

⊕⊕⊕◯
Moderate†

Weight change 
(kg), medications

The mean weight, 
medications was 70.00 kg.

MD 1.06 kg lower
(from 4.07 lower to 1.95 
higher)

– 349
(2 RCTs)

⊕◯◯◯
Very low‡§¶

Weight change 
(kg), no 
medications

The mean weight, no 
medications was 76.75 kg.

MD 0.74 kg lower
(from 1.22 lower to 0.26 
lower)

– 1154
(6 RCTs)

⊕⊕⊕⊕High

FPG (mmol/L) The mean FPG was 5.17 
mmol/L.

MD 0.18 mmol/L lower
(from 0.33 lower to 0.03 
lower)

– 1412
(7 RCTs)

⊕⊕⊕◯
Moderate†

Waist 
circumference (cm)

The mean waist 
circumference was 97.34 cm.

MD 0.25 cm lower
(from 0.82 lower to 0.31 
higher)

– 641
(5 RCTs)

⊕⊕⊕⊕High

HOMA- IR The mean HOMA- IR was 
4.70

MD 0.02 lower
(from 0.48 lower to 0.43 
higher)

– 371
(2 RCTs)

⊕⊕⊕◯
Moderate‡

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative 
effect of the intervention (and its 95% CI).
†Pavithran et al69 has a high ROB with some uncertainties in the assessment. ROB, risk of bias
‡OIS is not met when high- risk studies are removed.
§High ROB that possibly contributes to the inconsistency with I2 statistic = 81%,
¶I2 statistic = 81%, p=0.02, implying significant heterogeneity without a lot of overlap in CIs.
BMI, body mass index; CI, confidence interval; FPG, fasting plasma glucose; HOMA- IR, homeostatic model assessment of insulin resistance; 
MD, mean difference; RCT, randomised controlled trial; ROB, risk of bias.
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average length of follow- up: 3 months, min=3, max=3). 
There were no studies which reported on insulin resis-
tance (HOMA- IR) or IS in this review.

Other main outcomes
Visceral adipose tissue volume
In two studies (143 participants),32 56 there is no signif-
icant effect of diet or physical activity interventions on 
visceral adipose tissue volume (p=0.90 and p=0.35, respec-
tively) (⊕⊕⊕◯, moderate; average follow- up length of 
4.5 months; min=3, max=6).

DISCUSSION
In thirty- five studies assessing the effect of diet and/or 
physical activity interventions in adult South Asians at 
risk for CVD, combined diet and physical activity inter-
ventions (n=12) significantly lowered SBP and DBP, BMI, 
weight, waist circumference and FPG. Studies that used 
a diet only intervention approach (n=18) significantly 
lowered DBP, triglycerides, LDLc, BMI, weight and FPG 
levels. Studies which used a physical activity only inter-
vention (n=5) significantly lowered SBP and DBP and 

Table 7 Comparison 3: physical activity versus usual care (main outcomes)

Outcomes

Anticipated absolute effects* (95% CI) Relative 
effect
(95% CI)

Participants, n
(studies)

Certainty of the 
evidence
(GRADE)Risk with (usual care)

Risk with (physical 
activity)

SBP (mm Hg) The mean SBP was 145.8 mm 
Hg.

MD 9.7 mm Hg lower
(from 11.05 lower to 8.35 
lower)

– 103
(2 RCTs)

⊕⊕⊕◯
Moderate†

DBP (mm Hg) The mean DBP was 93.1 mm 
Hg.

MD 7.29 mm Hg lower
(from 8.42 lower to 6.16 
lower)

– 103
(2 RCTs)

⊕⊕⊕◯
Moderate†

HDLc (mmol/L) The mean HDL was 1.17 
mmol/L.

MD 0.08 mmol/L higher
(from 0.04 higher to 0.11 
higher)

– 183
(2 RCTs)

⊕⊕⊕◯
Moderate†

LDLc (mmol/L) The mean LDL was 2.73 
mmol/L

MD 0.02 mmol/L lower
(from 0.1 lower to 0.05 
higher)

– 183
(2 RCTs)

⊕⊕◯◯
Low†‡

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative 
effect of the intervention (and its 95% CI).
†OIS not met.
‡I2statistitc =77%, p=0.01, implying significant heterogeneity between studies without a lot of overlap in CIs.
CI, confidence interval; DBP, diastolic blood pressure; HDLc, high- density lipoprotein; LDLc, low- density lipoprotein; MD, mean difference; 
RCT, randomised condtrolled trial; SBP, systolic blood pressure.

Table 8 Comparison 3: physical activity versus usual care (additional outcomes)

Outcomes

Anticipated absolute effects* (95% CI) Relative 
effect
(95% CI)

Participants, 
n
(studies)

Certainty of the 
evidence
(GRADE)Risk with (usual care)

Risk with (physical 
activity)

Weight change (kg) The mean weight was 
68.25 kg.

MD 0.43 kg higher
(from 0.82 lower to 1.68 
higher)

– 161
(2 RCTs)

⊕⊕⊕◯
Moderate†

BMI (kg/m2) The mean BMI was 27.0 
kg/m2.

MD 0.14 kg/m2 lower
(from 0.63 lower to 0.36 
higher)

– 161
(2 RCTs)

⊕⊕⊕◯
Moderate†

Waist circumference 
(cm)

The mean waist 
circumference was 90.75 
cm.

MD 0.2 cm lower
(from 1.03 lower to 0.63 
higher)

– 161
(2 RCTs)

⊕⊕⊕◯
Moderate†

FPG (mmol/L) The mean FPG was 6.36 
mmol/L.

MD 0.06 mmol/L higher
(from 0.09 lower to 0.22 
higher)

– 161
(2 RCTs)

⊕⊕⊕◯
Moderate†

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative 
effect of the intervention (and its 95% CI).
†OIS not met.
BMI, body mass index; CI, confidence interval; FPG, fasting plasma glucose; MD, mean difference; RCT, randomised controlled trial.
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increased HDLc. The quality of evidence was moderate 
overall. However, improvements were of very modest 
effect size and were not clinically significant for the most 
part. Nonetheless, the results of the review suggest that 
diet and/or physical activity interventions likely result in 
a slight improvement in cardiovascular risk in adult South 
Asians.75

Findings from two recent systematic reviews that assessed 
the effects of diet and/or physical activity interventions 
on cardiovascular risk in non- South Asian adults without 
glucose impairment4 and in a population at increased risk29 
are comparable to our study. Zhang et al8 reviewed 79 studies, 
of which at least 21 studies used a combined diet and phys-
ical activity intervention, and showed that combined diet 
and physical activity interventions significantly improved all 
blood lipid (HDLc (0.03 mmol/L, 95% CI −0.01 to 0.04), 
LDLc (−0.09 mmol/L, 95% CI −0.13 to −0.04), triglycerides 
(−0.08 mmol/L, 95% CI −0.14 to −0.03) and blood pressure 
outcomes (SBP (−2.16 mm Hg, 95% CI −2.9 to −1.39) and 
DBP (−1.83 mm Hg, 95% CI −2.34 to −1.31)). Sisti et al76 
reviewed 36 studies administering a multifactorial interven-
tion consisting of individual counselling and found that the 
intervention significantly improved blood lipid concentra-
tions (LDLc (−0.21 mmol/L, 95% CI −0.36 to −0.05), blood 
pressure (SBP (−3.34 mm Hg, 95% CI −4.70 to −1.97) and 
DBP (−2.98 mm Hg, 95% CI −4.15 to −1.81)), similar to our 
study.

Most of the studies included in this review (n=31, 88.6%) 
were conducted within South Asia. Three of the four trials 
conducted outside South Asia assessed the effects of a 
combined diet and physical activity intervention on cardio-
vascular risk (38% of the eight trials that assessed this), while 
the fourth trial assessed the effects of a physical activity inter-
vention only on a cardiovascular risk factor (33% of the 
three trials that assessed this). The results of the four trials 
conducted outside South Asia were consistent with the inter-
ventions on cardiovascular risk conducted within South Asia. 
In both locations, no effects were observed. However, our 
findings related to the effects of diet and/or physical activity 
interventions on cardiovascular risk are largely based on a 
homogeneous South Asian population residing in India and 
Pakistan. Thus, the generalisability of our findings to South 
Asian populations living outside of the Indian subcontinent 
is limited. In addition, most of the studies (n=31, 88.6%) 
were conducted within the last decade. Thus, the risk of 
temporality affecting the baseline risk and the relationship 
being assessed in this review is minimal.

Moreover, the included diet- only trials assessed very diverse 
nutrition interventions: a lower- carbohydrate diet (n=6 trials, 
677 participants), a low sodium ratio (n=2 trials, 1818 partic-
ipants), a lower saturated- fat diet (n=1 trial, 66 participants) 
or supplementing a regular diet with a single food such as 
oats, flaxseed, wheatgrass, guava, honey, high protein, high- 
fibre supplement and/or Aegle marmelos leaf juice (n=8 trials, 
661 participants). The blood pressure- lowering and/or lipid 
profile- improving effect we see in our review may be due to 
the nutrient profiles of such foods (ie, foods higher in dietary 
protein, fibre, unsaturated fats and/or potassium). Many 

other reviews and clinical trials conducted in South Asians 
have shown favourable effects of similar diet modifications 
on reducing CVD risk. For example, Dixit et al77 showed that 
improving macronutrient quality, such as replacing refined 
carbohydrates like white rice with ancient grains such as 
brown rice, and adjusting macronutrient quantities (ie, 
lower carbohydrate intake) can improve risk factors for CVD 
such as blood lipid profiles and the onset of type 2 diabetes 
in South Asians, perhaps due to a combination of fibre, 
proteins, vitamins, phytochemicals and minerals found in 
grains. Kalita et al78 showed that incorporating almonds in 
the diet improved blood lipid profiles of HDLc and LDLc in 
South Asians, attributing the beneficial effect to the healthy 
fatty acid composition of almonds that may prevent LDLc 
oxidation. One of the studies included in this review53 tested 
the effect of a low- carbohydrate, vegetarian diet, which has 
also been shown to be associated with fewer cardiometabolic 
risk factors in non- South Asian and South Asian populations. 
A study conducted by Jenkins et al in a predominantly non- 
South Asian population showed a remarkable improvement 
in lipid concentrations (lower LDLc levels: −8.1% (p=0.002) 
and reduced blood pressure (SBP −1.9% (p=0.052) and 
DBP: −2.4% (p=0.02)) in hyperlipidaemic patients given a 
low- carbohydrate, vegetarian diet.79 Similarly, according to 
the Mediators of Atherosclerosis in South Asians living in 
America prospective cohort study, vegetarians were more 
likely to have lower total cholesterol levels, LDLc levels, 
BMI and fasting glucose levels.80 The protective effects of 
a vegetarian diet appear to persist across rural and urban 
environments; in a study conducted in India, both rural and 
urban participants consuming a vegetarian diet (one- third 
of them) were found to have lower levels of total cholesterol, 
LDLc, triglycerides, FPG and DBP than meat eaters.81

Only five relatively small trials that assessed the impact of 
physical activity only on cardiovascular risk factors in South 
Asians were identified in this review. Interventions focused 
on physical activity alone improved SBP, DBP and HDLc. 
The American Heart Association and the American College 
of Cardiology have shown a modest amount of evidence 
supporting physical activity’s role in reducing the risk of 
CVD.82 According to Nystoriak and Bhatnagar,83 regular 
moderate to intense exercise can reduce SBP by 3.4 mm Hg 
and DBP by 2.4 mm Hg, while endurance training is associ-
ated with a particular increase in HDLc levels. This is similar 
to the findings of this review. A recommendation for physical 
activity in South Asians as an intervention to reduce cardio-
vascular risk seems appropriate.

Combined diet and physical activity interventions showed 
similar benefits in cardiovascular risk markers. A synergistic 
effect of combined diet plus physical activity interventions 
has been shown in other trials and reviews conducted in the 
more extensively studied non- South Asian populations.8 76 84 
For example, Gepner et al, found that during weight main-
tenance following weight loss on either a low- fat or a Medi-
terranean diet, the addition of exercise attenuated waist 
circumference rebound and the accompanying adverse 
changes in the lipid profile when the intervention ceased.84 
The addition of physical activity to weight loss diets may be of 
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particular benefit to South Asians, who have a propensity for 
visceral fat storage even with a normal BMI. The postulated 
mechanism of action and efficacy for such combined inter-
ventions likely does not differ across ethnicities because the 
underlying biology of atherosclerosis and subsequent CVD 
is similar across South Asian and non- South Asian popula-
tions.85 The added benefit of combined diet and physical 
activity interventions for cardiovascular risk factor manage-
ment is more strongly related to the synergistic effects of 
the interventions, than to baseline characteristics of a given 
population.8 Thus, even though South Asians may enter such 
studies with an increased risk factor burden compared with 
other groups, if their response to the intervention is typical, 
it is reasonable to expect a synergistic effect of combined diet 
and physical activity interventions in South Asians as well as 
any other population.

Furthermore, diet and physical activity in combination did 
not significantly reduce cardiovascular risk more than diet 
or physical activity interventions alone. The nature of the 
combined diet and physical activity interventions included 
in the review may have limited the large beneficial effects on 
cardiovascular risk factors often observed in other studies. 
Combined diet and physical activity interventions employed 
a multipronged approach to behavioural change. Eleven 
out of the 12 studies disseminated health messages either 
through a digital media platform (n=5) or through personnel 
(n=6), while the final study combined all such approaches in 
addition to administering behavioural change focused expe-
riential activities in a controlled setting. It is plausible that 
multicomponent interventions, with digital and personnel 
involvement, have low adherence rates, compared with rigor-
ously planned and delivered specific, targeted strategies (ie, 
making one small change in the diet or adding one compo-
nent of physical activity). Several other studies have provided 
support for an active approach to behavioural change that 
focuses on changing the environment of individuals, model-
ling behaviours, and constant feedback to be more effective 
and improve adherence rates among the population.86 87

An encouraging finding of this review is that the improve-
ment in CVD risk factors appears independent of baseline 
cardiovascular risk. In the 29 studies that enrolled partici-
pants at increased risk of CVD (eg, those with a diagnosis of 
metabolic syndrome, dyslipidaemia, obesity, diabetes and/
or hypertension), improvements in SBP, DBP, triglycerides, 
LDLc, BMI, weight and FPG were similar to those of the 
studies that did not enrol partipants at an increased risk. 
This is important because each of these risk factors inde-
pendently contributes to CVD development,88 89 so small 
improvements across several risk factors may prove to be 
beneficial. For example, a recent study found that a modest 
population- wide reduction of 1 mm Hg in SBP reduced the 
number of cardiovascular events, such as stroke, by 12.1 
(95% CI 7.9 to 16.3) and 4.8 (95% CI 2.9 to 6.6) per 100 
000 person- years in African Americans and white Europeans, 
respectively.90 Similarly, a 1 mmol reduction in LDLc for 5 
years can reduce the risk of CVD by 20% in middle- aged 
individuals.91 Thus, it seems reasonable to continue recom-
mending diet and physical activity interventions to reduce 

cardiovascular risk in South Asians by targeting multiple 
cardiovascular risk factors based on the positive evidence 
from large- scale behavioural modification trials such as the 
Diabetes Prevention Program85 and the Finnish trial.92

The strengths of this study include a comprehensive 
search strategy that included searching four major data-
bases, ongoing trial registrations and references of included 
studies, with the screening, data extraction, ROB assessment 
and GRADE all conducted independently and in duplicate. 
The inclusion/exclusion criteria for this review was broad 
enough to avoid a paucity of evidence but specific enough 
to answer the research question adequately. Attempts were 
made to contact study authors of trials that did not have 
published protocols available.

There are some limitations to this review. First, studies 
included in the review were primarily small, short- term 
studies. Not many long- term studies (>12 months) or trial 
data were evaluated, which makes the long- term effective-
ness and feasibility of diet and physical activity interventions 
to prevent CVD hard to assess through this review. Second, 
the unaccounted- for heterogeneity across diet- only studies 
may reflect heterogeneity of the strategies used by the diet- 
only interventions to modify dietary practices. While some 
trials focus on changing multiple aspects of a single diet 
including macronutrient ratios (such as low carbohydrate, 
low sodium and/or low saturated fat content), many of them 
administered a single nutrient (eg, oats, flaxseed powder, 
wheatgrass, guava and protein/fibre supplement), as an 
add- on and assessed its effectiveness in reducing cardiovas-
cular risk. The heterogeneity of the diet studies also makes 
it difficult to translate the findings of this review to clinical 
practice. However, another point to be made here is that 
when it comes to dietary changes, there is no one- size- fits- all 
strategy. Several dietary modifications may be effective at 
improving cardiovascular risk factors, which allows for flex-
ibility in dietary counselling. Finally, there is considerable 
unaccounted- for heterogeneity with regard to nationality 
and immigration status (most of the studies were conducted 
within South Asia, primarily in South Asians from India), 
baseline risk factors and length of trials in this review. The 
review authors were unable to conduct all the preplanned 
subgroup analyses due to a lack of data, limiting the general-
isability of our findings.

CONCLUSIONS
Lifestyle interventions improve blood pressure (SBP and 
DBP) and blood lipid (triglycerides, HDLc and LDLc) 
profiles in adult South Asians. These findings suggest 
that diet and/or physical activity interventions be actively 
promoted among the South Asian population in order to 
lower their cardiovascular risk.
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