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Abstract

The risk of type 2 diabetes varies by ethnicity, but ethnic differences in response to diabetes prevention

interventions remain unclear. This systematic review and meta-analysis assessed ethnic differences in the

effects of lifestyle interventions on type 2 diabetes incidence, glycemic outcomes (fasting glucose, 2-h

glucose, HbA1c), anthropometric measures (weight, BMI, waist circumference) and lifestyle behaviours

(physical activity, energy intake, energy from fat, fiber intake). MEDLINE, EMBASE and other databases

were searched (to 15 June 2020) for randomized and non-randomized controlled trials on lifestyle

interventions (diet and/or physical activity) in adults at risk of type 2 diabetes. Ethnicity was categorized

into European, South Asian, East and Southeast Asian, Middle Eastern, Latin American and African groups.

Forty-four studies (18,722 participants) were included in meta-analyses. Overall, lifestyle interventions

resulted in significant improvement in diabetes incidence, glycemic outcomes, anthropometric measures,

physical activity and energy intake (all P<0.01). Significant subgroup differences by ethnicity were found

for 2-h glucose, weight, BMI and waist circumference (all P<0.05) but not for diabetes incidence, fasting

glucose, HbA1c and physical activity (all P>0.05). Few studies in non-European groups reported dietary

intake. Lifestyle interventions in different ethnic groups likely have similar effects in reducing incidence of

type 2 diabetes although this needs to be confirmed in further studies.

(207 words)
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Abbreviations
US, United States

BMI, body mass index

RCT, randomized controlled trial

CI, confidence interval
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ROBINS-I, Risk of Bias in Non-randomized Studies of Interventions
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Introduction

Type 2 diabetes is a global public health challenge 1 and its prevalence varies widely by ethnicity 2. In the

US, the prevalence of diagnosed diabetes ranges from 14.7% in American Indians/Alaska Natives to 7.5%

in white Americans 3. In Europe, people of Latin American, East and Southeast Asian, Sub-Saharan African,

Middle Eastern and North African, and South Asian origins are 1.3-3.7 times as likely to experience type 2

diabetes compared to white European populations 4. The mechanism underlying the different risks of type 2

diabetes by ethnicity involves a complex interplay of biological, behavioural, social, environmental and

healthcare system factors 2, 5. Studies have documented that African, Latin American and Asian groups have

greater insulin resistance independent of adiposity compared with people of European origin, accompanied

by augmented insulin secretion or impaired insulin secretion 2, 6, 7. The effect of body mass index (BMI) in

predicting incident diabetes also differs by ethnicity, which has been shown to be the greatest in Asian

populations who develop type 2 diabetes at a lower BMI characterized by excess visceral fat 8, 9. These

biological factors along with other contributors to the ethnic disparities in diabetes prevalence, such as

suboptimal diet, physical inactivity, smoking and poor healthcare access 2, 7, may contribute to the differential

responses to diabetes prevention interventions by ethnicity.

Large randomized trials have demonstrated that lifestyle modification can prevent or delay the onset of type

2 diabetes among high-risk individuals through weight management, increased physical activity and

improved diet 10-13. The US Diabetes Prevention Program examined the effects of lifestyle intervention in a

large sample of ethnically diverse individuals and found no significant differences by ethnicity on the

progression to type 2 diabetes 10, despite a significantly smaller weight loss among African-American women

compared to white Americans, Hispanic Americans and African-American men 14. Beyond this, evidence

from systematic reviews on ethnic differences in the intervention effects for diabetes prevention is scarce. A

systematic review 15 of 12 randomized controlled trials (RCTs) examined the effects of physical activity and

diet in individuals with prediabetes from two ethnic groups. This study found that the "predominantly white”

group had a better response to lifestyle intervention in reducing type 2 diabetes incidence (risk ratio 0.50,

95% confidence interval (CI) 0.43, 0.58) than the Asian group (risk ratio 0.68, 95%CI 0.56, 0.81; P=0.01),

while no significant differences by ethnicity were found for fasting glucose, 2-h glucose and all-cause

mortality. Another systematic review 16 of real-world studies showed a significant effect of lifestyle

intervention on type 2 diabetes incidence in the white/European group (odds ratio 0.65, 95%CI 0.48, 0.87)

but not in the Hispanic group (odds ratio 0.79, 95%CI 0.37, 1.67) with no data available on other ethnic

groups. Other systematic reviews focused on a specific ethnic group without comparisons with other ethnic

groups 17, 18. None of the existing meta-analyses has investigated the effect of ethnicity on lifestyle

behaviours 15-18 despite the key role of physical activity and diet in preventing type 2 diabetes 19. Thus, there

is a lack of a comprehensive comparison of the effects of lifestyle intervention for diabetes prevention across
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all ethnic groups on glycemic, anthropometric and lifestyle behaviour outcomes. Understanding ethnic

differences in response to lifestyle intervention for the prevention of type 2 diabetes is imperative to guide

future efforts to implement diabetes prevention programs.

Therefore, this systematic review and meta-analysis aimed to assess differences in the effects of lifestyle

intervention on type 2 diabetes incidence, glycemic outcomes, anthropometric measures and lifestyle

behaviours between various ethnic groups.

Methods

Data sources and searches

Relevant studies were identified from MEDLINE, EMBASE, Pubmed, CINAHL, PsycInfo, Cochrane

Central Register of Controlled Trials, Cochrane Pregnancy and Childbirth Group Trials Register, and EBM

Reviews including Cochrane Database of Systematic Reviews, ACP Journal Club, Database of Abstracts of

Reviews of Effects, Cochrane Methodology Register, Cochrane Clinical Answers, Health Technology

Assessment and NHS Economic Evaluation Database. All databases were searched up to 15 June 2020. The

search strategy included a combination of Medical Subject Headings (MeSH) and text words related to

diabetes prevention and lifestyle interventions (see Table S1). The International Clinical Trials Registry

Platform (http://apps.who.int/trialsearch/) was searched to identify relevant trials in 17 different international

registries. The reference lists from identified systematic reviews were also hand searched for additional

eligible studies. There was no language restriction and translations were obtained where possible. This

systematic review and meta-analysis were conducted in accordance with the Preferred Reporting Items for

Systematic Reviews and Meta-Analyses (PRISMA) 20. The protocol was prospectively registered on

PROSPERO (NO. CRD42020193503).

Study selection

RCTs and non-randomized controlled trials (non-RCTs) that compared lifestyle interventions (diet and/or

physical activity) with controls (usual care, placebo, no intervention or minimal intervention) and aimed at

preventing type 2 diabetes were included. To be eligible, studies had to include adults aged 18 years or older

identified as being at risk of type 2 diabetes (e.g. prediabetes, high BMI, history of gestational diabetes,

family history of diabetes, elevated diabetes risk score, metabolic syndrome), describe the ethnicity of the

participants and report at least one of the following outcomes by ethnicity: diabetes incidence, fasting

glucose, 2-h glucose during oral glucose tolerance test (OGTT), HbA1c, body weight, BMI, waist

circumference, physical activity, energy intake, energy from fat and fiber intake. The exclusion criteria

included participants who were diagnosed with type 1 or type 2 diabetes, pregnant, or taking medications

that would alter glycemic outcomes; interventions that did not involve diet or physical activity, or

interventions that combined lifestyle with medications, supplements or surgeries; controls that were more
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than usual care or minimal intervention (standard advice no more than once a year). All editorials, letters,

commentaries, conference abstracts, dissertations, study protocols and reviews were excluded. All titles,

abstracts and full texts were independently screened against the selection criteria for eligibility by two

reviewers from a pool of four researchers (M.C., G.G.U., S.S. and C.J.B.). Any discrepancy was resolved by

discussion or arbitration with a third reviewer (S.L.).

Data extraction

Study characteristics (study name, sample size, country, study population, follow-up length, intervention

characteristics), participant characteristics (ethnicity, age, gender, baseline BMI, baseline glycemic level)

and outcomes were extracted using a standardized form designed for this study. Primary outcomes included

type 2 diabetes incidence (defined as fasting glucose ≥7.0 mmol/l, and/or 2-h glucose ≥11.1 mmol/l during

OGTT, and/or HbA1c ≥6.5%, or clinical diagnosis by a physician), glycemic outcomes (fasting glucose

(mmol/l), 2-h glucose during OGTT (mmol/l), HbA1c (%)) and anthropometric measures (body weight (kg),

BMI (kg/m2), waist circumference (cm)). Secondary outcomes were lifestyle behaviours (physical activity

(steps/day, min/week, MET-min/week, or other exercise measurements), energy intake (kcal/day), energy

from fat (%), fiber intake (g/day or g/1000 kcal)). For diabetes incidence, the number of diabetes cases at

the end of intervention was extracted. For continuous outcomes, mean changes from baseline to the end of

intervention or post-intervention means were extracted 21. Change-from-baseline values were preferred to

post-intervention values, when available. Authors were contacted for any missing information (e.g. study

design, baseline data, outcome data). Data on multiple lifestyle intervention groups in one single study were

combined as one intervention group where possible. If more than 80% of the study participants consisted of

a particular ethnic group and no ethnic-specific data was reported, the overall result was deemed as the

specific effect for the predominant ethnic group as in a previous systematic review 22. Data were

independently extracted by two reviewers from a pool of four researchers (M.C. G.G.U., S.S. and M.B.K.).

Any disagreements were resolved by discussion or arbitration with a third reviewer (S.L.).

Risk of bias assessment

The quality of RCTs and non-randomized controlled trials were appraised using the Revised Cochrane Risk

of Bias tool for Randomized Trials (RoB 2) 23 and the Risk of Bias in Non-randomized Studies of

Interventions (ROBINS-I) tool 24 respectively. The RoB 2 tool for individually randomized trials assesses

bias in five domains (the randomization process, deviations from intended interventions, missing outcome

data, measurement of the outcome, selection of the reported result), while for cluster-randomized trials, an

additional domain (bias arising from the timing of identification or recruitment of participants within clusters)

is included. The risk of bias for each domain of the RoB 2 tool was rated as low risk of bias, some concerns

or high risk of bias. The ROBINS-I tool covers seven domains of bias (confounding, selection of participants
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into the study, classification of interventions, deviations from intended interventions, missing data,

measurement of outcomes, selection of the reported result). The risk of bias for each domain of the ROBINS-

I tool was rated as low, moderate, serious or critical risk of bias, or no information. The overall risk of bias

of each study was judged based on all the bias domains in the tools. Each study was independently appraised

by two reviewers (M.C. and C.J.B.). Any discrepancy was resolved by discussion or arbitration with a third

reviewer (S.L.).

Category of ethnicity

Ethnicity is a multifaceted construct that refers to a grouping of people based on shared characteristics

including geographical and ancestral origins, cultural traditions, languages and religions 25. In health research,

ethnicity could be described by the study authors in several ways including race, ethnicity, name of the

population, region or country of origin, region or country of birth and cultural background by region 25. For

this review, the ethnicity of participants was extracted as described by the authors of the included studies

and subsequently categorized into one of the following six ethnic groups based on the World Bank regions
26: European (white, Caucasian, Dutch, Danish, Australia-born, cultural background of Europe, Australia and

New Zealand), South Asian (Indian, Bangladeshi, South Asian, South Asia-born), East and Southeast Asian

(Chinese, Japanese, Korean, Thai, Filipino, Malay), Middle Eastern (Arab, Jordanian, Jewish, Bedouin),

Latin American (Latino, Hispanic) and African (African American, cultural background of Africa) (Table 1).

No studies on Indigenous groups (defined by the authors as Indigenous, Aboriginal or Native peoples)

meeting the selection criteria were included in this review. If multi-ethnicities were included in one study

and no ethnic-specific data was reported, the predominant ethnicity comprising at least 80% of the

participants was used to define the ethnic group of the study as in a previous systematic review 22.

Data synthesis and analysis

Random-effects meta-analysis models adjusted by the Hartung-Knapp-Sidik-Jonkman method 27 were used

to pool the intervention effects. Dichotomous outcomes (diabetes incidence) were expressed as risk ratios

with 95% CIs using the DerSimonian-Laird estimator. Continuous outcomes were expressed as weighted

mean differences (MDs) (glycemic outcomes, anthropometric measures, energy intake, energy from fat) or

standardized mean differences (SMDs) (physical activity, fiber intake) with 95% CIs using the restricted

maximum-likelihood estimator 28. Subgroup analyses by ethnicity were conducted for each outcome to

examine the effect of ethnicity with its significance being tested using the Chi2 test. Effect sizes were visually

presented using the forest plots. Homogeneity between the studies was assessed with the I2 test where I2 >50%

indicates substantial heterogeneity 21. To further explore the sources of heterogeneity between studies,

subgroup analyses were also conducted on primary outcomes by age (<50 years or ≥50 years), gender

(female <60% or ≥60%), baseline BMI (<30 kg/m2 or ≥30 kg/m2), prediabetes status at inclusion, follow-up
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length (≤12 months or >12 months) and study design (RCT or non-RCT). Sensitivity analyses were

undertaken to explore the effect of risk of bias on the overall estimate of primary outcomes. Publication bias

was examined using the funnel plots and Egger’s test when 10 or more studies were present. A two-sided P

value <0.05 was considered statistically significant for all analyses. Analyses were performed using the meta

package in R version 4.0.3 (Free Software Foundation, Inc. 1991, 1999, Boston, US).

Results

Identified studies

The search identified 17,374 articles as shown in Figure 1. After removing duplicates, 9,489 abstracts and

titles were screened of which 744 were selected for full-text screening. Of these, 62 articles with 45 studies

were included in this systematic review and 44 studies in meta-analyses. One study 29 was excluded from

the meta-analysis due to insufficient data for analysis despite meeting inclusion criteria of reporting

outcomes by ethnicity (i.e. standard deviations were not reported and the authors could not be contacted).

Study characteristics

The 45 included studies enrolled 18,789 participants across 14 countries. Fifty-three percent of the

participants were female. The mean age ranged from 32.8 30 to 63.9 31 years. The mean BMI varied from

21.7 32 to 36.4 33 kg/m2. About half of the studies were conducted in the US (n=15) and India (n=7), while

the rest were studies from the UK (n=3), the Netherlands (n=3), Denmark (n=1), Australia (n=4), China

(n=3), Japan (n=1), Thailand (n=2), Malaysia (n=1), Bangladesh (n=1), Saudi Arabia (n=2), Israel (n=1) and

Jordan (n=1). The most frequently reported ethnicity in the studies was the European ethnic group (n=12),

followed by South Asian (n=10), East and Southeast Asian (n=10), Middle Eastern (n=4), Latin American

(n=3) and African ethnic groups (n=2). Four studies 14, 30, 34, 35 reported people of different ethnicities,

including European, Asian, Latin American or African ethnic groups. Twenty-seven studies recruited

participants who had prediabetes at baseline and six studies only included women with a history of

gestational diabetes. All the studies had a combination of physical activity and diet intervention, except one
36, which included diet intervention only. The interventions lasted from 1.5 33 to 72 11 months. The incidence

of type 2 diabetes was defined based on OGTT (n=11), fasting glucose (n=4), HbA1c (n=1), or a combination

of these measures (n=1). Study characteristics and participant characteristics of the included studies are

presented in Table 1 and Table S2. Participant characteristics by ethnic groups are shown in Table S3.

Risk of bias assessment

As is summarized in Table S4-6, the majority of studies (40/45 studies) had an overall high or serious risk

of bias, with the exception of two with some concerns 14, 37 and three with low risk of bias 38-40. The overall

high risk of bias mainly derived from the bias in deviations from intended interventions (39/45) due to low

adherence to the interventions (less than 80% of participants completing intervention sessions or intervention
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components), absence of fidelity measures of implementation (e.g. checklist, manual, session recording) or

insufficient reporting on these measures. For all the randomized trials, about half (23/43) had a low risk of

bias in the randomization process, achieved through the random allocation sequence, adequate allocation

sequence concealment and balance between the intervention and control groups at baseline. For the cluster-

randomized trials, all had a low risk of bias arising from the timing of identification or recruitment of

participants within clusters, except one with some concerns 41 as no information was provided on this domain.

For the non-randomized trials, one was at low risk of bias 40 and one at serious risk of bias 42 due to

confounding. Both of the non-randomized trials were at low risk of bias in the selection of participants into

the study and in the classification of interventions. Most of the included studies (30/45) had a low risk of

bias in missing outcome data. All studies had a low risk of bias in the measurement of outcome except two

studies 42, 43, where insufficient details were reported for the condition of glucose measurement (i.e. fasting

or post-load) and thus resulted in high or serious risk of bias in this domain. Over half of the studies (30/45)

had some concerns or moderate risk of bias in selection of the reported result mainly as no pre-specified

analysis plan was found.

Meta-analysis

Diabetes incidence and glycemic outcomes

Lifestyle interventions resulted in a significantly lower risk of developing type 2 diabetes and greater

reduction in fasting glucose, 2-h glucose and HbA1c compared with controls (all P<0.01; Table 2 and Figure 

S1-4). No heterogeneity was present in diabetes incidence (I2=0%), while substantial heterogeneity (I2>50%)

was seen in all glycemic outcomes. Significant subgroup differences by ethnicity were observed for 2-h

glucose (P=0.038), with significant improvement in 2-h glucose only found in the East and Southeast Asian

group (MD -1.04 mmol/l, 95%CI -2.04, -0.04, I2=90%). There were no significant subgroup differences for

diabetes incidence, fasting glucose and HbA1c (all P>0.05).

Subgroup analyses by age, gender, baseline BMI, prediabetes status at inclusion, follow-up length and study

design for diabetes incidence and glycemic outcomes are shown in Table S7-8. The one non-RCT included

in the subgroup analyses had a significant greater reduction in fasting glucose and HbA1c compared with

RCTs (both P<0.001). Lower baseline BMI (<30 kg/m2) and prediabetes at inclusion were significantly

associated with a greater improvement in 2-h glucose (P=0.037 and P<0.001 respectively). No other

significant associations were seen in the subgroup analyses with diabetes incidence and glycemic outcomes

(all P>0.05).

Anthropometric outcomes

Lifestyle interventions produced significantly greater improvement in body weight, BMI and waist

circumference in comparison to controls (all P<0.001; Table 3 and Figure S5-7). There was substantial
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heterogeneity (I2>50%) in each of the anthropometric outcomes. Significant subgroup differences by

ethnicity were seen in all anthropometric measures (all P<0.001). All ethnic groups had a significant

reduction in weight, BMI or waist circumference, with the exception of the African group who exhibited no

significant changes in these outcomes.

Subgroup analyses by age, gender, baseline BMI, prediabetes status at inclusion, follow-up length and study

design showed higher baseline BMI (≥30 kg/m2) was significantly associated with greater weight loss

(P=0.002; Table S9); shorter follow-up length (≤12 months) was significantly associated with a greater

reduction in BMI (P=0.001); higher mean participant age (≥50 years) and shorter follow-up length (≤12

months) were significantly associated with a greater reduction in waist circumference (P=0.016 and P<0.001

respectively). No other significant associations were seen in the subgroup analyses for anthropometric

outcomes (all P>0.05).

Lifestyle behaviours

Lifestyle interventions resulted in significantly increased physical activity and reduced total energy intake

compared with control groups, with no significant effect in energy from fat and fiber intake (Table S10 and

Figure S8-11). There was substantial heterogeneity (I2>50%) in energy intake and energy from fat.

Significant subgroup differences by ethnicity were found in energy intake and energy from fat (both

P<0.001), but not in physical activity and fiber intake (both P>0.05). Of note, apart from the European group,

few studies in other ethnic groups reported dietary intake.

Sensitivity analyses

In the sensitivity analyses, studies with low or moderate risk of bias showed a greater effect on weight loss

(MD -3.53 kg, 95%CI -5.40, -1.65) than those with high risk of bias (MD -1.80 kg, 95%CI -2.41, -1.18; 

P=0.036). There was no significant effect of risk of bias on other primary outcomes (all P>0.05).

Publication bias was found for studies reporting weight and waist circumference, suggested by asymmetrical

funnel plots and significant Egger’s tests (P=0.025 and P<0.001 respectively). No publication bias was

indicated for other outcomes (Figure S12).

Discussion

To our knowledge, this is the first systematic review to comprehensively evaluate differences in the effects

of lifestyle interventions on type 2 diabetes incidence, glycemic outcomes, anthropometric measures and

lifestyle behaviours between various ethnic groups, including in individuals from European, South Asian,

East and Southeast Asian, Middle Eastern, Latin American and African groups. Meta-analysis showed that

lifestyle interventions resulted in significant improvement in diabetes incidence, glycemic outcomes,
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anthropometric measures, physical activity and energy intake, as consistent with previous systematic reviews
44-47. Subgroup analyses showed significant differences by ethnicity for intervention effects on 2-h glucose,

weight, BMI and waist circumference, while no ethnic differences were found for diabetes incidence, fasting

glucose, HbA1c and physical activity.

Our study showed that lifestyle interventions significantly reduced diabetes incidence, fasting glucose and

HbA1c with no differences between ethnic groups for these outcomes. The absence of ethnic differences in

these key indicators of diabetes status suggests that current diabetes prevention programs aiming at weight

loss, increasing physical activity and improving diet are broadly effective in reducing the progression to type

2 diabetes in high-risk individuals regardless of ethnicity. This is consistent with the findings in the US

Diabetes Prevention Program that all ethnic groups benefited similarly from lifestyle intervention in

preventing the development of type 2 diabetes 10. However, our study observed ethnic differences in 2-h

glucose on OGTT with significant reduction only found in the East and Southeast Asian group (e.g. Chinese,

Thai, Malay) and not in other ethnic groups. In contrast, a previous systematic review 15 found no significant

ethnic differences in 2-h glucose in response to diet and physical activity for diabetes prevention between

the Asian and “predominantly white” groups, however, the Asian group in the review included South Asians

who have a different diabetes risk profile from East and Southeast Asian populations 2. Previous studies have

shown that individuals of certain Asian origins such as Chinese and Thai had greater postprandial glycemic

response than people of European origin 48-50, which may lend itself to greater improvement in 2-h glucose

with lifestyle intervention as seen in the current study. Nevertheless, heterogeneity remained high within

subgroups in our study. Subgroup analyses exploring the sources of heterogeneity suggested other participant

characteristics such as baseline BMI and baseline prediabetes status may have also contributed to the

heterogeneity in the outcomes. Given the similar benefits of lifestyle interventions across all ethnic groups

on key diagnostic features of diabetes including diabetes incidence, fasting glucose and HbA1c reported in

our study, future efforts of lifestyle modification for type 2 diabetes prevention should focus on how to reach

and engage the various ethnic groups around the world.

Regarding anthropometric measures, we found significant ethnic differences in the effects of lifestyle

intervention on body weight, BMI and waist circumference. A significant reduction in body weight, BMI or

waist circumference was found in all ethnic groups except in the African group. Success in weight loss after

6 months of lifestyle intervention has previously been demonstrated in African Americans, although a

smaller amount of weight loss was achieved compared with white Americans 51. Future work is needed to

develop culturally tailored interventions specific to this group to optimize diabetes prevention in this

population. Weight loss is the primary driver of diabetes risk reduction, with every kilogram of weight loss

associated with a 16% reduction in risk 52. The effect of weight loss in reducing type 2 diabetes incidence
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was found to be equal in all ethnic groups, regardless of age, sex, level of physical activity and initial BMI

categories 52. Despite significant ethnic differences in anthropometric outcomes reported in our study, these

were not sufficient to result in differential responses in diabetes incidence, fasting glucose and HbA1c which

remained the same across ethnic groups. Similar improvement in diabetes incidence despite differential

responses in anthropometric changes supports the benefits of lifestyle modification beyond weight loss in

type 2 diabetes prevention 52, particularly in certain ethnic groups.

In terms of lifestyle behaviours, we found lifestyle interventions significantly increased physical activity

with no differences between ethnic groups. However, lifestyle behaviour outcomes particularly dietary intake

were rarely reported in non-European ethnic groups. When reported, physical activity and dietary intake

were often measured using a variety of tools and measures (e.g. self-reported diet quality scores), which

could not be benchmarked against the physical activity or dietary related diabetes prevention goals. The main

goals of current diabetes prevention programs include 3-7% weight loss, increased physical activity, reduced

total and saturated fat intake, and increased intake of dietary fiber 53. Physical activity and healthy diet play

an important role in type 2 diabetes prevention, not only through promoting weight loss but also through

independent effects to reduce diabetes risk 52, 54. In the US Diabetes Prevention Program, the achievement

of physical activity and dietary goals provided a further reduction in diabetes risk in addition to the

achievement of the weight loss goal 52. Similarly, the Finnish Diabetes Prevention Study also showed the

number of goals (weight, diet, physical activity) achieved incrementally decreased the risk of developing

type 2 diabetes 54. Physical activity, healthy diet and their resulting weight loss can improve insulin

sensitivity and protect -cell function to prevent or slow the progression to type 2 diabetes in high-risk

individuals 55, 56. Such benefits could last for at least 24 years after discontinuation of the active intervention
57. Considering the clinical significance of physical activity and diet in type 2 diabetes prevention, future

studies should consistently report lifestyle behaviour outcomes using standardized tools.

The unique strength of this systematic review is the comprehensive assessment of differential responses to

lifestyle intervention in a wide range of ethnic groups (European, South Asian, East and Southeast Asian,

Middle Eastern, Latin American and African) across glycemic, anthropometric and lifestyle behaviour

outcomes on type 2 diabetes prevention. However, this study has several limitations. First, the ethnicity data

collected in our study was as described by the authors of the included studies. The way in which ethnicity

was described lacks consistency across the studies (including race, ethnicity and proxies such as country of

birth). This has been acknowledged as a major challenge on ethnicity studies in health research 25, 58. Second,

we used the predominant ethnicity comprising at least 80% of the population to define the ethnic group for

some studies (13/45 studies) as done in a previous systematic review 22. The presence of other ethnicities,

although in small proportions, could have confounded the effect sizes of the particular ethnic group in the
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same study. Third, the majority of included studies were rated as overall high risk of bias, mainly caused by

suboptimal adherence to the intervention which is a common challenge in clinical trials 59. We also detected

that smaller studies with larger weight loss and smaller studies with null or greater increase in waist

circumference were less likely to be published. Fourth, due to the small number of studies in some ethnic

groups (e.g. Middle Eastern, Latin American, African), the subgroup analyses for some outcomes may not

be powered for statistical significance. Insufficient studies also limit the capacity for pairwise comparisons

between subgroups in this study. Furthermore, the included studies were of high heterogeneity. After

stratified by ethnicity, large heterogeneity was still present within some subgroups for most outcomes,

suggesting the heterogeneity could be attributable to factors other than ethnicity such as baseline BMI and

follow-up length as identified in the subgroup analyses. Last, the Latin American and African groups

included in our study were mainly from the populations residing in the US, as such their findings may not

be generalizable to participants residing in other countries. Therefore, the results from this review should be

interpreted with caution in light of the present limitations.

In conclusion, our findings suggest lifestyle interventions across ethnic groups likely have similar effects in

reducing type 2 diabetes incidence, fasting glucose and HbA1c, with opportunities to further optimize 2-h

glucose and anthropometric outcomes in certain ethnic groups. Considering the growing burden of type 2

diabetes worldwide, future efforts could assume similar effects of lifestyle interventions across ethnic groups

in terms of reducing the incidence of type 2 diabetes and instead focus on how to reach different ethnic

groups in diabetes prevention programs to optimize engagement and subsequent health outcomes.
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Table 1. Characteristics of included studies
Author, year Study name Country Ethnicity described by

authors
Ethnic group* Sample

size‡
Endpoint
(months)

Population

Abujudeh et al 2012 60 Jordan Jordanian Middle Eastern 113 6 At least one risk factor for type 2
diabetes

Aekplakorn et al 2019 41 Thailand Thai East and Southeast Asian 1903 24 Prediabetes
Aguiar et al 2016;
Rollo et al 2017 61, 62

PULSE Australia Australia-born Caucasian
(89%)

European 101 6 Elevated diabetes risk score and
high BMI

Al-Hamdan et al 2019 63 Saudi Arabia Arab Middle Eastern 190 3 Prediabetes and high BMI
Amer et al 2020 64 Saudi Arabia Arab Middle Eastern 180 18 Prediabetes and high BMI
Auslander et al 2000;
Auslander et al 2002 36, 65

Eat Well Live Well US African American African 398 3 High BMI

Bender et al 2018 29 Fit & Trim US Filipino East and Southeast Asian 67 3 Prediabetes, elevated diabetes risk
score and high BMI

Bernstein et al 2014 33 FRESH US African American African 27 1.5 Prediabetes and high BMI
Block et al 2015;
Block et al 2016 34, 66

Alive-PD US White (68%), Chinese,
Japanese and other Asian
(15%), Hispanic (6%),
South Asian (5%)

European, East and
Southeast Asian, Latin
American, South Asian

339 6 Prediabetes and high BMI

Cheung et al 2019 30 Smart Mums with
Smart Phones

Australia South Asia-born (57%),
Australia-born (18%)

South Asian, European 60 6 GDM history

Davies et al 2016 31 Let's Prevent
Diabetes

UK White European (84%) European 880 36 Prediabetes

Duijzer et al 2017 38 SLIMMER Netherlands Dutch (88%) European 316 12 Prediabetes or elevated diabetes
risk score

Fottrell et al 2019 32 DMagic Bangladesh Bangladeshi South Asian 2470 26 Prediabetes
Heideman et al 2015 39 DiAlert Netherlands Dutch (80%) European 96 9 Overweight and first degree

relative with type 2 diabetes
Holmes et al 2018 67 PAIGE UK White (85%) European 60 6 GDM history and high BMI
Ibrahim et al 2016 40 Co-HELP Malaysia Malay (89%) East and Southeast Asian 268 12 Prediabetes and high BMI
Inouye et al 2014 37 Health is Wealth US Filipino East and Southeast Asian 40 6 Elevated diabetes risk score
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Islam et al 2013 43 Project RICE US Korean East and Southeast Asian 48 6 Elevated diabetes risk score
Islam et al 2014;
Lim et al 2019 42, 68

Project RICE US Indian South Asian 174 6 Elevated diabetes risk score

Juul et al 2016 69 Denmark Danish European 127 12 Prediabetes
Knowler et al 2002;
West et al 2008 10, 14

DPP US White (54%), African
American (20%), Hispanic
(16%)

European, African, Latin
American

2161 33.6§ Prediabetes and high BMI

Kramer et al 2015 70 Healthy Lifestyle
Project

US White (93%) European 89 6 Prediabetes or metabolic
syndrome, and high BMI

Kramer et al 2018 71 Healthy Lifestyle
Project

US White (94%) European 134 6 Prediabetes or metabolic
syndrome, and high BMI

Limaye et al 2017 72 LIMIT India Indian South Asian 265 12 Three or more risk factors for
type 2 diabetes

Moungngern et al 2018 73 Thailand Thai East and Southeast Asian 125 6 Elevated diabetes risk score
Muralidharan et al 2019 74 mDiab India Indian South Asian 741 3 Prediabetes or high BMI
Nanditha et al 2020 75 India Indian South Asian 1171 24 Prediabetes and three or more risk

factors for type 2 diabetes
Ockene et al 2012 76 LLDPP US Latino (60% of Dominican

origin and 40% Puerto
Rican)

Latin American 312 12 Elevated diabetes risk score and
high BMI

O'Reilly et al 2016;
O'Reilly et al 2019 35, 77

MAGDA Australia Cultural background of
Europe, Australia and New
Zealand (52%), Asia (39%),
Africa (3%)

European, Asian†,
African

573 12 GDM history

Pan et al 1995;
Pan et al 1997;
Li et al 2008 11, 78, 79

China Da Qing
Diabetes Prevention
Study

China Chinese East and Southeast Asian 577 72 Prediabetes

Parikh et al 2010 80 Project HEED US Hispanic (89%) Latin American 99 12 Prediabetes and high BMI
Patel et al 2017 81 US Indian South Asian 70 3 Elevated diabetes risk score
Peacock et al 2015 82 WENDY Australia Caucasian (90%) European 31 3 GDM history and high BMI
Ramachandran et al 2006; IDPP-1 India Indian South Asian 269 36 Prediabetes
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Snehalatha et al 2008 12, 83

Ramachandran et al 2013;
Ram et al 2014;
Nanditha et al 2018 84-86

India Indian South Asian 537 24 Prediabetes, family history of type
2 diabetes and high BMI

Roumen et al 2008;
Roumen et al 2011;
denBoer et al 2013 87-89

SLIM Netherlands Dutch European 147 50.4|| Prediabetes, and family history of
diabetes or high BMI

Sakane et al 2011;
Sakane et al 2014 90, 91

Japan Diabetes
Prevention Program

Japan Japanese East and Southeast Asian 296 36 Prediabetes

Shek et al 2014 92 China Chinese East and Southeast Asian 450 36 GDM history and prediabetes
Thankappan et al 2018;
Lotfaliany et al 2020 93, 94

K-DPP India Indian South Asian 1007 12 Elevated diabetes risk score

VanName et al 2016 95 US Hispanic (90%) Latin American 130 12 Prediabetes and at least one risk
factor for type 2 diabetes

Weber et al 2016 96 D-CLIP India Indian South Asian 578 4 Prediabetes, and overweight or
obesity

Weinhold et al 2015;
Miller et al 2015;
Miller et al 2016 97-99

US White (81%) European 78 4 Prediabetes and high BMI

Wong et al 2013 100 China Chinese East and Southeast Asian 104 24 Prediabetes
Yates et al 2017 101 Walking Away from

Type 2 Diabetes
UK White European (89%) European 808 36 Elevated diabetes risk score

Zilberman-Kravits et al 2018
102

Israel Jewish (74%) and Bedouin
(26%)

Middle Eastern 180 24 GDM history

BMI, body mass index; GDM, gestational diabetes mellitus; US, United States; UK, United Kingdom
Prediabetes is defined as impaired fasting glucose, and/or impaired glucose tolerance, and/or elevated HbA1c.
* Ethnicity described by authors was categorized into six ethnic groups based on the World Bank regions.
† This study did not provide detailed information on ethnicity in participants from Asian cultural backgrounds, so it was not available to separate these participants into the
South Asian and East and Southeast Asian groups. The data from this Asian group was not included in meta-analysis.
‡ Number of participants from lifestyle intervention and control groups at baseline.
§ Data on weight change available at 30 months.
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|| Data on diabetes incidence and dietary intake available at 3 years.
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Table 2. The effect of lifestyle intervention on type 2 diabetes incidence and glycemic outcomes

Diabetes incidence Fasting glucose (mmol/l) 2-h glucose (mmol/l) HbA1c (%)

n* Risk ratio (95% CI) I2 (%)  n MD (95% CI) I2 (%)  n MD (95% CI) I2 (%)  n MD (95% CI) I2 (%)

Overall 25 0.74 (0.69, 0.80) 0.0  36 -0.14 (-0.23, -0.05) 85.7  19 -0.50 (-0.80, -0.20) 90.8  27 -0.06 (-0.10, -0.03) 66.8

European 4 0.73 (0.37, 1.45) 26.9  12 -0.08 (-0.14, -0.01) 34.7  6 -0.10 (-0.52, 0.32) 47.9  12 -0.06 (-0.12, 0.00) 70.7

South Asian 8 0.78 (0.70, 0.87) 0.0  8 -0.16 (-0.30, -0.02) 83.2  4 -0.46 (-1.27, 0.34) 90.3  5 -0.05 (-0.13, 0.02) 51.8

East and Southeast Asian 7 0.70 (0.58, 0.83) 18.0  8 -0.22 (-0.46, 0.02) 77.7  5 -1.04 (-2.04, -0.04) 90.2  4 -0.13 (-0.31, 0.06) 83.5

Middle Eastern 2 0.13 (0.01, 2.50) NA  4 0.00 (-1.13, 1.14) 96.4  1 -0.12 (-0.42, 0.18) NA  1 -0.10 (-0.23, 0.03) NA

Latin American 3 0.55 (0.01, 42.10) 0.0  3 0.00 (-0.33, 0.33) 0.0  2 -0.61 (-2.50, 1.28) 0.0  3 -0.04 (-0.18, 0.10) 0.0

African 1 NA NA  1 -0.54 (-1.28, 0.20) NA  1 -0.61 (-1.62, 0.40) NA  2 0.06 (-0.96, 1.09) 19.1

P for overall effect <0.001 0.003 0.003 0.001

P for subgroup

differences

0.401 0.299 0.038 0.478

n, number of studies; MD, mean difference; NA, not applicable
* There were five studies in which diabetes did not occur in both the intervention and control groups and risk ratio was not estimated: 1 in South Asian, 1 in East and Southeast
Asian, 1 in Middle Eastern, 1 in Latin American and 1 in African groups.
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Table 3. The effect of lifestyle intervention on anthropometric outcomes

Body weight (kg) BMI (kg/m2) Waist circumference (cm)

n MD (95% CI) I2 (%) n MD (95% CI) I2 (%) n MD (95% CI) I2 (%)

Overall 42 -2.11 (-2.71, -1.51) 86.6  42 -0.70 (-0.90, -0.49) 80.1  38 -1.92 (-2.52, -1.31) 87.6

European 14 -2.42 (-3.59, -1.26) 87.5  13 -0.85 (-1.30, -0.40) 88.0  13 -2.53 (-3.82, -1.25) 84.4

South Asian 8 -1.01 (-1.63, -0.39) 80.5  10 -0.46 (-0.67, -0.26) 54.0  9 -1.24 (-1.89, -0.59) 58.2

East and Southeast Asian 9 -1.77 (-2.57, -0.97) 47.6  10 -0.66 (-0.94, -0.38) 45.5  7 -2.09 (-3.29, -0.89) 45.4

Middle Eastern 3 -3.72 (-6.39, -1.05) 0.0  4 -1.36 (-1.91, -0.82) 0.0  4 -0.73 (-2.74, 1.29) 81.6

Latin American 4 -4.10 (-7.54, -0.66) 82.9  2 -1.48 (-11.42, 8.46) 86.4  3 -3.26 (-3.88, -2.64) 0.0

African 4 -1.19 (-5.41, 3.03) 83.1  3 0.16 (-0.90, 1.22) 1.7  2 -1.68 (-20.46, 17.11) 0.0

P for overall effect <0.001 <0.001 <0.001

P for subgroup

differences

<0.001 <0.001 <0.001

n, number of studies; MD, mean difference; BMI, body mass index


