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ABSTRACT
The objective of this systematic review was to determine 
the effectiveness of lifestyle interventions to improve the 
management of type 2 diabetes mellitus (T2DM) among 
migrants and ethnic minorities. Major searched databases 
included MEDLINE (via PubMed), EMBASE (via Ovid) and 
CINAHL. The selection of studies and data extraction followed 
the Preferred Reporting Items for Systematic Reviews and 
Meta- Analyses guidelines. In the meta- analysis, significant 
heterogeneity was detected among the studies (I2 >50%), 
and hence a random effects model was used. Subgroup 
analyses were performed to compare the effect of lifestyle 
interventions according to intervention approaches (peer- 
led vs community health workers (CHWs)- led). A total of 17 
studies were included in this review which used interventions 
delivered by CHWs or peer supporters or combination of both. 
The majority of the studies assessed effectiveness of key 
primary (hemoglobin (HbA1c), lipids, fasting plasma glucose) 
and secondary outcomes (weight, body mass index, blood 
pressure, physical activity, alcohol consumption, tobacco 
smoking, food habits and healthcare utilization). Meta- 
analyses showed lifestyle interventions were associated with 
a small but statistically significant reduction in HbA1c level 
(−0.18%; 95% CI −0.32% to −0.04%, p=0.031). In subgroup 
analyses, the peer- led interventions showed relatively better 
HbA1c improvement than CHW- led interventions, but the 
difference was not statistically significant (p=0.379). Seven 
studies presented intervention costs, which ranged from 
US$131 to US$461 per participant per year. We conclude 
that lifestyle interventions using either CHWs or peer 
supporters or a combination of both have shown modest 
effectiveness for T2DM management among migrants of 
different background and origin and ethnic minorities. The 
evidence base is promising in terms of developing culturally 
appropriate, clinically sound and cost- effective intervention 
approaches to respond to the growing and diverse migrants 
and ethnic minorities affected by diabetes worldwide.

INTRODUCTION
The number of international migrants 
reached 272 million in 2019, up from 221 
million in 2010.1 The proportion interna-
tional migrants worldwide increased from 

2.8% in 2000 to 3.5% in 2019,2 with >50% of 
them living in just 10 countries.2 The reasons 
for the rising numbers of people migrating 
from low- income and middle- income coun-
tries (LMICs) to high- income or industrial-
ized countries (according to the World Bank 
classification)3 are multidimensional but can 
be classified into push (eg, poverty, crimes, 
wars, etc) and pull (eg, better employment 
and educational opportunities, access to 
services, political stability, etc) factors.2 4–7 On 
arriving in their host countries, international 
migrants experience lifestyle changes, which 
over time predispose them to an increased 
risk of non- communicable diseases (NCDs) 
such as type 2 diabetes mellitus (T2DM).4

While T2DM has emerged to become one of 
the leading causes of mortality worldwide,5 6 it 
remains unequally distributed between and 
within nations. Migrants from LMICs residing 
in high- income countries are disproportion-
ately affected by T2DM, but the risk varies 
among ethnic groups.4 7–9 A meta- analyses by 
Meeks et al8 found that the risk of developing 
T2DM among migrants living in Europe 
(first- generation migrants) was higher than 
Europeans. Migrants from South Asia had 
the highest odds of T2DM, followed by those 
from the Middle East and North Africa, sub- 
Saharan Africa, the Western Pacific and South 
and Central America.8 Similarly, past studies 
have reported that the prevalence of diabetes 
was higher among migrants compared with 
the host population.9–11

It has been reported that migrants and 
ethnic minorities suffer disproportion-
ately from diabetes- related complications12 
including higher rates of avoidable hospital 
admissions.13 In the Southall and Brent 
Revisited study, undertaken in the UK, those 
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originating from South Asia were found to have increased 
prevalence of both diabetes13 and cardiovascular diseases 
compared with white Europeans.14 Evidence shows that 
T2DM does not impact all population groups equally as 
there exists important differences relating to age, sex, 
ethnicity and family background.15 Socially disadvan-
taged groups, including migrants and ethnic minorities, 
are more likely to be exposed to obesogenic environ-
ments and experience more vulnerable lifestyle such as 
unhealthy eating, physical inactivity, tobacco smoking 
and excessive alcohol consumption.16–18

Despite migration- related and ethnic minorities- related 
inequalities and inequities in the burden of T2DM,8 9 
there is limited evidence of what works in these subpop-
ulations in terms of T2DM prevention and management. 
Furthermore, migrants and ethnic minority populations 
remain under- represented in these interventions.12 
Most of T2DM interventions in high- income countries 
focus on highly accessible subpopulations and tend to 
include migrants and ethnic minorities with high levels 
of English proficiency or the host country’s official 
language.4 These studies show that lifestyle interventions 
which focuses on improving healthy eating habits, phys-
ical activity, smoking cessation, reducing harmful use of 
alcohol, social and cultural support and tailored in local 
language can be effective in preventing the develop-
ment of T2DM and associated complications.19 20 Given 
the global call in the Sustainable Development Goals 
(SDGs)21 to curb the problem of NCDs and enhance 
healthy quality of life, there is a critical need for inter-
ventions that engage migrants and ethnic minorities to 
bridge migration- related inequalities in T2DM, and to 
address their elevated risk of the complications associ-
ated with this chronic disease.22 This systematic review 
addresses this gap by addressing following questions: (1) 
What types of interventions have been used to improve 
diabetes health outcomes among migrants and ethnic 
minorities living in industrialized countries? (2) What is 
the effectiveness of such interventions in improving clin-
ically important primary outcomes such as hemoglobin 
(HbA1c), blood glucose levels, lipids and secondary 
outcomes such as weight, body mass index (BMI), diet, 
physical activity, tobacco smoking, alcohol consumption? 
and (3) What is the cost of such diabetes interventions?

METHODS
The selection of studies and data extraction followed the 
Preferred Reporting Items for Systematic Reviews and 
Meta- Analyses guidelines.23 The protocol of this review 
was registered in the Prospective Register of Systematic 
Reviews (PROSPERO, registration #CRD42020114770).

Search strategy and study selection
Articles were identified through a systematic literature 
search from the MEDLINE (via PubMed), EMBASE 
(via Ovid), CINAHL and PsychINFO databases between 
January 2000 and August 2019. The search terms were 

developed by a study team member (LR) in close consul-
tation with an experienced medical librarian based on 
Medical Subject Headings (MeSH) terms with input from 
the author/s (AMNR). Subsequently, the PubMed search 
terms were adapted to EMBASE and CINAHL criteria. 
Further manual searching for additional articles was done 
using relevant databases including the Cochrane Central 
Register of Controlled Trials Register, Proquest disserta-
tion, Agency for Health Care Research and Quality and 
Google Scholar. The search terms were mapped to MeSH 
terms/subject headings and used with keyword searches. 
The key terms for searching migrants and those with low 
socioeconomic status included: (“migrant population” 
OR “migrants”) (“low socio- economic status” OR “ethnic 
minorities” OR “poor” OR “poverty” OR “disadvantaged” 
OR “underprivileged” OR “vulnerable”) with filters to 
“Clinical Trial”, “Randomized controlled trials”; Publica-
tion date from January 1, 2000 to August 31, 2019 and 
the studies conducted among humans). For diabetes, 
the MeSH term included: “Diabetes Mellitus Type 2” OR 
“Glucose Intolerance” OR “Diabetes prevention” OR 
“Diabetes Complications”. The search strategy employed 
for Medline is attached as online supplemental appendix 
1.

The titles and abstracts of the articles retrieved were 
screened by LR to exclude articles that did not meet our 
inclusion criteria. LR further reviewed the full text of the 
remaining articles and selected eligible full- text articles, 
which was checked by BWS. Discrepancies were resolved 
by consensus with BJS and AMNR. References for each 
of the studies were screened for potential studies missed 
out in the search.

Inclusion and exclusion criteria
Studies were included if: (1) they were lifestyle or 
behavioural intervention studies undertaken to improve 
management of T2DM among migrants and ethnic 
minorities residing in host industrialized countries; 
(2) management of T2DM was undertaken using non- 
pharmacological interventions and (3) they reported 
diabetes primary outcome HbA1c. The interna-
tional migrants were defined according to the United 
Nations2 24 25 and WHO26 classifications as those indi-
viduals who have crossed their state boundaries and 
have been staying in the host countries for various 
reasons.2 24 25 This includes temporary labour migrants; 
irregular, illegal or undocumented migrants; highly 
skilled and business migrants; refugees; asylum seekers; 
those experiencing forced migration; migrants uniting 
with their families; return migrants and long- term, low- 
skilled migrants.

All forms of intervention studies were included regard-
less of the setting (community or health facility based). 
Studies were excluded if: (1) published in languages 
other than English or (2) were reported in reviews, qual-
itative studies, editorials, abstracts, theses, books, case 
reports and letters to the editor. If publications presented 
data from the same study, only the publication with the 
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largest sample size, which measured the T2DM or its 
components, was included.

Quality assessment of the studies
The quality of the studies included in the review was 
assessed using the ‘quality assessment tools for interven-
tion studies’ as recommended by the National Collabo-
rating Centre for Methods and Tools.27 28 The assessment 
covered selection bias, study design, confounders, 
blinding, data collection methods, intervention integrity, 
method of analysis, withdrawals and dropouts. For each 
section, a methodological rating of strong, moderate or 
weak was given, which led to an overall study rating. The 
results of the quality assessment were used as part of the 
criteria in rating the quality of evidence. LR reviewed 
the full- text articles for quality assessment, which was 
checked by BWS. Discrepancies in terms of quality assess-
ment were resolved by consensus with BWS and AMNR.

Data extraction and synthesis
Relevant data from each of the selected studies were 
extracted using an Excel spreadsheet for this review. 
These data included: first author; study title; country of 
study; sample size; sociodemographic characteristics of 
participants; study design; random allocation; follow- up; 
intervention methodology and persons involved in 
implementing the intervention; an assessment of the 
quality of evidence and intervention outcomes (primary 
and secondary outcomes). Where more than one paper 
was published reporting outcomes from the same study, 
these were cross- checked to determine the presence of 
additional relevant information.

Data analyses and heterogeneity of studies
We undertook meta- analyses of those studies providing 
the data on mean changes of HbA1c levels among both 
intervention and control groups and both at baseline 
and at follow- up. Seven studies provided these data and 
were included in the meta- regression analyses. Data were 
analyzed to measure the pooled mean difference of 
HbA1c levels among the migrants and ethnic minorities 
who received lifestyle interventions compared with the 
usual care groups. Subgroup analyses were performed 
to compare the effect of lifestyle interventions according 
to intervention approaches (peer- led vs CHW- led). We 
assessed heterogeneity using the I2 statistic and a random 
effects model was used due to the heterogeneity of the 
studies (I2 >50%)29 that may have resulted because of 
the differences in sample size, study design, interven-
tion design and outcome measures. Publication bias 
was assessed using Begg’s adjusted rank correlation test, 
Egger’s regression asymmetry test, and visual inspection 
of funnel plots.30

RESULTS
Identification of studies
The search of different databases yielded 4367 studies. A 
total of 1892 non‐duplicated publications were screened. 

The titles and abstracts were screened for 188 studies 
and after removing reviews, duplicate studies, non- 
interventional lifestyle studies and studies in native rather 
than migrant and ethnic minority populations, 47 studies 
met full- text review criteria. The full- text manuscripts were 
reviewed and further assessed for eligibility and finally, 17 
studies met inclusion criteria and were included in this 
review. Seven studies which provided required data were 
included in the meta- analyses (figure 1).

Participants characteristics and study designs
The characteristics of the studies included in this review 
are summarised in online supplemental table 1. The 
studies were conducted in the USA (n=13, 76.5%),31–43 
the UK (n=2),44 45 Spain (n=1)46 and the Netherlands 
(n=1).47 Eight studies were conducted among migrants 
of European, Caucasian, American, Mexican or Middle 
East background,31–35 40 41 46 five among those of black 
and African backgrounds36–39 42 and four43–45 47 among 
South Asian migrants. Altogether, there were 5018 total 
participants with T2DM included in these studies. The 
total participants in each intervention ranged from 7742 
to 868,45 with mean age of the participants ranged from 
49.641 to 60 years.42 The majority of the studies were 
randomized controlled trials (14/17), while three used 
prospective randomized, repeated measures40 and exper-
imental pre- test- post- test designs.35 41

Intervention characteristics and outcome measures
The majority of the interventions were delivered by either 
trained community health workers (CHWs)34–38 40 41 43–47 
or by peer supporters/leaders.31–33 39 42 The World Health 
Organization Study Group in 1989 defined CHWs as 
members of communities who are supported by the 
health system but not necessarily a part of its organi-
zation, and have shorter training than professional 
workers.48 Dennis defined peer supporters as ‘a person 
who has experiential knowledge of a specific behaviour 
or stressor and similar characteristics as the target popu-
lation’.49 The intervention duration ranged from 3 weeks 
(one study) to 6 months (five studies) and 10–12 months 
(nine studies). All studies assessed primary outcomes, 
such as HbA1c or fasting plasma glucose, as well as the 
secondary outcomes such as weight, BMI, physical activity 
level, tobacco smoking, alcohol consumption, food 
habit and healthcare utilization. Altogether, 11 studies 
reported use of insulin medication for T2DM treatment 
at baseline, which ranged from 5.8% in study by Brown et 
al41 to 71.5% by Long et al.42

Peer support interventions
Most interventions were based on the chronic disease 
self- management approach. Lorig et al implemented a 
6- week diabetes self- management program delivered 
by peer leaders, where participants received a 2.5- hour 
weekly program, followed by an automated telephone 
call.31 Participants were given the option of listening to 
90 min vignettes about various aspects of diabetes, and 
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each of 15 vignettes was offered twice over 15 months.31 
Safford et al paired the participants with peer coaches 
and were provided with diabetes self- management educa-
tion, followed by telephone calls by coaches on a weekly 
basis for the first 8 weeks, then monthly for a total of 
10 months. Thom et al33 tested a 6- month intervention 
in which peer coaches helped patients to design action 
plans and provided regular support (via phone calls and 
face- to- face meeting). Similarly, Lujan et al34 and Long et 
al42 also used peer coaches using both face- to- face and 
telephone calls.

CHWs-led interventions
Philis- Tsimikas et al32 tested an intervention delivered by a 
combination of CHWs and peer educators over 6 months. 

The intervention participants attended 8- weekly 2- hour 
diabetes self- management classes run by the CHWs along 
with subsequent monthly support groups led by a trained 
peer educator. In a study by Islam et al,43 trained CHWs 
provided five 2- hour monthly group educational sessions 
and two one- on- one visits lasting ~90 min each. The inter-
vention contents were culturally and linguistically adapted 
for Bangladeshi community members. Middelkoop et al 
implemented CHW- led (nursing staff and a dietician) 
education sessions over a period of 3 months (three visits 
at least), followed by subsequent monthly support.47 In an 
intervention by Culica et al,35 patients were provided with 
three 60 min individual education sessions, followed by 
60 min quarterly assessment and case management visits 

Figure 1 Systematic review flow diagram. DM, diabetes mellitus; HbA1c, hemoglobin A1c; T1DM, type 1 diabetes mellitus.
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by bilingual CHWs, over a 12- month period. Frosch et al37 
implemented 6- month intervention package consisting 
of a short video on lifestyle change, a workbook and five 
sessions of telephone coaching by a trained diabetes 
nurse. Lima et al46 engaged general practitioners (GPs) 
to undertake diabetes management assessment, and to 
provide advice, counseling and clinical care to partic-
ipants over 12 months.46 Studies by Kangovi et al36 and 
Brown et al40 also used CHWs to facilitate discussion and 
lifestyle interventions over 6 and 12 months, respectively.

Combination of CHWs and peer support
Keyserling et al38 used both the CHWs and peer leaders 
and the intervention lasted for 12 months. In a study by 
Brown et al,41 the participants in the ‘compressed’ group 
received 8 weekly 2- hour educational sessions followed by 
support sessions held at 3, 6 and 12 months, whereas the 
participants in the extended group received a series of 
12 weekly 2- hour sessions on diabetes self- management, 
followed by 14 2- hour support group sessions.41 The 
studies by O’Hare et al44 and Bellary et al45 used trained 
multilingual workers and diabetes specialist nurse.

Risk of bias of the included studies
The overall quality of the studies was determined as 
moderate for 14 studies and weak for 3 (online supple-
mental table 2). The quality of the recruitment of partic-
ipants in ensuring representative samples of the target 
populations was determined as moderate in seven studies 
and weak in the remaining studies. Two studies specified 
a sampling frame for recruitment of participants,33 37 with 
another 15 studies relying on referrals from GPs, engage-
ment with community health clinics or by advertisement. 
The study design was assessed strong for one RCT,39 
moderate for 14 RCTs31–34 36–38 40 41 43–47 and weak for two 
studies.35 42 Because of the nature of the studies, which 
require lifestyle interventions for patients with T2DM, 
the intervention was not blinded in any of the studies, 
but three studies mentioned that the persons involved in 
assessing outcomes were blinded.31 32 39

The quality of data collection methods was determined 
as strong in one study,31 weak in three studies32 42 46 
and moderate in the remainder. All studies described 
the procedures for collecting both the primary and 
secondary outcomes and mentioned that they used 
validated measurement tools. All studies used accred-
ited laboratories for measuring HbA1c and lipids. Four 
studies were classified as strong which provided details 
for withdrawal and dropout of participants,31 32 37 38 10 as 
moderate33 35 39–45 47 and 2 as weak.34 36

In terms of intervention integrity, two studies were 
considered as strong31 38 and the remainder as moderate. 
The studies rated as strong provided details including 
intervention development, the theoretical basis, inter-
vention frequency, compliance and the methods of 
providing follow- up contacts for participants.31 38 Those 
studies rated as moderate described what was delivered 
for both the interventions and the control arms and the 

duration of the intervention and follow- up.32–37 39–41 43–47 
No studies provided information about the fidelity and 
consistency of the lifestyle interventions delivered to 
participants or reported on possible contamination by 
lifestyle interventions which were not related to the study.

Assessment of quality in terms of analysis and adjust-
ment of confounders was determined as strong in four 
studies,33 37 39 41 44 45 weak in four studies32 34 38 42 and as 
moderate in the remainder.31 35 36 40 43 46 47 Three studies 
used intention- to- treat (ITT) analyses and adhered to 
the Consolidated Standards of Reporting Trials guide-
lines.33 37 41 Two studies used complete cases only with no 
imputed data for those lost to follow- up.33 37 The studies 
rated as moderate on this criteria provided basic infor-
mation about assessment of relative effect sizes, but no 
further details such as adjustment for confounding, 
use of ITT and other steps in analyses.32 34 38 40 43 47 The 
quality of data analyses was determined as strong in 6 
studies31 33 36 38 39 41 moderate in 10 studies32 34 35 37 40 43–47 
and weak in 1 study.42 Studies used one- way analysis of 
covariance (ANCOVA) and two- way ANCOVA to examine 
differences between the groups at follow- up.31 36 38 40 41 
Studies used generalized additive mixed models,39 and 
a linear mixed model and logistic regression.33 Other 
studies used paired t- tests, whereas one study provided no 
details about the statistical tests used.34 See online supple-
mental table 2 file for details.

Meta-analyses findings
Seven studies that provided data on mean change in 
HbA1c levels were included in the meta- regression 
analyses. Findings show lifestyle interventions deliv-
ered among the migrant and ethnic minorities adults 
with diabetes are associated with a small but statistically 
significant reduction in HbA1c level of −0.18% (95% 
CI −0.32% to −0.04%, p=0.031) (figure 2). In subgroup 
analyses (figure 3), the peer- led interventions showed 
relatively better outcomes in terms of HbA1c reduction 
compared with CHW- led interventions (−0.24%, 95% CI 
−0.40% to −0.08%, p=0.177 vs −0.18%, 95% CI −0.32% 
to −0.04%, p=0.031), but the difference was not statisti-
cally significant (p=0.379). Because of a small number 
of studies included in meta- analyses (seven studies), we 
were unable to perform analyses for secondary outcome 
measures such as BMI. In the efforts of obtaining neces-
sary data (mean and SD of HbA1c changes at follow- up) 
required for meta- analyses, we communicated personally 
with the corresponding authors of the studies, however 
we were unable to obtain such data.

Intervention effectiveness
The findings concerning the effectiveness of different 
intervention approaches are described below.

Peer support interventions
Most of the peer support interventions showed modest 
levels of effectiveness on clinical and behavioural 
outcomes including HbA1c, lipids level, BMI, health 
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Figure 2 Effect of lifestyle interventions on improving hemoglobin A1c (HbA1c) levels.

Figure 3 Subgroup analyses accessing the effect of lifestyle interventions by peer support and community health workers 
(CHW)- led interventions.
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distress level, self- reported health outcomes, etc. Lorig 
et al31 reported intervention participants improved 
HbA1c levels by 0.41% vs 0.05% in control partici-
pants, after 6 months. Furthermore, the intervention 
participants improved HbA1c levels of 0.32% at 18 
months and the changes were statistically significant 
(p=0.030).31 The intervention also improved secondary 
health outcomes including health distress levels, self- 
reported health status and symptoms of hypoglycemia 
and hyperglycemia.31 Thom et al reported that partici-
pants who received peer coaching reduced mean levels 
of HbA1c from 10.14% at baseline to 8.98% at 6 months 
follow- up, compared with the usual care participants 
(baseline 9.84%, follow- up 9.55%).33 Safford et al39 
reported that there was almost no reduction of HbA1c 
levels from baseline (HbA1c levels 8.0% vs 7.9%) to the 
10 months follow- up in both the intervention (changes 
HbA1 −0.004) and control participants (HbA1c 0.070), 
however, the intervention was promising in improving 
secondary outcomes such as diabetes distress scores.39 
A study in the USA which used bilingual peer leaders 
(known as ‘Promotoras’) found significant improve-
ment in HbA1c levels from 8.21% at baseline to 7.76% 
at 6- month follow- up in the intervention arm compared 
with increment in HbA1c levels from 7.71% to 8.01% 
among the usual care participants.34

CHWs and primary care interventions
The interventions that used either CHWs or nurse 
practitioners also showed overall improvement in both 
primary and secondary outcomes. For example, Culica et 
al35 reported that patients who made all recommended 
health clinic visits in their study had HbA1c levels 
reduced from 8.14% at baseline to 7.00% at 12 months 
follow- up, compared with those patients who had partial 
health clinic visits. Two studies conducted among mostly 
African- American samples using CHWs found improve-
ments in HbA1c levels.36 37 Intervention participants 
improved HbA1c level from 8.7% at baseline to 8.3% 
at 6- month follow- up compared with almost no changes 
in the usual care arm.36 Frosch et al37 reported that the 
intervention participants reduced HbA1c levels from 
9.4% at baseline to 8.9% at 6- month follow- up and the 
usual care participants from 9.8% to 9.2%. Two studies 
which used multilingual link workers and diabetes 
nurse in the UK among South Asian migrants achieved 
moderate improvement in clinical and behavioral 
outcomes among the intervention patients compared 
with the controls.44 45 Islam et al43 using trained CHWs 
found intervention effectiveness in improving patient- 
centered outcomes (knowledge, physical activity and 
diet, etc) among Bangladeshi migrants with T2DM 
living in the USA. Lima et al,46 using general practices 
to provide diabetes self- management education found 
improvement of HbA1c levels from 8.89% at baseline 
to 8.19% at follow- up in intervention participants and 
usual care participants from 8.93% to 8.28%.

Combined peer support, CHW and telephone support 
interventions
Overall, the lifestyle interventions that used a combina-
tion of CHWs and peer supporters showed effectiveness 
in terms of improving both clinical and behavioural 
outcomes. Tsimikas et al32 reported significant improve-
ment in HbA1c levels in the intervention arm at both 
4- month and 10- month follow- ups compared with the 
usual care participants. At 4 months, the intervention 
participants reduced HbA1c levels from 10.5% at baseline 
to 9.0% and the reductions remained almost unchanged 
at the 10 months follow- up. The usual care participants 
also improved HbA1c levels from 10.3%, at baseline 
to 9.1%, at 4 months, however this increased to 9.7%, 
at 10 months. This intervention also improved other 
secondary outcomes including BP, BMI and body weight. 
Brown et al41 reported that HbA1c levels among the inter-
vention participants reduced by 1.4% below the mean of 
the usual care participants; however, the mean level of 
HbA1c was still >10.0%.40 Another study by Brown et al41 
found that extended interventions were equally effec-
tive in improving both primary and secondary outcomes 
among Mexican American adults with T2DM. These 
include HbA1c, fasting plasma glucose and knowledge 
about diabetes. However, Keyserling et al38 found almost 
no changes in HbA1c levels in both the intervention and 
control participants. See online supplemental table 3 file 
for details.

Cost-effectiveness of the interventions
Most of the studies included in this review did not assess 
cost- effectiveness of the interventions or undertake cost- 
benefit analyses. Only five studies reported cost- related 
information. Lorig et al31 reported that the direct costs 
of the Spanish diabetes self- management program 
implemented over a 18- month period were approxi-
mately US$250 per participant over 18 months. The 
community- based diabetes education program by Culica 
et al35 50 reported that the cost per patient was US$461, 
which included the CHW salary, glucose monitors and 
testing strips, but excluded medication expenses. The 
glucose monitors and testing strips were the largest items 
of expenditure. A study by Brown et al41 estimated the 
general cost of an intervention that included health 
personnel and foods necessary for meal preparation.40 
The cost of per person was estimated at US$384 for 12 
months. In another study, Brown et al41 estimated the cost 
for compressed and extended versions of lifestyle inter-
ventions, reporting that the total cost per person for the 
former was US$131, whereas for the latter it was US$384 
per person. These figures include cost of educational 
sessions, support group sessions and foods provided 
during the sessions. A study O’Hare et al44 conducted 
among South Asian migrants reported the cost of inter-
vention per patient as GB£264 per year and staff cost 
GB£365 per patient with diabetes per year. Another study 
by Bellary et al45 implemented for a long term reported a 
cost of intervention per patient of GB£434 (GB£406 net 
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service and GB£28 net prescribing costs) for the duration 
of 2 years. This study also reported the incremental cost- 
effectiveness ratio to GB£28 933 per quality- adjusted life 
year gained.

DISCUSSION
In this review, we have presented a synthesis of evidence 
concerning interventions to support the management 
of diabetes using non- pharmacological, lifestyle change 
approaches among migrants and ethnic minorities 
residing in industrialized countries. The migrants and 
ethnic minorities were part of the interventions in this 
review included Hispanic population, African- Americans, 
Latinos- Americans, South Asians and Caucasians and 
Romanies. This systematic review found that lifestyle 
interventions delivered by CHWs or peer supporters 
(or a combination of these) can improve diabetes self- 
management among these priority subgroups, shown by 
modest effects on clinical and behavioural outcomes. We 
did not observe comparable difference in terms of inter-
vention effectiveness among and between the subgroups 
who received either peer support or CHW- led or combi-
nation of these interventions. The evidence examined in 
this review suggests that lifestyle intervention programs 
delivered by CHWs or local volunteer or peer supporters 
or those with a bilingual background were effective.

The meta- analyses findings showed lifestyle inter-
ventions were moderately effective in reducing HbA1c 
levels among the migrants and ethnic minorities. 
These findings are comparable with recent systematic 
reviews and meta- analyses, which have found that life-
style interventions using peer support have positive 
impacts on clinical outcomes such HbA1c levels, as 
well as diabetes self- management knowledge and prac-
tices. Patil et al included 17 studies published between 
2000 and 2015 and reported that peer support inter-
ventions using lifestyle management approaches were 
effective in reducing HbA1c levels by 0.24% (95% CI 
0.05% to 0.43%).51 52 Gatlin et al52 included seven studies 
in their review conducted between 2006 and 2016, and 
found that peer support intervention were effective in 
reducing HbA1c levels among peer education support 
groups compared with controls.51 Heterogeneity in 
terms of sample sizes, study design, intervention design 
and outcome measures were reported in both reviews. A 
systematic review by Rawal et al also reported that the life-
style interventions implemented in low -resource settings 
were effective in improving glycemic control and behav-
ioral outcomes.20 Conversely, a recent systematic review 
by Navodia et al, which included four studies conducted 
among South Asian migrants residing in industrial-
ized countries reported that the culturally appropriate 
diabetes self- management programs did not show statis-
tically significant outcomes in reducing HbA1c levels.53

Our review also showed that lifestyle interventions using 
CHWs were effective in improving both primary and 
secondary outcomes.34 35 37 46 Previous reviews have shown 

similar findings.19 54–57 Palmas et al57 in their systematic 
review showed that the CHW interventions were effective 
in bringing modest reduction in HbA1c (of 0.21%, 95 % 
CI 0.11 to 0.32) compared with the usual care patients. 
The reduction in HbA1c was found to be larger in 
studies in which participants had higher mean baseline 
HbA1c levels. Evidence suggests that because CHWs have 
in- depth knowledge of their community they are able to 
provide culturally appropriate services to communities 
that are medically underserved.56 However, the roles of 
CHWs and outcomes achieved can vary greatly, making 
it difficult to draw conclusions about their overall effec-
tiveness in T2DM interventions. Studies that involved 
CHWs providing regular telephone support to patients 
with T2DM have shown positive changes in clinical and 
behavioral outcomes.58 59 These programs have included 
CHW coaching, peer support as well as the regular tele-
phone calls, implemented in different low- resource 
settings and reported positive impacts on T2DM self- 
management. Furthermore, a systematic review by Vas 
et al54 found that lifestyle interventions were effective in 
improving diabetes self‐management, resulting in reduc-
tions in HbA1c, improved diabetes knowledge and self‐
care practices. A systematic review by Henderson et al,55 
which included 16 studies suggested that use of bilingual 
CHWs in culturally and linguistically diverse communi-
ties may promote greater uptake of NCD prevention and 
management programs.

In our review, we endeavoured to systematically assess 
the cost- effectiveness of the lifestyle interventions imple-
mented among migrants and ethnic minorities. No 
study reported cost- effectiveness data. While only a few 
studies reported cost- related information in their inter-
ventions,31 35 40 41 50 the evidence suggests that lowering 
blood sugar levels among those people with diabetes has 
significant benefits in reducing the healthcare cost.60 61

Limitation
This review focused on assessing the effectiveness of life-
style interventions for management of T2DM with HbA1c 
and other biochemical measures as key outcomes but 
did not include primary prevention interventions. Some 
primary as well as secondary outcomes to T2DM manage-
ment such as duration of diabetes, number of patients on 
oral antidiabetic agents, history of smoking or alcohol, 
etc are not reported in this review. Another limitation 
may be bias related to inclusion of studies that were only 
published in English. While the language, cultural values, 
background of the participants and access to services/
resources, etc may have significant influence on inter-
vention utilisation and impact, where available, we have 
therefore reported this information narratively. However, 
the level of detail provided varies across the included 
studies and we were unable to quantitatively stratify the 
findings according to these factors. The generalizability 
of the findings is also limited as the significant heteroge-
neity of the study population included in these studies 
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was observed in addition to implementation occurring in 
a limited number of industrialised countries.

CONCLUSIONS
The global estimates show that the rate of migration, 
particularly from the LMICs to high- income countries, 
is increasing substantially. The majority of those from 
migrant and ethnic minorities backgrounds are likely 
to develop NCDs in their lifetime. Furthermore, there is 
substantial evidence that migrants and ethnic minorities 
suffer additional barriers to optimal care, putting them 
at even greater risk for costly diseases and associated 
complications. The evidence presented in this review is 
encouraging as most of the studies using either CHW, 
peer supporters or a combination of the both have shown 
improvements in the management of T2DM. There is 
great potential for developing culturally and linguisti-
cally appropriate, clinically sound and cost- effective inter-
ventions to respond to the growing and diverse migrant 
and ethnic minority populations affected by diabetes 
worldwide.

Author affiliations
1School of Health Medical and Applied Sciences, Collage of Science and 
Sustainability, Central Queensland University—Sydney Campus, Sydney, New 
South Wales, Australia
2Physical Activity Research Group, Appleton Institute, Central Queensland 
University, Adelaide, South Australia, Australia
3Translational Health Research Institute (THRI), Western Sydney University, Sydney, 
New South Wales, Australia
4School of Social Sciences, Western Sydney University, Sydney, New South Wales, 
Australia
5Centre for Mental Health, Melbourne School of Population and Global Health, 
University of Melbourne, Melbourne, Victoria, Australia
6School of Nursing and Midwifery, Deakin University, Geelong, Victoria, Australia
7Centre for Quality and Patient Safety Research (QPS), Alfred Health Partnership, 
Melbourne, Victoria, Australia
8Prevention and Health Promotion, The University of Sydney School of Public 
Health, Sydney, New South Wales, Australia
9School of Nursing and Midwifery, Western Sydney University, Liverpool, New South 
Wales, Australia
10Bureau of Integrated Rural Development, Kwame Nkrumah University of Science 
and Technology, Kumasi, Ghana
11School of Medicine, Western Sydney University, Sydney, New South Wales, 
Australia

Contributors LR, BWS, BJS, KK and AMNR contributed conceptualizing the study, 
drafting the manuscript and finalization. LR, BWS and AMNR contributed in data 
search, assessment, analyses and results write up. BJS, KK, EO- A and AMNR 
thoroughly reviewed the manuscript and contributed substantially for necessary 
revision. LR, BWS, BJS, KK, EO- A and AMNR finally reviewed the manuscript and 
prepared for submission.

Funding The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not- for- profit sectors.

Competing interests None declared.

Patient consent for publication Not required.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available on reasonable request. All data 
relevant to the study are included in the article or uploaded as supplemental 
information. Data are available in a public, open access repository.

Supplemental material This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 

peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the 
use is non- commercial. See: http:// creativecommons. org/ licenses/ by- nc/ 4. 0/.

ORCID iDs
Lal Rawal http:// orcid. org/ 0000- 0003- 1106- 0108
Berhe W Sahle http:// orcid. org/ 0000- 0003- 3243- 9176

REFERENCES
 1 United Nations Department of Economic and Social Affairs 

Population Division. Monitoring global population trends. New York: 
United Nations, 2020. https://www. un. org/ en/ development/ desa/ 
population/ migration/ data/ estimates2/ estimates19. asp

 2 United Nations Department of Economic and Social Affairs 
Population Division. International migration report 2019: highlights 
(ST/ESA/SER.A/439). New York: United Nations, 2019.

 3 The World Bank. The world bank classification on countries 
Washington DC: the world bank, 2020. Available: https:// 
datahelpdesk. worldbank. org/ knowledgebase/ articles/ 378834- how- 
does- the- world- bank- classify- countries

 4 Renzaho AMN. Globalisation, migration, and health: challenges and 
opportunities. London: Imperial College Press, 2016.

 5 Khan MAB, Hashim MJ, King JK, et al. Epidemiology of type 2 
diabetes - Global Burden of disease and forecasted trends. J 
Epidemiol Glob Health 2020;10:107–11.

 6 International Diabetes Federation. IDF diabetes atlas, Ninth edition. 
In: Karuranga S, Malanda B, Saeedi P, et al., eds. 9th ed. Brussels: 
IDF, 2019.

 7 Montesi L, Caletti MT, Marchesini G. Diabetes in migrants and ethnic 
minorities in a changing world. World J Diabetes 2016;7:34–44.

 8 Meeks KAC, Freitas- Da- Silva D, Adeyemo A, et al. Disparities in 
type 2 diabetes prevalence among ethnic minority groups resident in 
Europe: a systematic review and meta- analysis. Intern Emerg Med 
2016;11:327–40.

 9 Sulaiman N, Albadawi S, Abusnana S, et al. High prevalence of 
diabetes among migrants in the United Arab Emirates using a cross- 
sectional survey. Sci Rep 2018;8:6862.

 10 Rana A, de Souza RJ, Kandasamy S, et al. Cardiovascular risk 
among South Asians living in Canada: a systematic review and 
meta- analysis. CMAJ Open 2014;2:E183–91.

 11 Abouzeid M, Philpot B, Janus ED, et al. Type 2 diabetes prevalence 
varies by socio- economic status within and between migrant 
groups: analysis and implications for Australia. BMC Public Health 
2013;13:252.

 12 Renzaho A, Polonsky M, Mellor D, et al. Addressing migration- 
related social and health inequalities in Australia: call for research 
funding priorities to recognise the needs of migrant populations. 
Aust Health Rev 2016;40:3–10.

 13 Eriksen A, Tillin T, O'Connor L, et al. The impact of health behaviours 
on incident cardiovascular disease in Europeans and South 
Asians--a prospective analysis in the UK SABRE study. PLoS One 
2015;10:e0117364.

 14 Tillin T, Hughes AD, Mayet J, et al. The relationship between 
metabolic risk factors and incident cardiovascular disease in 
Europeans, South Asians, and African Caribbeans: sabre (Southall 
and Brent revisited) Prospective a prospective population- based 
study. J Am Coll Cardiol 2013;61:1777–86.

 15 Espelt A, Borrell C, Roskam AJ, et al. Socioeconomic inequalities in 
diabetes mellitus across Europe at the beginning of the 21st century. 
Diabetologia 2008;51:1971–9.

 16 Ricci- Cabello I, Ruiz- Pérez I, Olry de Labry- Lima A, et al. Do social 
inequalities exist in terms of the prevention, diagnosis, treatment, 
control and monitoring of diabetes? A systematic review. Health Soc 
Care Community 2010;18:572–87.

 17 Agardh E, Allebeck P, Hallqvist J, et al. Type 2 diabetes incidence 
and socio- economic position: a systematic review and meta- 
analysis. Int J Epidemiol 2011;40:804–18.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://drc.bm

j.com
/

B
M

J O
pen D

iab R
es C

are: first published as 10.1136/bm
jdrc-2020-001924 on 20 A

pril 2021. D
ow

nloaded from
 

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0003-1106-0108
http://orcid.org/0000-0003-3243-9176
https://www.un.org/en/development/desa/population/migration/data/estimates2/estimates19.asp
https://www.un.org/en/development/desa/population/migration/data/estimates2/estimates19.asp
https://datahelpdesk.worldbank.org/knowledgebase/articles/378834-how-does-the-world-bank-classify-countries
https://datahelpdesk.worldbank.org/knowledgebase/articles/378834-how-does-the-world-bank-classify-countries
https://datahelpdesk.worldbank.org/knowledgebase/articles/378834-how-does-the-world-bank-classify-countries
http://dx.doi.org/10.2991/jegh.k.191028.001
http://dx.doi.org/10.2991/jegh.k.191028.001
http://dx.doi.org/10.4239/wjd.v7.i3.34
http://dx.doi.org/10.1007/s11739-015-1302-9
http://dx.doi.org/10.1038/s41598-018-24312-3
http://dx.doi.org/10.9778/cmajo.20130064
http://dx.doi.org/10.1186/1471-2458-13-252
http://dx.doi.org/10.1071/AH14132
http://dx.doi.org/10.1371/journal.pone.0117364
http://dx.doi.org/10.1016/j.jacc.2012.12.046
http://dx.doi.org/10.1007/s00125-008-1146-1
http://dx.doi.org/10.1111/j.1365-2524.2010.00960.x
http://dx.doi.org/10.1111/j.1365-2524.2010.00960.x
http://dx.doi.org/10.1093/ije/dyr029
http://drc.bmj.com/


10 BMJ Open Diab Res Care 2021;9:e001924. doi:10.1136/bmjdrc-2020-001924

Epidemiology/Health services research

 18 Biswas T, Islam MS, Linton N, et al. Socio- Economic inequality of 
chronic non- communicable diseases in Bangladesh. PLoS One 
2016;11:e0167140.

 19 Martin CA, Gowda U, Smith BJ, Renzaho AMN, et al. Systematic 
review of the effect of lifestyle interventions on the components of 
the metabolic syndrome in South Asian migrants. J Immigr Minor 
Health 2018;20:231–44.

 20 Rawal LB, Tapp RJ, Williams ED, et al. Prevention of type 2 diabetes 
and its complications in developing countries: a review. Int J Behav 
Med 2012;19:121–33.

 21 United Nations. The sustainable development goals report 2017. 
New York: Statistics Division, United Nations, 2017.

 22 Renzaho AMN, Halliday JA, Mellor D, et al. The healthy migrant 
families initiative: development of a culturally competent obesity 
prevention intervention for African migrants. BMC Public Health 
2015;15:272.

 23 Moher D, Liberati A, Tetzlaff J, et al. Preferred reporting items for 
systematic reviews and meta- analyses: the PRISMA statement. 
PLoS Med 2009;6:e1000097.

 24 United Nations Department of Economic and Social Affairs 
Population Division. International migration report 2017: highlights 
(ST/ESA/SER.A/404). New York: United Nations, 2017.

 25 United Nations High Commission for Refugees (UNHCR). UNHCR 
global report 2019. Turin, Italy: UNHCR, 2019. https://www. unhcr. 
org/ globalreport2019/

 26 World Health Organization. Refugees and migrants health. Geneva: 
WHO, 2017.

 27 Thomas BH, Ciliska D, Dobbins M, et al. A process for systematically 
reviewing the literature: providing the research evidence for 
public health nursing interventions. Worldviews Evid Based Nurs 
2004;1:176–84.

 28 Downs SH, Black N. The feasibility of creating a checklist for the 
assessment of the methodological quality both of randomised and 
non- randomised studies of health care interventions. J Epidemiol 
Community Health 1998;52:377–84.

 29 Egger M, Davey Smith G, Schneider M, et al. Bias in meta- analysis 
detected by a simple, graphical test. BMJ 1997;315:629–34.

 30 Harbord RM, Higgins JPT. Meta- Regression in Stata. Stata J 
2008;8:493–519.

 31 Lorig K, Ritter PL, Villa F, et al. Spanish diabetes self- management 
with and without automated telephone reinforcement: two 
randomized trials. Diabetes Care 2008;31:408–14.

 32 Philis- Tsimikas A, Fortmann A, Lleva- Ocana L, et al. Peer- led 
diabetes education programs in high- risk Mexican Americans 
improve glycemic control compared with standard approaches: 
a project Dulce promotora randomized trial. Diabetes Care 
2011;34:1926–31.

 33 Thom DH, Ghorob A, Hessler D, et al. Impact of peer health 
coaching on glycemic control in low- income patients with diabetes: 
a randomized controlled trial. Ann Fam Med 2013;11:137–44.

 34 Lujan J, Ostwald SK, Ortiz M. Promotora diabetes intervention for 
Mexican Americans. Diabetes Educ 2007;33:660–70.

 35 Culica D, Walton JW, Harker K, et al. Effectiveness of a community 
health worker as sole diabetes educator: comparison of code with 
similar culturally appropriate interventions. J Health Care Poor 
Underserved 2008;19:1076–95.

 36 Kangovi S, Mitra N, Grande D, et al. Community health worker 
support for disadvantaged patients with multiple chronic diseases: a 
randomized clinical trial. Am J Public Health 2017;107:1660–7.

 37 Frosch DL, Uy V, Ochoa S, et al. Evaluation of a behavior support 
intervention for patients with poorly controlled diabetes. Arch Intern 
Med 2011;171:2011–7.

 38 Keyserling TC, Samuel- Hodge CD, Ammerman AS, et al. A 
randomized trial of an intervention to improve self- care behaviors of 
African- American women with type 2 diabetes: impact on physical 
activity. Diabetes Care 2002;25:1576–83.

 39 Safford MM, Andreae S, Cherrington AL, et al. Peer coaches to 
improve diabetes outcomes in rural Alabama: a cluster randomized 
trial. Ann Fam Med 2015;13 Suppl 1:S18–26.

 40 Brown SA, Garcia AA, Kouzekanani K. Culturally competent diabetes 
self- management education for Mexican Americans. The Starr 
County Border Health Initiative 2002;25:259–68.

 41 Brown SA, Blozis SA, Kouzekanani K. Dosage effects of diabetes 
self- management education for Mexican Americans. The Starr 
County Border Health Initiative 2005;28:527–32.

 42 Long JA, Jahnle EC, Richardson DM, et al. Peer mentoring and 
financial incentives to improve glucose control in African American 
veterans: a randomized trial. Ann Intern Med 2012;156:416–24.

 43 Islam NS, Wyatt LC, Taher MD, et al. A culturally tailored community 
health worker intervention leads to improvement in patient- centered 
outcomes for immigrant patients with type 2 diabetes. Clin Diabetes 
2018;36:100–11.

 44 O'Hare JP, Raymond NT, Mughal S, et al. Evaluation of delivery 
of enhanced diabetes care to patients of South Asian ethnicity: 
the United Kingdom Asian diabetes study (UKADS). Diabet Med 
2004;21:1357–65.

 45 Bellary S, O'Hare JP, Raymond NT, et al. Enhanced diabetes care 
to patients of South Asian ethnic origin (the United Kingdom Asian 
diabetes study): a cluster randomised controlled trial. Lancet 
2008;371:1769–76.

 46 Olry de Labry Lima A, Bermúdez Tamayo C, Pastor Moreno G, 
et al. Effectiveness of an intervention to improve diabetes self- 
management on clinical outcomes in patients with low educational 
level. Gac Sanit 2017;31:40–7.

 47 Middelkoop BJC, Geelhoed- Duijvestijn P, van der Wal G. 
Effectiveness of Culture- Specific diabetes care for Surinam South 
Asian patients in the Hague. Diabetes Care 2001;24:1997.

 48 WHO Study Group on Community Health Workers & World Health 
Organization. Strengthening the performance of community health 
workers in primary health care : report of a WHO Study Group 
[meeting held in Geneva from 2 to 9 December 1987. Geneva: World 
Health Organization, 1989.

 49 Dennis C- L. Peer support within a health care context: a concept 
analysis. Int J Nurs Stud 2003;40:321–32.

 50 Culica D, Walton JW, Prezio EA. Code: community diabetes 
education for uninsured Mexican Americans. Proc 2007;20:111–7.

 51 Patil SJ, Ruppar T, Koopman RJ, et al. Peer support interventions for 
adults with diabetes: a meta- analysis of Hemoglobin A

1c outcomes. 
Ann Fam Med 2016;14:540–51.

 52 Gatlin TK, Serafica R, Johnson M. Systematic review of peer 
education intervention programmes among individuals with type 2 
diabetes. J Clin Nurs 2017;26:4212–22.

 53 Navodia N, Wahoush O, Tang T, et al. Culturally tailored self- 
management interventions for South Asians with type 2 diabetes: a 
systematic review. Can J Diabetes 2019;43:445–52.

 54 Vas A, Devi ES, Vidyasagar S, et al. Effectiveness of self- 
management programmes in diabetes management: a systematic 
review. Int J Nurs Pract 2017;23:e12571.

 55 Henderson S, Kendall E, See L. The effectiveness of culturally 
appropriate interventions to manage or prevent chronic disease 
in culturally and linguistically diverse communities: a systematic 
literature review. Health Soc Care Community 2011;19:225–49.

 56 Shah M, Kaselitz E, Heisler M. The role of community health 
workers in diabetes: update on current literature. Curr Diab Rep 
2013;13:163–71.

 57 Palmas W, March D, Darakjy S, et al. Community health worker 
interventions to improve glycemic control in people with diabetes: 
a systematic review and meta- analysis. J Gen Intern Med 
2015;30:1004–12.

 58 Wild SH, Hanley J, Lewis SC. Supported Telemonitoring and 
glycemic control in people with type 2 diabetes: the Telescot 
diabetes pragmatic multicenter randomized controlled trial. PLoS 
Medicine 2016;13:1–16.

 59 Piette JD, Marinec N, Gallegos- Cabriales EC, et al. Spanish- 
Speaking patients' engagement in interactive voice response (IVR) 
support calls for chronic disease self- management: data from three 
countries. J Telemed Telecare 2013;19:89–94.

 60 Gilmer TP, O'Connor PJ, Rush WA, et al. Predictors of 
health care costs in adults with diabetes. Diabetes Care 
2005;28:59–64.

 61 Wagner EH, Sandhu N, Newton KM, et al. Effect of improved 
glycemic control on health care costs and utilization. JAMA 
2001;285:182–9.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://drc.bm

j.com
/

B
M

J O
pen D

iab R
es C

are: first published as 10.1136/bm
jdrc-2020-001924 on 20 A

pril 2021. D
ow

nloaded from
 

http://dx.doi.org/10.1371/journal.pone.0167140
http://dx.doi.org/10.1007/s10903-016-0515-y
http://dx.doi.org/10.1007/s10903-016-0515-y
http://dx.doi.org/10.1007/s12529-011-9162-9
http://dx.doi.org/10.1007/s12529-011-9162-9
http://dx.doi.org/10.1186/s12889-015-1628-2
http://dx.doi.org/10.1371/journal.pmed.1000097
https://www.unhcr.org/globalreport2019/
https://www.unhcr.org/globalreport2019/
http://dx.doi.org/10.1111/j.1524-475X.2004.04006.x
http://dx.doi.org/10.1136/jech.52.6.377
http://dx.doi.org/10.1136/jech.52.6.377
http://dx.doi.org/10.1136/bmj.315.7109.629
http://dx.doi.org/10.1177/1536867X0800800403
http://dx.doi.org/10.2337/dc07-1313
http://dx.doi.org/10.2337/dc10-2081
http://dx.doi.org/10.1370/afm.1443
http://dx.doi.org/10.1177/0145721707304080
http://dx.doi.org/10.1353/hpu.0.0076
http://dx.doi.org/10.1353/hpu.0.0076
http://dx.doi.org/10.2105/AJPH.2017.303985
http://dx.doi.org/10.1001/archinternmed.2011.497
http://dx.doi.org/10.1001/archinternmed.2011.497
http://dx.doi.org/10.2337/diacare.25.9.1576
http://dx.doi.org/10.1370/afm.1798
http://dx.doi.org/10.7326/0003-4819-156-6-201203200-00004
http://dx.doi.org/10.2337/cd17-0068
http://dx.doi.org/10.1111/j.1464-5491.2004.01373.x
http://dx.doi.org/10.1016/S0140-6736(08)60764-3
http://dx.doi.org/10.1016/j.gaceta.2016.05.017
http://dx.doi.org/10.1016/S0020-7489(02)00092-5
http://dx.doi.org/10.1080/08998280.2007.11928263
http://dx.doi.org/10.1370/afm.1982
http://dx.doi.org/10.1111/jocn.13991
http://dx.doi.org/10.1016/j.jcjd.2019.04.010
http://dx.doi.org/10.1111/ijn.12571
http://dx.doi.org/10.1111/j.1365-2524.2010.00972.x
http://dx.doi.org/10.1007/s11892-012-0359-3
http://dx.doi.org/10.1007/s11606-015-3247-0
http://dx.doi.org/10.1177/1357633x13476234
http://dx.doi.org/10.2337/diacare.28.1.59
http://dx.doi.org/10.1001/jama.285.2.182
http://drc.bmj.com/


BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open Diab Res Care

 doi: 10.1136/bmjdrc-2020-001924:e001924. 9 2021;BMJ Open Diab Res Care, et al. Rawal L



BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open Diab Res Care

 doi: 10.1136/bmjdrc-2020-001924:e001924. 9 2021;BMJ Open Diab Res Care, et al. Rawal L



BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open Diab Res Care

 doi: 10.1136/bmjdrc-2020-001924:e001924. 9 2021;BMJ Open Diab Res Care, et al. Rawal L



BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open Diab Res Care

 doi: 10.1136/bmjdrc-2020-001924:e001924. 9 2021;BMJ Open Diab Res Care, et al. Rawal L



BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open Diab Res Care

 doi: 10.1136/bmjdrc-2020-001924:e001924. 9 2021;BMJ Open Diab Res Care, et al. Rawal L



BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open Diab Res Care

 doi: 10.1136/bmjdrc-2020-001924:e001924. 9 2021;BMJ Open Diab Res Care, et al. Rawal L



BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open Diab Res Care

 doi: 10.1136/bmjdrc-2020-001924:e001924. 9 2021;BMJ Open Diab Res Care, et al. Rawal L



BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open Diab Res Care

 doi: 10.1136/bmjdrc-2020-001924:e001924. 9 2021;BMJ Open Diab Res Care, et al. Rawal L


	Lifestyle interventions for type 2 diabetes management among migrants and ethnic minorities living in industrialized countries: a systematic review and meta-analyses
	Abstract
	Introduction
	Methods
	Search strategy and study selection
	Inclusion and exclusion criteria
	Quality assessment of the studies
	Data extraction and synthesis
	Data analyses and heterogeneity of studies

	Results
	Identification of studies
	Participants characteristics and study designs
	Intervention characteristics and outcome measures
	Peer support interventions
	CHWs-led interventions
	Combination of CHWs and peer support
	Risk of bias of the included studies
	Meta-analyses findings
	Intervention effectiveness
	Peer support interventions
	CHWs and primary care interventions
	Combined peer support, CHW and telephone support interventions
	Cost-effectiveness of the interventions

	Discussion
	Limitation

	Conclusions
	References


