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Abstract

Background: This review examines the effectiveness of diet and physical activity interventions to reduce
cardiometabolic risk among Chinese immigrants and their descendants living in high income countries. The
objective of this review is to provide information to help build future interventions aimed at improving diet and
increasing physical activity levels among Chinese immigrants.

Methods: Outcomes included BMI, weight, waist circumference (WC), waist-hip ratio (WHR), cholesterol (LDL, HDL),
systolic and diastolic blood pressure (SBP, DBP), hemoglobin ATc (HgbA1c), fasting blood glucose (FBG), and
HOMA-IR. Six databases were systematically searched from database inception to date of search (February 2020).
Meta-analyses used random effect models to estimate pooled effects of outcomes with 95% confidence intervals.
The outcomes assessed were changes in mean outcomes (post-intervention versus baseline) among the
intervention group versus control groups.

Results: Twenty-one articles were included for synthesis, and eight of these were included in the meta-analysis.
Among children/adolescents, there were no significant effects of intervention for any of the outcomes having
sufficient data for meta-analysis (BMI, WHR, SBP, and DBP). Among adults, the pooled effect including three studies
showed significant changes in BMI (effect size=—1.14 kg/mz; (95% Cl: — 2,06, — 0.21), I> = 31%). There were also
significant effects of intervention among adults in terms of changes in SBP and DBP, as the pooled effect across
three studies was — 6.08 mmHg (95% Cl — 942, — 2.73), I> = 0% and — 3.81 mmHg (95% Cl: — 6.34, — 1.28), 1> = 0%,
respectively. Among adults there were no other significant effects among the meta-analyses conducted (weight,
WC, LDL, HgbA1c, and FBG).
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particularly those targeting children and their families.

Conclusions: This review is the first to summarize the effectiveness of diet and physical activity interventions
specifically designed for Chinese immigrants living in high income countries. There were clinically meaningful
changes in BMI and blood pressure among adults, but evidence was weak for other cardiometabolic outcomes
(weight, WC, LDL, HgbA1c, and FBG), and among children, there was no evidence of effect for any cardiometabolic
outcomes. Given our mixed findings, more work is needed to support the design of successful interventions,

Trial registration: The systematic review protocol was registered in PROSPERO on December 17, 2018, the
international prospective register of systematic reviews (registration number: CRD42018117842).
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Background
People of Chinese origin make up one of the fastest
expanding groups in high-income countries such as the
United States, Australia and Canada [1]. The cardiomet-
abolic disease profile for this group is generally positive
[1], but there are concerns about a high prevalence of
type 2 diabetes identified in some studies [2, 3] and
about increasing adiposity. While measures of adiposity
such as BMI and waist circumference are generally low
in Chinese-origin populations in high-income countries
in comparison with other ethnic groups [3, 4], there is
evidence that it increases with time living in a high-
income country [4], that it is higher in those born to
Chinese-origin parents in the United States than in mi-
grants from China [4-6], and some evidence that it has
been increasing faster amongst Chinese ethnic groups
than amongst others [7]. People of Asian origin have a
higher risk of cardiovascular disease at a given BMI rela-
tive to other ethnic subgroups [3], suggesting that strat-
egies to improve diet and physical activity behaviors may
be particularly important for those of Asian origin, in-
cluding Chinese immigrants and their descendants [8].
There is good evidence of differences in physical ac-
tivity and dietary practices between Chinese migrant
groups and the rest of the population in a number of
countries with the largest Chinese-origin populations.
There was a higher prevalence of inactivity among
Chinese Australians than non-Chinese Australians [3],
Canadians of South-East Asian origin (including
people with Chinese origins) were more likely to be
physically inactive than the White population of
Canada [9], those of Chinese origin reported lower
levels of physical activity compared with the general
population in the UK [10], and not only were Non-
Hispanic Asians in New York City less likely to meet
physical activity guidelines than non-Hispanic Whites
or Blacks, but Chinese Americans were less likely to
meet physical activity guidelines than other Asian
subgroups [11]. Similarly, in New Zealand those of
Chinese ethnicity were less likely to achieve physical
activity recommendations [8].

Dietary differences are harder to characterize. Those
of Chinese origin ate greater amounts of fruit and vege-
tables than the general population in the UK and fat in-
take was relatively low [12], while studies in the United
States and in New Zealand found that those of Chinese
ethnicity were less likely to meet recommendations for
consumption of vegetables than the general population
[13, 14]. Dietary patterns change with length of resi-
dence amongst migrants from China, with migrants to
Canada and the United States showing negative changes
such as reduced consumption of fruit and vegetables, in-
creased portion sizes and greater consumption of con-
venience foods [14, 15] and a survey of Chinese
immigrant mothers living in NYC reported several
changes in diet after immigration including a decrease in
family meals [7]. Thus interventions to promote physical
activity and healthful diets could be particularly benefi-
cial for those of Chinese-origin.

Considerations for developing interventions for Chinese
migrants and/or their descendants include: 1) language
(whether the intervention was offered in Cantonese, Man-
darin, English, etc.); 2) health literacy; 3) traditional Chin-
ese diet; 4) migration and acculturation; and 5) traditional
Chinese medicine [16]. Successful interventions may en-
courage maintenance of healthful dietary practices, in-
corporate traditional and cultural beliefs, and provide
information that would enable the participants to make
healthful dietary modifications [17]. Adaptations at a sur-
face level may involve the use of vernacular phrases, role
models that represent the targeted group, identifying suit-
able media channels and settings for recruitment, and
employing ethnically matched staff to administer the pro-
gram [18]. At the deep structure level, adaptations may
address the opposing cultural dimensions of collectivism
and individualism [18].

In the context of some concerns about diet and phys-
ical activity in those of Chinese origin living in high-
income countries, and evidence that this group may
benefit from tailored interventions, this review examines
the effectiveness of interventions designed to modify
dietary and physical activity behaviors to reduce
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cardiometabolic risk in this group. The objective of this
review is to provide information to build future interven-
tions aimed at improving the diet and increasing phys-
ical activity levels among Chinese immigrants.

Methods

The review was conducted following the PRISMA Proto-
col for Systematic Reviews (PRISMA) [19] and the
protocol was registered in PROSPERO, International
prospective register of systematic reviews (CRD4201811
7842).

Information sources and search strategy

In February 2020, co-author (TR), an experienced Med-
ical Librarian, searched PubMed Central, Ovid Medline,
Ovid Embase, CABI, Food Science Technology Cinahl
and the Cochrane Central Register of Controlled Trials.
The Ovid Medline Search is included as supplementary
material (Supplementary Table 1) to this article. The
search was not limited by language or publication date.
Additionally, the citations of included articles were
checked and, if relevant, were included in the review.

Eligibility criteria

This review examined diet and physical activity interven-
tions to reduce cardiometabolic risk among Chinese im-
migrants living in high income countries outside of
China. To this end, studies were included in the review
if 1) they quantitatively described the effect of an inter-
vention designed to modify dietary and/or physical activ-
ity behaviors on cardiometabolic risk factors (BMI,
weight, waist circumference (WC), waist-hip ratio
(WHR), LDL and/or HDL cholesterol, systolic and dia-
stolic blood pressure (SBP and DBP), hemoglobin Alc
(HgbAlc), fasting blood glucose (FBG), and HOMA-IR),
and 2) the recipients of the intervention were of Chinese
origin and living in a high-income economy, as defined
by the World Bank [20]. Exclusion criteria were: studies
involving institutionalized populations (as individual-
level control over diet and physical activity behaviors
may be restricted), and studies whose samples included
residents of Hong Kong, Taiwan, and Macau (as these
high-income economies are special administrative re-
gions within China). Interventions could be at any level
(individual, community, policy). The only types of stud-
ies to be excluded were observational studies in which
no intervention was tested. Systematic reviews and
meta-analyses on related topics were tagged for review
of individual studies, but the review paper itself was not
included to avoid double counting of studies. Control
groups were comprised of alternative combinations of
diet and physical activity interventions, attention control,
cross-over designs, or before/after studies.
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Study selection and data extraction

Titles and abstracts were screened by four independent
reviewers (JB, JW, TP, NA), with each citation receiving
two votes. The full-texts of studies with relevant ab-
stracts were assessed for eligibility by two screeners in-
dependently (JB, JW). Any conflicts were discussed and
resolved through consensus of all four reviewers.

Data from studies eligible for inclusion were extracted
using a data extraction form adapted from published
sources such as the Cochrane review [21, 22]. If pre- and
post-intervention means were not provided in the manu-
script, the corresponding author was contacted to re-
quest the data. Quality assessment was determined using
the Cochrane Review’s Risk of Bias tool [21], and guide-
lines provided in the Cochrane handbook for systematic
reviews of interventions were used to assess risk of bias
[23]. Two reviewers (JB, JW) independently extracted
outcomes by reading the full articles, tables, figures and
interpretations for the findings and assessed the quality
of papers to ensure consistency and to minimize individ-
ual bias. Discrepancies were resolved by consensus (TP,
NA, JB, JW).

Synthesis of results

A narrative synthesis was used as it allows the compil-
ation of data despite potential differences in research
questions, design, or context in order to find a common
underlying pattern. If at least two studies included the
same outcome variable and pre- and post-intervention
values were reported for both the intervention and con-
trol group, a meta-analysis was conducted. In cases
where multiple post-intervention measurements were
available, we extracted the measure that corresponded
most closely to the endpoint of the intervention. We
stratified analyses by age group (children/adolescents
and adults).

Statistical analysis

Where meta-analysis was possible (e.g. pre-post mea-
sures were available for intervention and control
groups), the analyses involved two steps. The first step
was to assess mean differences (MD) in outcomes for
both the intervention and control group by comparing
changes in the mean as the difference between post-
intervention and baseline measures. For calculating MD,
available adjusted or unadjusted means as reported in
the included studies were used. The corresponding
changes in standard deviation (SD) were not directly re-
ported in most studies, and therefore was estimated
using the formula suggested by the Cochrane handbook
for systematic reviews of interventions [23]. A correl-
ation of 0.6 between pre- and post-intervention values
was assumed. The second step involved estimating the
pooled effect for outcomes, where at least two
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randomized, controlled trials (RCTs) reported on the
same outcome variables. The pooled effects as gain in
the intervention group against the change in control
group was reported as the pooled effect estimate with
95% Cls. The study weights were equal to the inverse of
the variance of effect estimate of each study as suggested
by DerSimonian and Laird [24, 25]. The overall effect
was interpreted as statistically significant if the 95% Cls
did not include the null value of 0 (no difference) in
their range. Sensitivity analyses were performed to assess
whether correlation of 0.5 or 0.8 affected the interpret-
ation of the pooled effect. Heterogeneity, i.e. variation in
the intervention effects observed in the included studies,
was quantified using the I? statistic. Results are to be
interpreted with caution where there is significant het-
erogeneity (I> >50%). Meta-analyses were performed in
R software using the ‘meta’ package.

Results

Study selection

After duplicates were removed, 4443 articles were identi-
fied (Fig. 1). The initial screening of titles and abstracts
removed 4335 articles, leaving 107 full text articles to be
screened by two reviewers independently (JB, JW). Of
the full text articles reviewed, 86 articles were excluded
for the reasons listed in Fig. 1. Twenty-one articles were
included for synthesis, including one study reporting
outcomes for both children and adults [26]. Of these,
eight provided the pre- and post-intervention means for
intervention and control groups, allowing for inclusion
in the meta-analysis [26—33].

Study characteristics

Among children/adolescents, the first study was pub-
lished in 2008 [34] and the most recent study was 2019
[30] (Table 1). The range of publication dates was wider
among adults (1998-2019) (Table 2). All eight studies
conducted among children/adolescents were conducted
in San Francisco, CA, USA [26-30, 34—36], and all but
one [26] were led by the same principal investigator
(Chen) (Table 1). Among adults, one study was set in
Australia [37], one in Canada [33], and one in South
Korea [38], while all others were conducted in the
United States [31, 32, 39-47] (Table 2). The average
sample size was 60 and 63 among studies conducted in
children/adolescents and adults, respectively (Tables 1
and 2). The average proportion of female participants
was 50 and 64.5% among studies conducted in children/
adolescents and adults, respectively (Tables 1 and 2).
The age range for interventions among children/adoles-
cents was three to 18. Among children/adolescents, all
interventions included both diet and physical activity
components, while among adults, two interventions fo-
cused on diet exclusively while three interventions
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focused on physical activity exclusively (Tables 1 and 2).
Among children/adolescents, intervention duration was
2 months for six studies and 6 months for two studies
(Table 1). Among adults, intervention duration ranged
from 5 weeks to 1 year, with most common duration of
6 months in four studies (Table 2).

Risk of bias within studies

Among studies conducted in children/adolescents (Fig. 2
and b), only Chen 2018 [30] had low risk of bias for all
criteria. Four of the studies were not evaluated for ran-
dom sequence generation, allocation concealment, or
blinding, as they were not randomized controlled trials.
Four studies had a high risk of bias for incomplete out-
come data (attrition bias).

Among studies conducted in adults (Fig. 3a and b), all
of the studies had at least one criterion with a high risk
of bias. Six of the studies were not evaluated for random
sequence generation, allocation concealment, or blinding,
as they were not randomized controlled trials. Common
criteria rated with a high risk of bias was blinding of out-
come assessment (six studies), incomplete outcome data
(ten studies), and selective reporting (five studies).

Intervention characteristics

Among children/adolescents, four studies were random-
ized controlled trials, three studies were pre-post single-
arm interventions, and one study included a historical
control group (Table 3). The most common intervention
was iStart Smart, which was adapted for Chinese Ameri-
can children based on the National Institute of Health’s
WeCan! program (educational play-based activities
teaching self-efficacy, critical thinking, and problem solv-
ing skills related to nutrition, physical activity, and cop-
ing) [29, 30, 35, 36]. Intervention components included
short video clips with hands-on activities to reinforce
concepts; interactive dietary software (The Wok); and
60 min exercise classes (basketball, dodge ball, badmin-
ton) weekly for 8 sessions. Study participants were pro-
vided with a pedometer, activity diary, and books related
to physical activity. A one-hour parent workshop was
also included to provide reinforcement and social sup-
port. Theoretical models included the Ecological Model
of Childhood Obesity, Social Cognitive Theory (five
studies), Transtheoretical model, and Information-
Motivation-Behavior Models (Table 3).

Among adults, three studies were randomized con-
trolled trials, nine studies were pre-post single-arm in-
terventions, and two studies were two-group repeated
measures quasi-experimental design (Table 4). Interven-
tions included adaptations of the Diabetes Prevention
Program [32, 37, 39, 45] DASH diet [33], a cancer sur-
vival program [41], diabetes management programs [43,
46, 47], walking programs [38, 40], community-based
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programs [42], tai chi [44], and an intervention to in-
corporate more brown rice in the diet [31]. Theoretical
models included Transtheoretical Model, Culture Care
Theory, Chronic Care model, Theory of reasoned action,
Orem’s theory of self care, Empowerment model, RE-
AIM, Social Cognitive Theory, and traditional Chinese
Medicine principles (Table 4).

Intervention effectiveness

Among children/adolescents, sufficient data were avail-
able for meta-analysis for BMI, WHR, SBP, and DBP.
The pooled effect including five studies did not show
significant changes in BMI (effect size = — 0.27 kg/m?

(95%CI -0.91, 0.36) (Fig. 4a). For WHR, there were also
no significant changes over time between groups, (two
pooled studies with an effect size —0.01 (95%CI -0.03,
0.00). There was also no significant effect of intervention
in terms of changes in SBP or DBP as the pooled effect
across three studies was -3.41 mmHg (95%CI -9.40,
2.58) and — 4.58 mmHg (95%CI -9.56, 0.41), respectively.
Results did not substantively change in sensitivity ana-
lyses using 0.5 and 0.8 as the correlation between base-
line and follow-up measures (data not shown). For the
other outcomes of interest (WC, LDL, HDL, and FBG)
(Table 5), just one study reported findings, and statisti-
cally significant differences were only reported for HDL.
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Fig. 4 a Meta-analysis of mean change in cardiometabolic outcomes from baseline to post-intervention for Chinese migrant children/
adolescents. b Meta-analysis of mean change in cardiometabolic outcomes from baseline to post-intervention for Chinese migrant adults
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Table 5 Cardiometabolic outcomes- children
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Intervention group

Control group

Baseline Post-intervention Baseline Post-intervention

Author, year Mean SD n Mean SD n Mean SD n Mean SD n

BMI (kg/m?) Chen 2010 19.74 3.58 35 1948 348 33 1865 263 32 18.14 260 24
Chen 2011 20.79 3.12 26 20.76 3.08 26 20.25 3.21 24 20.21 3.13 24
Chen 2013 2553 3.65 21 25.16 391 21 2317 1.22 20 23.18 1.28 20
Chen 2015 24.03 347 70 23.67 352 70
Chen 2016 237 3.6 115 234 35 115
Chen 2018 2737 3.26 23 26.93 343 21 2835 4.36 17 29.18 3.88 15
Sun 2017 16.86 1.57 16 16.58 143 16 16.24 1.28 16 16.25 1.34 16

WC (cm) Chen 2013 82.63 11.25 21 8133 10.77 21

WHR Chen 2010 0.88 0.04 35 0.88 0.04 33 0.89 0.06 32 091 0.06 24
Chen 2011 091 0.04 26 0.90 0.04 26 0.89 0.04 24 0.89 0.04 24
Chen 2015 0.92 0.06 70 091 0.06 70
Chen 2016 0.95 0.09 115 0.94 0.09 115

LDL (mg/dL) Chen 2016 101.92 34.23 15 100.69 36.29 115

HDL (mg/dL) Chen 2016 47.83 10.39 115 50.94 10.24 115

SBP (mmHg) Chen 2010 105.74 9.01 35 104.97 9.10 33 99.87 581 32 99.65 6.63 24
Chen 2011 102.02 59 26 101.92 6.05 26 101.13 4.55 24 100.59 5.86 24
Chen 2013 106.9 5.75 21 95.52 14.49 21 101.33 4.56 20 99.64 2.80 20
Chen 2015 104.5 88 70 98.3 1.8 70
Chen 2016 104 838 15 99.8 109 115

DBP (mmHg) Chen 2010 63.23 1291 35 6152 9.62 33 57.70 11.31 32 5743 10.95 24
Chen 2011 63.26 8.19 26 61.31 839 26 6043 9.98 24 61.14 11.44 24
Chen 2013 6273 711 21 52.86 9.83 21 59.92 1.2 20 59.27 1051 20
Chen 2015 61.9 8.7 70 570 12.1 70
Chen 2016 62.7 83 115 59.1 1.1 115

FBG (mg/dL) Chen 2016 85.89 524 115 85.52 6.21 115

For the three single group design studies, Chen 2008
only reported changes in BMI stratified by overweight
status [34], while the other two reported minor improve-
ments in BMI and blood pressure (Table 5) [35, 36].

Among adults, sufficient data were available for meta-
analysis for BMI, weight, WC, SBP, DBP, LDL, HgBAlc,
and FBG. The pooled effect including three studies
showed significant changes in BMI (effect size = — 1.14 kg/
m? 95%CI - 2.06, — 0.21) (Fig. 4b). In contrast, among the
two studies reporting weight, the effect was null (effect
size = — 1.96 kg; 95%CI -4.70, 0.77). For waist circumfer-
ence, there were also no significant changes over time be-
tween groups (three pooled studies with an effect size —
2.39 (95%CI -5.57, 0.80)). There were significant effects of
intervention in terms of changes in SBP and DBP, as the
pooled effect across three studies was -6.08 mmHg
(95%CI -9.42, —2.73) and - 3.81 mmHg (95%CI - 6.34,
- 1.28), respectively. Finally, there was no significant effect
of intervention on LDL (effect size=-10.28 mg/dL;

95%CI -33.01, 12.45), HgBAlc (effect size=-0.02%;
95%CI -0.21, 0.18), or FBG (effect size =0.65mg/dL;
95%Cl -6.56, 7.87). Results did not substantively change in
sensitivity analyses using 0.5 and 0.8 as the correlation be-
tween baseline and follow-up measures (data not shown).

For the eleven studies that were not randomized con-
trolled trials (Table 6), minor improvements were docu-
mented in BMI, weight, LDL, SBP, DBP, FBG, and
HgbAlc. However, without a rigorous comparison
group, the effects cannot be attributed to the interven-
tions delivered with certainty. Data from one of the
studies was not included in Table 6 due to incompatibil-
ity of the scales used to measure outcomes [45].

Discussion

As of February 2020, there were 21 published studies de-
scribing behavioral diet and physical interventions in
Chinese migrants living in high-income countries. The
majority were conducted in adults (#=13), and just
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Table 6 Cardiometabolic outcomes- Adults

Page 22 of 25

Intervention group

Control group

Baseline Post-intervention Baseline Post-intervention

Author, year Mean SD n Mean SD n Mean SD n Mean SD n
BMI (kg/m?) Chesla 2016 294 36 25 275 45 25

Deng 2019 23.2 36 50 23.86 4.5 50

Lu 2014 25.1 34 98 24.7 33 88

Sun 2017 24.67 2.89 16 22.77 2.71 16 253 2.57 16 25.59 2.56 16

Wang 2013 26.5 3 28 258 3 28 249 2 29 25 3 29

Yeh 2016 26.3 24 30 255 29 30 258 2.3 30 256 43 28
Weight (kg) Chesla 2016 781 128 25 730 136 25

Lu 2014 64.1 9.5 98 63.2 94 88

Taing 2017 66.9 94 78 -05 04 78

Wang 2005 63.3 12.1 33 558 222 33

Wang 2013 64.9 8 28 634 8 28 63.3 10 29 63.8 10 29

Yeh 2016 699 1.5 30 67.6 1.5 30 66.4 9.8 28 66 10.2 28
WC (cm) Sun 2017 86.33 8.69 16 90.17 19.71 16 85.04 645 16 85.62 744 16

Wang 2013 87 6 28 82 6 28 84 8 29 84 8 29

Yeh 2016 36.1 34 24 349 3.1 30 353 33 27 357 3 28
WHR
LDL (mg/dL) Chesla 2016 1146 36.8 25 98.8 28.7 25

Taing 2017 32 09 74 -0.36 0.1 74

Wang 2013 101 28 28 98 24 28 104 20 29 108 29 29

Yeh 2016 107.2 38.1 30 879 27.7 29 108.1 30.6 30 91.2 27.8 28
HDL (mg/dL) Wang 2013 51 14 28 52 12 28 55 16 29 54 14 29
SBP (mmHg) Lu 2014 130.2 123 98 124.6 9.8 88

Taylor-Piliae 2006 150 20 38 131.1 15.1 38

Wang 1998 155.1 159 75 142.8 153 75

Wang 2005 1315 136 33 1189 42.1 33

Wang 2013 123 10 28 114 13 28 118 12 29 118 18 29

Yeh 2016 127.1 136 30 124 14.7 30 126.6 18.3 30 125.2 15.8 28

Zou 2017 1456 1.1 28 135.1 14.7 28 1464 86 29 139.7 11.6 29.000
DBP (mmHg) Chesla 2016 822 122 25 784 7.1 25

Lu 2014 79.2 8 98 76.1 7.2 88

Taylor-Piliae 2006 858 93 38 76.9 84 38

Wang 1998 93.1 42 75 83.1 58 75

Wang 2005 694 109 33 634 234 33

Wang 2013 75 6 28 72 6 28 75 8 29 76 8 29

Yeh 2016 786 9.5 30 756 9.2 30 781 9.7 30 74.8 83 28

Zou 2017 90.5 7.5 28 84.8 11.8 28 87.6 9.8 29 84.5 9 29
HgBA1c Chesla 2016 591 0.27 25 5.89 02 25

Sun 2012 787 097 19 711 0.62 19

Wang 2013 59 02 28 58 02 29 58 0.2 29 58 02 29

Wang 1998 711 1.1 33 6.12 24 33

Yeh 2016 6.2 04 30 6.2 04 30 6 03 30 6.2 0.5 28



Beasley et al. BMC Public Health (2020) 20:1019

Table 6 Cardiometabolic outcomes- Adults (Continued)
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Intervention group

Control group

Baseline Post-intervention Baseline Post-intervention
Author, year Mean SD n Mean SD n Mean SD n Mean SD n
FBG (mg/dL) Chesla 2016 96.4 6.7 25 93.1 56 25.000
Wang 2013 91 8 28 93 9 28 91 8 29 89 7 29
Yeh 2016 109.7 88 30 104.5 133 30 1033 1.7 30 101.5 14.5 28
HOMA-IR Wang 2013 15 12 28 13 1.2 28 1.1 1 29 1.1 0.8 29

*Results from Taing 2019 omitted, as post-intervention means and standard deviations weren't provided by the authors. Yeh 2016 results were obtained from the

lead author

three of the adult interventions were conducted outside
the United States (Australia, Canada, South Korea).
Eight were conducted in children/adolescents; of these,
seven were conducted by the same research group in
San Francisco.

There were clinically meaningful changes in BMI [48]
and blood pressure [49] among adults, but evidence was
weak for other cardiometabolic outcomes (weight, WC,
LDL, HgbAlc, and fasting glucose), and among children,
there was no evidence of effect for any cardiometabolic
outcomes. The intervention having the largest change in
BMI among adults (- 2.19) had a much smaller effect on
the offspring (- 0.29) [26]. Several explanations may help
explain the differences in effects observed between
adults and children in this study and others. First, post-
intervention measures were collected 3 months later in
children, while mothers’ BMI was collected immediately
following the intervention. Second, BMI z-scores, which
better account for growth stage compared to BMI
among children, were not reported by the authors. Fur-
thermore, most of the adult intervention periods were
longer-term (6—12 months) whereas most of the studies
conducted among children were 2 months in duration.

This report fills a gap in our understanding of the evi-
dence base for behavioral diet and physical activity inter-
ventions conducted in Chinese migrants and their
descendants living in high-income countries. Other re-
views have examined diet and physical activity behaviors
among African [50] and South Asian [51] migrants to
high-income countries. For example, a review of the ef-
fects of diet and physical activity interventions on
weight, BMI, and waist circumference among South
Asian migrants including 29 studies also observed no
significant differences among children but a significant
improvement in weight only among adults (mean differ-
ence - 1.8 kg, 95% CI - 2.5 to - 1.2 kg) [51].

Limitations must be acknowledged in interpreting these
findings. Despite searching seven databases and reference
lists for all identified articles, it is possible that relevant
studies were missed, if for example, the title or abstract
didn’t describe analyses specific to Chinese migrants. Al-
though the characteristics of each intervention as are

described in this review in order to help identify which
intervention components might be effective, given the
small sample size and heterogeneity of the studies, the re-
view cannot definitively summarize successful strategies
for behavioral diet and physical activity interventions tar-
geted at Chinese-origin groups [52-55].

Most studies conducted a complete case analysis ra-
ther than accounting for loss to follow-up incorporating
missing data methods such as multiple imputation.
Complete case analyses would overestimate any effect of
the intervention if, for example, participants who
dropped out lost less weight compared to those who
completed the study. We did not make any adjustment
for how studies accounted for attrition in our analysis,
but attrition bias was accounted for in the quality assess-
ment. In summary, a major limitation of our analyses
was having a relatively small number of controlled trials
that were suitable for meta-analyses. We only included
controlled trials, as opposed to single arm pre-post stud-
ies, in the meta-analyses to minimize the likelihood that
observed changes in cardiometabolic outcomes were due
to factors other than the intervention, particularly in
growing children.

Suggestions for improvement include increased atten-
tion to (1) how interventions are culturally adapted; (2)
the types of behavior change techniques and theories
that are used to underpin interventions; (3) loss to
follow-up by study arm; (4) variability within the
Chinese-origin population, particularly with respect to
generational differences that may be important for the
design of interventions; and (5) contextual factors, such
as whether the setting is rural or urban. These recom-
mendations would enable reviewers to assess how be-
havior change techniques and theories moderate
effectiveness, to assess the equity impacts of interven-
tions, and to examine explanations for heterogeneity be-
tween interventions.

Conclusions

Given our mixed findings, more work is needed to sup-
port the design of successful interventions, particularly
those targeting children and their families. The
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development of effective interventions may well require
a great deal of qualitative and quantitative research on
knowledge, attitudes, behaviors, and perceptions. More
research is needed into the differential effects of lifestyle
interventions for Chinese immigrants compared with
other ethnicities.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/512889-020-08805-3.

Additional file 1: Supplemental Table 1 Ovid Medline Database
Search Strategy.
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