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Abstract

Purpose South Asians face a high burden of type 2 diabetes (T2D). We systematically summarized current research on the
efficacy, cultural relevance, and research gaps of nutrition interventions that could be used for treatment in this population.
Findings We identified 18 articles published since 2010. Dietary pattern interventions have focused on low-glycemic index
(GI) solutions and consistently reported improvement in glycemic management. Trials of nutrition education and counsel-
ling had diverse approaches, with those utilizing more intensive interventions generally eliciting better glycemic outcomes.
Many studies developed interventions with cultural relevance by including traditional foods, providing materials in the local
language, and acknowledging important food-related customs. These adaptations were seen in South Asian countries as well
as Western countries hosting immigrants.

Summary Data from South Asian countries support low-GI and intensive counselling approaches for the treatment of T2D.
Given the high prevalence of T2D in these populous countries, approaches that can reach large numbers of people are needed.
In Western countries, more emphasis on providing culturally relevant nutrition therapy is needed.

Keywords Type 2 diabetes - Nutrition therapy - Nutrition education - Nutrition counseling - Cultural relevance - South
Asia - India - Pakistan - Sri Lanka - Bangladesh - Immigrant

Introduction

This article is part of the Topical Collection on Diabetes and

Obesity Nearly 122 million people in the region of South Asia had

diagnosed with diabetes in 2021. This represents a prevalence
of 8.7%, 9.6%, 10.4%, 11.3%, 14.2%, and 30.8% in Nepal,
India, Bhutan, Sri Lanka, Bangladesh, and Pakistan, respec-
tively [1] and is a crushing health burden individually and for
society. Millions more South Asians who have immigrated
to other countries are at high risk of developing T2D. South
Asians living in Canada have 3-5 times higher risk of dia-
betes than white people [2], with prevalence ranging from
16.5-26.8% [3]. Similar high risk is documented in the USA
Department of Nutrition and Food Science, California [4] and the UK [5]. This may be related, in part, to the adop-
Polytechnic State University at Pomona, Pomona, CA 91768, tion of new dietary patterns with low nutritional quality. South
USA Asians living in Alberta, Canada, consume 30% of calories
from foods high in sodium, sugar, and saturated fat [6].
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Together with pharmacotherapy, nutrition therapy is a
fundamental component of diabetes care. Although aggres-
sive pharmaceutical management is recommended because
of higher glycated hemoglobin (HbA1C) in South Asians
at diagnosis [7], the cost of newer generation antiglycemic
agents is a barrier in South Asian countries [8]. A recent
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consensus document highlights the lack of consistent deliv-
ery of medical nutrition therapy in South Asian countries
[9]. The majority of people with diabetes are not prescribed
specific diabetes diets [10]. In Western countries, South
Asian immigrants experience barriers related to language
and culturally tailored T2D therapy [11] and the majority
do not meet treatment targets for HbA1C, blood pressure,
or lipids [12]. A recent systematic review found 4 behavio-
ral interventions incorporating culturally relevant content
conducted in the UK and the Netherlands. Overall, they did
not lower HbA1C. Methods to integrate culturally congru-
ent care were lacking as was the necessity to consider the
heterogeneity of South Asian culture [13]. The efficacy of
diabetes interventions in South Asian populations needs to
be documented to identify promising strategies for more
widespread implementation. Sohal et al. [11] found that
many barriers and facilitators to improved diabetes care were
similar whether the South Asians lived in India or Western
countries, highlighting the enduring importance of culture.

The purpose of this systematic review is to evaluate the
efficacy to improve glycemic outcomes in recent medical
nutrition therapy interventions carried out in South Asia,
North America, or Europe. The primary research question
was: In South Asian people with T2D, living in their home
countries or immigrants to North America/Europe, what
nutrition interventions improve health outcomes (glyce-
mia, lipidemia, blood pressure, anthropometrics) or nutri-
tion behaviors or knowledge? Additional research questions
included:

1. What measures were taken to make these interventions
culturally relevant to the target audience?

2. What are the gaps in research that could improve nutri-
tion intervention strategies?

Methods
Eligibility Criteria

Eligible articles were original studies focused on people
diagnosed with T2D, an outcome of glycemic management
and/or nutrition behavior and a nutrition intervention con-
ducted in India, Pakistan, Sri Lanka, Bhutan, Bangladesh,
Nepal, or in a North American or European country spe-
cifically for immigrants from a South Asian country. We
included case—control, quasi-experimental and randomized
controlled trials (RCT). Secondary outcomes were blood
pressure, lipid panel, and body weight or body mass index
(BMI). Exclusion criteria were as follows: studies published
before 2010, not English language, and studies focused on
a single food, nutrient, or supplement. Abstracts, letters,
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editorials, general or systematic reviews and meta-analyses,
practice guidelines, and study protocols were excluded.

Information Sources and Search Strategy

Six databases (CINAHL, Medline, Web of Science,
Cochrane, Psych Info, Proquest Dissertations) were searched
in October 2021 by JT and the output was uploaded into
Covidence systematic review software (Veritas Health Inno-
vation, Melbourne, Australia. Available at www.covidence.
org). The MEDLINE search strategy, which documents the
keywords used, is provided in Supplemental Table 1.

Selection Process

Duplicate studies were removed automatically by the
Covidence software. Title and abstract screening was con-
ducted by DNF and CBC. Potentially eligible articles were
retrieved, and full-text review was conducted by DNF and
CBC.

Data Collection Process

Data were extracted independently by DNF and FBS. Data
included study title, authors, year and DOI; the study objec-
tive and population (country, urban/rural, sample size and
gender, age range; study design, and details of the dietary
intervention. Results were recorded in Excel and included
clinical outcomes of glycemic management and cardiovas-
cular risk factors, behavioral outcomes of dietary intake,
self-efficacy, nutrition knowledge; cultural relevance of the
intervention, barriers, and facilitators to uptake (by patients
or by the health system).

Effect Measures and Synthesis

Where possible, quantitative data such as glycemic or
nutritional outcomes were reported as intergroup mean
differences for RCT or changes from baseline for quasi-
experimental designs + standard deviation or confidence
intervals. A narrative synthesis was conducted and organ-
ized to address each research question.

Results
Study Selection

The study selection details are shown in Supplemental Fig. 1.
Eighteen articles met the inclusion criteria.
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Study Characteristics (Table 1)

Country Ten studies (eliciting 12 articles) were conducted
in India [14-17, 21-28], 2 in Bangladesh [18, 20], and 1
study in each of Sri Lanka [19], the UK [29], and Norway
(2 articles) [30, 31].

Design Seven studies were quasi-experimental [15, 16,
22-26, 29], 9 (10 articles) were RCT [14, 16-21, 27, 28,
30] and 1 was a case—control study [26].

Sample Size, Participant Age, and Study Duration The trial
size ranged from 15 to 340 participants and most were of
middle-aged adults. One pilot study was an acute evalua-
tion of low-GI foods. All other trials ranged from 4 weeks
to 12 months.

Effects of Nutrition Interventions on Health
Outcomes

Low Glycemic Index Dietary Interventions Five studies
focused on intervening with a low-GI diet (Table 1) with
results reported in Table 2 [17, 21, 23, 24, 26].

Glycemic Outcomes In 2 RCT of 40 and 80 T2D partici-
pants that were well-matched at baseline [17, 21], people in
the intervention arm were advised to include low-GI whole
grain cereals and traditional foods and compared to usual-
diet controls for 24 weeks, with periodic support from a die-
titian. In both trials, the low-GI group significantly reduced
FBG and PPG. Compared with controls, low-GI participants
exhibited a significant lowering of HbA1C (—0.9%). In a
pilot case—control trial, researchers developed Indian-style
low-GI foods that enabled blood glucose to return to base-
line within 2 h of consumption in people with T2D [26].
They then reported that consuming low-GI meals and snacks
for 4 weeks in T2D participants lowered HbA1C by —0.9%
compared to baseline [24]; however, this could not be con-
clusively attributed to the intervention as the study duration
was < 12 weeks. FBG was improved [24]. Another non-
randomized study used diet, naturopathy and yoga in par-
ticipants admitted to a naturopathy hospital for 15-30 days.
They were provided plant-based low-GI meals, performed
yoga and other exercises, received comprehensive educa-
tion, and one-on-one counselling with their physician daily
[23]. At 3-month follow-up, participants showed significant
declines in HbA1C, FBG, and PPG compared with baseline;
however, 55% of those enrolled were not followed up. A
dose—response relationship between compliance to dietary
practices and HbA1C was observed with mean reductions
of 0.4%, 1.1%, and 1.7% among those with poor, moderate,
and excellent compliance to dietary practices, respectively.
A majority of participants (65%) achieved a reduction in

HbA1C with 19% stopping medication [23]. However, given
the comprehensive lifestyle intervention, biological benefits
cannot be fully attributed to the low-GI diet.

Lipid and Blood Pressure Management Evidence from the
above studies also indicates some beneficial effects of a low-
GI diet on lipid profile (Table 2). An RCT of 80 participants
found a sustained significant reduction in triglyceride (TG)
compared with controls [21] although the smaller (n=40)
trial did not [17]. No effect on blood pressure (BP) was
detected [21]. In a single-arm intervention, a low-GI diet
elicited significant improvement in TG, total cholesterol,
high-density lipoprotein-cholesterol (HDL-C), and low-
density lipoprotein-cholesterol (LDL-C) compared with
baseline [24].

Anthropometrics One RCT (rn=40) [17] reported a signifi-
cant reduction in BMI in the low-GI group but this was not
replicated in the larger trial [21].

Summary Overall, the 4 studies of a low-GI diet lasting
4 weeks to 6 months found significant reductions in HbA1C
or other glycemic outcomes [17, 21, 23, 24]. Other cardio-
vascular risk factors were inconsistently measured, preclud-
ing conclusions. While 2 were RCT, they were conducted by
the same group and had a total enrolment of 120 participants
[17,21].

Education and Counselling Interventions

Thirteen articles focused on nutrition education or counsel-
ling as the primary intervention (Table 1) with the outcomes
reported in Table 2. Group education sessions were the pri-
mary intervention in 4 articles (3 studies) [19, 25, 30, 31]
whereas individual counselling methods were employed in
5 interventions [14-16, 22, 27]. Two articles investigated
the use of mobile phone-based interventions [18, 20] while
1 study each focused on self-learning modules [28] and the
development of educational materials [29].

Glycemic Outcomes Nine articles reported on glycemic
management in participants. In an RCT employing indi-
vidual nutrition counselling, the HbA1C of participants
receiving education on low carbohydrate diet for 3 months
was not different from controls at 3- or 6-month follow-up
despite excellent retention (84-96%) in the intervention.
However, no measure of compliance was reported [19]. An
RCT with a pre-post evaluation of self-learning modules ver-
sus educator-led instruction supported by PowerPoint pres-
entations reported that the proportion of individuals meet-
ing blood sugar targets increased similarly in both groups
after 6 months [28]. In a single-arm, 3-month trial, indi-
vidual counseling on diet, exercise, and medication elicited
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improvement in FBG in participants compared with baseline
but no information on dietary intake was provided [22].

The intensity (frequency) of educational intervention was
compared in a 3-arm trial [27]. In one group, participants
received intensive medical nutrition therapy from dieti-
tians once per month for 6 months and experienced a sus-
tained decrease in HbA1C up to 6 months. Participants who
received intermittent nutritional therapy (2 sessions over
6 months) had improvements in HbA1C only at 3 months,
with benefits attenuating by 6 months. Conversely, a con-
trol group taken from a different clinic receiving usual care
recorded an increase in HbA1C [27].

The importance of providing comprehensive educa-
tion (nutrition plus other health behavior information) was
unclear in a pre-post study in which one-third of participants
received periodic, ongoing, in-person counselling on diet
and physical activity. Although declines in FBG and PPG
relative to baseline were reported, HbA1C was unchanged.
Participants receiving periodic ongoing counselling on diet
alone showed improvements only in FPG [16]. A control
group receiving only 1 education session had similar HbA1C
values at 6 months as the intervention groups [16].

Approaches combining both intensive counselling and
comprehensive education on diabetes management were
explored in 2 RCTs. An intensive individual counseling
intervention led by dietitians and grounded in evidence-
based Indian nutrition practice guidelines (EBNPG)
included education, motivational interviewing, goal setting,
and self-monitoring but did not improve HbA1C compared
with controls [14]. In another, monthly sessions for 6 months
led by content experts from an urban hospital covering
diet, physical activity, and other self-management practices
resulted in an intergroup difference in HbA1C favoring the
intervention up to 1 year of follow-up [15].

Technology was used to deliver content in 2 RCTs. The
first examined comprehensive messaging on various top-
ics including nutrition (20 out of 90 messages in total) as
well as physical activity and medications delivered via text
messaging and resulted in greater improvement in HbA1C
among intervention than controls at 6 months [18]. Another
6-month RCT employing both text messaging and interac-
tive voice calls, plus telephone-based access to a physician
7 days/week, 24 h/day showed improvements in FBG and
PPG in the intervention group whereas in the control group
only PPG was lower than baseline. However, the dropout
was high, possibly due to low motivation or high cost of
intervention-recommended foods [20].

Lipid and Blood Pressure Management Among participants
in an RCT who received intermittent nutritional therapy,
improvement in lipids was observed only at 3 months. How-
ever, more intensive nutritional therapy showed decreases

in total cholesterol and LDL-C up to 6 months [27]. One
RCT intervening with either general diabetes management
or nutrition education focused on a low-carbohydrate diet
did not report significant intergroup differences in lipid pro-
file. However, BP decreased in the intervention group [19].
Periodic intensive counselling on diet and exercise elicited
significant decreases in total cholesterol and LDL-C com-
pared to baseline but less intensive interventions did not
[16]. Participants in a single-arm trial of a holistic lifestyle
modification experienced significant reduction in TG, LDL-
C, and total cholesterol, an increase in HDL-C, and reduced
systolic BP [15]. Similarly, an improved lipid profile was
also observed among participants who followed EBNPG
recommendations [14].

Anthropometrics Participants in a low-carbohydrate diet
health education RCT had a significant reduction in BMI
compared with controls [19]. In another RCT [14, 15], no inter-
group differences were found whereas Varadaraj et al. [27]
reported decreases in BMI compared with baseline in both
more- and less-intense intervention groups but an increase
in BMI in controls. In a non-randomized trial, significant
improvements were observed in BMI in participants who
received individual and group nutrition education but only
men were included [25]. Similar results were observed in par-
ticipants receiving periodic intensive counselling on either
diet alone or diet and exercise [16]. However, these results
might not be generalizable to the broader population, as most
enrollees were of moderate-high socioeconomic status.

Summary Four out of 9 studies of 3—6 months duration
reported improvements in glycemic outcomes and 1 RCT
intervention yielded sustained benefit at 12 months. Suc-
cessful interventions tended to have a higher frequency of
sessions along with comprehensive education encompassing
dietary and other health behaviors. Where benefits on lipid
or blood pressure outcomes were reported, it was usually in
higher intensity interventions. Of the 6 trials that measured
BMI, 2 randomized and 2 non-randomized interventions
found a benefit.

Effects of Nutrition Interventions on Behavior
Outcomes

Fifteen studies assessed behavior change outcomes in par-
ticipants as described in Table 1 and reported in Table 2.
Most behaviors were assessed subjectively using partici-
pant self-report and included parameters such as nutrition
knowledge, dietary intake (some of which was objectively
measured using validated questionnaires), dietary compli-
ance, stage of change for certain behaviors, or diabetes self-
management practices.
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Low-GI Dietary Interventions with Educational Support In
an RCT with objectively measured dietary intake, the inter-
vention was low-GI foods based on local, traditional whole
grains with support provided by dietitians, who evaluated
dietary compliance using repeated 24-h dietary recall. Com-
pliance and acceptability of the low-GI diet were higher than
the usual diet. The low-GI group consumed significantly
less carbohydrate and fat as % energy at the trial conclu-
sion [21]. A holistic diet and yoga program held in a natur-
opathy hospital included a variety of strategies to improve
dietary intake, twice daily yoga practice plus optional physi-
cal activities and diabetes management skills in addition to
the provision of low GI meals, meditation, and a variety of
education sessions throughout the study period [23]. Over-
all, 80% of patients showed moderate to excellent dietary
compliance and increased knowledge of the educational top-
ics presented, meal preparation, and spacing. However, self-
reported better adherence to yoga practice was not associated
with favorable glycemic outcomes [23]. To assess the sense
of satisfaction with low-GI versions of traditional Indian
mixed meals, sensory evaluation of the low-GI meals with
healthy and T2D participants was conducted. Satiety and
hedonic ratings for flavor, appearance, texture, taste, and
acceptability were similar between low-GI and original
foods [26]. The low-GI meals were prescribed to T2D par-
ticipants in a follow-up study for 4 weeks with good dietary
compliance by 13 of 15 participants [24].

Community & family
support

/

Food acceptability

Social support

Motivation

Culturally Adapted Dietary Education An RCT of Norwegian-
Pakistani women [31] demonstrated that culturally adapted
group nutrition education sessions changed the participants’
intention to eat healthier. Women in the intervention group
received 6 education sessions over 6-8 months. There was a
significant shift from the pre-action (pre-contemplation, con-
templation, and preparation) stages to the action stage in the
intervention group for intentions to consume a healthier diet
(reduced sugar and white flour, healthier fats, increased veg-
etables, fruits, and legumes). At the follow-up, all food intake
variables, except fruit intake, were improved in the interven-
tion group compared with the control group [31].

Summary Compliance to dietary recommendations was
assessed by a variety of techniques. The trials utilizing tra-
ditional foods with low GI or a focus on healthier eating
patterns were generally successful in improving dietary
outcomes. Other behaviors, such as physical activity, were
inconsistently reported.

Barriers to Uptake of Interventions and Culturally
Responsive Mitigation Strategies

Here, we present results for 5 of the most prominent barriers
and culturally relevant solutions. Figure 1 depicts factors
that influence dietary behaviors in the study population,
and summarizes which were most important in people with

Dietary Dietitian

recommendations*

capacity

Healthcare system
support

Dietary behaviours among
South Asians with T2D

Health insurance*

Sociodemographic
characteristics

Diverse languages

Cultural

Festivals

characteristics

AT~

NN

Literacy Gender Income

Cultural relevance of
. Personal taste
materials & resources

Fig.1 Factors influencing dietary behaviors in South Asians living in their
home country or immigrants to North America or Europe. Legend—clear
boxes depict factors identified both in South Asia and in immigrant set-
tings; stippled boxes depict factors only identified in South Asia; blue
boxes depict factors identified only in immigrant settings. As indicated,
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there is considerable overlap in the barriers and challenges faced by South
Asian people with T2D, independent of where they live. Mentioned in
other literature; not based on an exhaustive interview. Adapted from the
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immigrants. https://doi.org/10.3390/ijerph110706727
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T2D in their home country vs immigrants to North America/
Europe. The conceptual model is adapted from Zeng et al.
[32].

Diverse Languages Several languages and dialects are spo-
ken among people in South Asia. Five studies created edu-
cational resources, text messages, or conducted counselling
in local South Asian languages. In an RCT implementing
EBNPG, participants’ local dietitians provided individual-
ized counselling in 1 of 11 Indian languages across India,
focusing on dietary recommendations and behavioral strate-
gies such as goal setting. Outcomes up to 1 year included
reduced energy and carbohydrate quantity and quality and
improved nutrition knowledge, increased physical activity,
self-management practices, and adherence to recommenda-
tions [14]. Another intervention based on holistic lifestyle
practices in a naturopathy clinic provided the intervention
in the local language, supported by pictures, videos, and
interviews and discussions with individuals or groups. Self-
reported diet of the intervention group indicated increased
intake of fiber while decreasing sugary and junk foods [15].
In a study comparing the effectiveness of education deliv-
ery by self-learning modules and educator-led PowerPoint
presentations, the content was available in both English
and Hindi. Other translated resources such as handouts and
DVDs were also provided to participants, with both self-
learning and educator-led interventions yielding increased
nutrition knowledge [28].

Low Literacy In Pakistani women living in Norway, the
authors identified that the immigrant women may have lower
literacy, education, and poorer language skills than natives
of the host country, creating barriers to accessing healthcare
services and health information [31]. Also, some women
were reluctant to go out alone or speak to healthcare staff
of the opposite sex without an accompanying family mem-
ber. Culturally adapted and translated audiovisual materials
were used in the education program. Dietary assessment was
conducted in Urdu and/or Punjabi using a culturally adapted
Food Frequency Questionnaire [31]. The outcomes included
participants advancing through the stages of change for
reducing sugar and fat intake, although intentions to increase
vegetable and pulse grain intake were not increased [30].

The authors of a UK-based study created an educational
resource for ethnic minority communities including Gujarati
and Pakistani people. To address language and literacy bar-
riers, it included simple messages, culturally relevant infor-
mation in the form of photographs of foods commonly eaten
in the selected communities, alongside their carbohydrate
content. This enabled participants to understand the car-
bohydrate content of traditional foods and how they might
affect their blood glucose [29]. In a pilot trial, participants

reported increased knowledge and understanding of carbo-
hydrate counting for traditional and commonly eaten foods
while gaining an improved understanding of the impact of
carbohydrates on blood glucose [29].

Personal Preferences and Family Influences Participants in a
6-month counselling intervention indicated that adherence to
the prescribed dietary recommendations was most difficult
during festivals and special occasions when the consumption
of certain traditional foods is essential. To manage this situa-
tion, study participants were encouraged to substitute low-fat
snacks and sweets prepared with artificial sweeteners [16].

In a study among Pakistani immigrants in Norway, pref-
erences of the children and husbands were identified as a
significant barrier to dietary changes, as were social expecta-
tions to consume sweets and soft drinks [30]. Barriers limit-
ing the intake of fruits and vegetables included high prices,
taste and appearance of the food, lower quality and fresh-
ness, and decreased availability of certain foods compared
to Pakistan. To mitigate the barriers, the intervention was
based on the Pakistani lifestyle in Pakistan and in Norway.
Acknowledging the women’s roles as mothers, wives, and
as providers of food for their family [31] was successfully
navigated, as the women reported improved dietary habits
of themselves and their families [30].

Some participants’ diets were influenced by taboos
regarding fruit and vegetable consumption. For example,
“Gourd vegetables and citrus fruits were avoided during
rainy season as they were believed to be cold producing
foods. Many of the subjects did not consume any fruit as
they believed fruits were not permitted for subjects with dia-
betes” [16]. Diet counselling encouraged increased intake
of vegetables and allaying misconceptions about fruit. In
addition, participants following a non-vegetarian diet were
encouraged to include more vegetable dishes. Overall, the
intake of leafy green vegetables increased after the counsel-
ling intervention [16].

Responsive Programming to Increase Uptake In 1 study
[16], family members and caregivers were invited to par-
ticipate in the counselling sessions. When participants were
unable to attend in person, home visits or telephone calls
were provided. In the Norwegian study of Pakistani women,
walking groups were created as part of the study and, to
encourage participation, childcare was provided and stroller-
friendly walking paths were identified [30].

Traditional Foods and Exercise Prescriptions for a dietary
recommendation that are culturally unfamiliar may be
daunting to participants and prevent sustained adherence.
To improve adherence to and acceptability of the dietary
recommendations some studies used local, traditional foods
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and recipes in their recommendations. In a 24-week RCT,
participants in the intervention arm were provided low-
GI, local, traditional whole grains such as red rice puttu
(steamed rice flour logs), whole wheat flour, barley, and
rolled oats, while the control arm followed usual dietary
practice [21]. Compliance to dietary recommendations was
excellent in the intervention group versus the control group,
but could not be attributed solely to the adoption of tradi-
tional recipes because of the meticulous phone follow-up
by dietitians with the intervention group. Pande et. al. [26]
reported that the use of modified meals and snacks prepared
with Indian foods was associated with improved satiety,
acceptance, and compliance to the recommendations in 13
out of 15 participants. Others reported that 80% of partici-
pants were compliant with dietary intake recommendations
based on low-GI plant-based local foods. In some interven-
tions, traditional yoga exercises and Pranayama (breathing
exercises) to improve physical activity were utilized [15, 23]
while others recommended walking [23, 31]. Other studies
did not report the type of physical activity recommended,
nor outcomes [16, 20].

Discussion

Medical nutrition therapy is a cornerstone of the manage-
ment of T2D and, when successfully implemented, is proven
to improve health outcomes and prevent comorbidities. The
current literature provides consistent evidence that low-GI
diets are efficacious in the management of hyperglycemia in
South Asians in RCT [17, 21] and single-arm trials [23, 24].
Low-GI diets can be made culturally relevant by the inclu-
sion of familiar whole grains, pulses, vegetables, and fruits,
and the pattern is adaptable to both vegetarian and omnivo-
rous diets. One limitation might be South Asians’ preference
for refined carbohydrates including white rice and rice-based
products that are consumed several times daily (i.e., food
acceptability in Fig. 1) and can contribute two-thirds of the
daily caloric needs [33]. However, alternative traditional
whole grains, millets, and whole wheat meal preparations
are well received [17]. Adapting cooking methods to reduce
the available starch content may also work [26]; for example,
rice cooked in excess water drained after cooking has a GI
of 19, compared to white rice (GI 72) and parboiled rice (GI
57). The high GI of rice is primarily due to its low content
of amylose (a resistant starch), which improves its softness
and palatability [34] but also enables more rapid digestion,
resulting in high blood sugar following consumption [35].
The GI of rice is also affected by other properties of starch
and its interactions with other components during process-
ing and cooking [36]. Innovative technology and research
are needed to fully understand the GI properties of rice and
create new palatable rice varieties with low-GI content [34].
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Interventions of nutrition education and counselling ses-
sions had mixed results on glycemic control. As expected,
interventions that were more intensive (more frequent vis-
its) and/or comprehensive had sustained improvements in
HbA1C for 6-12 months [15, 27] as shown elsewhere [37].
Less intense or shorter interventions were less effective [19,
27]. Consistent with these findings in South Asian coun-
tries, a systematic review and meta-analysis of 4 nutrition
education interventions conducted in low/middle-income
countries reported significant benefits on HbA1C or fasting
glucose at 3 but not 6 months [38]. Globally, trials including
at least 10 contact hours of education produced the great-
est HbA1C reduction [39]. However, participants receiving
intensive counselling and education sessions may benefit
from changes in dietary intake behaviors that improve adher-
ence to the dietary recommendations [31] that may reduce
the risk of complications if there is sufficient follow-up.
A meta-analysis of combined dietary and physical activ-
ity interventions for type 2 diabetes reports that efficacy is
generally not sustained beyond 6 months [40].

Given the substantial number of people in South Asia
who have T2D [1], individual counselling will not reach
everyone who needs treatment. We found no studies of pub-
lic health measures to educate and raise awareness about
healthier diets for T2D. Most South Asian countries have
a limited capacity of government-funded hospitals to serve
large populations, thus medical treatment is mostly obtained
through privatized health care providers for which there is a
limited medical insurance coverage (Fig. 1, healthcare sys-
tem support) [41]. We see an immediate need to develop and
implement large-scale public education initiatives to reach
those diagnosed with T2D also applicable to those who are
undiagnosed or have pre-diabetes. The use of technology
offers a promising solution for addressing several barriers.
The increase in web connectivity and 5G services [42], the
use of cellular/smartphones and technological advances in
both urban and rural areas make technology-based services
a viable solution. These services are cost-effective, conveni-
ent, and can reach large audiences with a small time com-
mitment [43]. Two articles found that the use of technology
improved glycemic control and evoked positive behavior
changes in South Asian people with T2D [18, 20].

We also highlighted several approaches to reducing
barriers related to cultural relevance (Fig. 1, diverse lan-
guages, cultural characteristics, social support) such as the
use of local foods, creating educational materials in local
languages, tailoring interventions to support the lifestyle
needs of families, offering supportive services such as
home visits, and inclusion of family members [14, 16-21,
27,28, 30]. Offering services like these and others to make
interventions culturally relevant and meaningful to par-
ticipants is likely to increase participation and compliance
to program requirements. In Western countries, assessing
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the degree of acculturation can improve the tailoring of
healthcare interventions for immigrant populations [44,
45]. Given recent adaptations to healthcare necessitated
by the COVID-19 pandemic, future interventions may be
able to make greater use of tele- or video-conferencing or
social media [46].

Limitations and Gaps

Many studies were small, lacked control groups, or did
not provide intergroup statistical analysis but several well-
done RCT have been published recently. Single-arm trial
outcomes need to be interpreted with caution in terms of
the magnitude of results and generalizability. Many stud-
ies relied on self-report of dietary intakes (not using stand-
ardized questionnaires) and other behaviors. Low GI is the
only dietary pattern reported; we were unable to find studies
examining other dietary patterns. Since there are regional
variations in dietary patterns within South Asian countries,
other interventions such as healthy vegetarian diets, lacto-
ovo vegetarian diet, pescatarian diet, or Mediterranean diet
need could be adapted for segments of this heterogeneous
population. One of the biggest challenges faced is the huge
population affected by T2D, which also makes it a limita-
tion because the healthcare systems of most South Asian
countries are not equipped to offer universal diabetes self-
management, education, and support initiatives. Few studies
reported barriers from the healthcare system perspective,
although lack of dietitians’ and other experts’ availability to
deliver lifestyle interventions was mentioned [14, 23]. Pos-
sibly, low-GI diet messaging could be integrated into public
health initiatives and broadly promoted to reach large popu-
lations. Moreover, all of the trials reported were conducted
in urban settings. Approaches to support people living in
rural areas need to be developed.

Conclusions

Studies from South Asian countries support approaches
using low-GI dietary pattern adapted to use local foods,
along with intensive counselling approaches for the treat-
ment of T2D. Practical, public health approaches are needed
in order to provide access to care because of the high preva-
lence of T2D in South Asian countries. In Western countries,
more research is required on best practices for providing
culturally relevant nutrition therapy.
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