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Abstract: There is limited evidence on food environment in low and middle-income countries
(LMICs) and the application of food environment frameworks and associated metrics in such settings.
Our study examines how food environment varies across an urban-peri-urban-rural gradient from
three sites in North Viet Nam and its relationship with child undernutrition status and household
consumption of processed food. By comparing three food environments, we present a picture of
the food environment in a typical emerging economy with specific features such as non-market
food sources (own production and food transfers) and dominance of the informal retail sector. We
combined quantitative data (static geospatial data at neighborhood level and household survey) and
qualitative data (in-depth interviews with shoppers). We found that across the three study sites,
traditional open and street markets remain the most important outlets for respondents. Contrary to
the common concern that urban households are the major consumers of processed foods, peri-urban
and rural areas on average had higher consumption of ultra-processed foods than in urban areas. The
low price levels of processed foods and the presence of processed foods even among the traditional
convenience stores, those in closest proximity to the rural households, offer potential explanations of
this result. Regarding undernutrition, low retail diversity and a household’s dependence on own
production have important implications for the high prevalence of child undernutrition in rural areas.
Our findings add to the current discussion on the critical role of the food environment on nutrition,
such as the potential link between economic marginalization and access to food, and the role of food
supply channels in consumption of processed foods.

Keywords: food environment; food systems; rural-urban transect; processed food; healthy consump-
tion; undernutrition; non-market food source; informal retail; Viet Nam

1. Introduction

Countries across the world are still facing immense challenges in ensuring food and
nutrition security, despite substantial progress in reducing hunger and undernutrition in
the past decades [1]. To fight different forms of malnutrition, the central role of the food
environment has been highlighted in several recent international reports [1-3], especially
because food systems are essential to achieving the Sustainable Development Goals (SDGs),
especially SDG2—zero hunger [4]. The food environment is defined as the physical,
economic, political and socio-cultural interface where people interact with the wider food
system to acquire, prepare and consume foods [2,3,5]. The United Nations Decade of
Action on Nutrition 2016-2025 has put a “safe and supportive environments for nutrition
at all ages” as one key action area and member states have been called to scale up research
on the food environment [5].
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Food environment research gained momentum in recent years within high-income
countries (HICs) in response to the high prevalence of overweight, obesity and non-
communicable diseases (NCDs) [6-8]. As low- and middle-income countries (LMICs) are
fighting multiple burdens of malnutrition, characterized by the coexistence of undernu-
trition along with overweight and obesity [9,10], the food environment is gaining policy
attention in such contexts [11]. Nevertheless, the number of studies on food environment
in LMICs is still limited compared with that for high income countries. Even though the
number of publications on the food environment in LMICs is increasing, they predomi-
nantly feature upper-middle-income countries and outcomes related to overweight and
obesity [12].

Viet Nam, whose fast growth over the past 30 years has raised the country’s status
from one of the poorest nations into a lower middle-income country, demonstrates the nu-
trition transition story. Following the doi moi reforms in 1990s, the decline in consumption
of mainly starchy staples and increases in consumption of meat, fish and dairy products
helped to lower yet not eliminate the prevalence of undernutrition: The prevalence of
child underweight declined from 31.9% in 2001 to 17.5% in 2010, stunting from 43.3% in
2000 to 29.3% in 2010 [13]. Meanwhile, data from Viet Nam started showing unhealthy
food consumption patterns such as high consumption of ultra-processed foods (including
instant noodles) and sweetened non-alcoholic beverages [14]. These nationwide statistics,
however, mask sub-group differences. Notably, there are large differences between rural
and urban areas. While some urban provinces have virtually eliminated undernutrition, un-
derweight and stunting remain a problem in rural areas, especially among ethnic minority
communities [15]. Pronounced differences in food consumption between rural and urban
residents have also been observed: for example, urban residents spent less on rice and
more on livestock products [16]. Research on the food environment can play an important
role in explaining such differences and in drawing relevant recommendations. Common
with several LMICs, Vietnam’s food environment across the country displays the features
of traditional and mixed food systems, where the co-existence of both formal and informal
markets is typical [2].

The objective of this study is to examine how food environment varies across an
urban-peri-urban-rural gradient from three sites in North Viet Nam, and its relationship
with consumption and nutrition outcomes. In examining food environment, we focused
on food availability. We were motivated by the challenge of covering diverse food sources
that exist in LMICs, such as the co-existence of formal and informal food markets, as well
as non-market-based food sources like own production [17]. We also looked at how food
availability is linked to the personal food environment dimensions, namely accessibility,
affordability and desirability. Personal food environment domains have received less
attention in the literature [17]. To identify potential food environment factors that play
a key role in consumption and nutrition outcomes, we focused on two main outcome
variables: under-five child undernutrition status and household consumption of processed
food. The former fills a global research gap in food environment research where there is an
overrepresentation of overweight and obesity [12,18]. The later joins the growing pool of
research on over-nutrition and fills a gap in healthy consumption research in Viet Nam.
Our study is among the first to report processed food consumption in Viet Nam, due to the
lack of a database for nutritional compositions of processed food and a dedicated section
on processed food in most surveys.

This study contributes to the nascent body of food environment research in LMICs in
several ways. First, by looking at the food environment across an urban-peri-urban-rural
gradient (using data from three different sites in North Viet Nam) our study provides
detailed information about the food environment in an emerging economy in transition.
Second, by employing a mixed methods approach that combines static geospatial data at
neighborhood level and observational data (household survey and stakeholder qualitative
in-depth interviews), we were able to look at household level consumption and explore its
relationship with various food environment domains. Third, we cover the elements and
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typologies characteristic of food environment in LMICs such as non-market food sources
(own production and food transfers) and dominance of the informal retail sector, providing
evidence that can capture the food source typologies within LMICs environment.

The rest of the paper is structured as follows. Section 2 provides a literature review
of food environment research in LMICs, starting with a summary of food environment
frameworks in the context of LMICs. Section 3 presents the methodology of the study.
Section 4 presents the key results, which address the three research questions:

e  How does the external food environment dimension, notably the availability of various
types of retail outlets, the role of nonfood sources and relative prices, vary across the
urban-peri-urban-rural transect?

e  How isavailability linked to the personal food environment dimensions of accessibility,
affordability and desirability of food vendors?

e Can differences in availability, accessibility and affordability of food help explain the
consumption of processed food and child malnutrition?

Section 5 discusses and concludes.

2. Literature Review
2.1. Food Environment Conceptual Framework

The food environment entails the spaces where food acquisition occurs, and the series
of opportunities and constraints that influence people’s food acquisition and consumption.
For this paper, we use the recently consolidated food environment framework proposed
by Turner et al. [17] (Figure 1). It inherited several key concepts from the “availability,
affordability, convenience and desirability” framework by Herforth and Ahmed [19] and
supplements it with characteristics of the food environment in LMICs. This framework
divides the food environment into external and personal domains. The key external
dimension of “availability” also entails food sources important for LMICs such as home-
grown foods, local community exchanges and informal vendors. The personal domain
includes a set of individual level dimensions, including food accessibility, affordability;,
convenience and desirability. People’s food acquisition and consumption are shaped by
the interactions between these domains and dimensions.

FOOD SYSTEM
FOOD ENVIRONMENT

External Domain Personal domain

i @ +&

PRODUCTION, ACQUISITION HEALTH AND
STORAGE, AND NUTRITION
TRANSFORMATION, CONSUMPTION OUTCOMES

TRANSPORTATION

Figure 1. Food environment conceptual framework. Reprinted from ref. [17].

This framework discussed the interrelation between availability and accessibility.
Availability refers to whether a vendor or product is present or not within a given context
and precedes accessibility, which includes individual spaces such as distance, time, space
and place, daily mobility and modes of transport. However, the framework did not discuss
the interrelation between availability and other personal food environment dimensions
such as affordability and desirability. In the result Section 4.2, we report some evidence
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illustrating these relationships. We do not look at convenience separately, because this con-
cept is usually conflated with accessibility in the literature. Herforth and Ahmed suggested
that convenience “can be measured as the proximity of food outlets to homes and amounts
and different types of food stores and restaurants in an area (density and variety)” [19].
Even in studies categorized by Turner et al. [17], “convenience” is used loosely. For exam-
ple, convenience was referred to as “geography” or embedded in “convenience food” [20].
Although convenience can be measured in terms of preparation time of various kinds of
foods, metrics of food preparation time within the food environment literature were not
available [19].

2.2. Food Environment Research in LMICs

In this section, we reviewed the findings related to our focus on food availability and
personal food environment dimensions, namely accessibility, affordability and desirability
and indicated our contributions to the literature.

Regarding food availability, the food environment in LMICs is usually characterized
by a wide variety of food outlets, with small-and medium-sized market-based vendors
dominating across a number of settings. While formalization and supermarketization
have been taking place in LMICs, they have yet to take over the role of the small and
medium sized and informal sector in providing food [21,22]. For examples, in a study that
covered 12 cities in China, large-sized stores only accounted for 2% of all food stores [23].
In Thailand, small/ medium-sized market-based vendors and traditional markets mainly
serve fruit and vegetables while retail format like supermarkets, supply modern foods
such as processed foods [24,25]. Despite the importance of the small-scale outlets in LMICs,
geo-coded datasets that cover the outlet diversity of the informal sector are limited [12].
With extended typologies, our study attempts to cover these smaller vendors. Another
important component of food availability in LMICs is non-market sources, which include
own production, wild food harvesting, and transfers, including gifts [12]. In their study
that covered a 15-year time span in a rural community in Mexico, Chaudhari et al. found
that subsistence activities remained significant for the local population despite increasing
presence and use of retail stores for food [26]. In a former hunter-gatherer community in
Namibia, the bush and government were considered the most important food sources [27].
Even in urban setting, non-market-based food sources may also be important, for example
in the form of urban agriculture [28]. In this paper, we have combined household consump-
tion and expenditure data with neighborhood environment characteristics to shed light on
the role of non-market sources.

Availability should also be studied in relation to the accessibility dimension. Distance
to food outlets is the first commonly used variable for accessibility. Liu et al. found that the
proximity of local wet markets in China was positively associated with household dietary
diversity, and a large positive caloric/fat intake effect on children from households of lower
income [29]. However, in a more specific study in urban Nanjing, no correlations were
found between geographical proximity to supermarkets and wet markets and household
dietary diversity [30]. In a study in Brazil, the distance to supermarkets and fresh produce
markets had positive impacts on fruit and vegetable consumption, but not on sugar
sweetened beverages consumption [31]. Modes of transport is the second commonly
used variable for accessibility. No clear pattern emerges from the literature. In a study
on rural China, the authors found a positive association between public transport with
dietary diversity, but a negative relationship between costs of access to food with dietary
diversity [29]. Rural consumers had to spend a certain amount of money that could have
been spent on food to travel to the nearest supermarkets to buy food. A study in peri-
urban India mentioned the reliance on bus or walking to markets in the town to purchase
vegetables, although accessibility was not considered the most important drivers of fruit
and vegetable acquisition and consumption in the setting [32]. In our study, we collected
both aforementioned measures: distance to the closet outlet (quantitative measurement)
and mode of transport (qualitative observation).
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Affordability was the personal food environment dimension with the least coverage in
LMICs food environment research [12]. Most papers have drawn insights from qualitative
interviews. For example, in a study in rural Mexico, participants expressed concern about
the affordability of foodstuffs such as meat, which was usually consumed only once a week,
even when a butcher was available in the area [33]. In another study in Cape Town, South
Africa, the urban poor were found to utilize the informal Spaza shops, which offers lower
prices and smaller quantities, to compensate for insufficient income. Formal supermarkets
were often utilized for big bulk spending at the end of the month [34]. In our paper, we
combined results from qualitative household interviews with household’s income data to
explore how the varied affordability levels had different implications for households in
three areas, in relation to availability of food products.

The desirability of food vendors and products is shaped by people’s individual
preferences, acceptability, tastes, desires, attitudes, culture, knowledge and skills. In the
literature, there has been more attention paid to the desirability of food products. For
example, it was found that non-traditional and non-local foods were considered prestigious
by Indian adolescents [35]. Migrants in Cape Town, South Africa found traditional food
from home to be more desirable than counterparts in the new city [36]. For this study, we
focus on the desirability of food vendors by exploring households’ preferences for certain
types of food vendors, both informal and formal ones.

An essential line of research investigates the relationship between food environment
factors and nutritional outcomes. Several studies use the consumption and nutritional
status of children as an outcome. In a study in Kunming, China, adolescents who lived in
the areas with higher numbers of fast food restaurants and convenience stores consumed
more processed food but fewer fresh fruits and vegetables, thereby having a higher per-
centage of overweight [37]. Another study on children aged 6-17 years in China found
that boys living in the second quartile of the proximity to the nearest grocery store had
higher than those in the first quartile as they consumed more fast foods [38]. A significant
positive relationship was found between convenience stores and body mass index (BMI)
in Ghana as hypothesized [39]. The evidence seems to pivot towards the hypothesis that
modern retail environment has a negative impact on youngsters” unhealthy consumption
and over-nutrition status. Nevertheless, the absence of attention to child undernutrition is
a striking omission within the literature [12]. Some suggestive evidence is available on how
food environment can contribute towards undernutrition. For example, in their research on
the urban food environment in China, Wang and Shi showed that density of wet markets
within five kilometers positively influences 6-18 year children’s nutritional intake [40].
Our study covers both under and over-nutrition issues to address the research gap in food
environment and undernutrition research. We do not attempt to establish causality, but
rather identify the key food environment characteristics that deserve further investigation.

The number of published studies on food environment that go beyond one setting
is limited, as these studies require rich transect data. Disparities along an urban-rural-
transect have been observed. For example, high-income cities in China tended to have
lower densities of food stores and food service places compared with medium urbanized
cities. High-income versus low-income, high urbanized versus low urbanized areas had
significantly more large-sized supermarkets and fewer small/medium-sized markets [23].
A similar pattern was observed in Uganda, where formal food retail outlets had greater
presence in the urban site, while informal food retail outlets were more prevalent in the
rural site [41]. In the same study, more of the food items were made available by retail
outlets in the urban setting when compared to the rural setting in both Uganda and South
Africa. Besides descriptive results, there is also correlational evidence that the importance
of food outlet availability in citizens” diets varies across the rural-urban transect. For
example, the number of food outlets correlates with diverse diets in rural areas but not
in urban areas in China [42]. Our study adds to this evidence pool by comparing the
situations in three areas: urban, peri-urban and rural. We expect to see varied levels of
market food source availability and dependence on non-market food sources across the
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transect, with the rural area depends the most on non-market foods. As single-site studies
have suggested, accessibility may pose the greatest problems for rural areas.

2.3. Methods to Study Food Environments

Multiple tools that complement each other are required to comprehensively capture
the various dimensions of the food environment, but they have mostly been used in-
dependently [19]. In terms of quantitative approaches, the combination of methods in
LMICs has been limited, with less than a fifth of reviewed papers using more than a single
approach [12]. Among those using multiple approaches, Davies et al. used geographic in-
formation system (GIS) data and data collected from food shops to examine the widespread
insufficient access to healthy food in smaller towns in the Brazil Amazon [43]. GIS data
on distance to food establishments was combined with anthropometric measurement data
among 348 children in China to find the relationship between BMI and proximity [38].
Anggraini et al. collected data on frequencies of purchase and women’s food consumption
and observed significant associations between frequencies of buying food from certain
stores with consumption of specific foods [44].

Papers that use mixed methods, combining both quantitative and qualitative ap-
proaches are on the rise. In a study on local food environments in Mexico, the authors
combined quantitative analysis of the density, proximity, food variety, quantity, quality,
pricing and promotion of food outlet types, with in-depth qualitative research completed
with families in the communities [45]. Carried out in South Delhi, the study by Finzer et al.
examined relationships between consumer characteristics and fruit and vegetables pur-
chasing by integrating a structured questionnaire and in-depth interviews [46]. Combining
household survey, focus group discussion and participant-observation, a study in Mexico
explored the increasing presence of retail food stores and a growing selection of processed
foods amongst consumers [26].

3. Methodologies
3.1. Research Design

Our study learned from the best practices discussed in the previous section and
adopted a mixed method research design framework. We first obtained quantitative data,
which were a combination of static geospatial data and observational survey data. We
then continued with qualitative data collection. The data were analyzed independently
using a common conceptual framework and research questions. The analysis results were
integrated and brought together in the overall interpretation. Table 1 summarizes the data
collection methods for the study.

Table 1. Data collection methods.

Data Collection Method Collected Variables Nature of Data
Consumer knowledge,
Household questionnaire attitude and practices of food Quantitative/Observational
consumption

GPS location of outlets
Neighborhood transect walk Types of outlets Quantitative/Geospatial
Types of food groups on sale

Consumers’ perception of
food environment’s key Qualitative /Observational
domains

Focus group discussions and
in-depth interviews

Although the food environment can be studied at different scales, our available
data make it the most appropriate to study the food environment at the community
and household scale. To characterize the food environment in the three sites, we used
descriptive statistics to reflect key features of household (personal) and neighborhood
food environments (external). Whenever possible, comparative statistics are provided to
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illustrate the urban-rural divergence. The qualitative interviewees were analyzed using
deductive thematic approach, based on the main dimensions of the food environment.

3.2. Data

Our study uses data collected from 30 villages (In urban Cau Giay, the equivalent unit
of village is ward. For simplicity, we referred to both wards and villages as “villages” in
the paper) in the three districts of Cau Giay (urban site), Dong Anh (peri-urban site) and
Moc Chau (rural site). The urban and peri-urban sites belong to the capital Hanoi, while
the rural site is located in the mountainous province of Son La. The sites were pre-selected
for in-depth study at part of the CGIAR program Agriculture for Nutrition and Health
(A4NH) [47]. In each of the sites, 30 villages selected following a probability proportional to
size (PPS) procedure were included in an overarching study that covers more surveys and
questionnaires. The 10 villages from each site in this paper were a random subset of these
30 villages. Our data addresses some limitations of previous mixed methods studies. For
example, a study that investigated the relationship between physical proximity and obesity
risk admittedly suffered from a non-representative sample due to the phone survey method
and the self-reported outcome variable (obesity) [48]. In our study, questionnaire data were
collected via personal interviews and child anthropometric measurements were directly
taken in the field. In combining quantitative and qualitative data, we also improved upon
the research by Bridle-Fitzpatrick in 2015, which was conducted within a single city and a
small sample of purposively selected socioeconomic status communities [45].

3.2.1. Quantitative Data

For the household surveys, 25 households from each village were randomly selected
from the household list provided by village leaders. The person who was mainly respon-
sible for household food purchase and/or preparation was the main respondent of the
survey. Besides socio-demographic data, the survey covered food consumption, food
shopping behavior, motives for food choice, nutrition knowledge and eating habits. During
data collection, the GPS locations of the households were collected as means to control
data quality and enumerators’ diligence. We later used this GPS data points to calculate
the indicator for accessibility dimension.

To explore the external environment of the 30 research neighborhoods, geospatial
mapping of different food outlets was conducted through a transect walk in the “food
ecosystem” (rural to urban) to map food outlets. Where formal maps and data do not
exist, transect walks are considered excellent tools for creating a record of a community’s
environments [49]. In this walk, the researcher walked (or drove around in rural areas to
cover the large distances) with a local guide within the administrative border of the 30 sam-
pled villages, locating all the food retailers in the area and completing a database. The
retailers were categorized into twelve groups; the definitions are listed in Appendix A. The
resulting database (https://cal.maps.arcgis.com/apps/MapJournal/index.html?appid=75
b4657a6a0243bc963fe5e0e3e48d92, accessed on 1 August 2021) includes all food retail stores
and restaurants as well as direct producer-to-consumer marketing venues such as farmers’
markets and farm stands. To determine in-store food group availability, we walked through
the outlet when this was allowed. When a store was closed, we consulted the local guide
to complete the information. The eight food groups for which data were noted were: (1)
grains, roots, and tubers, (2) flesh foods, (3) dairy and/or their alternatives, (4) eggs, tofu,
nuts and seeds and legumes/beans, (5) oils, (6) fruits, (7) vegetables and (8) other processed
foods like chips, candy and soda beverages.

To assess the issue of malnutrition, we calculated weight-for-height, height-for-age
(length-for-age) and weight-for-age were interpreted by using the Z-score classification
system. WHZs, HAZs and WAZs were calculated using the 2006 WHO child growth
standards [50]. Prevalence of stunting, underweight, wasting and overweight of children
under five were defined according to WHO classifications [51].
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3.2.2. Qualitative Data

10-35-min semi-structured interviews were conducted with primary food shoppers
in the three sites to gain further insight into the perceptions of the consumer’s food
environment. We applied a mixed sampling approach. In rural and peri-urban site, the
participants were randomly selected from the previous participant list of the quantitative
component. In urban site, we selected other respondents outside of the original quantitative
sample, as most participants of the earlier quantitative research would work during the
time of the interview or were mostly busy with preparations for the upcoming Lunar New
Year. The total sample size was 56, comprising of 20 rural, 20 peri-urban and 16 urban
respondents.

The interviewees responded to questions about multiple aspects of the food environ-
ment in a semi-structured interview. The interview guide covered five main issues: (1)
availability, (2) accessibility, (3) affordability, (4) standards of products and (5) resident’s
needs concerning food outlets in their defined neighborhood.

3.3. Data Analysis

Data were mostly entered into CSPro data entry application during fieldwork using
electric questionnaire forms. Paper-based questionnaires were manually checked by su-
pervisors for potential errors and missing information before being entered into CSPro
(United States Census Bureau, Suitland, MD, USA). Data were cleaned and analyzed using
STATA and R software for descriptive statistics. The distances from households to outlet
locations were measured with ArcGIS software (Esri, Redlands, CA, USA).

The analysis was mainly based on stratification by location (urban, peri-urban, rural).
Statistical inference was done using Tukey-Kramer test at 5% significance level to test if the
differences among the three sites are statistically significant.

4. Results
4.1. The External Food Environment across the Urban-Peri-Urban-Rural Transect
4.1.1. Market-Based Retail Outlets

Our data provide three measures of availability for market-based food sources: the
presence of different types of food outlets; the presence of different types of food groups;
and density of food outlets in the neighborhood (the number of food outlets per 1000 in-
habitants). While the urban and peri-urban areas are now familiar with the presence of
modernized food outlets, the rural area is still dominated by the traditional outlets. In
Table 2, food outlets are divided into three sub-groups, including traditional food selling
outlets, modern food shops and food service shops (cafés, diners and restaurants), in
order to capture the modernization of the three study sites. In the urban and peri-urban
areas surveyed, food outlets appear more diverse than those in the rural area (11 and
12 types, compared to 5 types, respectively). Traditional food selling outlets (convenience
stores such as traditional grocery stores for food or drink) remain the most important
outlets/sub-category, accounting for the highest percentage of food outlets in the rural
area (93.9%) and quite high in the peri-urban (50.3%) and urban area (45.5%). Food service
shops are recognized to be most common in the urban area (accounting for 49.2% of all
food outlets in the area). This sub-group’s relative presence compared to other type of
outlets is lower in the peri-urban (41.0%) and lowest in the rural area (6.1%). Modern food
shops are unavailable in the rural area.
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Table 2. Count and density of food outlets, by outlet type and area.

Rural Peri-Urban Urban
Food Destination No. of Density No. of Density No. of Density
Food (per 1000 % Food (per 1000 % Food (per 1000 %
Outlets  Inhabitants) Outlets  Inhabitants) Outlets  Inhabitants)
Traditional food 46 9.7 939 145 3.6 503 120 103 45.5
selling outlets
Convenience stores
(traditional grocery 0 0 0 23 0.6 8.0 8 0.7 3.0
stores for food or drink)
Convenience stores
_(traditional 43 9.1 87.8 77 1.9 26.7 49 42 186
independent small
grocery stores)
Informal street markets
(small-scale street 2 0.4 41 37 0.9 12.8 60 5.1 27
vendors and pop-up
semi-permanent stands)
Informalo street markets 0 0 0 5 01 07 3 03 11
(mobile vendors)
Formal open markets 1 02 20 6 02 21 0 0 0
(wet markets) ’ ’ ’ ’
Modern food shops 0 0 0 25 0.6 8.7 14 1.2 5.3
Convenience stores 0 0 0 4 01 14 7 06 27
(new style) ' ’ ’ ’
Bakery 0 0 0 10 0.3 35 6 0.5 2.3
Specialized shops (fruit
& vegetable shops) 0 0 0 11 0.3 3.8 1 0.1 0.4
Food service shops 3 0.6 6.1 118 3.0 41.0 130 111 49.2
Street bars 1 0.2 2.0 30 0.8 10.4 2 0.2 0.8
Restaurants and 0 0 0 11 03 38 13 11 49
dinners
Casual dining 2 0.4 41 64 16 222 99 8.4 37,5
restaurants
Cafés 0 0 0 13 0.3 4.5 16 14 6.1
Total 49 10.3 100.0 288 7.2 100.0 264 224 100.0

Regarding density measure, with 22 food destinations available per thousand inhabi-
tants, the urban food environment exhibits the highest food outlet density. The rural area
offered ten food destinations available per thousand inhabitants, characterized by a limited
variety in which traditional independent small grocery stores make up the major share.
The peri-urban area had seven food destinations available per thousand inhabitants, a
surprisingly low number when compared to the number of food destinations available in
the urban and rural areas.

Regarding the presence of different types of food groups, Appendix B Tables A2-A9
show the percentage of each defined food group available per outlet type across the three
areas. Grains, roots and tubers are more common in traditional grocery stores, formal open
markets, bakeries and new style convenience stores in urban and peri-urban areas. The low
share of outlets selling grains, roots and tubers in the rural area (32.6%) is likely explained
by a high dependence on household production. Traditional independent small grocery
stores in the rural area were the main provider of fresh produce. In the urban area, all the
new style convenience stores carried fresh produce such as vegetables, fruits and flesh
foods. Most notably, unhealthy foods like chips, candy and sugared beverages appeared in
many convenience stores, both traditional and new-style, across the three areas.
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4.1.2. Non-Market Food Sources

We attempted to quantify the role of non-market food sources, by using the difference
between the reported monetary expenditure and the calculated value of food consumption
as a proxy for self-subsistence (Table 3). On average, only 60% of the food costs by the
rural household is included in the reported food expenditure. The rest may stem from their
own production or non-monetary transactions such as from friends and family members.
For peri-urban households this figure is about 77% and for urban households it is 100%.
The differences may also reflect some measurement errors: the value of food consumption,
when broken into smaller components, was likely to be more accurate than the reported
food expenditure. Under the assumption that the measurement errors do not vary across
the three sites, the differences between the reported food expenditure and value of food
consumptions were still statistically significant across the three sites. We saw a gradual
decrease in the role of non-market food sources across the rural-urban gradient.

Table 3. Average weekly household income and food expenditure (in thousand VNDs), by area.

Site Value of Food Reported Food Percentage of Reported
Consumption Expenditure Expenditure in the Total Value

Rural 1356 2 5152 40.02
(n=238) (753) (428) (26.8)
Peri-urban 1604 ° 1052° 76.7°
(n=233) (819) (576) (65.0)
Urban 1839 € 1664 ¢ 108.0 ©
(n =246) (1048) (1184) (105.0)

Note: standard deviations in parentheses. If the numbers are different in *P<, the differences are statistically
significant using Tukey’s tests, « = 0.05.

In Table 4, we reported the average proportion of consumption that comes from
household’s own production for some of the main foods. Apparently, rural households
derive a majority of their own consumption from own production. Peri-urban households
also depend on own production for their consumption, albeit to a lesser extent. Meanwhile,
urban households seem to depend almost entirely on market-based food sources for
their food.

Table 4. Average percentage of consumption from own production, by type of food and area.

Rural Peri-Urban Urban

Food Item
0/0 n 0/0 n O/o n
Rice 58.4 189 29.7 183 1.8 54
Sticky rice 64.3 97 10.7 56 0 18
Dark green leafy vegetables 84.4 205 37.3 190 2.0 56
Other vegetables 62.4 181 10.9 151 0 51
Fruits 64.1 191 6.7 178 0 51
Unprocessed meat 37.9 226 3.16 171 0.7 49
Eggs 31.4 179 9.14 181 2.0 51

Note: The number of observations changes by food item as it indicates the number of households that consume
the respective item.

4.1.3. Relative Prices of Processed Foods

Unsurprisingly, prices of processed foods varied across the transect. We compared
the relative prices of processed foods across three areas, using the rice price as reference in
Table 5. These prices were collected from the household surveys where the respondents
reported the prices they paid for food items. Rural households paid significantly less
than their urban and peri-urban counterparts for several foods such as biscuits, cakes
and ice-cream. If price is an indication of the quality of food that households consume,
this suggests that rural area residents usually buy food of poorer quality. Our qualitative
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observation ruled out the case of third-degree price discrimination. For example, while
in the urban area ice creams consumed are usually packaged and of brand names, the
“ice-creams” consumed in rural areas are mostly home made with high water and ice
content that help keep the prices low. Meanwhile, some processed foods such as breads
and sugared milk beverages were relatively cheaper in urban areas than in rural and
peri-urban areas, possibly thanks to higher supply and lower transport costs. There were
no significant differences among relative price levels of other food items.

Table 5. Price of processed food relative to rice (times), by area.

Food Item Rural Peri-Urban Urban
(n = 205) (n=228) (n =229)

Breads (bakery) 3.042 2.882 1.94b

(2.89) (1.70) (1.21)
Biscuits (cookies) 9474 8.76 4 14.59 b

(4.85) (4.79) (7.35)
Cakes and pastries 9.354 11.76 2P 13.38 P

(5.01) (7.24) (5.22)

Sweets (chocolate, candies, etc) 4342 6.064 5182
(3.55) (4.05) (2.84)

Chips and similar snacks (“bim bim”) 3.892 4122 340"
(1.27) (0.87) (0.62)

Soft drinks 1.55b 191°b 1.352

(0.83) (1.09) (0.51)

Ice-cream 5012 6.44° 8.80 ¢

(2.32) (3.19) (3.26)

Sausages 5.46 2P 7.042 573

(2.47) (2.93) (2.29)

Pressed, spiced meats 8437 7.93 &b 715"
(2.92) (3.85) (2.58)

Salted /Cured /Smoked meats 13.982 8572 10.33 2
(9.76) (6.04) (2.93)
Other processed meat (chicken 11152 537b 6.51 ab

nuggets, sausages, burger)

(5.33) (2.83) (3.52)

Canned vegetables and fruits 3.822 3.229 2612
(1.01) (2.99) (0.87)

Instant noodles 3.822 4.022 3.632

(1.28) (1.51) (1.39)

Canned or dehydrated soups, stews 4904 3112 5814

and pot noodle

(0.86) (1.66) (1.13)

Sugared breakfast cereals 3.852b 6.432 3.71P
0) (2.65) (1.79)

Sugared milk beverages 7.562 7.542 590"
(1.27) (2.33) (1.43)

Infant formulas and other baby food 34992 22440 29.07 2
(14.81) (15.23) (10.23)

Note: standard deviations in parentheses. If the numbers are different in *P<, the differences are statistically
significant using Tukey’s tests, « = 0.05.

4.2. Linkage between Availability and Personal Food Environment Dimensions

Personal food environment dimensions can interact with external food environment
domains to shape food acquisition and consumption [17,52]. In this section, we look at
how personal dimensions, such as accessibility, affordability and desirability, qualify food
availability across the three areas.
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4.2.1. Availability and Accessibility

We use proximity to food destinations (the distance from one household to the closest
food outlet) as one measure of accessibility. Not surprisingly, urban consumers, who
are exposed to the largest diversity of food destinations, also have the most convenient
access to these outlets compared to peri-urban and rural ones. Table 6 shows the average
distances from a household to the closest available food destinations in the commune. For
urban households, the average distances ranged from as little as 81 m (to reach the nearest
casual dining restaurant) to about 2.5 km (to reach the nearest beer corner). The figures for
peri-urban households ranged from 164 m (to reach the nearest traditional independent
small grocery store) to about 7 km (to reach an informal street market). Meanwhile, rural
study households need to cover a distance of nearly 2.5 km to reach the nearest traditional
convenience store. In the urban area, there are seven types of food outlets located within
a distance of less than 500 m, including street markets and convenience stores. Six types
of food outlets in the peri-urban area are located less than 2 km away from households.
The nearest informal street market, for example, is on average less than 300 m away. By
contrast, in rural area only traditional independent small grocery stores are located less
than 2.5 km away—a reasonable distance that a household can reach on a daily basis.

Table 6. Mean household (hh) distance value to the closest food retail outlet (meters), by area.

Mean hh Distance from Closest Retail Outlet,

Food Outlet by Area
Rural Peri-Urban Urban
(n=79) (n=29) (n =103)
Traditional food selling outlets
Convenience stores (tradlthnal grocery stores . 2729 b 4452
for food or drink)
Convenience stores (traditional independent 2430 b le4a 91a
small grocery stores)
Informal street markets.(small—scale street 13,896 b 29 2702
vendors and pop-up semi-permanent stands)
Informal street markets (mobile vendors) - 7196 b 18492
Formal open markets (wet markets) 9270 b 1178 2 -
Modern food shops
Convenience stores (new style) - 3142° 4342
Bakery - 2138 P 13552
Specialized shops (fruit and vegetable shops) - 4084 2 20712
Food service shops
Street bars 16,494 € 354 24882
Restaurants and diners - 6113° 2622
Casual dining restaurants 8307 ° 1532 812
Cafés - 485" 1372

Note: standard deviations in parentheses. If the numbers are different in abc the differences are statistically
significant using Tukey’s tests, ot = 0.05.

Physical distance was not the only factor that hindered rural residents” access to food.
The roads through mountainous areas were not well maintained and considered dangerous
especially during the rainy season. Interviewees in rural areas, especially those living in
communities with very bad or rocky roads, due to mobility disabilities and low incomes
without ownership of a motorbike, claimed to have worse access to food than those with
paved roads. The rural district had two main formal open daily markets but both markets
were hard to reach due to the large distance and difficulty in getting there. Meanwhile,
even though the interviewees in the peri-urban and urban area were satisfied with the
number of food outlets in their communes and their access to them, some mentioned that
out of curiosity or for diversity in their meal, they would sometimes like to shop at outlets
outside their own communes.



Agriculture 2021, 11, 789

13 of 30

4.2.2. Availability and Affordability

The varied affordability levels had different implications for households in three areas,
in relation to availability of food products. For example, in the rural area, 65% (13/20) of
the interviewed participants expressed that although meat is available in their neighbor-
hood (60% of the store sold flesh products), it was too expensive to consume as much as
they would like. In most communes, meat (mainly pork) costs around 100-110 thousand
VNDs per kilo, while one participant indicated his willingness to pay only between
50-80 thousand VNDs per kilo. This is consistent with the household survey result that
most households had meat as their priority to improve their diet if their income improves.

To assess the purchasing power of the households, we first used their reported income
as a proxy. Figure 2 describes how income is distributed across the three sites, according to
10 intervals of income (with 1 representing the lowest income level and 10 representing
the highest income level). We saw a clear gradient from urban-rural, where about a third
of the surveyed urban households had a monthly income of the highest level (more than
20 million VNDs (860 USD). About the same proportion of the rural households had the
lowest level of income (less than 3 million VNDs—128 USD). As the income data were
collected by a scale-based question, we could not calculate the income per capita, although
we had data on the number of household members. The number of household members in
each site was similar, at 4-5 members per household.

Urban Peri-urban Rural

Income fevel (in million VNDs)

1 Lessthan3
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Figure 2. Monthly household income distribution, by income level and area.

In peri-urban area, large differences were observed in the perception regards the cost
of the food. There was a mix of people who experienced their groceries to be expensive,
reasonable and even cheap. Those indicating the food was expensive admitted that they
just did not earn enough. Nevertheless, according to at least one respondent who worked
for the health center:

“These people may find the food expensive, but would often grow a lot them-
selves, making them less depending on the market sources for food”. (Respon-
dent 4, peri-urban, interviewed in February 2019)

This suggests the role of non-market food sources in easing the affordability issue for
households.

In the urban area, a large majority (14 out of 16) of the interviewees described the price
of their groceries as “reasonable” and shopped at the street markets. However, the weather
and seasonality were considered to play a major role in the price fluctuations. At the time
of the interviews, it was almost time for the Lunar new year (Tét), and some interviewees
indicated that food prices would rise as a result.

The general sentiment is the cost of food at the supermarket was pricey, especially
since the quality was not perceived to be better:
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“I don’t like the supermarket because I bought expensive glass noodles there
and the quality is not better than at the market. At home I read about the brand
online and saw that it's produced in my hometown, which I know is very dirty.”
(Respondent 9, urban, interviewed in January 2019)

The two remaining respondents, who both lived in the same commune, considered
the price of their groceries as “very expensive”. One of them shopped at a new style
convenience store, the other at the supermarket. Nevertheless, they enjoyed the fact that
prices at the convenience store and the supermarket were considered to be fixed, with little
changes in fresh produce per season.

4.2.3. Availability and Desirability of Food Vendors

Across the three areas, the choice of food vendors depends on various factors. Using
the household survey data, we examined the stated reasons for the most frequent type of
outlets used by households in each area. Most consumers in the urban district obtained
the majority of food from formal open markets (more than 50% of the households) and
informal street markets (31.7% of the households). The top reasons for selecting formal
open markets is habit, variety and convenience. The top reasons for selecting informal
street markets are similar, although availability of healthy foods and food quality were
also mentioned. In the peri-urban district, most households obtained the majority of their
food from informal street markets (51.7% of the households) and formal open markets
(44.4% of the households). The top reasons for selecting the open markets (both formal and
informal) are habit, food quality, reputation, convenience, food safety and personal contact.
Households in the rural area obtained most of food from informal street markets (41.6%
of the households) and traditional convenience stores (39.9% of the households). The top
reasons for selecting the convenience store and informal open markets are similar with
those listed by the urban and peri-urban respondents, although the availability of credit
was also an important reason.

In-depth interviews with respondents revealed some additional insights. When asked
about why they still prefer open markets to supermarkets, urban respondents noted the
need to resist temptation offered by the range of available products at the supermarkets:

“You come for water but then you want to buy everything that is around. You
want to buy chocolate and then you buy dark chocolate, white chocolate and
other candy, and then you need to pay much more.” (Respondent 9, urban,
interviewed in January 2019)

In the peri-urban area, sometimes, the availability of local vendors actually prompted
households to go to a further location to get a better deal, as explained by a respondent:

“I don’t want to go the market at this community because I want to bargain
... . Iam afraid of what other people think of me and think that I am cheap,
therefore, I go to the market 2 km away from here where people don’t know me
so I can bargain for a better price.” (Respondent 2, peri-urban, interviewed in
February 2019)

4.3. Consumption and Nutrition Outcomes across the Transect

In this section, we first provide statistics on processed foods and nutritional status
across the transect. Afterwards, we discuss the food environment dimensions that would
help explain the differences across the three sites.

4.3.1. Consumption of Processed Foods

Processed foods include foods extracted and purified from unprocessed or minimally
processed foods in order to produce culinary and/or food industry ingredients. The pro-
cesses applied here are both physical and chemical processes that radically change the
nature of the original foods, such as pressure, milling, refining, hydrogenation and hydrol-
ysis and use of enzymes and additives [53]. Across the three areas, the most frequently
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consumed ultra-processed foods are instant noodles, sugared milk beverages and bread.
The percentage of rural consumers having instant noodles (80%) was significantly higher
than those of urban and peri-urban households. Yet, while the majority of urban and
peri-urban households consumed bread, only 29% of rural consumers did so during the
week before the interview (Table 7).

Table 7. Share of households who consumed a certain food item in the past 7 days, by area.

Food Groups and Items All (nR:;;ls) Pf:;[;gbgi;n (1:J ibzzg)
Instant noodles 714 80.2b 70.3 4 6392
Sugared milk beverages 57.5 5422 62.72 55.82
Breads (bakery) 53.5 29.4¢ 60.6 b 69.92
Pressed, spiced meats 485 33.6P 5892 5304
Chips and similar snacks 40.7 50.4 b 38.1% 33.7%
Infant formulas and other baby food 31.4 10.1 € 36.9P 46.6 2
Ice-cream 31.3 25.6P 33.5ab 3452
Soft drinks 29.5 46.6° 2204 20.12
Cakes and pastries 28.8 202 3092 3494
Sweets (Chocolate, candies, etc) 27.8 34.0Pb 2504 2454
Biscuits (cookies) 24.1 16.0° 27.12 28942
Sausages 23.6 155b 28.82 26.52
Other processed meat 1nc1ud1r'1g chlicken 73 17¢ 70b 128a
nuggets, sausages, burgers, fish sticks
Sugared breakfast cereals 6.9 1.3P 76% 11.6%
Canned or dehydrated soups, stews and 4.8 109°P 132 244
pot noodle
Salted /Cured /Smoked meats 4.7 502 3.02 6.02
Mayonnaise 47 0.0P 1.7b 12.02
Canned vegetables and fruits 1.7 172 0.8° 242
Jams (preserves) 1.5 0.4Pb 04Pb 362

Note: if the numbers are different in ¥, the differences are statistically significant using Tukey’s tests, « = 0.05.

Based on the weekly amount reported by households, we calculated the total weekly
consumption (in kilograms) of processed food per capita of a household (Table 8). Peri-
urban and rural areas on average had higher consumption of ultra-processed foods than
urban area, although the differences were not statistically significant. This result is contrary
to the common hypothesis that urban households consume more processed foods than
their rural counterparts do, due to modernization and supermarketization. In our setting,
the presence of processed foods in the traditional outlets, which are in closest proximity to
the rural households, might offer an explanation of this result.

Table 8. Consumption of processed food per week.

Total Consumption of Share of Processed Food
Area Processed Food per Capita Expenditure in Total Food
(in kg) Expenditure

Rural 0912 0.162

(n =238) (0.78) (0.12)
Peri-urban 0.93° 022°
(n =236) (0.92) (0.15)
Urban 0.81°¢ 0.19°
(n =249) (0.78) (0.13)

Note: standard deviations in parentheses. If the numbers are different in <, the differences are statistically
significant using Tukey’s tests, o = 0.05.

The surveyed households also spent a considerable share of their food budget on
processed food, ranging from 16% (rural area) to 22% (peri-urban area). Although the rural
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household consumed a higher amount of processed food (in total kilograms), processed
foods took up a lower value share from lower total consumption. There could be two
explanations for this: first, relative price levels of some processed foods are lower than
those in urban and peri-urban area for some foods, as discussed before in 4.1.3. Second,
rural households seem to eat different processed foods than their urban and peri-urban
counterparts. Table 9 displays some foods where there are big gaps between the areas:
sweets were consumed much more in peri-urban and rural areas than in the urban area.
Snacks, soft drinks, instant noodles, canned food were consumed much more in rural area
than in other areas. Meanwhile, several modern options seemed mostly important in urban
area, such as chicken wings and sweetened breakfast cereals. Appendix C displays the
consumption amount for all processed foods.

Table 9. Average consumption of some processed foods per week (in kg).

Chips and Chicken
Area Sweets SirI:ﬁlar Soft Wings, Instant  Canned Breakfast
Drinks Hamburgers, Noodles Food Cereal
Snacks
etc.

Rural 0.159 0.255 1.01 0.009 0.659 0.048 0.071

(n =238)
Peri-urban ) g 0.132 0.474 0.083 0.464 0.013 0.038

(n = 236)

Urban 0.071 0.099 0.367 0.122 0.329 0.009 0.199
(n = 249)

4.3.2. Nutritional Status of Children under 5 in the Household

Anthropometric measures of the children under 5 were available for calculations
of different nutritional status indicators: stunting, underweight and wasted. Prevalence
of stunting, underweight, wasting and overweight among children under age five were
defined according to WHO classifications [51]. Stunting: a child whose length-for-age is
below the —2 Z-score is stunted; below —3 Z-score is severely stunted. Underweight: a
child whose weight-for-age is below the —2 Z-score is underweight; below —3 Z-score is
severely underweight. Wasting: a child whose weight-for- length is below the —2 Z-score
is wasted; below —3 Z-score is severely wasted.

Marked differences existed among the nutritional status of children under 5 years old
across the three areas (Table 10). The rural area had the highest proportions of households
whose children were stunted (30.4%), underweight (18.5%) and wasted (6.4%).

Table 10. Percentage of households whose children suffered from malnutrition, by area.

Area Stunted Underweight Wasted
Rural
(1 = 644) 30.4 18.5 6.4
Peri-Urban
(1 = 359) 11.1 5.0 3.9
Urban
(n = 385) 6.8 34 1.8

Causes of undernutrition in children under 5 are numerous, including poor access to
food, unhealthy environments and access to and control of resources [54,55]. We identify
some potential food environment dimensions contributing to undernutrition: First, the
lack of retail diversity needs addressing. In our rural site, products such as dairy are not
readily available, which can be accountable for the lower consumption of dairy products
by the households: only about half of the rural households eat dairy products in the last
week, compared to about 70% of the households in the rural and peri-urban areas. In the
rural area, only 36% of the traditional independent small grocery stores carried dairy or
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their alternatives, while this number was more than double as high in the peri-urban and
urban area (Table 11).

Table 11. Food stores with dairy and/or their alternatives available (%).

Food Stores Rural Peri-Urban Urban

Convenience stores (traditional

grocery store for food and drink) ) 8.7 0.0
. Convenience stores (traditional 355 944 65.9
independent small grocery stores)
Formal open markets (wet markets) - 100.0 -
Convenience stores (new style) - 100.0 100.0

Our regression (in Appendix D) also shows that there is a negative correlation between
food retail diversity in the village with the likelihood of having a stunted child in the
household. We had a dataset with significant missing data when matching datasets, so we
do not include this in the main results.

Second, we pay attention to rural households” dependence on own agricultural pro-
duction. Agriculture can be linked to undernutrition in several ways: consumption of
own production due to lack of market access; and consumption of more nutritious food
from sales of agricultural produce and/or proximity to markets (market engagement) [56].
The limited market access means that the former pathway is important for households in
our rural setting, but our data show that own production of high protein foods such as
meat and eggs only accounted for 30%—40% of the total consumption. Although our data
did not quantify the production diversity of the households, our qualitative observation
displayed a poor diversity of agricultural production, especially when it comes to livestock.
As diversity of agricultural production correlates with the diversity of food available for
consumption for many households in LMICs [57], the low diversity of own production may
explain the prevalence of undernutrition. Besides, there is evidence in the literature (mostly
for Africa, however) that the effect of market engagement on nutrition measures is even
larger than agricultural diversity per se [58]. We speculate that the lack of market access
and income from agricultural produce for rural households plays a role in explaining child
undernutrition.

5. Discussion and Conclusions

This paper investigates the food environment in Viet Nam, using multidisciplinary
data from three study sites along the rural-peri-urban-urban transect. We found significant
differences in food availability across the three sites. The urban area exhibits the highest
food outlet density and variety of outlets, while the rural food environment is characterized
by a limited variety in which traditional independent small grocery stores make up the
major share. Urban and peri-urban households enjoy a closer proximity to food service
shops than rural households. In the rural area, it is not surprising to see that food service
shops are not close by, as households mostly eat at home, even consuming their own food
and eating out is usually associated with higher income. Overall, this finding is therefore
in line with other recent studies that highlight contextual differences of food environments
by taking snapshots of urban and rural food environments [23,41,59].

To explore the linkage between availability, an external food environment dimension,
and personal dimensions, we characterized households’ accessibility, affordability and
desirability of food vendors. Besides outlet availability, households in rural areas also have
much more limited access to food stores and food selection due to physical and transporta-
tion constraints. The varied affordability levels had different implications for households
in the three areas, in relation to availability of food products. Households in rural areas had
financial constraints to purchase more expensive products such as meat, despite availability.
In peri-urban area, home grown products helped to mitigate the dependence on markets.
In urban area, high availability of food outlets translates into households’ easy access to



Agriculture 2021, 11, 789

18 of 30

affordable products. Across the three areas, preference for selection of food destinations
depends on personal factors such as habit, convenience, relationship and sometimes the
need to resist temptation of a broad selection of food. Traditional open and street markets
remain the most important outlets for respondents across the three study sites, a finding
consistent across a number of LMICs settings [23,34,60].

We are among the first to quantify the amount of processed food consumed by house-
holds across an urban-peri-urban-rural transect in Viet Nam. Contrary to the common
concern that urban households are the major consumers of processed foods due to mod-
ernization and supermarketization [61-63], we found that households in peri-urban and
rural areas on average had higher consumption of ultra-processed foods than in urban
area. This is revealing, considering the more recent acknowledgement that the risk of
double burden of malnutrition is starting to concentrate among people with low incomes
in rural areas [64] and rising rural body-mass index is the main driver of the global obesity
epidemic in adults [65]. The low price levels of processed foods, as well as lower quality of
processed foods in rural area may help to explain the higher consumption in rural areas.
The presence of processed foods even among the traditional convenience stores, those
in closest proximity to the rural households, also offers a potential explanation of this
result. There is therefore a need to improve upon our results with additional data, such
as market prices (instead of household-reported prices) and a segmentation of processed
foods based on the quality and nutritional values. Future work can also explore more
quantitatively the relationship between processed food consumption and other food envi-
ronment characteristics. For example, refrigerator ownership, a proxy for convenience, was
found to be connected with increased capacity to store higher nutrient foods such as dairy
among Vietnamese households [66]. Chinese consumers would reduce their purchases of
processed food from the locations where food safety incidents had occurred [67].

We also attempted to identify food environment dimensions that is connected to
child malnutrition. First, retail diversity is poor in areas with high prevalence of child
undernutrition. There is evidence in the literature that can support this claim. In Kenya, it
has been found that more retailer channels increased food variety, which leads to dietary
diversity, which in turns helps lower child undernutrition [68]. In Zambia, expenditure
in modern retailers was positively associated with height in children, mainly through
higher consumption of meat and dairy [69]. Second, rural household’s level of dependence
on own production demands attention. Although household’s subsistence farming may
have various pathways of impact on child nutrition, recent evidence in rural northern
Viet Nam has shown that the direct pathway via consumption of households’ own food
production did not have an effect on the child’s malnutrition status. Instead, the indirect
pathway via consumption of diverse food due to market access and/or sales of agricultural
produce was found to be important in reducing the probability of children being stunted
and underweight [70]. The lack of market access and monetization from agricultural
produce for rural households, as well as low diversity of agricultural production is limiting
the opportunities for improving nutritional status of their children. As we do not have
sufficient data to back these speculative ideas, further work is needed to confirm these.

The study has several data limitations. The household survey was a multi-purpose
questionnaire designed for several purposes and serving different components of an
overarching research program (The CGIAR Agriculture for Nutrition and Health A4NH
in Viet Nam). It did not cover the broad spectrum of the food environment domains that
ideally should be covered, for example marketing, which is an important component of the
external food environment that can be manipulated to address healthier consumption [71],
or convenience, which is in need of clear indicators to distinguish it from the concept of
accessibility. Besides, household GPS locations were collected mainly as means to control
data quality and enumerators’ diligence, rather than to collect the exact address of the
household. Some enumerators had to conduct surveys in a central location in the village
instead of at respondents” house. The exact location of the household was then unknown
and excluded from the analysis. We therefore ended up with fewer valid data points for
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our estimation of proximity and for inputs into the regressions. This caused potential
selection bias in Table 5 (distance from a household to the closest food retail outlet). As
the food environment has been considered a predictor of child overweight in a number of
settings [37,38], our lack of statistical significance points to the need for more research with
a larger sample size for a more affirmative conclusion.

Our operationalization of proximity could be improved. First, we only covered the
outlets within the administrative boundary of the surveyed villages. For example, in the
urban site there might be a wet market only 2 km away from the household but, being
located in another administrative boundary, the wet market fell out of the scope of the
transect walk. In the literature, the same approach has been used for larger administrative
areas such as a city [30]. Alternative approaches that future studies can consider for smaller
administrative areas include mapping outlets within walking distance from respondents’
home [31,72]. Second, the straight-line distances do not take into account the cost and
time required to reach the food destination, consequently not representing accessibility
to food destinations. This consideration is especially important for the rural site, where
road conditions are poor especially in rainy seasons. The accessibility gap is therefore even
greater than what the numbers convey. We used qualitative interviews to supplement for
this drawback. Future studies can quantify the accessibility dimension better by bringing
in temporality of the food system, e.g., accounting for seasonal changes and mobility of
food vendors over time [73]. It has also been suggested that the framework by Turner et al.
(2018) should be complemented with how stable the food environment characteristics are
against seasonal fluctuations and variations in climate [18].

Future research would benefit from more detailed analysis of processed food consump-
tion. Due to the absence of a food composition table for processed food in Viet Nam, we
could not break down the total amount into more detailed nutritional values, which would
allow a more meaningful comparison among the areas. More detailed nutritional value
calculations would also enable us to assess how much macronutrients and micronutrients
obtained by a household is derived from processed foods, for example average dietary
contribution of ultra-processed foods (expressed as a percentage of the total caloric value
of the diet) [74].

The scope of this study is limited. Processed food consumption has been strongly
linked to weight gain and many prevalent non-communicable diseases including diabetes,
hypertension, coronary heart disease [64]. This study did not collect data on such health
outcomes to cover the causal pathways of how food environment dimensions can influence
health outcomes. Additionally, although food system outcomes cover not only nutritional
and health but also socio-economic and environmental dimensions, our study only focuses
on how food environment influences consumption outcomes. A companion paper under
the same overarching study has attempted to compare environmental impacts of diets and
food choices among the three sites and suggested a trade-off between nutritional and envi-
ronmental outcomes [75]. Future research is challenged to find solutions regarding the food
environment that helps to improve diet quality without sacrificing environmental goals.

Implications for Policies and Practices

In the last 10 years, policies in Vietnam to develop the retailing system have focused
on “modernization” of food outlets, especially in urban areas and parts of peri-urban areas,
by expansion of supermarkets, opening of convenience stores, upgrading of wet markets
in modern style, and reduction of informal wet markets. One of the reasons for this plan
is to improve food safety and diversify the retailing system. Some studies have shown
the inadequacy of the reformed retail system, especially “modernization” of traditional
markets, to shopping habits and purchasing power of Vietnamese [72]. Moreover, in
addition to benefits of the retail diversity that the system offers, attention has been paid
to the potential trade-offs between the expanded modern retail system and increased
consumption of unhealthy products (like processed foods). In our study, we observed
both reservations towards supermarkets for the range of unhealthy foods on offer, and
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the prevalence of unhealthy food even in traditional convenience stores in the rural area.
This is similar to a finding in Zambia [76] suggesting that modern retailers are not the
only drivers of dietary transitions. This observation necessitates a redirection of attention
to both traditional and so-called modern outlets to ensure food providers in all locations
are offering healthy foods to local populations. National and international responses to
undernutrition and obesity should be integrated and the focus undernutrition should be
broadened, to enhance access to healthier foods in poor rural and urban communities [65].

The research shows a high consumption of unhealthy foods (processed foods) across
three sites and the high availability of those foods in many convenience stores, both
traditional and new style. In rural area, the low price of a number of processed foods, such
as biscuits, cakes and ice-creams and the close access to convenience shops selling these
unhealthy foods is a worrying observation. This pattern has been observed in food deserts
in high-income countries, where low-income neighborhoods typically have access to fast
food chains and outlets selling ultra-processed food. As Viet Nam has been experiencing
an upward trend in consumption of processed food, consumers will be unlikely to reduce
purchasing those foods in the near future without extra measures [77]. Solutions that
target both consumers and retailers, such as nutrition labeling, can help to improve the
transparency in communicating about the nutritional values of processed foods. Other
initiatives that target unhealthy processed foods directly could be beneficial, such as
taxation on sugar sweetened beverages (SSB). It has been projected that a 10% SSB tax
will reduce SSB consumption by 11.4% in Vietnam, and that consumers will switch to
substitutes, leading to an increase in the consumption of milk, beer, dried tea and wine by
1.7% [78]. As the food processing sector, as well as retailers and distributors of processed
food can generate employment, policies should take into full account the broad spectrum
of associated costs and benefits involved in targeting processed foods.

Traditional markets (including formal open markets and informal street markets) are
common food outlets across the rural-urban transect. In our research, a large proportion of
these outlets have supplied healthy foods. Traditional markets have been recently given
much attention in the development strategy with a vision to 2030 by Ministry of Industry
and Trade. However, investments to upgrade those food outlets have generally decreased
as compared with previous time [79]. The role of the central government and local authority
in developing policies that aims at upgrading and developing traditional markets is very
important, for example in improving the hygiene conditions and organizational capacity
of such markets. In addition, campaigns for awareness raising and behavior change for
consumers need to be done and improved to increase a demand and a willingness to
consume safe and nutritious foods with a higher price. As we observed that most of
households often buy food in shops close to home and particularly in the rural area,
far distances to food outlets and poor infrastructure (especially roads) are barriers for
local consumers to access nutritious foods, the government should continue to prioritize
investments in improving the transportation system in poor areas to increase food access.

Our research indicates higher purchasing power of urban consumers in comparison
to peri-urban and rural counterparts via higher level of monthly household income. While
urban households depend almost entirely on market-based food sources for their food, a
quite large proportion of food expenditure in peri-urban and rural households is from their
own production. This has important implications when income shocks hit. The ongoing
COVID-19 pandemic, which has generally reduced income of Vietnamese households,
illustrates this. The pandemic has disrupted food supply chains due to social distancing
campaigns and lockdowns or closer surveillance of many traditional markets [80,81].
This situation might lead to changes in food consumption structure amongst the three
sites, especially negatively affecting the urban poor who mainly depend on informal food
systems (e.g., increased prices of food, unready for online shopping, supermarkets are
not suitable) [82] and peri-urban and rural producers as well (e.g., increased prices of
agricultural inputs and food processing materials) [80]. Rural households” income has been
reduced by 35%—40%, causing a reduction in expenditure and the high dependence on
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savings account or money borrowed from friends or relatives to cover their basic needs
(including food) [80,83]. Smallholder households whose main income sources come from
non-farm activities were most negatively affected [80]. In its attempts, the government
should continue with quick responses to the COVID-19, while simultaneously ensuring
the central role of the food environment and consumers’ right of food access.

By 2025, Vietnam aims to reduce the childhood malnutrition and stunting rate to less
than 20% and the obesity rate among children to less than 12%. Future policies such as
the National Nutrition Strategy 2021-2030 can use the evidence provided in this paper
to advocate for better food environment and nutrition-sensitive approach integrated into
the new strategy. Increasing diversity of the retail environment in rural areas can lead
to better diet diversity, which in turn may lower the prevalence of malnutrition. For
example, specialized outlets that sell more nutritious foods, such as dairy products, would
help rural households to improve their dietary diversity score, which is usually lower
than their peri-urban and urban counterparts due to less regular consumption of dairy
products. Increasing access to a larger diversity of sellers can also be achieved through
transport system improvement, which serves the dual role of increasing market access
to generate more household income to improve malnutrition. As the economic and food
system impacts of COVID-19 are likely to worsen the nutritional indicators across the
Asia-Pacific region, continued work on food environment research is needed to provide
more timely and dynamic evidence to inform strong policies [84]. These policy efforts will
support progress on all SDGs, beyond SDG2 on ending hunger [85].

In peri-urban and rural area, the extra source of agricultural products produced and
rapidly supplied by local people themselves plays an important role in contribution for
nutrition and health improvement. Part of this produce is sold in traditional food outlets
in the areas. However, the recent reduction of agricultural areas is observed in peri-urban
areas due to the urbanization process and the development of industrial zones raising
concerns about food provision for inner citizens and livelihoods of peri-urban farmers [86].
Therefore, local planning policy should consider the maintaining of food supply to urban
areas, such as setting aside agricultural zones.
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Appendix A

Table A1l. Classification of Outlets.

Type of Food Outlet

Definition

Convenience stores (traditional grocery stores for food or drink)

e

Small format store that sells only one or two ranges of
products and is typically privately owned.

a Phiic Anh

A ifa Hang Tap H6
fpca H;,ﬁ;u _ RugU BIA - NUOC

Small non-chain grocery store that is typically
independently owned and operated. Sells mostly
processed foods and beverages of popular brands and
common foodstuffs.

Informal street markets (small-scale street vendors and pop-up
semi-permanent stands)

Vendor who sells from a table, stand, cart, or stall that can
be moved, but generally stays in one place during the day.
Typically selling: banh tieu (donuts), sausages, Banh Mi
(sandwiches), broken rice cake and raw meat like pork and
chicken.

Small-scale vendors operating on foot,
bike/motorbike/truck who move around during the day.
Temporary sale of food in unexpected places for a limited

time.
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Table A1. Cont.

Type of Food Outlet

Definition

Formal open markets (wet markets)

A market formally established by local authorities feature
diverse vendors selling a variety of fresh food products
often on a tiny space (1-5 m?). Vendors do not need a
business license nor a store setup.

Small, modern store with 1-2 cash registers selling
convenience food, typically franchised. Other
characteristics: self-service, clear price tag, employees run
the store.

Sells (and sometimes produces) flour-based foods baked
in an oven such as bread, cookies, cakes, pastries, and/or
pies.

Mainly sells fresh produce, e.g., fruit, vegetables, or both.

Place with small plastic furniture on street corners and
drink home-brewed beer and many also serve fast food
like grilled dried squid and fermented sausages.
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Table A1. Cont.

Type of Food Outlet

Definition

Restaurants and diners

Place where people pay to sit and eat. Meals are cooked
and served on the premises and there is typically a wide
range of menu options. Often with inside eating option.

Casual dining restaurants

Typically provide table service, have a limited menu, and
are affordable and fast.
Typically selling: Pho, Banh mi, Rice with vegetables and
meat, Bun cha, Bun Bo Nam Bo.

Sell coffee, tea, cakes, and sometimes sandwiches and
light meals.

Appendix B

Table A2. Food outlets where grains, roots, and tubers are available (%).

Food Stores Rural Peri-Urban Urban
Convenience stores (traditional
grocery store for food and drink) ) 69:6 750
. Convenience stores (traditional 333 93.1 804
independent small grocery stores)
Informal street markets (small-scale
street vendors and pop-up - 20.0 28.1
semi-permanent stands)
Formal open markets (wet markets) - 100.0 -
Convenience stores (new style) - 100.0 85.7

- 100.0 100.0
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Table A3. Food outlets with flesh foods available (%).
Food Stores Rural Peri-Urban Urban
Convenience stores (traditional ) 43 i
grocery store for food and drink) '
. Convenience stores (traditional 60.0 19.7 106
independent small grocery stores)
Informal street markets (small-scale
street vendors and pop-up - 50.0 38.5
semi-permanent stands)
Formal open markets (wet markets) - 100.0 -
Convenience stores (new style) - 100.0 100.0
Table A4. Food outlets with fruits available (%).
Food Stores Rural Peri-Urban Urban
Convenience stores (traditional grocery store ) 43 375
for food and drink) ’ ’
Convenience stores (traditional independent 300 55 127
small grocery stores)
Informal street markets (small-scale street
. - 25.0 64.9
vendors and pop-up semi-permanent stands)
Formal open markets (wet markets) - 100.0 -
Convenience stores (new style) - 100.0 100.0
Specialized shops (fruit and vegetable shops) - 100.0 100.0
Table A5. Food outlets with vegetables available (%).
Food Stores Rural Peri-Urban Urban
Convenience stores (traditional grocery store ) 43 25.0
for food and drink) ’ ’
Convenience stores (traditional independent 53.4 9.6 14.9
small grocery stores)
Informal street markets (small-scale street
. - 35.0 36.8
vendors and pop-up semi-permanent stands)
Formal open markets (wet markets) - 100.0 -
Convenience stores (new style) - 100.0 100.0
Specialized shops (fruit and vegetable shops) - 90.9 -
Table A6. Food outlets with eggs, tofu, nuts and seeds or legumes/beans available (%).
Food Stores Rural Peri-Urban Urban
Convenience stores (traditional grocery store ) 43 375
for food and drink) ’ ’
Convenience stores (traditional independent 45.0 514 9.8
small grocery stores)
Informal street markets (small-scale street
. - 20.0 14.1
vendors and pop-up semi-permanent stands)
Formal open markets (wet markets) - 100.0 -
Convenience stores (new style) - 100.0 100.0
Specialized shops (fruit & vegetable shops) - 72.7 -
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Table A7. Food outlets with chips, candy and soda available (%).
Food Stores Rural Peri-Urban Urban
Convenience stores (traditional ) 73.9 0.0
grocery store for food and drink) ' '
. Convenience stores (traditional 78.0 98.6 93.7
independent small grocery stores)
Informal street markets (small-scale
street vendors and pop-up - 5.0 1.7
semi-permanent stands)
Formal open markets (wet markets) - 100.0 -
Convenience stores (new style) - 100.0 85.7
Bakery - 222 100.0
Table A8. Food stores with dairy and/or their alternatives available (%).
Food Stores Rural Peri-Urban Urban
Convenience stores (traditional ) 8.7 0.0
grocery store for food and drink) ’ ’
. Convenience stores (traditional 355 94.4 65.9
independent small grocery stores)
Formal open markets (wet markets) - 100.0 -
Convenience stores (new style) - 100.0 100.0
Bakery - 37.5 16.7
Table A9. Food stores with oils available (%).
Food Stores Rural Peri-Urban Urban
Convenience stores (traditional ) 0.0 125
grocery store for food and drink) ' ’
. Convenience stores (traditional 375 73.6 745
independent small grocery stores)
Informal street markets (small-scale
street vendors and pop-up - 5.0 3.4
semi-permanent stands)
Formal open markets (wet markets) - 100.0 -
Convenience stores (new style) - 100.0 85.7
Appendix C
Table A10. Average Consumption of Processed Foods, by Food Item and Area.
Food Item Rural Peri-Urban Urban
Breads (bakery) 0.2122 0.606 P 0.617P
Biscuits (cookies) 0.066 @ 0.1002 0.064 @
Cakes and pastries 0.0502 0.1342 0.0752
Sweets (Chocolate, candies, etc) 0.159 @ 0.219 ab 0.071°
Chips and similar snacks (“bim bim”) 0.2552 0.132b 0.099 b
Soft drinks 10152 0.474° 0.367 P
Ice-cream 0.169 2 0.1932 0.1202
Sausages 0.089 2 0.1782 0.120°
Pressed, spiced meats 0.1722 0.366 P 0.226 2
Salted /Cured /Smoked meats 0.0372 0.0212 0.0142
Other processed meat (chicken 0.009 @ 0.083 ab 0122b
nuggets, sausages, burger)
Mayonnaise 02 0.003 b 0.018 P
Canned vegetables and fruits 0.033 % 0.024 2 0.0224
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Table A10. Cont.

Food Item Rural Peri-Urban Urban

Instant noodles 0.659 2 0.464 b 0.329 ¢

Canned or dehydrated soups, stews 0.048 2 0.013 ab 0.009 b
and pot noodle

Sugared breakfast cereals 0.071 @b 0.038 2 0.199 b

Sugared milk beverages 0.806 2 1.110° 0.7742

Jams (preserves) 0.002 2 0.005 @ 0.0102

Infant formulas and other baby food 0.0402 0.325P 0.267b

Note: the values marked with the same letter are not significantly different at p < 0.05.

Appendix D

Table A11. Effect of Food Environment Dimensions on Underweight Status.

Average Marginal Effect Probability of Having an Underweight Child
Density of food outlets 0.00
(0.01)
Diversity of food outlets —0.08 **
(0.03)
Food expenditure per capita —0.00 **
(0.00)
Household size —0.00
(0.01)
Knowledge score —0.00
(0.00)
Age of household head —0.00
(0.00)
Observations 108
Pseudo_R-squared 0.447

Cluster robust standard errors in parentheses; ** p < 0.05.
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