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The results obtained through scoring methodology indicate that the food choices are often nonlinear and complex and are influenced by various elements of the rural food environment.

These findings can be applied to rural regions undergoing rapid transition in food environments in LMICs.

Health
Nutrition
Outcomes




N

O 0o NO UL bW

10

12
13
14
15
16
17
18

19

20

21

22

Assessing the Rural Food Environment for Advancing Sustainable Healthy Diets:
Insights from India

Abstract

World agricultural production has seen significant growth in the past four decades, yet malnutrition remains
a persistent problem, particularly in the global south and more so in the rural areas. Need for a holistic
approach to food systems is becoming crucial in designing policies that support the transition to sustainable
and healthy diets. The present study is aimed to understand the rural food environment in the Telangana state
in southern India by analyzing the combination of external and personal factors affecting food choices,
attitudes, and consumption behavior. We developed a scoring-based methodology to assess the external and
personal domains and dimensions to understand the food environment. The results showed that rural
households favored carbohydrate-rich food groups obtained mostly from their own production or subsidized
sources. On the other hand, protein and micronutrient-rich food groups were neglected due to affordability
and preference for taste, cultural factors, and the limitations of external food environment. The findings of
this study provide a deeper understanding of the food environment in low and middle-income countries
(LMICs) conext. By highlighting the interplay between agriculture, food environments, and nutrition
outcomes, this study contributes to the ongoing effort to address the global malnutrition crisis and support
the development of healthier and more sustainable food systems. These findings can be useful to guide
policy actions towards achieving food security and nutrition in the rural regions where food environments
are under rapid transitions in the LMICs.

Keywords: Food Environment, Food Systems, Sustainable, Food Choices, Healthy Diets
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1 Introduction

Malnutrition in all its forms currently affects one in three people globally and is considered one of the most
significant public health challenges [1]. Low- and middle-income countries (LMICs)* are increasingly facing
a triple burden of malnutrition, including undernutrition and increasing overweight, obesity, micronutrient
deficiencies, and diet-related non-communicable diseases. A variety of national and international programs
designed to address nutritional challenges have achieved their goals to a lesser extent than expected [2-4]. The
food environments have been increasingly gaining policy attention for their role in shaping transitioning diets
and the triple burden of malnutrition in the LMICs. However, empirical research on food environments in
LMICs is still limited [5-7]. Despite significant growth in agricultural production over the past four decades
for example in India, high malnutrition persists [8-10]. In rural areas, despite the increase in agricultural
production, high rates of malnutrition still persist, highlighting the need for a holistic approach that takes into
account all the elements of the food environment. The traditional focus on agricultural development and
commodity-specific value chains alone has not been enough to effectively address malnutrition in the LMICs
[11-12]. The systems perspective is crucial as it considers the processes and actors involved in food production,
distribution, marketing, and regulation. However, there have been a very few studies directly engaged with
the subject of the local food environment as the bridge connecting food production and food choices [13-14].

To design effective nutritional interventions, the entire food system and food environment considering
availability, affordability, accessibility, convenience, and desirability need to be understood. Studies on
tracking rapidly evolving food environments and investigating relationships among components of the food
environment and dietary, nutrition, and health outcomes; as well as identifying appropriate policy entry point
to facilitate healthier food environments that promote nutritious diets and improve public health outcomes, are
very scant particularly in the LMICs context [15-16].

Currently, the evidence base is insufficient to understand how different aspects of the food environment
influence individual choices and diets in LMICs. The measures needed to unpack these relations are further
lacking. Metrics to quantify features of the food environment will be needed to track changes over time and
determine the impact of interventions that aim to improve diet for better nutrition [5,17].

It is important to acknowledge that the food environment inherently covers a broader perspective within the
food system and is therefore difficult to define. The term food environment first emerged in ecology [18]. The
food environment is a concept defined relative to the way people interact with the food system and reflects
cultural norms and preferences, economic conditions, and geography, all of which change over time [19-25].
Recently, the food environment in LMICs was defined with dimensions and domains of the external and
personal environment [5], and the most recent definition of the food environment was stated as a “consumer
interface within the food system that encompasses the availability, affordability, convenience, quality, and
promotion, and sustainability of foods and beverages in wild, cultivated, and built spaces that are influenced
by the socio-cultural and political environment and ecosystems within which they are embedded.” [26]. The
concept of food environment is valuable as an organizing framework that can facilitate research on critical
features and determinants of food intake and nutrition. Furthermore, it guides the exploration of the cognitive
frameworks (e.g., perception of desirability) that dictate food choice and that can be modified to promote more
positive dietary outcomes [17].

The aim of the present study was to understand the rural food environments by looking into a combination of
external and personal factors using a scoring methodology to investigate the influence on the food choices,
attitudes, and consumption behavior in the rural population in an LMICs context. The study assesses the
drivers of food choices people make in relation to internal and external food environments. The study brings

L For the current 2023 fiscal year, lower middle-income economies are those with a GNI per capita between $1,086 and $4,255 for more details
please follow the world bank website:
https://www.worldbank.org/en/country/mic/overview#:~:text=They%?20are%20defined%20as%20lower,62%25%200f%20the%20world%27s%20po
or.
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out a new understanding of the complex interactions between food consumption behavior and the food
environment (both personal and external), especially in the rural environment.

This case study on rural food environments in India aims to bring a novel perspective to the understanding of
malnutrition and the role that food environments play in shaping diets by developing a scoring-based
methodology to assess the external and personal domains and dimensions of the food environment, providing
a comprehensive understanding of the elements that can be leveraged to improve nutrition outcomes. The
existing literature [5,14-15, 26] considers only the general understanding of the food environments and their
components without being context specific. With our approach, we can score and quantify the different
components of the food environments. This evidence base makes food environment analysis more robust and
enables the researcher to understand the complexities of the domain and dimensions of food environments in
LMICs. Therefore, it will be helpful for policymakers to identify the intervention points for the implementation
of relevant initiatives. The insights from this study on the rural food environments may be applicable and
relevant to other LMICs facing similar challenges in shaping diets to promote a sustainable healthy ecosystem.

1.1 Background

As per the Multidimensional Poverty Index (MPI) baseline report 2021 by the NITI Aayog- a policy think
tank, which has three equally weighted dimensions—Health, Education, and Living Standards, one in seven
individuals in Telangana state in India is multidimensionally poor which is less than the national average of
one in four individuals in India are poor. Therefore,a more fragile semi-arid region of Telangana was selected
for the present study. Semi-arid tropical regions are often characterized by scanty and uncertain rainfall, on
which agricultural production largely depends, infertile soils, poor infrastructure, higher levels of poverty,
rapid population growth, and high risks. To understand the availability and the consumption pattern across
different food groups in the study villages, we used household-level data collected as part of the Village
Dynamics Studies in South Asia (VDSA)? project by the International Crops Research Institute for the Semi-
Arid Tropic (ICRISAT), from Aurepalle and Dokur villages located in Mahbubnagar district of Telangana,
India®. The village Aurepalle has a population of 4764 with 985 households while in Dokur it is 3006 with
545 households (as of 2010)*. Households in the village belong to five different caste groups based on social
progression, namely, forward caste (FC), backward caste (BC), scheduled caste (SC), scheduled tribe (ST),
and minorities. In Aurepalle, adult men constituted 42% while adult women were 41% while in the case of
Dokur, the adult men constituted 49% followed by adult women who were 42%. Agriculture continues to be
the main occupation of the majority of the households in the selected villages. The majority of the households
have marginal to small size of landholdings, which is leass than 2 ha, in both villages.

The detailed longitudinal data on household-level agricultural production and food consumption was derived
from VDSA households selected randomly from different categories such as landless, small, medium, and
large farmers. The consumption of the major nutrients based on different food groups in rural regions often
depends on the kind of foods produced in rural agricultural households, their income, and several other
socioeconomic and cultural factors that influence the food habits of individuals at the household level [27].
The selected rural locations were predominantly farming communities engaged in the production of food and
other crops grown, staples such as paddy and sorghum produced on their own and utilized for consumption as
well. The cash crops such as cotton and maize were a significant component of the farming system. Own
production of staples helped the easy availability and accessibility of the carbohydrate-rich food group
compared to other food groups. The price and affordability attributes of the carbohydrate-rich food group tend
to be more economical than other food groups. It was indicated that the availability of rice at a low price within
the village during the harvesting seasons for both the rainy (Kharif) and post-rainy (Rabi) crops and the
availability of subsidized rice from the Public Distribution System (PDS) has resulted in its increased

2 http://vdsa.icrisat.ac.in/
3 The socioeconomic characteristics of the sample households derived from VDSA data are presented in Annex 1

4 http://vdsa.icrisat.ac.in/Include/vaag/aurepalle.pdf; http://oar.icrisat.org/7208/1/Dokur-village_2011.pdf
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preference in the food basket. Further, the availability and affordability of rice has increased, and the
availability of traditional grains like sorghum reduced due to a shift in the cropped area from sorghum to cash
crops like cotton and maize.A historical perspective (2009-2014) on own-produced food groups has been
provided in Table 1 to understand the status of availability of food by nutrient type in the rural households.
Similarly, Table 1 also presents households’ consumption levels from different food groups. The consumption
of all three types, carbohydrates, proteins, and fats-rich foods was found to be much lower in Dokur village as
compared to Aurepalle village.

Table 1 about here

Itis evident from Table 1 that there was a sufficient amount of own production of different food types (groups);
nevertheless, the consumption levels were not sufficient®>. Mostly, an increasing trend was observed for the
procurement of different food groups from outside (Table 2). For each food group, this dichotomy of
availability and consumption patterns warrants further investigation of the nature of the food environment that
rural households are experiencing. Further analysis revealed that most of the carbohydrate and protein
(especially legumes) rich food groups were sourced from home production while the fat and vitamin and
mineral-rich food groups mainly were sourced from outside (market).

The literature suggests that the food systems and sourcing even in the rural settings of lower and middle-
income countries are becoming more market-oriented, with about three fourth of the food being sourced from
the market by the rural farm households in South Asia and Africa [29]. The association of farm production
diversity with dietary diversity is not established in the current context. Instead, households with higher food
market participation are likely to have higher dietary diversity [30]. Therefore, understanding the food
environment becomes more important for designing effective strategies for improving nutrition and
sustainable consumption.

Table 2 about here

Following this brief introduction and background, the subsequent section describes the framework of the study,
followed by the next section on the methodology underpinning our analysis, we present the results of empirical
estimations, which are discussed in the next section, and finally, the conclusions are presented in the last
section.

2 Framework of the study

2.1 Sample and Location

The present study considered the sample was drawn from the ICRISAT VDSA household-level database from
two villages, namely Aurepalle and Dokur, in the southern region of Telangana state. Aurepalle village is 60
kilometers, while Dokur village is 130 kilometers away from the state capital Hyderabad. The cropping pattern
has shifted from subsistence to commercial cropping with the domination of cotton crops in Aurepalle village
while paddy followed by castor continues to dominate in Dokur village.

2.2 Sample and Location

The sample size and data collection methods in food environment research especially in LMICs are still
evolving which has a particular significance of context-specific qualitative data [5,14, 31-34]. The community-
level data were collected to understand the local rural food environments and to map community perceptions
of food and diets in rural areas. The qualitative data includes eight focus group discussions (FGDs) involving

5 As per the Dietary Guidelines of Indians, NIN, 2011 [28], the requirements of different food groups for one consumption
unit (CU) for the specific food groups are as follows; Carbohydrate-rich food groups: 680 grams/day/CU; Protein rich
food group: 399 grams/day/CU; Fat rich food: 30 grams/day/CU; Vitamin and mineral-rich foods: 400 grams/day/CU.
Note that the data presented in Tables 1 and 2 include the concentrated sources of food items under the carbohydrate,
protein fat, vitamins, and mineral food groups, even though they contribute to other nutrients as well.
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38 men and 40 women and key informant interviews with 80 vendors. The more intensive gualitative and
quantitative data were collected from the individual members of each group of respondents during the FGDs
and vendor typology survey. We tried to understand the intricacies of peoples’ food choices by examining the
external and personal domains and dimensions of the food environment. In addition, the present study utilizes
unique quantitative longitudinal panel data (2009-2014) from the study villages to understand long-term food
consumption behavior.

The present study has adapted the concept of the whole continuum of the food system from Turner et al., 2018
[5] as depicted in Figure 1.

Figure 1 about here.

The food environment consists of two interlinked domains: external and personal. The external domain
encompasses objective factors consistent in a specific geographic location for all individuals. Under this, we
looked at the food availability, food prices, and presence/absence of specific food vendors/retailers/weekly
markets (both formal and informal). In the personal domain, we investigated more objective factors that will
vary across strata of households within a geographic area: men, women, and social groups of the village. These
included aspects of food access (including own production and safety net programs), food affordability,
convenience, desirability, and food utilization. Within this framework, we considered aspects of sustainability
(environmental, economic, and social) and social inclusion more broadly (including gender).

2.3 Data and Methods

This rural food environment study was undertaken to explore the strategies that might help improve rural
people's nutrition and health and understand the community's perceptions of food and nutrition. Both personal
and external domains of the food environment were investigated to understand the food environments in the
selected villages of Telangana. While analyzing the themes of personal food environment following aspects
were taken into consideration — availability, accessibility, affordability, convenience, desirability, and basic
nutrition knowledge. The food groups for ease of understanding were classified into three main groups such
as Macronutrient rich food, Micronutrient rich food, and Discretionary food, and five sub-groups under these,
which are given below:

e Macronutrient-rich food

Carbohydrate-rich food: cereals including millets, roots, and tubers
Protein-rich food: Pulses and legumes, milk and milk products, eggs, meat, and fish
Fat-rich food: cooking oil, ghee, whole groundnuts

e  Micronutrient-rich food
Vitamins and mineral-rich food: Fruits and vegetables
e Discretionary food groups:

Tea and coffee, sweets, snacks (e.g., biscuits, cakes), savory snacks (e.g., fried snacks), and alcoholic and non-
alcoholic beverages.

The scoring method was adopted using the data collected through FGDs and also from the individual members
of each group of respondents while being part of the FGD for different attributes of the external and personal
domain to understand the rural food environment. These scores were arrived at by following the procedure
given in Table 3 below:

Table 3 about here

3 Results
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3.1 Characteristics of the households and vendors

Eight focus group discussions (FGDs) conducted for the present study included 4 each in Aurepalle and Dokur
village, and 50% of these FGDs were with the women groups. The participants in the FGDs represented all
the major social categories in the study villages, which included members from the General caste, Other
backward castes, and Scheduled Caste (previously considered as socially and economically backward), as
presented in Table 4.

Table 4 about here

The sample of vendors involved in the sale of different food groups in the selected villages (Aurepalle, Dokur)
and the nearby towns (Amangal for Aurepalle village and Devarakadra for Dokur village) for the study are
given in Table 5.

Table 5 about here

3.2 Food Environment

In the present study, the food environment has been analyzed utilizing the key dimensions that are mapped to
external and personal domains. The following sections provide details of the interactions between these
domains and dimensions that shape rural people's food acquisition and consumption.

3.2.1 External Domain

The external domain includes an expanded set of exogenous and measurable dimensions such as food
availability, prices, vendor and product properties, and marketing and regulation, which may significantly
influence the food choices people make.

Availability

The availability dimension indicates the level of the physical presence of food. It refers to whether a vendor
or product is present or not within a given context and is included within the external food environment
domain. Table 6 depicts the product (food) availability scores. As availability always precedes accessibility
(i.e., food cannot be accessible if it is not available), the availability of food items was classified into
macronutrient-rich food, micronutrient-rich food, and discretionary food.

In our analysis, higher scores across the locations indicate higher product availability. Table 6 reveals that
Aurepalle village and its nearby town Amangal have relatively abundant availability of fat-containing food
groups and discretionary food groups along with the carbohydrate-rich food groups, as reflected from the
availability scores. Similar trends were observed in the Dokur village and its nearby town, Devarakadra.
However, the availability of protein-rich foods was low across the four locations. Another deficient group was
the micro-nutrient-rich food. A comparison of the availability of different foods within each location also
revealed relatively low scores for protein-rich food groups and higher scores for fat-rich foods and
discretionary food types.

Table 6 about here

Prices

Prices and affordability are well-established dimensions within food environment research. Prices refer to the
amount of money consumers pay to buy the food products included within the external food environment
domain. Based on the scores for the prices, it was found that prices interact with individual purchasing power
to determine affordability within the personal food environment domain. Prices and affordability are sensitive
to fluctuations in food availability and accessibility. In Table 6, the higher price score indicates a better
opportunity for consumers because more vendors trade or products are sold at less than or equal to their average
price.
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Protein-rich foods were sold at higher prices in Aurepalle compared to Dokur, whereas fat-rich food groups
and discretionary food groups were relatively low-priced in Aurepalle. The micronutrient (vitamins and
minerals) rich food group was sold higher than macronutrient-rich food groups for vendor-wise products in
Dokur, while discretionary food groups were low priced.

Intra-village and intra-town comparisons revealed that protein-rich foods were priced higher than other food
groups in Aurepalle and Dokur villages and Amangal and Devarakadra towns, whereas discretionary food
groups were low priced.

Vendor properties

Vendor and product properties feature prominently within food environment research. Vendor and product
properties here refer to external food environment aspects such as the opening hours and vendor typology as
well as the composition of foods such as the quality of the products. Table 6 shows that a higher time score
indicates higher accessibility (with respect to the opening hours of the shops) to that particular food group.
Across all locations, the accessibility of discretionary food groups was much better and dominated the other
food groups.

The vendor density has been depicted using the vendor typology; a static approach typically used to assess the
external food environment. The mapping was done using the Global Positioning Systems (GPS) coordinates
of the households and the vendors in the selected villages from VDSA data. Vendors were classified as fruit
vendors, Kirana (groceries), meat, poultry, fish vendors, milk and dairy products vendors, and vegetable
vendors. This helped to understand the external food environment regarding the availability of foods by vendor
typology within a given setting. From Figure 2a and Figure 2b, the typology reveals that the vendors were
spread across the Aurepalle village indicating better accessibility (in terms of distance) to different food groups
than in Dokur village.

Figure 2a about here
Figure 2b about here

The perception of the relative quality of the food was also scored, indicating that the higher the score, the
better the food quality, as detailed in Table 6. A number of the food items except fruits and vegetables were
available with rural vendors in packaged form and were of reasonably good quality. The fat-rich food group
got the highest score on quality as all available items were in packaged form from reliable brands. The quality
score of the carbohydrate-rich food group was lower in Dokur compared to other locations.

Marketing

Marketing and regulation fall within the external food environment and include promotional information,
branding, advertising, sponsorship, labeling, and policy regulations pertaining to the sale of foods. In the
present study, the proportion of the total display area in a vendor shop allocated to a particular food group type
was considered to represent the level of promotional efforts by the vendors for the respective food group.

The higher the display area for a particular food group higher the score it gets, as indicated in Table 6. Across
all locations, the marketing display of the discretionary food group was observed to be enormously dominating
over other food groups.

3.2.2 Personal Domain

The personal domain includes a set of individual-level dimensions, including food accessibility, affordability,
convenience, and desirability. We considered continuous and complex interactions among these domains and
dimensions that are likely to shape people's food acquisition and consumption.

Accessibility - distance



275
276
277
278

279
280
281
282
283
284

285

286
287
288
289
290
201

292
293

294
295
296
297
298
299
300
301

302

303
304
305
306
307
308

309

310
311
312
313

314
315

316
317

Accessibility is related to individuals and falls within the personal food environment domain. Accessibility is
highly dynamic and can include distance, time, space and place, daily mobility, and modes of transport that
collectively shape individual activity spaces. In the present study, we included the distance required to procure
the food item within the selected locations.

In Table 7, the higher accessibility (distance) scores across the locations indicate relatively better access to
food items by consumers. The score would be higher if more food items in particular food groups are being
sold and made available at less than or equal to the average distance. In the case of Aurepalle village,
discretionary food items were more easily accessible with respect to distance compared to its counterpart
Dokur village. When compared within the sample villages and towns, carbohydrate and fat-rich food groups
were more accessible, followed by discretionary food groups.

Affordability - relative price

Prices and affordability are sensitive to fluctuations in food availability and accessibility. Prices interact with
individual purchasing power to determine affordability within the personal food environment domain. In our
analysis higher affordability score (relative price) indicates higher affordability for the consumers. It was
observed that the discretionary foods and protein-rich foods were more affordable in Dokur village than in
Aurepalle village. Within the village, discretionary foods were more affordable, followed by carbohydrate-
rich foods.

Table 7 about here
Convenience - easy to store

Personal convenience and desirability are an area of the personal food environment domain where public
research has yet to catch up with the private sector. The factors such as quality, safety, level of processing,
shelf-life, and packaging are included under convenience. Here we have considered the food products' shelf
life as the convenience component's attribute. A higher convenience score indicates a better shelf-life, thereby
indicating greater convenience in consuming food products. The convenience scores for the discretionary food
groups and the carbohydrate-rich food groups were the highest, followed by fat-rich foods, and the lowest for
the micronutrient-rich foods (Table 7). A similar trend was observed in both the villages, Dokur and Aurepalle,
with the vitamins and minerals-rich food group as the least convenient (shelf-life) among all the food groups.

Desirability — preferences, and knowledge

People’s individual preferences, acceptability, tastes, desires, attitudes, culture, knowledge, and skills shape
the desirability of food products that are captured under the personal food environment domain. We considered
preferences and knowledge attributes of desirability (Table 7). A higher desirability (preference) score
indicates a higher preference to consume that particular food group. The results show that the preference for
the fat-rich food group was the highest among all the food groups. In general, the scores for knowledge and
preference for different food groups were higher in the Dokur village compared to the Aurepalle village.

4 Discussion

The present study focuses on understanding the rural agrarian food environment, and this work in the villages
of Telangana, India represents a fragile ecosystem of Semi-Arid Tropics. Traditional food environments in
rural settings of LMICs are typically characterized by the limited availability and accessibility to diverse food
groups [25, 35- 37].

The food environments in rural communities in India reflect [38-40] a nutrient-poor and high-carbohydrate
diet along with increasing addition of discretionary foods that have more added sugar. This trend bends toward
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staple and discretionary foods that consist of more refined carbohydrates with low fiber content. It was
revealed from the FGDs that the rural communities regularly consumed the traditional deep-fried snacks
(discretionary foods) sold by hawkers [41-42].

Our findings indicate that the availability, accessibility, and consumption of different food groups in the
selected rural communities were strongly shaped by various elements of the food environment. The rural
households’ preferred consumption was the carbohydrate-rich food groups, a significant proportion of which
came from their own farm production and subsidized PDS supply. However, the protein and micronutrient-
rich food groups were being neglected, mostly procured from the market as influenced by affordability and
preference of desirability, taste, and cultural factors as well as limitations of the external food environment.
This made rural households vulnerable due to insufficient consumption of protective foods (protein, vitamin,
and mineral-rich food groups). Interestingly, despite severe deficit of protein consumption and high awareness
of its importance, rural people aspired for unaffordable non-vegetarian sources and neglected the relatively
low-cost protein sources through pulses. Based on the insights from FGDs conducted in the rural communities,
traditionally, some households were getting protein and micro-nutrient-rich foods from foraging and common
property resources (CPRs) that includes animals such as wild boar, hare, birds, and plant products such as wild
greens, wild fruits, roots, and tubers. However, due to the dwindling of the CPRs and restricted forest area, the
consumption of these wild foods has declined over a period of time. In addition, due to globalization and
aggressive marketing strategy, the consumption of small packaged high carbohydrate and sugary foods and
beverages (discretionary food groups) at low prices has infiltrated the rural economies and has become a part
of daily diets [42-43]. Moreover, similar to the trends shown in the literature on vendor product properties, the
shop opening hours for discretionary food groups were more prolonged than other food groups [6, 33]. These
patterns led to the deterioration of diets, thereby contributing to the triple burden of malnutrition and overall
food insecurity and poor nutrition outcomes. Various elements of the food environment and their interaction
were found to influence the demand and consumption of micro-nutrient-rich fruits and vegetables. An
increased commercial orientation of agriculture has resulted in the lesser production of small scale vegetables
and fruits in local backyards and farms [44-45]. As a consequence, the major source was external vendors who
entered the local food environment infrequently. VVendor frequency was less because of inconsistent demand
and the high risk of waste in the absence of refrigeration [46]. This appeared to result in a perpetuating
negatively reinforcing cycle of higher prices and lesser demand and consumption.

The rural food environment must consider the co-existence of formal and informal food markets and non-
market-based food sources such as own production and food transfers. During the last two decades, there has
been a dramatic change in food environments across LMICs with the increasing penetration of formalized
supermarkets and branded processed foods [ 47]. Even though supermarkets have not yet been established in
the present rural locations, the availability of branded processed foods has risen. Meanwhile, informal food
vendors remain a key source of diverse foods, especially among the poor reports Battersby and Crush, 2014 [
48] similar to our study findings.

Collectively, these complex and unprecedented developments in LMIC food environments are influencing to
shape the nutrition transition [ 49] towards increasingly discretionary dietary preferences via the introduction
of energy-dense street and snack foods, where readily available and accessible, these types of foods provide
an affordable source of desirable and convenient calories [ 50].

The study's results portray the complexity of drivers likely to influence people's food choices. In our case
study, although there was a higher knowledge and preference for protein-rich and micro-nutrient-rich foods,
the favorable cost, promotion by the vendors, and accessibility drove consumers towards the carbohydrate-
rich and discretionary food group. Accessibility and other cultural factors led to higher consumption of fat-
rich foods. It shows that multiple factors and their interactions influence the outcomes of food choices people
make. Therefore, the food environment research approach can be very useful in designing impactful strategies
to improve nutrition through sustainable local food systems.
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5 Conclusions

To date, food environment research has primarily been undertaken within high income countries (HICs) in
response to the high prevalence of obesity and associated nutrition-related non-communicable diseases.
However, there is less knowledge about how people interact with food environments in rural settings in the
LMICs to make food choices that may increase the risk for malnutrition-induced non-communicable diseases
[15].

The present study contributes to the assessment of the domains and dimensions of the food environment in
rural context by using a simple scoring method to evaluate the personal and external domains of the rural food
environment and bring out the nuances of complexity involved in the study of the food environment. Our study
shows that the decisions on food choices are often nonlinear and complex. It is not only the availability and
affordability but various elements of the rural food environment components of availability, affordability,
accessibility, convenience, and desirability as well as the external food environment that influence the food
choices.

As the diets are undergoing rapid transitions across the globe, the development of appropriate methods and
data becomes important in the study of the food environment. This is, even more, significant in the dynamic
and diverse settings to bring about a substantial evidence base for policymaking to tackle the triple burden of
malnutrition. Further, the complex, dynamic, and rapidly changing nature of such settings poses significant
challenges that also require the adaptation of food environment definitions, conceptual frameworks and
methods, and metrics appropriate for LMIC contexts.

We recognize that the results are context-specific, and the policy implications are restricted to our study
location. However, the inference of our findings in relation to the globally applicable food environment
conceptual framework [5] and the wider literature provides a degree of generalizability and transferability to
wider food environment research in LMICs.

Based on our findings we recommend the following policy perspectives for improving the food environment
in LMICs:

e Implementation of appropriate nutrition education and awareness interventions may help in
promoting healthier diets even with the current level of availability and affordability.

e Implementation of context-specific suitable business models using a digital platform and
increased local production may improve the consumption of fruits and vegetables.

e Further research is needed to better understand the complex and, rapidly changing nature of
food environments in LMICs.
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Table 1: Availability and consumption of different food groups in the study villages from VDSA Data

Daily availability# of foods groups from home
production in the VDSA sample rural households

Daily consumption of food groups by the individuals
in the selected villages

Food Groups”

village | (0 0 2009 2010 2011 2012 2013 2014 2009 2010 2011 2012 2013 2014
Carbohydrate- | 1000 1990 660 300 1070 570 440 470 470 450 430 410
rich food

= fggée'”'”‘:h 1180 1410 1370 1460 1070 1150 130 130 130 150 150 150

o

£ [ Fatrich food 80 70 30 00*  00* 20 20 30 30 30 30 30

< Vitamins and
minerals-rich 10 20 00*  00* 20 00~ 100 130 130 110 180 180
food
ﬁg;b]%%drate' 2490 2480 3100 24200 3970 3670 430 430 350 320 310 300

. fpgg;e'”'“‘:h 2000 2730 2680 2810 3050 2760 290 520 130 120 110 100

X

2 | Fat-rich food 230 150 500 750 330 20 20 20 20 20 20 20
Vitamins and
minerals-rich 00*  00* 30 110 30 90 90 150 80 60 110 100
food

Notes:

#: Here, an edible portion of the particular food groups was considered.

*The values are <0.001

Y Carbohydrate-rich food: Cereals including millets, roots, and tubers

Protein-rich food: Pulses and legumes, milk and milk products, eggs, meat, and fish
Fat-rich food: Cooking oil, ghee, whole groundnuts
Vitamins and mineral-rich food: Fruits and vegetables
CU-Consumption Unit: One unit represents Recommended Dietary Allowance (RDA) of energy for a sedentary man as per the Dietary Guidelines of
Indians NIN (2011)




Table 2: Share of major nutrients consumed from food produced at home (H) and purchased from outside (O) in percent

Food group

® 2009 2010 2011 2012 2013 2014

[@)]

@

> H o) H o) H o) H o) H o) H o)
Carbohydrate
-rich food 24.60 75.40 34.40 65.60 30.93 69.07 16.59 83.41 4,90 95.10 7.39 92.61
Protein-rich

2 food 0.00 100.00 0.00 100.00 0.00 100.00 0.00 100.00 0.00 100.00 0.00 100.00

g

2 Fat-rich food 38.39 61.61 38.44 61.56 38.38 61.62 27.63 72.37 27.06 72.94 34.05 65.95
Vitamins and
minerals-rich
food 6.19 93.81 7.12 92.88 2.54 97.46 11.11 88.89 15.08 84.92 4.28 95.72
Carbohydrate
-rich food 25.06 74.94 36.74 63.26 35.77 64.23 40.13 59.87 38.64 61.36 27.30 72.70
Protein-rich

= food 0.00 100.00 0.00 100.00 0.00 100.00 0.00 100.00 5.00 95.00 0.00 100.00

>

;é
Fat-rich food 2.00 98.00 474 95.26 441 95.59 22.47 77.53 29.67 70.33 29.59 70.41
Vitamins and
minerals-rich
food 1.46 98.54 3.87 96.13 3.20 96.80 6.82 93.18 6.09 93.91 3.92 96.08

Notes: H- Home-produced foods; O-Foods purchased from outside
Source: Authors' calculations based on VDSA panel data




Table 3: Calculation of score for eliciting external and personal domain characteristics of the selected rural
food environment

Domain Attributes Formulae for scoring
Availabilit Variety availability score = Number of products selling in the particular food group by a
Y| vendor/ Total number of products in that particular food group
Price Product price score = Number of products selling at less than or equal to average price/
Total number of products being sold by the vendor
Timing score = closing time-opening time-interim time/24-hour period
Extfrna Vendor and
product Food category quality score = Average (proportion of best quality + proportion of medium
properties | quality)
*We considered the share of the best quality and medium quality products in the total
products being sold based on the perceptions of the vendors
Marketi Promotion score = Average (proportion of total display area of the shop covered by a
arketing particular product)
Average distance per food item per person = Average (Number of persons * distance of
seller)
Accessibilit | Average distance food group wise per person = Average distance per food item (those
y- physical | food items in that group) per person
distance If average distance per food item per person <= average distance food group wise per
person, then 1; otherwise, 0
Score of food group = Total score of food items in that group/ Total Number of food items
in that group
Affordabilit | Cheap, somewhat cheap, and Neutral (based on perceptions of the consumer) =1
y - relative | Somewhat expensive and Very expensive =0
price Score of food group = Total score of food items in that group/ Total Number of food items
in that group
If the food item is easy to store in the consumer’s perception, then 1
If the food item is not easy to store, then 0
Persona | Convenienc | Average group score for particular food item = Total score of particular food item /
I e - easy to | Number of groups that responded
store Average food category score = Total score of particular food category / Number of food
items in the food category responded
*We are not considering those who have not responded during the Focus Group
Discussion
If the respondents liked to consume more of a food item, then 1, otherwise 0
Average group score for particular food item = Total score of particular food item /
Number of groups
Desirability- Average food category score = Total score of particular food category / Number of food
preferences items in a food category
and
knowledge | If the consumers perceived the food as a healthy diet, then 1, otherwise 0

Average group score for particular food item = Total score of particular food item /
Number of groups

Average food category score = Total score of particular food category / Number of food
items in the food category




Table 4: Composition of the households in terms of social categories in percentage

Caste! Category Aurepalle-Group-1 Aurepalle-Group-2 Dokur-Group-1 Dokur-Group-2

Male Female Male Female Male Female Male Female

General® 36 - - - 62 50 60 9

Other backward 64 - 67 100 38 50 40 73
caste’

Scheduled Caste* - 100 33 - - - - 18
Overall 100 100 100 100 100 100 100 100

(n=11) (r=09) (n=09) (n=10) (n=10) (n=08) (n=11) (n=10)

Notes:

1. Caste is a form of social stratification characterized by endogamy, hereditary transmission of a
style of life which often includes an occupation, ritual status in a hierarchy, and day-to-day social
interaction and exclusion based on cultural notions of purity and pollution in India.

2. General caste/General Category/Open Category is a term used in India to denote castes whose
members are, on average, ahead of other Indians economically and socially.

3. Other Backward Caste is a collective term used by the Government of India to
classify educationally or socially disadvantaged castes.

4. Scheduled castes are sub-communities within the Hindu caste system that have historically faced
deprivation, oppression, and social isolation in India because of their perceived 'low status'.

Table 5: Sample details of vendors in the study locations
Meat,
Groceries  poultry,

Town/Village Fruits /Kirana and fish Milk Petty shop* Vegetables
Amangal 5 10 2 - - 10
Aurepalle - 5 3 3 4 2
Devarakadra 5 10 2 - - 10
Dokur - 2 2 2 1 2
Total Number 10 27 9 5 5 24

- Vendors are not available/ Not surveyed

*Petty shops are small vending units that provide food items such as packaged ready-to-eat

foods and beverages and tea and snack items/eatables in India.



https://en.wikipedia.org/wiki/Government_of_India

Table 6: External Food environment-comparison of scores across the selected food groups
Food Group
Attributes | Town/Village Carbohydr Pro_tein- F_at- Vi_tamins a_nd Discretionary
ate-rich rich rich  minerals-rich foods
foods foods foods foods
Aurepalle 0.38 0.1 0.56 0.29 0.35
. .. | Amangal 0.78 0.1 0.56 0.26 0.44
Availability
Dokur 0.33 0.1 0.5 0.38 0.58
Devarakadra 0.63 0.07 0.55 0.33 0.35
Aurepalle 0.72 0.36 0.39 0.62 0.81
Price Amangal 0.65 0.5 0.83 0.66 0.77
Dokur 0.67 0.43 0.5 0.59 0.77
Devarakadra 0.53 0.54 0.7 0.5 0.83
Aurepalle 0.52 0.59 0.67 0.59 0.92
- Amangal 0.3 0.34 0.44 0.3 0.89
Timing
Dokur 0.31 0.42 0.79 0.42 0.87
Devarakadra 0.46 0.46 0.47 0.46 0.99
Aurepalle 0.91 0.96 1 0.81 0.94
. Amangal 0.8 0.81 1 0.85 0.99
Quality
Dokur 0.63 0.99 1 0.96 0.88
Devarakadra 0.87 0.81 1 0.85 1
Aurepalle 0.03 0.18 0.04 0.17 0.41
, Amangal 0.04 0.11 0.02 0.27 0.37
Promotion
Dokur 0.1 0.17 0.06 0.19 0.32
Devarakadra 0.04 0.1 0.04 0.28 0.42
Source: Authors' calculations using VDSA household data
Table 7: Personal food environment scores for different food groups
Accessibility  Affordability Convenience Preference Knowledge
Food groups
Aurepalle  Dokur  Aurepalle Dokur  Aurepalle Dokur  Aurepalle Dokur  Aurepalle Dokur
Carbohydrate-
rich foods 1 1 0.42 0.67 1 1 0.42 0.42 0.33 0.42
Proteln-rich 05 05 013 044 038 013 05 069 063 069
Fat rich foods 1 1 0.25 0.25 0.75 0.75 0.75 0.75 0.5 0.5
Vitamins and
min]gralj-rich 0.67 0.33 0.25 0.3 0.08 0.13 0.63 0.75 0.25 0.3
00as
Discretionary | 0,75 0.67  0.69  0.94 1 1 038 031 013  0.19

Source: Authors' calculations using VDSA household data
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Figure 1: Framework of the Food Environment

Source: Authors drawn adapted from Turner et al., 2018
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Figure 2a: Spatial distribution of vendor types in Aurepalle and Amangal study locations; Source: Map created using GPS coordinates of households and
vendors in the selected location. The maps drawn are not as per the scale.
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Figure 2b: Spatial distribution of vendor types in Dokur and Devarakadra study locations; Source: Map created using GPS coordinates of households and
vendors in the selected location. The maps drawn are not as per the scale.



Supplementary Material

Annex 1: Socioeconomic characteristics of participants

AUREPALLE DOKUR

Villages/Socioeconomic
variables M1 M2 F1 F2 M1 M2 F1

F2

Average land size | 2.4490 0.3822 1.9501 2.1242 1.5889 1.9809 1.3759
(Hectares)

1.6574

Average Ownership of | 152387 12658 91349 154888 103449 170145 122310
farm assets (2014-2015)
(INR)

204301

Average Ownership of | 696876 340098 600823 748558 860099 935908 469826
Non-farm assets (2014-
2015) (INR)

673290

Average Crop income | 34722 9611 72315 50276 53385 69417 41833
per annum (2014-2015)
(INR)

45112

Average Livestock | 86138 6093 44628 64336 48218 79242 48239
income  per annum
(2014-2015) (INR)

69392

Average Total farm | 11803 34462 14639 18692 21135 25863 21677
labor income per annum
(2014-2015) (INR)

25453

Average Non-farm | 103612 85747 103702 136153 96448 109695 62420
income  per annum
(2014-2015) (INR)

78233

Average large | 1.56 0.20 1.04 0.95 0.96 2.23 2.05
ruminants (Number)

0.28

Average small | 6.52 0.56 7.19 9.28 13.60 22.85 0.00
ruminants (Number)

46.48

Average poultry | 3.91 3.66 5.29 0.30 1.56 5.09 3.71
(Number)

2.32

M: Male Group
F: Female Group
Source: Authors' calculations using VDSA household data




Assessing the Rural Food Environment for Advancing Sustainable Healthy
Diets: Insights from India

Research Highlights

e Inadequate knowledge of food environments limits effectiveness of nutritional interventions

e Study presets a scoring method to analyze the food environment more precisely

o Households preferred readily available and accessible energy-dense foods

e Nutrition literacy interventions may help in promoting healthier diets

e Food environment research is vital to design policies to support transition towards healthy diets
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