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Introduction: The relationships among food access, foods consumed, and nutritional status and
health in developing countries are not well understood. Between 2013 and 2018, differences in the
rural food environment and access to food, nutritional status, and body size in the rural villages
where the Pune Maternal Nutrition birth cohort was recruited were measured and analyzed.

Methods: Food access measures included the number of shops per 1,000 population, water avail-
ability, and distance from the highway. A total of 418 adolescents (223 boys, 195 girls) aged 18 years
had diet assessed by a quantitative food frequency questionnaire; height, weight, and waist
measured; body fat percentage determined by dual x-ray absorptiometry; and blood biomarkers
(vitamin B12 and hemoglobin) assayed.

Results: By village, the number of shops per 1,000 population ranged from 3.85 to 23.29. Boys and
girls from the 2 villages with the highest food access, year-round water availability, and closest to
the highway were heavier and had higher BMI, waist circumference, and body fat percentage com-
pared with those from the lowest tertile of food access (p<0.05 for all, adjusted for SES). Across all
villages, dietary diversity was poor and B12 insufficiency and anemia were prevalent. With easier
access to food, consumption of staple foods decreased and outside food increased. On multivariate
regression analysis, higher BMI of the adolescents was significantly associated with higher food
access, along with higher weight at birth, socioeconomic scores, and daily energy consumption.

Conclusions: Results demonstrate a strong link between rural food access, foods consumed, and
measures of nutritional status in an undernourished, mostly vegetarian, rural population.
Am J Prev Med 2019;000(000):1−8. © 2019 American Journal of Preventive Medicine. Published by Elsevier Inc.
All rights reserved.
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The understanding of concepts of food security—
access, availability, supply, utilization,1 and
health2—derive from developed countries. In

India, despite economic development, a large proportion
of the population is undernourished, and more than half
of the population resides in rural locations.3 Livelihoods,
the food environment, and health are dependent on agri-
cultural activities and therefore are more sensitive to
environmental effects such as drought and trade than
other populations.4

A recent review on food environment research in low-
and middle-income countries shows a paucity of high-
quality evidence.5 Food environment studies undertaken
in developed countries have used advanced techniques
such as spatial tools6,7 and GIS8 to map the food envi-
ronment and aid policymakers in improving it. These
techniques are of limited use in developing countries
where the rural food environment is significantly
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different in terms of access to farm-grown foods,
income, geographic access to and types of stores avail-
able, and, in India, strict adherence to traditional food
practices such as vegetarianism. Measures of access to
food and their association with health outcomes are
needed in rural India and for adolescents, when the
manifestation of the effects of the dual burden of malnu-
trition and nutrition transition on health become more
evident.9

This analysis aimed to describe the physical environ-
ment in relation to the food supply and access and its
association with nutrition-related conditions in India.
The rural and peri-rural food environment in 6 villages
near Pune city in Maharashtra were studied, where the
prospective, longitudinal Pune Maternal Nutrition Study
(PMNS) is located. The region is characterized by farm-
ers with 1.4 hectares of landholding on average. The
food supply in rural Maharashtra is accessed mainly by
the highway to grocery, ration shops, shops selling milk-
based local sweets, and carts selling fried snacks. In addi-
tion, there is a weekly market where fresh fruits and veg-
etables may be purchased.
METHODS

Study Sample
Briefly, the PMNS recruited married women between 1994 and
1996 in 6 rural villages near Pune, Maharashtra, India to prospec-
tively study the influence of maternal nutrition on fetal growth
and later cardiometabolic risk of the offspring. The children were
measured at birth and body composition, diet, and cardiometa-
bolic risk were measured at 6, 12, and 18 years.10,11 This investiga-
tion is a substudy of the PMNS. It was hypothesized that the
geographic distance to food stores would be associated with pre-
collected information of dietary consumption, body size, and met-
abolic markers of the adolescent offspring.

Details on PMNS methodology have been published previ-
ously.10,11 For this analysis, the 18-year (aged 17−19 years during
2013−2014) measures included SES, dietary intakes, body size,
body fat percentage, and circulating biomarkers of nutritional sta-
tus (vitamin B12 and hemoglobin). Subsequently, in 2017−2018,
village-level measures of food access were recorded.

Approval for the study was obtained from the village leaders,
participants, and the Ethics Committee of KEM Hospital Research
Centre, Pune, India. At the 18-year follow-up, the participants
gave their own consent.
Measures
At 18 years, household SES was assessed using the National Fam-
ily Health Survey questionnaire.12 For each individual component
of SES, appropriate weights are assigned, and a composite
weighted standard of living score is computed using a set of 27
questions, with weights ranging from 0 to 3 and with possible
scores ranging from 0 to 67 (high SES, 26−67).

A semiquantitative food frequency questionnaire (150 food
items, 17 food groups) was completed by trained nutritionists.
The nutritional quality of dietary consumption patterns was
determined by classifying the 17 food groups into the following 5
categories: (1) cereals and primary processed pulses (wheat, rice,
dals, and legumes), (2) vegetables and fruits, (3) dairy (milk and
milk products), (4) nonvegetarian foods (meat, fish, and eggs),
and (5) outside snack foods (bakery products, fried snacks, sweet
snacks, and outside fast foods). Outside foods are spicy foods,
sold from open stalls. Examples include Pav-bhaji (a mixture of
starchy vegetables, cooked with butter and spices), noodles, and
mis-al (a spicy curry made with moth bean usually consumed
with bread/pav).

To estimate total and food group daily nutrient intake, each
food item was matched by a trained nutritionist to a food (line) in
a combination of local and national13 food composition databases.
Individual dietary diversity scores, an indicator of dietary ade-
quacy, were calculated based on Food and Agriculture Organiza-
tion of the UN guidelines14 and summed as the number of food
groups consumed (out of 9) in quantities >10 g every 2 days. The
women’s dietary diversity score was summed as the number of 11
food groups15 consumed (out of 11) in quantities >10 g every
2 days. Consumption of foods from own farms was categorized as
0 (none), 1 (≤25%), 2 (26%‒50%), and 3 (>50%) based on the
information provided by participants.

Food access was ranked from the number and type of food
shops/1,000 population, water availability, and distance from the
highway (Table 1). The number of shops in each village was deter-
mined by the researcher (AG-R) visiting each village and inspect-
ing shops and stalls for number of outlets selling cereals and
pulses, fruits and vegetables, and milk; nonvegetarian foods,
including eggs, fish, and poultry; and bakery, snacks, sweets, and
fast foods.

Additionally, water availability for farming and distance of
each village from the highway was considered as a measure of
connectivity of the village. Considering water availability months
per year for farming, 2 villages had low (<6 months/year), 1 had
medium (8−10 months), and 2 had high (throughout the year)
water availability. Two of the villages were located >10 km, 2
around 5 km, and 1 <3 km from the highway; 1 was on the high-
way. These indicators were important as they determined the type
of crops grown in farms, ease of access to different foods, and
SES.

A trained staff member measured weight using digital scales to
the nearest 0.1 kg and height using a wall-mounted stadiometer to
the nearest 0.1 cm. Waist was measured to the nearest 0.1 cm.
Measurements were recorded in duplicate and an average of both
values was used for analysis. Interobserver variation studies were
conducted to maintain quality; the coefficient of variation for all
outcomes was <0.5%. BMI (kg/m2) was derived. Participants were
classified by WHO BMI criteria16 as underweight (<18.5 kg/m2),
normal weight (18.5 to 25kg/m2), or overweight (>25.0 kg/m2).

Whole body dual x-ray absorptiometry scans were performed
at 18 years. Fat measurements included whole body fat percentage
(fat mass/weight£ 100). Fat percentage risk was defined as fat
≥25% for boys and ≥35% for girls.16 Birth weight was assessed
from the measurements at birth.

After an overnight fast, venous blood samples were collected
from an antecubital vein through a free-flowing cannula. A por-
tion of the whole blood was used to measure the hemogram using
Beckman Coulter analyzers. Plasma vitamin B12 was measured by
microbial assay. The inter- and intra-assay coefficient of variation
www.ajpmonline.org



Table 1. Profile of Villages According to Populations, Number of Shops Selling Specific Foods, and Access to Water and Ma Highway

Village #
(Population)

Boys,
girls,
n

Cereals
and pulses Dairy

Egg, meat,
fish Vegetables Fruit Bakery

Dry
snacks Sweets

Fa
foo

Sum of
food

access

Water
months/
yeara

Distance
to highway

Standard
of living
score

Low food access

#1 (3,909) B=31
G=33

4 (1.02) 3 (0.77) 1 (0.26) 0 (0) 1 (0.26) 0 (0) 3 (0.77) 0 (0) 3 (0. 7) (3.85) <6 >10 km 34.1

#2 (4,864) B=36
G=45

5 (1.03) 4 (0.82) 1 (0.21) 0 (0) 0 (0) 0 (0) 4 (0.82) 0 (0) 3 (0. 2) (3.50) <6 >10 km 34.5

Medium food access

#3 (5,248) B=28
G=30

6 (1.14) 4 (0.76) 3 (0.57) 5 (0.95) 5 (0.95) 1 (0.19) 5 (0.57) 2 (0.38) 10 (1 1) (7.42) 12 5 km 35.8

#4 (3,378) B=15
G=17

8 (2.37) 6 (1.78) 3 (0.89) 5 (1.48) 5 (1.48) 1 (0.3) 5 (1.48) 2 (0.59) 10 (2 6) (13.33) 12 5 km 38.3

High food access

#5 (3,857) B=46
G=46

13 (3.37) 11 (2.85) 4 (1.04) 10 (2.59) 10 (2.59) 2 (0.52) 10 (2.59) 2 (0.52) 10 (2 9) (18.66) 8‒10 3 km 33.4

#6 (19,374) B=67
G=37

104 (5.37) 115 (5.94) 22 (1.14) 25 (1.29) 15 (0.77) 10 (0.52) 100 (5.16) 10 (0.52) 50 (2 8) (23.29) 12 0 km 38.3

Note: Number of shops selling (number/1,000 population).
aWater supply for farm irrigation.
B, boys; G, girls.
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was <5% for all measurements. Low plasma vitamin B12 was
defined as <150 pmol/L and low hemoglobin concentration as
≤13 g/dL for boys and ≤12 g/dL for girls.
Statistical Analysis
Skewed variables were normalized by performing log transforma-
tion. Data are reported as means and SDs. One-way ANOVA and
univariate ANOVA were used to determine whether there were
any statistically significant differences in body size and circulating
nutrient measurements by location and sex. Multiple linear
regression analysis was performed to study associations among
food access category, dietary variables, and body composition
adjusted for sex, consumption of food from farms, and standard
of living score. Analysis was conducted using SPSS, version 23.0
and Stata, version 15.
RESULTS

This analysis was based on data from 418 adolescents
(63%, 223 boys and 195 girls) who were residents of
the 6 villages. Nearly all adolescents (>95%) consumed
starchy staples, legumes, other vegetables, and other
fruits every second day, whereas consumption of dairy,
nonvegetarian foods, vitamin-rich fruits, and vegetables
was low in both sexes and more so in girls. Using
WHO adult BMI criteria,16 at age 18 years, almost 50%
were underweight, 6% of boys and 2% of girls were
overweight, and 10% of boys and 13% of girls were
stunted (height <140 cm). At 17 years, 60% of boys
and 56% of girls had insufficient circulating vitamin
B12 (<140 pmol/L), and 14% of boys and 30% of girls
were anemic (hemoglobin <13 g/dL for boys and
<12 g/dL for girls).
Ease of access to different food groups varied with

water supply in the villages and their connectivity to the
highway (Table 1). Villages with more months of water
supply and located closer to the highway had higher
overall access to all food groups. Except for the 2 villages
closest to the highway, the other villages had low accessi-
bility to more nutritionally dense foods (i.e., nonvegetar-
ian foods, fruits, and vegetables).
Households in the villages that were most distant

from the highway with low water supply consumed
more foods from their farms, relied more on subsistence
farming, and produced mainly millet (i.e., sorghum and
pearl millet and other vegetables). By contrast, house-
holds in the villages with more months of water grew
cash crops such as sugar cane and thus purchased most
of the required foods from the market. Despite the dif-
ferences in water supply and proximity to the highway,
the standard of living score was high (>25) for all vil-
lages (33.4−38.3).
Boys and girls belonging to highest-access villages were

heavier, had larger waist and hip circumferences, and
higher body fat percentage (p<0.005) than those in the
villages with lowest access (Table 2). These associations
remained unchanged when adjusted for socioeconomic
scores. Using conventional cut offs, the proportion of
obese and overweight boys and overweight girls was
higher among those residing in the highest tertile of food
access in comparison with the lowest.
Individual dietary diversity scores as defined by Food

and Agriculture Organization of the UN ranged between
4 and 5 (of 9) for both boys and girls independent of vil-
lage location. Similarly, the women’s dietary diversity
score, which focuses on nutrient-rich foods (e.g., foods
containing vitamins A and C), was low at 5 to 6 (of 11)
across all villages. Boys and girls with high food access
consumed lower daily calories from staple foods such as
cereals and pulses but more energy from outside foods;
this was more evident among girls. The concentration of
the nutritional biomarkers of hemoglobin and vitamin
B12 concentration did not vary by location.
When the measure of access to specific food groups/

1,000 population (Table 1) and reported frequency of
consumption were compared, paradoxically higher
access to cereals and pulses was associated with lower
consumption of these foods, whereas the higher access
to bakery, dry snacks, sweets, and fast foods was associ-
ated with higher consumption (Table 3). These associa-
tions were adjusted for covariates including sex,
consumption of foods from farms, and socioeconomic
score of the household. Access to dairy, nonvegetarian
foods, and fruits and vegetables was not associated with
higher or lower consumption.
Further association of the BMI of the adolescents with

birth weight, sex, and standard of living and potentially
modifiable food environment factors was studied
(Table 4). On multivariate regression analysis, the rate
of higher adolescent BMI did not differ by sex but was
significantly associated with higher food access/1,000
population as well as higher weight at birth, higher
socioeconomic scores, consumption of more foods from
their own farms, and daily energy consumption. BMI
was also associated with higher individual dietary diver-
sity scores, which indicate overall food adequacy, but
with lower women’s dietary diversity scores, which indi-
cate micronutrient inadequacy because of lower con-
sumption of nutrient-rich foods.
DISCUSSION

This research shows that easier geographical access to
food, proximity of a village to the highway, and the
months of access to water are associated with better
physical access to both staple foods (cereals, pulses,
fruits, vegetables, and dairy) and outside foods (bakery,
www.ajpmonline.org



Table 2. Body Size, Dietary Intakes, and Circulating Markers by Groups of Food Access

Access to food

Variable Low (145) Mid (90) High (196)

Boys (n=223) 67 43 113

Body size

Weight (kg) 52.6 § 7.9 55.3 § 9.7 57.8 § 10.9

Height (cm) 168.6 § 5.9 169.3 § 5.4 169.7 § 7.7

BMI (kg/m2) 18.5 § 2.3 19.3 § 3.6 20.1 § 3.3

Waist circumference (cm) 69.3 § 7.0 72.1 § 9.4 73.4 § 9.5

Fat percentage (DXA) 12.3 § 6.4 14.7 § 8.5 16.8 § 8.5

Undernourished (obese), % 49.3 (5.9) 53.4 (6.9) 40.7 (18.5)

Fat percentage risk ≥25% 7.5 13.9 19.4

Dietary intakes

Individual dietary diversity score 3.8 § 0.9 4.0 § 0.9 4.1 § 0.9

Women’s dietary diversity score 5.8 § 1.5 6.2 § 1.5 6.1 § 1.4

Total energy intake (kcal/day) 3,136 § 750 3,360 § 745 3,365 § 887

Cereals pulse, %E 55.6 § 12.7 56.1 § 11.4 52.5 § 12.4

Fruits and vegetables, %E 13.1§ 4.5 12.0 § 4.9 13.1 § 4.8

Dairy, %E 2.8 § 3.8 3.5 § 4.6 3.8 § 5.0

Egg, meat, and fish, %E 2.3 § 2.3 2.4 § 2.1 2.2 § 2.1

Outside food, %E 22.0 § 13.7 22.8 § 12.4 25.0 § 17.5

Circulating markers

Vitamin B12 pmol/L 149.2 § 86.2 161.3 § 77.8 143.0 § 71.7

Hemoglobin g/dL 14.2 § 1.4 14.2 § 1.4 14.3 § 1.5

Girls (n=195) 78 47 83

Body size

Weight (kg) 44.9 § 6.5 43.6 § 6.6 47.9 § 7.7

Height (cm) 156.9§ 6.1 155.8 § 5.1 157.3 § 4.8

BMI (kg/m2) 18.2 § 2.2 18.1 § 2.5 19.3 § 3.4

Waist circumference (cm) 67.2 § 5.6 67.1 § 6.1 69.7 § 6.5

Fat percentage (DXA) 27.2 § 5.8 27.9 § 6.7 31.2 § 5.9

Undernourished (obese), % 43.5 (7.7) 59.6 (12.8) 45.7 (10.8)

Fat percentage risk ≥35% 7.7 12.8 18.1

Dietary intakes

Individual dietary diversity score 3.7 § 0.7 3.8 § 0.8 3.9 § 0.8

Women’s dietary diversity score 5.6 § 1.2 5.9 § 1.2 5.9 § 1.3

Total energy intake (kcal/day) 2,245 § 731 2,144 § 695 2,283 § 587

Cereals pulse, %E 55.8 § 11.9 52.1 § 10.5 51.1 § 10.1

Fruits and vegetables, %E 15.9§ 5.6 16.6 § 6.3 17.3 § 5.9

Dairy, %E 1.7 § 2.5 2.1 § 2.5 2.0 § 2.7

Egg, meat, and fish, %E 1.6 § 1.9 1.1 § 0.9 1.2 § 1.3

Outside food, %E 22.7 § 8.1 24.8 § 7.5 28.0 § 10.1

Circulating markers

Vitamin B12 pmol/L 149.2 § 73.6 159.5 § 70.9 138.1 § 89.8

Hemoglobin g/dL 12.4 § 1.2 12.7 § 2.1 12.5 § 1.4

Note: %E = % out of total energy intake, p for difference between food access groups, comparison ANOVA. Boldface indicates statistical significance
(p<0.05). P for difference in proportions compared using z-test, adjusted for socioeconomic score UNIANOVA.
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sweet, fried, and fast foods) in rural India. Adolescents
with higher access to the outside nutrient-poor, energy-
dense food supply consumed a lower proportion of daily
calories from staple foods. These dietary patterns with
insufficient quantity and variety of nutrient-dense on
& 2019
one hand and obesogenic food consumption on the
other are reflected in the higher prevalence of obesity
and body fat percentage among those who had higher
access to outside foods. The high prevalence of B12
insufficiency and anemia in all villages is an indication



Table 3. Association Between Food Access and Daily Consumption of Foods

Food access (specific food stores/1,000
population) to

Consumption (percent energy) of

Cereals pulse Fruit and vegetables Dairy Egg, meat, and fish Outside

Cereals pulse ‒0.13
Fruits and vegetables ‒0.048
Dairy ‒0.053
Egg, meat, and fish ‒0.053
Outside food 0.14

Note: Values are standardized beta coefficients from multiple linear regression analysis conducted separately for each food group. Boldface indicates
statistical significance (p<0.05). The associations were adjusted for sex, farm food consumption, and SES of the adolescent. Outside foods include
baked goods, dry snacks, sweets, and fast foods.
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that micronutrients are not adequate in any of these
environments.
Independent of location—and therefore, access to

foods—girls weighed 10 kg less and were approximately
10 cm shorter than boys. This may be associated with
the much lower intake of total energy (3,300 vs 2,200
kcal/day), although the percentage of energy obtained
from food groups was not different. This sexual dimor-
phism17 may be exacerbated by the relatively poor diet,
physical activity, and sociocultural practices that favor
male adolescents and should be investigated further.
Food access has been studied using various tools in

connection with availability of healthy, affordable food;18

purchase patterns;19 and food insecurity20,21; however,
very few studies report, as this one does, association with
dietary intake, dietary patterns, and diversity.
Research in developed countries has identified various

food access−related factors associated with consumption
of fruits, vegetables, and fast foods.22−25 In this study of
adolescents, a substantial proportion of calories was
from processed foods with the main ingredients of sugar
and fat. These foods have a long shelf life compared with
fresh food, which adds to their profitability for shop
Table 4. Multiple Linear Regression Analysis of Different
Factors and BMI of Adolescents

Independent variables
Standard beta
coefficients

Birth weight (g) 0.122

Sex of the adolescent (1 boy, 2 girls) 0.001

Standard of living score 0.094

Consumption of food from own
farms (1=nil, 2=50%, 3=all)

‒0.107

Individual dietary diversity scores 0.203

Women’s dietary diversity scores ‒0.199
Calorie intake/day (kcal) 0.153

Sum of food access 0.181

Note: Boldface indicates statistical significance (p<0.05).
owners. Thus, as indicated by prior research, targeting
just food access may not be helpful and improvement
requires a multifactorial approach including policy, pric-
ing, and increased food literacy for sustained healthy food
behavior.26 The problem of low intake of vitamin B12-,
iron-, and protein-containing foods and high-carbohy-
drate foods is exacerbated by religious and cultural beliefs
that prohibit nonvegetarian foods even if they were acces-
sible. Supplementation and fortification should be consid-
ered, as these adolescents may soon be parents.
In the last decade, a parallel strand of research has

emerged on understanding the obesogenic environment,
in which fast food access has been studied as a major
contributor.27−29 In the studied villages, adolescents had
easy access to the foods such as biscuits, cakes, packaged
snacks, wafers, and bakery products in grocery shops; in
addition, the villages with higher connectivity had a
higher number of fast food stalls. These are relatively
cheaper (10−30 rupees) and can be bought by adoles-
cents using pocket money.
Rather than individual food preference and food envi-

ronment, dietary cost is suggested to be the principal
intervening factor for obesity in America.30 The relative
cost of different foods indeed would matter in relative
consumption levels of different foods but was not mea-
sured in this study.
In this study, rural food access was defined at a disag-

gregated product level (i.e., number of shops/1,000 popu-
lation for individual food groups). This allowed
comparison of ease of access with dietary quantity (energy
intake) as well as quality (dietary diversity). This food
access measurement method is relatively easy to measure
and should be applied and validated in diverse settings.
Previous food access studies are predominantly from

developed countries, where all types of foods are avail-
able under one roof such as a supermarket. Lack of ease
of access to a supermarket is generally termed a “food
desert.”31,32 In this study, lack of access to nutrient-
dense foods including protein-rich foods could be
www.ajpmonline.org
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termed a nutrient desert. This is because the diets,
though more varied in the villages near the highway, did
not meet the requirements of adequate dietary diversity
of core food groups. For example, in certain villages,
there was no access to good-quality protein foods such
as nonvegetarian foods and micronutrient-rich foods
such as vitamin A−rich fruits and vegetables.
Limitations
Food access assessment was based on direct onsite obser-
vation by village, an independent environmental mea-
sure by a trained dietitian. There was no adjustment for
family income, education, or number of dependents liv-
ing in the household. The measures of the adolescents
were conducted 2−3 years earlier than the observations,
and the village may have changed in this time. Rural to
urban migration of young people, particularly for educa-
tion, is occurring rapidly and this work is only applicable
to those who stayed in the villages.
It is known that body size tracks across the life course,

as shown in this study by the positive association of BMI
with birth weight. It is also known that these effects are
intergenerational. It is likely that if the development of
the villages was tracked longitudinally that the rate of
change of food outlets would also reflect the physical
characteristics of the village, with the high-access villages
changing the most. This is an example of the continued
nutrition transition in India.33
CONCLUSIONS

Contrary to expectations, better geographic access to
food and apparently more diversity were not associated
with a healthier body size or improved B12 or hemoglo-
bin. There is a need for policy around access, pricing,
and education to enable families to access and prepare a
variety of wholesome, micronutrient-rich foods and fol-
low the Indian food-based dietary guidelines.34 Food
access is not the same as food security, as nutritionally
adequate and healthful consumption patterns were not
supported by better access. These results aid in under-
standing the rural food system, with substantial lack of
access to healthy food options on one hand and easy
access to obesogenic snacks on the other. Policymakers
should use these channels to convert economic develop-
ment into healthful eating and to tackle micronutrient
deserts without increasing the burden of metabolic dis-
orders.
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