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Abstract

Like several indigenous populations, Sauria Paharias, a vulnerable indigenous tribal
group residing in a biodiverse environment of Jharkhand, India, have high levels of
undernutrition. We assessed agroforestry and dietary diversity, food consumption
especially indigenous food (IF) intake and nutritional status of Sauria Paharia women
through a cross-sectional study conducted in 18 villages of Godda district, Jharkhand.
Household level information was elicited through household surveys including a
dietary survey and a food frequency questionnaire. Twenty-four-hour dietary recalls
(24 HDR) and anthropometric assessments were taken on one randomly selected
woman per household. An index, Food Accessed Diversity Index (FADI) created to
measure agroforestry diversity, showed a low mean score of 0.21 + 0.15 and range:
0, 0.85. Fifty-nine percent of women consumed any IF during 24 HDR. Median
minimum dietary diversity score for women (MDD-W) was 3 (acceptable score =5).
More than 96% of women had intakes below estimated average requirements for
all nutrients studied (energy; vitamins A, C, thiamine, riboflavin, niacin, pyridoxine;
folate; iron; calcium and zinc) except protein; 41% women were underweight.
IF consumption was independently associated with calcium and vitamin A intake.
Decision trees developed for micronutrient consumption at different levels of
MDD-W score and IF consumption scenarios revealed 1.3 to 2.9 times higher
consumption of micronutrients among women with MDD-W 2 3 or 4. Strategies like
agricultural extension programmes promoting indigenous varieties and nutrition education
for increasing dietary diversity with IFs have potential to address undernutrition in

Sauria Paharia women.
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1 | INTRODUCTION

Globally, more than 820 million people are undernourished, and
more than 2 billion people suffer from micronutrient deficiencies
(FAO, 2017). More than one fifth of women in India are undernourished
with chronic energy deficiency (CED), and more than 50% of them
have anaemia (National Family Health Survey [NFHS]-4, 2015). The
country is ranked 102nd among 117 nations on the global hunger
index, and its status is rated as “serious” on the spectrum of hunger
levels (Global Hunger Index [GHI], 2019). Moreover, India is ranked
70th among 187 countries on dietary quality, based on overall dietary
patterns (Imamura et al, 2015), with diets that are less diverse,
deficient in dairy, fruits, vegetables and protein rich foods (Keats &
Wiggins, 2014). Both insufficient quantity and quality of food
intake are causing food and nutrition insecurity leading to malnutrition
within the country.

Indian agriculture, boosted by the Green Revolution in the
mid-60s, mainly focuses on wheat and rice production, with a goal
of fulfilling average caloric requirements (Dwivedi et al., 2017,
Welthungerlife, 2016). Additionally, the targeted public distribution
system, a major government programme under the national food
security act (NFSA, 2013), mainly includes food items like wheat, rice,
sugar and millets (in specific states). This strategy has promoted poor
quality, monotonous and low-diversity diets, especially among
vulnerable sections of the population (Welthungerlife, 2016). More
recently, there has been increased effort towards promoting the
cultivation and distribution of diverse cereals like millets through
this programme (Re-Vamped National Food Security Mission [NFSM]
Operational Guidelines [2018-2019 to 2019-2020], 2018).

Indigenous tribal people are those who are original or earliest
known inhabitants of an area and inherit their ancestral knowledge of
the land and food resources, available in the vicinity of their residence
(Kuhnlein et al.,, 2013). These communities, referred to as Scheduled
tribes and as described by Article 342 of Indian Constitution, are
distinguished from other communities based on their traditional
traits, distinct culture and economic backwardness (Tribal Health
in India: Executive Summary and Recommendations, 2018). They
constitute a substantial proportion of the nutritionally vulnerable
population of India with women having high prevalence of CED and
micronutrient deficiencies and under five children having high
levels of stunting (40%), underweight (40%) and wasting(27%)
(Agrawal, 2013; Ghosh-Jerath et al., 2013, 2016; Kshatriya &
Acharya, 2016; National Nutrition Monitoring Bureau [NNMB], 2009;
National Family Health Survey [NFHS]-4, 2015). The diets of
Indian tribal communities are considerably deficient in milk and milk
products, fruits and vegetables, as well as pulses and flesh foods
(meat, fish and poultry) (Ghosh-Jerath et al, 2016; Mittal &
Srivastava, 2006; Rao, Kumar, Krishna, Bhaskar, & Laxmaiah, 2015).
This predisposes them to deficiencies of micronutrients like iron,
vitamin A (Rao et al., 2015) and also zinc, which could be due to
the high phytate content in staples like rice (Kapil, Singh, &
Pathak, 2003). This nutritional deprivation is further compounded by
socio-ecological factors such as geographical isolation, extreme
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Key messages

e Access to agroforestry diversity was poor among Sauria
Paharias despite extensive collective information on
availability of diverse traditional foods in their environment.

o Women had poor nutrient intake and dietary diversity.

o |IF consumers had significantly higher intake of calcium
and vitamin A.

e Stratification by MDD-W scores and IF consumption
revealed 1.3 to 2.9 times higher consumption of different
micronutrients among women with MDD-W equal to or
above 3 or 4 and IF consumers.

o Access to agroforestry diversity can be improved through
agricultural extension programmes to promote cultivation of
indigenous varieties and nutrition education for improving

dietary diversity utilizing IFs from the environment.

poverty, migration, local agricultural and land use policies and climate
change (Bhattacharjee, Kothari, Priya, & Nandi, 2009; Jain et al., 2015;
Laxmaiah et al., 2007; Rao et al., 2015).

The Sauria Paharias are one of the particularly vulnerable
tribal groups (PVTGs) in Jharkhand, a state that is home to 8.6 million
indigenous tribal people constituting 26.2% of the total state
population (Census, 2011; Lakra & Kumar, 2017). The Sauria Paharias
reside among the hilly ranges and wild dense forests, which provides
a rich biodiverse food environment (UNDP, 2008). An ancient
tribal group with predominantly agriculture-based livelihoods, they
practise cultivation on small areas of land, home gardens (Baaris) and
burnt patches of forest land (Kurwa farming). They also source
foods from forests, rivers and nearby areas that are indigenous to the
community, utilizing these either for household consumption or
income generation (Tribal Cultural Heritage in India Foundation,
2018). However, despite a rich biodiverse agroforestry environment,
the Sauria Paharias are impoverished and lag behind on all nutrition
indicators (Kumar & Sinha, 2016).

Food-based strategies such as incorporating traditional and
indigenous foods (IFs) obtained locally from the natural environment
through farming and wild harvesting can potentially improve dietary
diversity and micronutrient deficiencies (Dwivedi et al., 2017; Sethi
et al, 2017). Studies have shown a positive impact of production
diversity on child anthropometric outcomes (Jones, 2017); better
access to diverse and improved diets through home gardening and
consumption of indigenous varieties of fruits and vegetables from
forests and other nearby areas could likely improve micronutrient
status (Berti, Krasevec, & FitzGerald, 2004; Girard, Self, McAuliffe, &
Olude, 2012; Masset, Haddad, Cornelius, & Isaza-Castro, 2012;
Tontisirin, Nantel, & Bhattacharjee, 2002). Coincidently, low-income
regions with high levels of malnutrition are often rich biodiversity

hotspots with nutrient resources that are often underutilized (Herrero
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et al., 2017; Lachat et al., 2018; Myers, Mittermeier, Mittermeier, da
Fonseca, & Kent, 2000). Therefore, leveraging this biodiversity
(‘Agroforestry and its Benefits|Biodiversity’; Palacios Bucheli &
Bokelmann, 2017) to improve access and utilization of traditional
foods can facilitate consumption of diverse, affordable diets among
2017; Lachat

et al., 2018). Because the relationship between agroforestry diversity,

the poorer and indigenous communities (Jones,
actual dietary intake and nutritional outcomes is affected by multiple
factors (Gomez et al., 2013; Pinstrup-Andersen, 2013), a detailed
enquiry can help identify the pivotal determinants affecting this
relationship under specific contexts. An integrated approach built on
these findings can strengthen and make modern agriculture nutrition
sensitive by mainstreaming the traditional food systems into it
(Jones, 2017; Welthungerlife, 2016).

In this paper, we explore the association between production
and access to diverse foods (agroforestry diversity), IF consumption
and dietary diversity with nutrient intake in the Sauria Paharia
community. We also analyse the impact of external factors such as
socio-economic and demographic profile on this relationship. Finally,
we explored quantitative differences in mean micronutrient intakes

stratified both by dietary diversity and IF consumption.

2 | METHODS

This study was part of a larger project that examined IF consumption
by tribal groups of Jharkhand and its contribution to dietary
diversity and food security among women and children. A detailed
description of the larger project and its methodological approaches
are reported elsewhere (Ghosh-Jerath et al., 2019). In the present
paper, we report the socio-economic, demographic, dietary profile,
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agroforestry diversity, IF consumption, nutrient intake and nutritional
status of Sauria Paharia women. The exploratory cross-sectional
survey was conducted in July-August 2018, during the rainy season,

in Sauria Paharia villages.

2.1 | Study area

The study was conducted in selected Sauria Paharia villages in two
blocks of Godda district of Jharkhand (Sauria Paharia population in
Godda district = 13,688; Census, 2011).

2.2 | Sampling framework and study population

A two-stage cluster sampling design was followed (Figure 1).
From the purposively chosen two blocks (a block is defined as an
administrative subdivision of a district), namely, Sunderpahari and
Boarijor, and by using a tribal village list, in the first stage, nine
villages each from the blocks were randomly selected using
probability proportional to size (PPS) sampling. In the second stage,
all 18 selected villages were visited, and a house-listing exercise for
all Sauria Paharia households (HHs) was carried out to construct the
sampling frame of all eligible HHs. The eligibility was based on the
overall objective and presence of at least one non-pregnant woman
in the reproductive age group (15-49 years) and one child (6 months
to 54 months) in the HH. In case of more than one eligible
woman in a HH, one woman was randomly selected using Kish
table (WHO World Health Survey, 2002). Two more subsequent
visits were done to complete the HH survey, 2 days' dietary recall
and anthropometric assessment.

Blocks (Sunderpahari and
Boarijor), selected purposively
from Godda district, Jharkhand

Two stage cluster sampling

Villages (18), randomly selected, 9
from each block using PPS*

HH listing of all Sauria Paharia
households (n=847)

Eligible HHs with non-pregnant
women in the reproductive age
group and under-5 children

Sample loss due to locked houses in sowing season

HH survey (n=246)

Sample loss due to non-availability of eligible women in
sowing season as they were engaged in transplantation

Dietary survey (n=204)

FIGURE 1 Flow diagram depicting data
collection. *PPS-Probability Proportional to
Size Sampling

Sample loss due to refusals

Anthropometric survey (n=201)
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2.3 | Sample size calculation

Requisite sample size was calculated based on the difference in mean
dietary intake of iron of 4 mg/day (35% increase) with a standard
deviation (SD) of 7 mg/day between consumers and non-consumers
of IFs, reported in a previous study (Ghosh-Jerath et al., 2016)
among women of Santhal tribes. A minimum of 97 women in each
group were required to be sampled to detect the suggested
minimum difference in iron intake across the two groups with 80%
power and a 5% level of significance. A design effect of 2.0 was
considered to account for the loss in precision due to cluster
sampling and deviation from normality. The above calculation
suggested a sample size of 194 women. In order to get these
194 HHs in the study villages, a HH listing was done to cover all
HHs (n = 847) in 18 villages, and all eligible HHs were selected
(n = 295). HH surveys could be completed in 247 out of 295 HHs,
and dietary and anthropometric assessments were completed in
204 and 201 women respectively.

2.4 | Data collection

A pretested questionnaire developed on an electronic data
capture (EDC) platform using Samsung (Model SM-T385) and the
software CS pro (Version 7.1) was administered at the HH level
to elicit information on socio-economic and demographic profile.
Information on availability of and access to different food sources
was collected using HH survey tool and agriculture diversity tool.
The software had extensive in-built checks (context, range and
logic checks). Frequency of intake of different foods at HH level
with a reference period of 1 month was assessed using a food
frequency questionnaire (FFQ). A 24-h dietary recall (24 HDR) and
anthropometric assessment on one selected woman was also done.
Paper forms were used for FFQ and 24 HDR and administered
by nutritionists and nutrition interns after due training. The field
investigators administered the HH questionnaire on EDC platform
and did anthropometric assessments after due trainings and retraining
on need basis. Standard procedures were followed for anthropometric
assessments, and routine back-end data checks were conducted to

maintain data quality.

2.5 | Study variables

The outcome variables for this study included intake of macronutrient,
that is, energy (Kcal), protein (g), fats (g) and micronutrients including
iron (mg); calcium (mg); zinc (mg); vitamin A (pg); vitamins B1, B2, B3
and Bé6 in (mg); folic acid (ng) and vitamin C (mg) and anthropometric
status of women. The exposure variables included IF consumption at
the individual level, minimum diet diversity for women of reproductive
age (MDD-W; a validated measure of dietary diversity; Minimum
Dietary Diversity for Women- A Guide to Measurement, 2016) and
an index developed for agroforestrydiversity at HH level. Other
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independent variables included socio-demographic profile of the
HHs, HH wealth index and access to different sources of food like
agricultural land, forests and water sources. A brief description of each
these variables is given as follows:

Measurement of nutrient intake: A nonconsecutive, 2-day
multiple pass 24 HDR method was used for nutrient intake estimation
of one selected woman per HH. The selected women were asked to
recall all food items consumed over the past 24 h and show (wherever
possible) or describe the foods eaten in each meal (i.e., each food
item consumed along with a detailed recall of ingredients used in
preparation and method of preparation). Food recall kit (standard
utensils and food picture flip book) was used for portion size
estimation. At the end, a final probing was done to elicit information
of foods consumed but inadvertently forgotten. Self-reported
amounts of raw foods were used to determine the daily intake of
individual food items belonging to the different food groups such as
cereals, pulses, flesh foods, green leafy vegetables (GLVs), other
vegetables, roots and tubers, fruits, sugars and fats.

Measurement of dietary diversity: Dietary diversity for women was
measured as per FAO and USAID guidelines for MDD-W (Minimum
Dietary Diversity for Women- A Guide to Measurement, 2016). The
MDD-W was calculated by adding the number of food groups (for food
items with amounts >15 g) consumed by the women as reported in the
24 HDR. Women who consumed 25 food groups were considered to be
meeting recommendations for minimum dietary diversity.

2.5.1 | Consumption of different foods at household
level

The frequency of consumption of different food items under various
food groups at HH level was assessed using FFQ. Food items
identified during FGDs conducted in the same community in previous
surveys were extensively used to develop a FFQ including both
commonly consumed Indian food items and Indigenous tribal foods.
We developed and pretested a 300-item FFQ with the community.
A list of IFs reported by the community along with their taxonomic

classification (wherever available) is provided as Table S1.

2.5.2 | IF consumption

This variable was calculated from the list of food items reported in
the 24 HDR. If a woman consumed any IF (as listed in table S1) over

the recall period of 2 days, she was considered as a consumer of IF.

2.5.3 | Nutritional status
Anthropometric measurements (heights and weights) were taken
to assess the nutritional status of the women from whom DRs

were taken. These measurements were carried out using standard
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protocols and equipments that included ‘Seca’ digital flat scale
Model 813 for weight measurement and ‘Seca’ stadiometer Model

213 for height measurement.

2.54 | Socio-demographic characteristics

A pretested structured questionnaire was developed to elicit
information on HH members' characteristics, which included family
type, age profile of family members and educational and occupational
status of family members (selected women participant and head of
the household [HOH]). HH information like type of roofing material,
number of rooms, presence of a separate kitchen, source of electricity
and drinking water, possession of assets (cot, chair, kerosene stove
and mobile phone) and monthly expense on food were elicited and

used to generate the HH wealth index variable.

2.5.5 | Access to food sources

To elicit information on food access during the past 1 year,
self-reported information on HHs ownership of agricultural land and
kitchen garden (baari), access to forest land for “Kurwa farming” and
for food gathering and access to water bodies were collected.

2.5.6 | Measurement of agroforestry diversity
Information of total number of foods accessed from different sources
(as mentioned above) was obtained through HH questionnaire and an
agricultural diversity tool. The latter was administered on conveniently
selected 60 HHs.

In previous studies, agricultural diversity has been simply
calculated by the total number of food groups grown and/or types of
animals raised for food (Hirvonen & Hoddinott, 2016; K. T. Sibhatu &
Qaim, 2016). In our study, we modified the agroforestry diversity
component by constructing an index called Food Accessed Diversity
Index (FADI), which has been adapted from crop diversity index (CDI)
(Michler & Josephson, 2017). We divided the total number of
foods grown, gathered or accessed as well as animals raised in a
particular HH by the corresponding maximum possible number of
foods grown, gathered, accessed and raised in a particular village (N).
Instead of standard number of food groups, we preferred to do
counts of individual food items. This is because nutritive value of
several food items under a specific food group may vary a lot. The

FADI was expressed as

FADI = (%)2

Thus, FADI is a relative expression. Foods accessed from the market
were not included in this index. Lower values of FADI indicate lower

diversity in production and access to foods and vice versa. This index
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helped in capturing the inequality in production and access between
HHs of the same village, while adjusting for agro-climatic conditions,

specific to a village (Michler & Josephson, 2017).

2.6 | Data analysis

Quantitative variables were reported as Mean * SD, and qualitative
variables were summarized using counts and percentages. Outliers,
if any, were retained unless there was a data entry mistake. The
information on number of food sources accessed were converted to
scores. HH wealth index score was obtained using the principal
component analysis (PCA), an adaptive statistical technique for
reducing the dimensionality of large data sets. The HHs were then
classified into five groups based on the quintiles of the HH wealth
index score. MDD-W was computed by taking median of total
food groups consumed over 2 days. MDD-W was later classified into
two levels less than median and more than or equal to median. BMI
was calculated as weight (in kg) divided by height (in m?) based on
standard practices. The women were then classified as being
underweight or, otherwise, using the BMI cut-offs. The women were
further classified under different levels of CED using the standard
BMI cut-offs (WHO Expert Consultation, 2004).

The food intake data from 2 days 24 HDR were converted to
nutrient intakes using a validated software ‘DietCal' (Version 8.0;
Profound Tech Solution), which is based on values from Indian
Food Composition Table, 2017 (Longvah, Ananthan, Bhaskarachary, &
Venkaiah, 2017). Because most of the nutrient intakes were non-normally
distributed, the box-cox method was used. Box-cox parameter
lambda was observed to be zero, and hence, a log transformation was
considered to be most appropriate for all nutrient intakes including
iron. The transformed 2-day 24 HDR data on macronutrient and
micronutrient intakes were then used in linear mixed effect regression
(LMER) model. The values predicted using the LMER model were
back-transformed to compute the ‘usual nutrient intake’ (Tooze
et al, 2010). These usual intakes were utilized for estimating the
prevalence of nutrient adequacy using estimated average requirement
(EAR) cut-point method (Dietary Reference Intakes, 2000) for all
nutrients, except iron. For iron, the full probability approach was used
for estimating adequacy (Dietary Reference Intakes, 2000). The EAR
for all nutrients, except for energy, protein and iron, was calculated
by multiplying the Recommended Dietary Allowances (RDA) for
moderately active women and adolescent girls (wherever applicable;
ICMR, 2010) by a factor of 0.77 (Gibson, 2008). Details are provided
in Table 2. The usual intake between IF consumers and nonconsumers
and MDD-W below or above median were compared using independent
samples t-test.

To account for the nested structure of the data, LMER
technique with villages (n = 18) as the random effect was adopted, to
investigate linear relationship of usual intake of each nutrient with IF
consumption and MDD-W adjusting for other factors (presented in
Table 4). The usual nutrient intakes obtained were also observed to be

skewed and hence were again transformed using box-cox procedure
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as illustrated above. The hence obtained usual nutrient intakes were
used for further analysis. Here, each log transformed usual nutrient
intake was considered as an outcome variable. Multicollinearity was
assessed. The associated factors under investigation were MDD-W, IF
consumption status, FADI, HH wealth index, education status of
selected women and HOH. The education, MDD-W, IF consumption
and the HH wealth index were treated as categorical variables.
Reference category for each categorical variable and the Intraclass
correlation coefficient are reported in Table 4. A P-value of less than
or equal to 0.05 was considered to be significant throughout. The data
analysis was performed using R software.

A nutrient intake decision tree was developed for micronutrients
to identify the best possible path to improve the nutritional intake
under different scenarios of MDD-W scores and IF consumption
versus nonconsumption among the study population. A decision
tree is a flowchart like arrangement of decisions and their possible
consequences. This visual display of algorithm contains conditional
control statements to search for possible variables and values in order
to find the best split.

2.7 | Ethical considerations

The study protocol was approved by the Institutional Ethics
Committee at Indian Institute of Public Health-Delhi, Public
Foundation of India and All India Institute of Medical Sciences,
New Delhi. Administrative approvals from authorities at district level
was also taken. Cluster level consent from the village leader was
obtained before any data collection. All participants provided
informed consent prior tothe commencement of the interviews.
Verbal witnessed consent was taken from illiterate participants in
presence of third party; signedconsent was taken from literate
participants. Participation in the study was voluntary and small gifts,
procured from local markets were given as incentives to the selected

woman of the HH.

3 | RESULTS
3.1 | Household profile

A total of 246 Sauria Paharia HHs with a population of 1,492
inhabiting 18 villages of two blocks of Godda district of Jharkhand
were surveyed. Table 1 provides the socio-demographic and
economic profile of the HHs interviewed. Adult women comprised
about 21.4% of the total population. Mean age of non-pregnant
women in the reproductive age group (15-49 years) was 27 + 8 years.
Majority of the HHs (91.2%) had male members as HOH, and
about 62.2% HHs were nuclear families. Most of the HHs (78.1%)
were engaged in agriculture as their primary occupation. The
population was classified into quintiles of HH wealth index score
with a mean score of —2.19 + 0.74 and —0.8 + 0.25 for the lowest
two quantiles.

GHOSH-JERATH ET AL.

3.2 | Awvailability and access to food sources

The community accessed agricultural land, kitchen gardens and burnt
patches of forest for farming and raised livestock to produce home
grown foods. They also accessed forest, water bodies (ponds/rivers)
and markets to collect and purchase food. Most HHs owned
agricultural land and kitchen gardens (90.2%), and almost all (96.5%)
were using agricultural produce for HH consumption. The majority
reported accessing forests (93.5%) and water bodies (83.3%) for
collecting food items such as fruits, vegetables, roots and tubers,
mushrooms, fishes and wild animals for HH consumption. More
than half of the HHs (60%) owned livestock such as goat,
sheep, cattle, poultry and pigs, and 84.5% of them used these for
HH consumption.

Despite a majority of HHs accessing agriculture land, forests,
ponds, rivers and livestock, a low mean FADI of 0.21 + 0.15 was
obtained for the Sauria Paharia community (range: 0, 0.85). This low
FADI score depicts poor diversity in the context of food availability
and access. The mean of total number of food items available
per village without considering the foods bought from the market was
24.5 + 4.56 (range:13, 31).

3.3 | Dietary intake pattern of adults in the HHs

Based on the FFQ, most (45.8%) HHs consumed rice as a staple
food twice a day during the previous month. Pulses along with
roots and tubers constituted the other food items in the habitual
diets of the community. Almost half (46.6%) the population
reported consuming roots and tubers twice a day. About 68.4%
and 65.8% of the HHs consumed pulses and GLVs three or more
times a week, respectively, and approximately 55% of the HHs also
consumed other vegetables once or twice a week. The majority of
the HHs (55.8%) reported consuming flesh foods once or twice a
week. Daily consumption of fruits was reported by more than half
(56.7%) of the HHs. The majority (80.8%) of the HHs did not
report consuming any milk and milk products. Sugar consumption
was reported once a day by one third of HHs. Consumption of
mustard oil was reported by most (90.1%) of the HHs with 88.3%
of them consuming it for two or more times daily. Consumption of
different indigenous varieties of alcohol drinks was reported, which
included mahua taadi (alcoholic drink made from mahua), khajur
taadi (alcoholic drink made from dates) and handiya (alcoholic drink
made from rice). About 43.3% of the HHs reported consuming

these alcoholic beverages once or twice a week.

3.4 | Nutrient intake of women in the reproductive
age group (15-49 years)

Table 2 provides a detailed description of women's nutrient
intake based on the 24 HDR. The mean intakes for all nutrients

based on usual intakes of study participants were less than the
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TABLE 1 Socio-demographic and economic profile of the Sauria
Paharia households (N = 246)

Characteristics n (%)
Family type
Nuclear 153 (62.2)
Joint 90 (36.6)
Extended 3(1.2)
Religion
Christian 127 (51.6)
Hindu 108 (43.9)
Others 11 (4.5)
Gender of HOH
Male 227 (92.3)
Female 19 (7.7)

Literacy level of HOH

No formal education 97 (39.5)
No formal education but can sign 23(9.4)
No formal education but can read and write 2(0.8)
Less than primary (till 4th standard) 22 (8.9)
Primary but less than secondary 80 (32.5)
(till 9th standard)
Secondary (10th standard) and above 22(8.9)
Occupation of HOH
Settled agriculture/shifting cultivation 192 (78.1)
Daily wager (agriculture and non-agriculture) 37(15.1)
Hunter/gatherer 5(2)
Craftsmen/artisans/self-employed 3(1.2)
Service (government and private) 6(2.4)
Unemployed 2(0.8)
Housewife 9(0.4)
Literacy level of selected women
No formal education 151 (61.4)
No formal education but can sign 26 (10.6)
No formal education but can read and write 2(0.8)
Less than primary (till 4th standard) 19 (7.7)
Primary but less than secondary 43 (17.5)
(till 9th standard)
Secondary (10th standard) and above 5(2.1)
PDS ration card®
Yellow (AAY) 153 (62.2)
Red (BPL) 40 (16.3)
Do not have 53(21.5)
Characteristics Mean (SD)
Age of selected women in years Mean + SD 26.8 +7.87
Number of family members Mean + SD 6.1+1.96
Age of the eldest member in the HH in years 404 £ 1391
Mean + SD
HH wealth index Mean + SD
Lowest quintile -2.19+0.74

(Continues)
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TABLE 1 (Continued)

Characteristics n (%)
Lowest middle quintile -0.8+0.25
Lower middle quintile 0.02 £0.23
Upper middle quintile 0.81+0.23
Upper most quintile 1.79 £ 0.39

Abbreviations: HOH, head of the household; SD, standard deviation;
AAY, Antyodaya Anna Yojana; APL, Above Poverty Line; BPL, Below
Poverty Line

2PDS refers to Public Distribution system which is an Indian food security
scheme under Ministry of Consumer Affairs, Food and Public Distribution.
In this, major food commodities including staple food grains, such as
wheat and/or rice, sugar and kerosene oil (a fuel used for cooking) are
distributed through a network of public distribution shops (also known
as ration shops) at subsidized prices. Possession of a PDS ration card
(an official document entitling the holder to a ration of food) under various
categories of poverty, that is, APL , BPL and AAY, a category based on
degrees of poverty, entitles the holder to access the food product at highly
subsidized rates.

EAR values in adult women and adolescent girls (16-17 years old).
However, among adolescent girls (15 years of age), mean intakes
were less than EAR for all nutrients except protein. More than 96%
of women of all age groups had intakes of energy, calcium, iron,
zinc, vitamin A, vitamin C, thiamine, riboflavin, niacin, pyridoxine and
folate below EAR.

3.5 | Dietary diversity and IF consumption and their
contribution to nutrient intake of women
(15-49 years)

Based on the FFQ data, around 30% of the HHSs reported twice-a-day
consumption of indigenous varieties of cereals, and about half of them
reported consuming indigenous pulses at least once a week. Similar
weekly consumption was reported for indigenous varieties of fruits
(30%), GLVs (40.8%), other vegetables (35.8%), flesh foods (43.3%)
and roots and tubers (30%). About 40% of HHs reported consuming
indigenous mushrooms at least once a month.

To explore the contribution of IFs to nutrient intake, we
compared the 24 HDR data in women who consumed IFs in the
past 2 days with the women who did not (Table 3). Around 59% of
the study population (n = 204) consumed at least one IF in one of
the recall days. Those who consumed IFs reported median intake
of indigenous cereals as 248 g, pulses as 45 g, GLVs as 43 g,
other vegetables as 16 g, fruits as 38 g and roots and tubers as 74 g,
respectively. At these consumption levels of IFs, the intakes of
riboflavin, calcium and vitamin A were found to be significantly
higher among IF consumers. The mean MDD-W for the study
population was found to be very low, with the median of 3 (range:
1, 5). Women with MDD-W scores higher than or equal to 3 had
a significantly higher intake for all the nutrients. No significant
association was observed between the HH Wealth Index and
MDD-W scores (P = 0.198).
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TABLE 2 Mean of usual nutrient intakes and prevalence of nutritional inadequacy in study population (N = 204)

Nutrients
Energy (kcal/d)

Protein (g/d)

Fat (g/d)
Calcium (mg/d)
Iron (mg/d)

Zinc (mg/d)
Vitamin C (mg/d)
Vitamin A (pg/d)
Thiamine (mg/d)
Riboflavin (mg/d)
Niacin (mg/d)
Pyridoxine (mg/d)
Folate (pg/d)

°EAR not available for fat.
dGhosh, Sinha, Thomas, Sachdev, and Kurpad (2019).

Nutrient
Energy (kcal/d)

Protein (g/d)

Fat (g/d)
Calcium (mg/d)
Iron (mg/d)

Zinc (mg/d)
Vitamin C (mg/d)
Vitamin A (ug/d)
Thiamine (mg/d)
Riboflavin (mg/d)
Niacin (mg/d)
Pyridoxine (mg/d)
Folate (pg/d)

Women in the age

group:18-49 years, n = 192

Women in the age group:
16-17 years,n=7

Women in the age group:
15years,n=5

Note: The figures in bold indicate statistically significant P-value.
Abbreviation: IF, indigenous food; SD, standard deviation.

n (%) < EAR
EAR Mean Intake + SD EAR Mean Intake + SD EAR Mean Intake £ SD (compiled N = 204)
2230° 1,093+ 95 2440° 1,035 £ 92 2330° 1,148 £ 72 204 (100)
35.77 314 +43 33.9° 288+ 3.2 30.3% 34.6+3 174 (85.2)
NA® 8+15 NA® 71+13 NA® 9.1+15 NA
462° 95.2 +28.7 616° 81.9 +16.5 616° 94.8+129 204 (100)
15¢ 54+1.6 NA 47+13 NA 55+15 204 (100)°
7.7° 45+07 9.2 41+06 8.5° 47+0.6 204 (100)
30.8° 139£8.1 30.8° 109 £10.1 30.8° 125+£52 196 (96.1)
462° 30.8 + 68.1 462° 9+82 462° 72+6.5 203 (99.5)
0.8° 03+0.1 0.8° 03+0.1 0.9° 04+0.1 203 (99.5)
1° 02+0.1 0.9° 0.2+0.04 1.1° 0.2 +0.05 204 (100)
10.8° 54+0.8 10.8° 49+06 10.8° 55+0.6 204 (100)
1.5° 05+0.1 1.5° 05+0.1 1.5° 05+0.1 204 (100)
154° 81.6 £24.5 154° 65.9 £+20.8 115° 90.7 + 234 200 (98.04)
Abbreviations: NA, not available; EAR, estimated average requirements; SD, Standard Deviation
?EAR value available in the Recommended Dietary Allowances for Indians (ICMR, 2010).
PEAR calculated after multiplying RDA by a factor of 0.77 (Gibson, 2008).
"Prevalence of iron inadequacy using probability approach method.
TABLE 3 Comparisons of mean usual intakes between the IF consumers and categories of MDD-W (N = 204)
IF consumers Non-IF consumers MDD-W =2 3 MDD-W < 3
Mean + SD Mean + SD P- value Mean + SD Mean £ SD P-value
1,089 + 103 1,096 + 85 0.583 1,113+ 84 1,056 + 103 <0.001
31.3+4.6 31.5+3.9 0.796 324+41 29.7 +4.3 <0.001
79+15 81+15 0.499 84+15 74+12 <0.001
100.6 + 31.2 86.3 £ 20.9 <0.001 100.7 + 28.3 84.5+253 <0.001
54+1.6 54+x14 0.917 57+1.6 49+14 <0.001
44+08 45+0.7 0.321 4.6 £0.7 42 +0.7 <0.001
142 +8.7 132+72 0.391 152+8.2 115+75 <0.001
43 + 83 10+ 18 <0.001 37+75 17 +47 <0.001
0.3+0.1 0.3+0.08 0.234 04 +0.1 0.3+0.1 <0.001
0.3+0.1 0.2+0.1 0.029 0.3+0.1 02+0.1 <0.001
5409 55+0.7 0.472 56+0.7 51+0.38 <0.001
0.5+0.1 0.5+0.1 0.731 0.5+0.1 04+0.1 <0.001
82+27 81+22 0.762 88+24 70+£21 <0.001
3.6 | Factors associated with nutrient intake of women who had education till secondary level and above

women with reference to dietary diversity and IF

intake

The LMER technique was adopted with villages (n =

18) as the
random effect. FADI was associated with educational status of

(P = 0.006). Similarly, MDD-W was also associated with education
status of HOH who had education till secondary level and above
(P = 0.005). No significant relationship was observed between other
independent variables. Despite this relationship, while modelling,
FADI, MDD-W and education of both women and HOH were
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considered as independent variables. Variance inflation factor (VIF)
indicated no multicollinearity. However, a significant difference in
FADI was observed between various levels of access to food
(P < 0.001). FADI scores among HHSs accessing more than three food
sources were significantly different from HHs accessing lower number
of food sources. Considering the inter dependence of the two, only
FADI was considered while modelling.

In the present study, education status, FADI, MDD-W and HH
wealth index were considered to confound the relationship between
IF consumption status and each nutrient intake. Taking into account
the confounding effect of these factors, the adjusted findings
obtained using LMER are presented in Table 4. Estimates in Table 4
are presented in terms of percentage change in response variable per
unit change in the independent variable.

IF consumption was observed to be significantly associated with
higher vitamin A and calcium intake after controlling for MDD-W and
other factors in the model (Table 4). An IF consumer was expected to
consume 42.6% more of Vitamin A and 10.1% more of calcium
than non-IF consumer. MDD-W was observed to be significantly
associated with all the nutrients after adjusting for IF consumption
and other factors in the model.

Decision trees were developed to perform an objective assessment
of various micronutrient consumption at different scenarios of MDD-W
score and IF consumption status among the study population (Figure 2).
These assessments revealed 1.3 to 2.9 times higher consumption
of different nutrients among the small proportion of women with
MDD-W above or equal to 3 or 4 compared to those with MDD-W
less than 3. For example, though the mean vitamin A intake of
the study population was 30 pg/day (considerably lower than EAR),
those who had a MDD-W of more than or equal to 4 had mean
intake of 88 pg/day (only 9% of women), whereas those with
MDD-W less than 4 had mean intake of 24 pg. IF consumption among
those with MDD-W lower than 4 improved the vitamin A intake to
35 pg/day (52% of women). Similarly, the mean intake of vitamin C
was also low in the study population (14 mg/day). However, the
intake improved to 21 mg/day among those who had MDD-W
score of more than or equal to 4 (only 9% of the population). The
mean calcium intake of the study women was 95 mg/day. However,
women with MDD-W of more than or equal to 4 had a calcium
intake of 123 mg/day. Among women with low MDD-W (equal to 3),
the calcium intake among IF consumers (101 mg/day) was observed
to be higher as compared to non-IF consumers (91 mg/day). IF
consumption also improved calcium intake of women with MDD-W
score of less than 3 with an intake of 90 mg compared to non-consumers

with an intake of 79 mg.

3.7 | CED in women

Based on anthropometric assessment, about 41% women had various
degrees of CED, with about 13.4% women falling in the category of
CED Il (<16 kg/m?). CED was, however, not associated with calorie
intake (P = 0.422; Table 5).

~WI ]_]—:YJ9;f17

4 | DISCUSSION

The present study explored the agroforestry diversity and dietary intake
in the context of IF consumption in one of the PVTGs of India, the
Sauria Paharias of Jharkhand. We found poor dietary diversity among
women of reproductive age, a high prevalence of CED and inadequate
consumption of nearly all macronutrients and micronutrients examined.
The access to agroforestry diversity as reflected in FADI, despite
collective information on several IF sources listed in the food frequency
guestionnaire, was poor. Women with higher dietary diversity score
(MDD-W) had higher intake of energy, protein, fat, iron, calcium, zinc, B
vitamins, vitamin A and vitamin C; also, IF consumers had higher intakes
of calcium and vitamin A.

Majority of head of the Sauria Paharia HHs were illiterate and
were mainly engaged as agriculturists. The agricultural practices
included both traditional farming on the hills, that is, Kurwa as well as
farming on agricultural land. Similar profile of this tribal community
has been documented from other states also (Kumar & Sinha, 2016;
Satyam, 2017). We evaluated the agroforestry diversity in the context
of access to food sources by developing an index called the Food
Access Diversity Index (FADI), which is adapted from CDI (Michler &
Josephson, 2017). We have added a new dimension to the CDI for a
more robust view of foods produced and food sources accessed
contextual to our study population. This crucial new dimension
included sources of food collected and gathered from forests, water
bodies apart from cultivated foods. A low FADI score was observed in
the study reflecting poor access diversity. This was despite the
collective information possessed by the community as demonstrated
in the food frequency questionnaire, which included a wide variety of
IFs consumed historically. The low FADI could probably be attributed
to an overall limited variety of foods accessed at the village and HH
level, inter-HH variability within the village and restricted agricultural
diversity. Studies have highlighted educational status of family
members as one of the factors influencing the inter HH variability
within the village, as better educated people would have more skills
and information for accessing and maintaining different varieties of
crops and livestock (Di Falco, Bezabih, & Yesuf, 2010; Kissoly, FaRe, &
Grote, 2018). Other factors reported include socio-demographic
status of the HH, factors associated with climate change like reduced
diversity in the forest due to less rain or long summers or water
bodies drying up thereby reducing availability and access to fishes and
other water animals, promotion of mono crops as part of food policy
and shift towards nonagricultural activities (Dhankher & Foyer, 2018;
Di Falco et al, 2010; Kissoly et al., 2018; Scheffers et al., 2016;
K. Sibhatu, Krishna, & Qaim, 2015).

This poor accessibility was further reflected in the inadequate
dietary diversity and nutritional intake among Sauria Paharia women.
While we did not find any association between poor MDD-W with
HH wealth index, others have found socio-economic status, food
preferences, lack of time and high opportunity cost for accessing
traditional food sources like forests among others as factors affecting
Golden,
Barrett, & Okello, 2011). Studies have also cited poor access to land,

consumption of diverse foods (Brashares, Weinbaum,
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(a) Vitamin A intake at various MDD-W scores and IF scenarios

MDD-W < 4

Then, mean vitamin

Aintake=24 pg
n=186 (91%)

When the woman
is non-IF consumer

Then, mean vitamin A

intake= 9.6 pg
n=80 (39%)

(b) Vitamin C intake at various MDD-W scores

MDD-W <4

Then, mean vitamin C
intake=13 mg <

n=186 (91%)

Then, mean vitamin C

intake= 12 mg
n=76 (37%)

(c)Calcium intake at various MDD-W scores and IF scenarios

GHOSH-JERATH ET AL.

Mean vitamin A

N When
intake=30 pg MDD-W > 4
n =204 (100%)
Then, mean vitamin A
intake= 88 pug
n=18 (9%)
When the woman
is IF consumer
Then, mean vitamin A
intake= 35 pg
n=106 (52%)
Mean vitamin C When
intake=14 mg MDD-W 2 4

n = 204 (100%)

Then, mean vitamin C

intake= 21 mg
n=18 (9%)

Then, mean vitamin C
intake= 14 mg
n=110 (54%)

Mean calcium
intake=95 mg
n =204 (100%)

Then, mean calcium

intake=92 mg
n=186 (91%)

Then, mean calcium
intake= 85 mg
n=176 (37%)

When the woman
is IF consumer

When the woman
is non-IF consumer

Then, mean calcium
intake= 123 mg
n=18 (9%)

Then, mean calcium
intake= 97 mg
n=110 (54%)

When the woman
is IF consumer

When the woman

is non-IF consumer

Then, mean Then, mean
calcium intake = calcium intake=
79mg 90 mg
n=35 (17%) n=41 (20%)

Then, mean Then, mean
calcium intake= calcium intake =
91 mg 101 mg
n=45 (22%) n=65 (32%)

FIGURE 2

large family size and lack of knowledge about dietary diversity as
the possible factors for poor dietary diversity among women
(Powell et al., 2015; Powell, Bezner Kerr, Young, & Johns, 2017). The
lack of diversity and overall poor socio-economic profile of the
study population was echoed in the poor nutritional status (41%
underweight and poor nutrient intake) of the women, a finding similar
to previous studies in tribal communities of India from Jharkhand and
other states (Das & Bose, 2015; Ghosh-Jerath et al., 2016, 2018).
Other studies on women from resource poor settings in India and
other Asian countries have also reported inadequate energy and

micronutrient intake to varying extent. However, our study reports

(a-c) Decision trees for micronutrients (values presented are approximate)

extraordinarily lower levels of nutrient intakes reflecting severe
nutritional deprivation. We must also consider that the methodology
used to estimate nutrient intake in these studies is not uniform and
some have not reported usual intakes as we have (Martin-Prevel
et al, 2017; Pathak, Kapil, Kapoor, Dwivedi, & Singh, 2003;
Thankachan, Muthayya, Walczyk, Kurpad, & Hurrell, 2007; Torheim,
Ferguson, Penrose, & Arimond, 2010).

Although many indigenous varieties of cereals, GLVs, roots and
tubers, other vegetables and fruits were known and potentially available,
the access to these foods and frequency of their consumption was

low. A typical day's diet for a large majority included rice and some
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TABLE 5

BMI classification in Sauria Paharia women

—WI LEY 13 0of 17

BMI classification of the women of reproductive age (15-49 years), Sauria Paharia tribal community of Jharkhand, India (n = 201)

Increasing but

Underweight acceptable risk® Increased risk® High risk®
Adult subgroup/BMI (<18.5 kg/m?) (BMI = 18.5-23.0 kg/m?) (BMI = 23.0-27.5 kg/m?) (BMI > 27.5 kg/m?)
classification n (%) n (%) n (%) n (%)
Women (15-49 years) 83 (41.3) 107 (53.2) 10 (5) 1(0.5)

n=201

Various grades of CED classification

Adult subgroup/BMI classification

Women (15-49 years) n = 83 41 (49.3)

Abbreviation: BMI, body mass index; CED, chronic energy deficiency.
“The term risk here denotes risk of overweight or obesity.

kind of roots and tubers and/or GLVs, a pattern also reported for
other tribal communities of Jharkhand and other states (Ghosh-Jerath
et al,, 2016, 2018; Thirumani Devi & Sindhuja, 2015).

The energy and protein intake of women was comparatively
lower than intakes reported in studies conducted in Santhal and
Oraon tribes residing in the state of Jharkhand (Ghosh-Jerath
et al., 2016, 2018). The Sauria Paharia community is considered as
PVTG owing to poor development and nutritional indicators and
2019; Lal, 2019; MHN
Report, 2014). The micronutrient consumption of the community

access to health services (Jamwal,
was, however, comparable to that observed in other tribal groups
in the region (Ghosh-Jerath et al., 2016, 2018). Despite an overall
low median MDD-W score, a score of equal to or above 3 was
independently associated with higher intake of macronutrients and
micronutrients. Moreover, women consuming IFs in the recall period
had significantly higher intakes of calcium, riboflavin and vitamin
A. This association remained significant for calcium and vitamin A
even when adjusted for HH wealth index, FADI and other factors.
This was despite the fact that the absolute amount of some of the IFs
consumed was quite low. This could be because IFs like GLVs were
exceptionally rich in specific nutrients and thus contributed to
substantial increase in the nutrient intake even when consumed in
low amounts. Previous studies on Santhal and Oraon tribal women
also demonstrated a similar outcome of higher mineral intake of iron
and calcium upon consumption of IFs (Ghosh-Jerath et al., 2016, 2018).
Several studies in South America and Africa have documented
contribution of IFs towards micronutrient intake. These studies reported
better intakes of vitamin A, vitamin D and iron among participants
who consumed traditional foods (Bersamin, Zidenberg-Cherr, Stern, &
Luick, 2007; Kasimba, Covic, Motswagole, Laubscher, & Claasen, 2019).
A study conducted in Peru found that consumption of wild and
diverse foods was linked with higher consumption of protein, fibre,
iron, calcium, thiamine, riboflavin and vitamin A (Bennett, 2000;
Roche, Creed-Kanashiro, Tuesta, & Kuhnlein, 2008). In developing
countries, bush meats and fishes are reported to provide 20% of
protein, whereas the IFs in the Gambia have been shown to be
important sources of calcium and phosphorus among women
(Bennett, 2000; Prentice et al., 1993).

CED I (17-18.4 kg/m?) n (%)

CED Il (16-16.9 kg/m?) n (%)
31(37.3)

CED Ill (< 16 kg/m?) n (%)
11 (13.4)

Higher MDD-W scores in our study were associated with better
micronutrient intake. Other studies in low-income settings from
developing countries have also shown poor energy intake and less
diverse diets contributing to poor micronutrient intake among women
(Arsenault et al., 2013; Henjum et al., 2015). This is crucial from the
point of view of developing evidence-based recommendations and
exploring the feasibility and extent of improving nutrient intakes at
the cost of improved diversity and IF consumption. Our quantitative
estimates using decision trees clearly showed considerable increase in
micronutrient consumption upon raising the MDD-W score or
improving IF consumption.

Interventions on improving IF production and consumption
have been tried in various developing countries. Strategies include
kitchen gardens where indigenous varieties are grown, agricultural
interventions for conservation and use of indigenous crop varieties,
training and education of food retailers, school feeding programmes,
traditional food fairs, among others (‘Homestead food production in
Asia: Biodiversity for Food and Nutrition,’; ‘Livestock and diets:
Biodiversity for Food and Nutrition’; ‘Students in Nature, in the
Garden and in the Kitchen: Biodiversity for Food and Nutrition’).
Many of these strategies were well received by the consumers and
retailers. Further, they were shown to improve nutrient intake and
nutritional status of the vulnerable sections of the community. The
current study findings highlight the possibility of improving nutrient
intake through incorporation of indigenous varieties of foods in
daily diets and improving food access diversity by using multiple sources
of food from the food environments. These can be piloted as feasible
interventions for tribal communities of Jharkhand. Further, conservation
and use of indigenous varieties and strategies for promoting kitchen

gardens for growing IFs can be active areas of research.

4.1 | Limitations

(i) Nutrient intake was calculated using a software based on Indian
food composition tables (IFCT) (Longvah et al., 2017) that provides
nutritive value of raw Indian foods. The software does not incorporate

nutrient retention factors that are the percent adjustments in the
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nutrients that account for the effect of cooking on nutrient content.
(if) Out of 246 HHSs approached, we could complete only 204 dietary
surveys. A 17% nonresponse rate was attributed to the locked HHs
because of the ongoing sowing season. However, our desirable
sample size was 194. (iii) The 24 DR on women documented in this
manuscript did not consider seasonal variations, which are also likely
to impact the nutrient intake. (iv) We did not assess Bi, intake in
study population, as majority of the women (except 12) did not report
consuming any dietary sources of vitamin By, in their diets; further,
there is no information on B4, content of foods in the IFCT (Longvah
et al., 2017). (v) Since the FFQ list was long, we expect reporting and
recall bias, and there could also be recall bias while we used 24-HDR
method. (vi) Despite using food recall kit and a portion size estimation
flip book, we do expect some level of portion size estimation error in
the recalls. (vii) The FADI explored the foods accessed from the
natural sources and did not consider the market foods as the purpose
of this index was to explore the access to natural IF sources within
these communities. (viii) Owing to the cross-sectional nature of the
design, our study presents only associations, and no causal inference
can be drawn from the findings. It is also possible that there could be

unmeasured sources of confounding in this study.

5 | CONCLUSION

The Sauria Paharia community of Jharkhand had collective information
on several IF sources but was not optimally accessing their diverse
agroforestry system. This was reflected in their poor dietary intake and
nutritional status. However, a small proportion of this population with
higher MDD-W scores and higher consumption of IFs showed better
nutritional intakes. Strategies to promote better access to IFs like
promoting production of IFs, information education and communication
on nutritive value of IFs and ways of incorporating these in daily diets,
school feeding programmes, supplementary feeding programmes and
public food distribution system in this community have the potential to
complement ongoing nutrition interventions and improve nutritional

status of women.

ACKNOWLEDGMENT

This work was supported by the DBT/Wellcome Trust India Alliance
Fellowship (https://www.indiaalliance.org/; |A/CPHI/16/1/502639)
awarded to Suparna Ghosh-Jerath. The authors would like to
acknowledge the invaluable contribution of staff at ‘Ekjut, a
grassroots NGO in Jharkhand. We would specifically like to
acknowledge the support of Mr Mohd Sarfraz Ali during data
collection phase of the study. We are very grateful to Ms Kiran
Kumari Pasi, Deputy Commissioner Godda District, Jharkhand, for her
genuine interest and support for our work. We would like to thank
Dr R.D. Paswan, Civil Surgeon Godda, for granting permission
to conduct the study. The authors would like to recognize the
contribution of Mr Manoj Soni for development of android based
data collection platform for the study, which has enhanced the

quality and efficiency of field data collection manifold. Authors

GHOSH-JERATH ET AL.

would also like to thank all the field staff, interns and nutrition
consultants and ASHAs and Anganwadi workers in the study
villages for their support during all phases of the study and their
warmth and cooperation that has made this study an enriching and
mutually satisfying experience. Lastly, we would owe a debt of
gratitude to the Sauria Paharia families especially for the time
given during the sowing season, sparing those invaluable hours for
us amidst a critical phase of their agricultural cycle. We hope that
our findings will be able to compensate for their contribution in

some small measure.

CONFLICTS OF INTEREST
The authors declare that they have no conflicts of interest.

CONTRIBUTIONS

S. G. J. and A. S. conceived and designed the study with overall
supervision from J. F. and G. G. S. G. J,, R. K. and A. S. supervised the
entire data collection process. The data analysis was led by N. with
assistance from RK. S. G. J,, R. K. and A. S. prepared the first draft of
the manuscript. S. D. critiqued and modified the draft. All authors
contributed to critique and modification of the manuscript, read
and approved the final version. S. G. J. had final responsibility for the

decision to submit for publication.

ORCID
Suparna Ghosh-Jerath "= https://orcid.org/0000-0002-2229-4455

Shauna Downs " https://orcid.org/0000-0003-2161-3343

REFERENCES

Agrawal, S (2013). Disadvantageous situation of tribal women and
children of Orissa, India: A special reference to their health
and Nutritional Status. Journal of Community Nutrition & Health,
2(1), 3-14.

Agroforestry and its Benefits|Biodiversity. (n.d.). RESET.To. Retrieved
October 18, 2019, from https://en.reset.org/knowledge/agroforestry-
and-its-benefits

Arsenault, J. E., Yakes, E. A, Islam, M. M., Hossain, M. B., Ahmed, T,
Hotz, C., ... Brown, K. H. (2013). Very low adequacy of micronutrient
intakes by young children and women in Rural Bangladesh is primarily
explained by low food intake and limited diversity. The Journal of Nutrition,
143(2), 197-2083. https://doi.org/10.3945/jn.112.169524

Bennett, E. L., & Robinson, J.G. (2000). Hunting of wildlife in
tropical forests—Implications for biodiversity and forest peoples1, 1).
The World Bank. http://documents.worldbank.org/curated/en/
101611468780290485/Hunting-of-wildlife-in-tropical-forests-
implications-for-biodiversity-and-forest-peoples

Bersamin, A., Zidenberg-Cherr, S., Stern, J. S., & Luick, B. R. (2007).
Nutrient intakes are associated with adherence to a traditional diet
among Yup'ik Eskimos living in remote Alaska Native communities:
The CANHR Study. International Journal of Circumpolar Health, 66(1),
62-70. https://doi.org/10.3402/ijch.v66i1.18228

Berti, P. R, Krasevec, J., & FitzGerald, S. (2004). A review of the
effectiveness of agriculture interventions in improving nutrition
outcomes. Public Health Nutrition, 7(5), 599-609. https://doi.org/
10.1079/PHN2003595

Bhattacharjee, L., Kothari, G., Priya, V., & Nandi, B. K. (2009). The Bhil
food system: Links to food security, nutrition and health. In Indigenous
people' food systems: the many dimensions of culture, diversity and



GHOSH-JERATH €T AL. I ‘

environment for nutrition and health (pp. 209-230). Rome: ).Food and
Agriculture Organization of the United Nations, Centre for Indigenous
Peoples’ Nutrition and Environment.

Brashares, J. S., Golden, C. D., Weinbaum, K. Z., Barrett, C. B, &
Okello, G. V. (2011). Economic and geographic drivers of wildlife
consumption in rural Africa. Proceedings of the National Academy
of Sciences, 108(34), 13931-13936. https://doi.org/10.1073/pnas.
1011526108

Census. (2011). Census of India website: Office of the Registrar General &
Census Commissioner, India. http://censusindia.gov.in/

Das, S., & Bose, K. (2015). Adult tribal malnutrition in India: An
anthropometric and socio-demographic review. Anthropological
Review, 78(1), 47-65. https://doi.org/10.1515/anre-2015-0004

Dhankher, O. P, & Foyer, C. H. (2018). Climate resilient crops for
improving global food security and safety. Plant, Cell & Environment,
41(5), 877-884. https://doi.org/10.1111/pce.13207

Di Falco, S., Bezabih, M., & Yesuf, M. (2010). Seeds for livelihood:
Crop biodiversity and food production in Ethiopia. Ecological
Economics, 69(8), 1695-1702. https://doi.org/10.1016/j.ecolecon.
2010.03.024

Dietary Reference Intakes: Applications in Dietary Assessment. (2000).
National Academies Press. https://doi.org/10.17226/9956

Dwivedi, S. L., Lammerts van Bueren, E. T., Ceccarelli, S., Grando, S.,
Upadhyaya, H. D., & Ortiz, R. (2017). Diversifying food systems in the
pursuit of sustainable food production and healthy diets. Trends in
Plant Science, 22(10), 842-856. https://doi.org/10.1016/j.tplants.
2017.06.011

FAO. (Ed.). (2017). Building resilience for food and food security. FAO.

Ghosh, S., Sinha, S., Thomas, T., Sachdev, H. S., & Kurpad, A. V. (2019).
Revisiting dietary iron requirement and deficiency in Indian women:
Implications for food iron fortification and supplementation. The Journal
of Nutrition, 149(3), 366-371. https://doi.org/10.1093/jn/nxy283

Ghosh-Jerath, S., Downs, S., Singh, A., Paramanik, S., Goldberg, G., &
Fanzo, J. (2019). Innovative matrix for applying a food systems
approach for developing interventions to address nutrient deficiencies
in indigenous communities in India: A study protocol. BMC Public
Health, 19(1), 944. https://doi.org/10.1186/s12889-019-6963-2

Ghosh-Jerath, S., Singh, A., Bhattacharya, A., Ray, S., Yunus, S., &
Zodpey, S.P. (2013). Dimensions of Nutritional Vulnerability:
Assessment of Women and Children in Sahariya Tribal Community of
Madhya Pradesh in India. Indian Journal of Public Health, 57(4),
260-267. http://www.ijph.in/text.asp?2013/57/4/260/123268

Ghosh-Jerath, S., Singh, A., Lyngdoh, T., Magsumbol, M. S., Kamboj, P.,
& Goldberg, G. (2018). Estimates of indigenous food consumption
and their contribution to nutrient intake in Oraon tribal women of
Jharkhand, India. Food and Nutrition Bulletin, 39(4), 581-594. https://
doi.org/10.1177/0379572118805652

Ghosh-Jerath, S., Singh, A., Magsumbol, M. S., Lyngdoh, T., Kamboj, P., &
Goldberg, G. (2016). Contribution of indigenous foods towards
nutrient intakes and nutritional status of women in the Santhal tribal
community of Jharkhand, India. Public Health Nutrition, 19(12),
2256-2267. https://doi.org/10.1017/51368980016000318

Gibson, R. S., & Ferguson, E.L. (2008). An interactive 24-hour recall
for assessing the adequacy of iron and zinc intakes in developing
countries, HarvestPlus Technical Monographs, (p. 160). Washington,
D.C., Cali, Columbia: International Food Policy Research Institute
(IFPRI) and International Center for Tropical Agriculture (CIAT).
https://assets.publishing.service.gov.uk/media/
57a08bac40f0b64974000cdé6/tech08.pdf

Girard, A. W., Self, J. L., McAuliffe, C., & Olude, O. (2012). The effects of
household food production strategies on the health and nutrition
outcomes of women and young children: A systematic review:
Household food production and maternal and child health outcomes.
Paediatric and Perinatal Epidemiology, 26, 205-222. https://doi.org/
10.1111/j.1365-3016.2012.01282.x

—WI LEY 150f 17

Global Hunger Index (GHI). (2019). Global hunger index. Global Hunger Index
- Peer-Reviewed Annual Publication Designed to Comprehensively
Measure and Track Hunger at the Global, Regional, and Country Levels.
https://www.globalhungerindex.org/india.html

Gomez, M. 1., Barrett, C. B., Raney, T., Pinstrup-Andersen, P., Meerman, J.,
Croppenstedt, A., ... Thompson, B. (2013). Post-green revolution food
systems and the triple burden of malnutrition. Food Policy, 42,
129-138. https://doi.org/10.1016/j.foodpol.2013.06.009

Henjum, S., Torheim, L. E., Thorne-Lyman, A. L., Chandyo, R,
Fawzi, W. W., Shrestha, P. S., & Strand, T. A. (2015). Low dietary
diversity and micronutrient adequacy among lactating women in a
peri-urban area of Nepal. Public Health Nutrition, 18(17), 3201-3210.
https://doi.org/10.1017/51368980015000671

Herrero, M., Thornton, P. K., Power, B., Bogard, J. R., Remans, R., Fritz, S.,
... Havlik, P. (2017). Farming and the geography of nutrient production
for human use: A transdisciplinary analysis. The Lancet Planetary
Health, 1(1), e33-e42. https://doi.org/10.1016/52542-5196(17)
30007-4

Hirvonen, K., & Hoddinott, J. (2016). Agricultural production and children's
diets: Evidence from rural Ethiopia. Agricultural Economics, 48(4),
469-480. https://doi.org/10.1111/agec.12348

Homestead food production in Asia: Biodiversity for Food and Nutrition.
(n.d.). Biodiversity for food and nutrition. Retrieved October 17, 2019,
from http://www.b4fn.org/case-studies/case-studies/homestead-food-
production-in-asia/

ICMR. (2010). Nutrient requirements & recommended dietary allowances
for Indians (1990, reprinted 2008) 2nd Edition—2010) By
B.S. Narasinga Rao, B. Sivakumar)|Indian Council of Medical Research|
Government of India. https://www.icmr.nic.in/content/nutrient-
requirements-recommended-dietary-allowances-indians-1990-
reprinted-2008-2nd-edition

Imamura, F., Micha, R., Khatibzadeh, S., Fahimi, S., Shi, P., Powles, J., ...
Global Burden of Diseases Nutrition and Chronic Diseases Expert
Group (NutriCoDE). (2015). Dietary quality among men and women in
187 countries in 1990 and 2010: A systematic assessment. The Lancet.
Global Health, 3(3), €132-e142. https://doi.org/10.1016/52214-109X
(14)70381-X

Jain, Y., Kataria, R., Patil, S., Kadam, S., Kataria, A., Jain, R, ... Shinde, S.
(2015). Burden & pattern of illnesses among the tribal communities
in central India: A report from a community health programme. The
Indian Journal of Medical Research, 141(5), 663-672. https://doi.org/
10.4103/0971-5916.159582

Jamwal, N. (2019, November 22). Rulers reduced to a particularly
vulnerable tribe. The story of Jharkhand's Paharia. https://www.
gaonconnection.com/read/paharia-tribe-in-jharkhand-struggling-poverty-
malnutrition-and-human-trafficking-46712

Jones, A. D. (2017). Critical review of the emerging research evidence
on agricultural biodiversity, diet diversity, and nutritional status in
low- and middle-income countries. Nutrition Reviews, 75(10), 769-782.
https://doi.org/10.1093/nutrit/nux040

Kapil, U., Singh, P., & Pathak, P. (2003). Serum zinc levels amongst tribal
population in a district of Jharkhand state, India: A pilot study. Eastern
Journal of Medicine, 8(2), 33-34.

Kasimba, S., Covic, N., Motswagole, B., Laubscher, R., & Claasen, N. (2019).
Consumption of traditional and indigenous foods and their contribution
to nutrient intake among children and women in Botswana. Ecology of
Food and Nutrition, 58(3), 281-298. https://doi.org/10.1080/03670244.
2019.1598980

Keats, S. & Wiggins, S. (2014). Implications for agriculture and food prices
(p. 133).

Kissoly, L., FaBRe, A., & Grote, U. (2018). Implications of smallholder farm
production diversity for household food consumption diversity:
Insights from diverse agro-ecological and market access contexts
in Rural Tanzania. Horticulturae, 4, 14. https://doi.org/10.3390/
horticulturae4030014



wot7| WiLEY-|

Kshatriya, G.K.,, & Acharya, S.K. (2016). Gender Disparities in the
Prevalence of Under-nutrition and the Higher Risk among the Young
Women of Indian Tribes. PLOS ONE, 11(7), https://doi.org/10.1371/
journal.pone.0158308

Kuhnlein, H. V. Erasmus, B. Spigelski, D. & Burlingame, B. (Eds.) (2013).
Indigenous peoples' food systems & well-being: Interventions & policies
for healthy communities, Rome: Food and Agriculture Organization
of the United Nations; Centre for Indigenous Peoples' Nutrition and
Environment.

Kumar, S., & Sinha, P. K. (2016). A study on the effect of individual and
background variables on health status of Sauria Paharia Tribe of Bihar.
Indian Journal of Society and Politics, 3(2), 41-52.

Lachat, C., Raneri, J. E.,, Smith, K. W., Kolsteren, P.,, Van Damme, P,
Verzelen, K., ... Termote, C. (2018). Dietary species richness as a
measure of food biodiversity and nutritional quality of diets.
Proceedings of the National Academy of Sciences, 115(1), 127-132.
https://doi.org/10.1073/pnas.1709194115

Lakra, E. J, & Kumar, S. (2017). Predicament of hunger, poverty &
food security among the Pvtgs of Jharkhand. IOSR Journal of
Humanities and Social Science, 22(7), 8-12. https://doi.org/10.9790/
0837-2207050812

Lal, D. M. (2019). Sustainable development of climate change resistant
livelihoods among Sauria Paharia of Sunder Pahari Block, District Godda,
Jharkhand (p. 153). Ranchi, India: Badlao Institute of Training and
Management.

Laxmaiah, A., Rao, K. M., Kumar, R. H., Arlappa, N., Venkaiah, K., &
Brahmam, G. N. V. (2007). Diet and nutritional status of tribal
population in ITDA project areas of Khammam District, Andhra
Pradesh. Journal of Human Ecology, 21(2), 79-86. https://doi.org/
10.1080/09709274.2007.11905954

Livestock and diets: Biodiversity for Food and Nutrition. (n.d.). Biodiversity
for food and nutrition. Retrieved October 17, 2019, from http://www.
b4fn.org/case-studies/case-studies/livestock-and-diets/

Longvah, T., Ananthan, R., Bhaskarachary, K., & Venkaiah, K. (2017). Indian
food composition tables. National Institute of Nutrition, Indian Council
of Medical Research. http://www.indiaenvironmentportal.org.in/files/
file/IFCT%202017%20Book.pdf

Martin-Prevel, Y., Arimond, M., Allemand, P., Wiesmann, D., Ballard, T. J.,
Deitchler, M., ... Moursi, M. (2017). Development of a dichotomous
indicator for population-level assessment of dietary diversity in
women of reproductive age. Current Developments in Nutrition, 1(12),
cdn.117.001701. https://doi.org/10.3945/cdn.117.001701

Masset, E., Haddad, L., Cornelius, A., & Isaza-Castro, J. (2012). Effectiveness
of agricultural interventions that aim to improve nutritional status of
children: Systematic review. BMJ, 344, d8222. https://doi.org/10.1136/
bm;j.d8222

MHN Report. (2014). Maternal health and nutrition in tribal areas:
Report of the fact-finding mission to Godda, Jharkhand (p. 49). Ranchi:
National Alliance for Human Rights and Maternal Helath in India
and TORANG Trust. https://www kractivist.org/wp-content/uploads/
2014/04/Godda_Report_NAMHHR-9-4-14.pdf

Michler, J., & Josephson, A. (2017). To specialize or diversify: Agricultural
diversity and poverty dynamics in Ethiopia. World Development, 89(C),
214-226. https://doi.org/10.1016/j.worlddev.2016.08.011

Minimum Dietary Diversity for Women- A Guide to Measurement. (p. 82).
(2016). Food and Agricultural Organization (FAO); USAID.

Mittal, P. C., & Srivastava, S. (2006). Diet, nutritional status and food
related traditions of Oraon tribes of New Mal (West Bengal), India.
Rural and Remote Health, 6(1), 385.

Myers, N., Mittermeier, R. A., Mittermeier, C. G., da Fonseca, G. A. B,, &
Kent, J. (2000). Biodiversity hotspots for conservation priorities.
Nature, 403(6772), 853-858. https://doi.org/10.1038/35002501

National Family Health Survey (NFHS)-4. (2015). International
Institute of Population Sciences. http://rchiips.org/nfhs/pdf/NFHS4/
India.pdf

GHOSH-JERATH ET AL.

NFSA. (2013). National Food Security Act (NFSA), 2013. https://dfpd.gov.
in/nfsa-act.htm

National Nutrition Monitoring Bureau, (NNMB) (2009). Diet and Nutritional
status of Tribal population and Prevalence of Hypertension among
Adults- A Report on Second Repeat Survey. National Institute of
Nutrition, Hyderabad- 500 007. https://www.nin.res.in/downloads/
NNMBTribalReport.pdf

NIN. (2011). Dietary guidelines for Indians—A manual. National Institute of
Nutrition, Indian Council of Medical Research. https://www.nin.res.in/
downloads/DietaryGuidelinesforNINwebsite.pdf

Palacios Bucheli, V. J., & Bokelmann, W. (2017). Agroforestry systems for
biodiversity and ecosystem services: The case of the Sibundoy Valley
in the Colombian province of Putumayo. International Journal of
Biodiversity Science, Ecosystem Services & Management, 13(1), 380-397.
https://doi.org/10.1080/21513732.2017.1391879

Pathak, P., Kapil, U., Kapoor, S. K., Dwivedi, S. N., & Singh, R. (2003).
Magnitude of zinc deficiency among nulliparous nonpregnant women in
a rural community of Haryana State, India. Food and Nutrition Bulletin,
24(4), 368-371. https://doi.org/10.1177/156482650302400407

Pinstrup-Andersen, P. (2013). Nutrition-sensitive food systems: From
rhetoric to action. The Lancet, 382(9890), 375-376. https://doi.org/
10.1016/50140-6736(13)61053-3

Powell, B., Bezner Kerr, R, Young, S. L., & Johns, T. (2017). The determinants
of dietary diversity and nutrition: Ethnonutrition knowledge of local
people in the East Usambara Mountains, Tanzania. Journal of Ethnobiology
and Ethnomedicine, 13(1), 23. https://doi.org/10.1186/s13002-017-
0150-2

Powell, B., Thilsted, S. H., Ickowitz, A., Termote, C., Sunderland, T., &
Herforth, A. (2015). Improving diets with wild and cultivated biodiver-
sity from across the landscape. Food Security, 7(3), 535-554. https://
doi.org/10.1007/s12571-015-0466-5

Prentice, A., Laskey, M. A, Shaw, J., Hudson, G. J., Day, K. C., Jarjou, L. M.,
... Paul, A. A. (1993). The calcium and phosphorus intakes of rural
Gambian women during pregnancy and lactation. The British Journal of
Nutrition, 69(3), 885-896. https://doi.org/10.1079/bjn19930088

Rao, K. M., Kumar, R. H., Krishna, K. S., Bhaskar, V., & Laxmaiah, A.
(2015). Diet & nutrition profile of Chenchu population—A vulnerable
tribe in Telangana & Andhra Pradesh, India. The Indian Journal of Medi-
cal Research, 41(5), 688-696. https://doi.org/10.4103/0971-5916.
159588

Re-vamped National Food Security Mission (NFSM) Operational
Guidelines (2018-19 to 2019-20). (2018). Ministry of Agriculture and
Farmers Welfare Government of India. https://www.nfsm.gov.in/
Guidelines/NFSM12102018.pdf

Roche, M. L., Creed-Kanashiro, H. M., Tuesta, |., & Kuhnlein, H. V. (2008).
Traditional food diversity predicts dietary quality for the Awajun in the
Peruvian Amazon. Public Health Nutrition, 11(5), 457-465. https://doi.
org/10.1017/51368980007000560

Satyam, K. (2017). Quality of life of elderly Mal Paharia in Jharkhand. Asian
Journal of Multidisciplinary Studies, 5(6). http://www.ajms.co.in/sites/
ajms2015/index.php/ajms/article/view/2583

Scheffers, B. R, De Meester, L., Bridge, T. C. L, Hoffmann, A. A,
Pandolfi, J. M., Corlett, R. T., ... Watson, J. E. M. (2016). The
broad footprint of climate change from genes to biomes to people.
Science (New York, N.Y.), 354(6313). https://doi.org/10.1126/
science.aaf7671

Sethi, V., Bhanot, A, Bhalla, S., Bhattacharjee, S., Daniel, A., Sharma, D. M,, ...
Mebrahtu, S. (2017). Partnering with women collectives for delivering
essential women's nutrition interventions in tribal areas of eastern India:
A scoping study. Journal of Health, Population and Nutrition, 36(1), 20.
https://doi.org/10.1186/s41043-017-0099-8

Sibhatu, K., Krishna, V., & Qaim, M. (2015). Production diversity and
dietary diversity in smallholder farm households. Proceedings of the
National Academy of Sciences of the United States of America, 112,
10657-10662. https://doi.org/10.1073/pnas.1510982112



GHOSH-JERATH €T AL. I ‘

Sibhatu, K. T. & Qaim, M. (2016). Farm production diversity and dietary
quality: Linkages and measurement issues. GlobalFood Discussion
Papers, No. 80, Universitdt Gottingen, Research Training Group (RTG)
1666 - GlobalFood, Géttingen, 36.

Students in Nature, in the Garden and in the Kitchen: Biodiversity
for Food and Nutrition. (n.d.). Biodiversity for food and
nutrition. Retrieved October 17, 2019, from http://www.b4fn.org/
case-studies/case-studies/students-in-nature-in-the-garden-and-in-
the-kitchen/

Thankachan, P, Muthayya, S., Walczyk, T., Kurpad, A. V., & Hurrell, R. F.
(2007). An analysis of the etiology of anemia and iron deficiency in
young women of low socioeconomic status in Bangalore, India. Food
and Nutrition Bulletin, 28(3), 328-336. https://doi.org/10.1177/
156482650702800309

Thirumani Devi, A, & Sindhuja, S. (2015). Nutritional status and knowledge,
life style and dietary practices of tribal adult women. International Journal
of Recent Scientific Research, 6(6), 4449-4452.

Tontisirin, K., Nantel, G., & Bhattacharjee, L. (2002). Food-based strategies
to meet the challenges of micronutrient malnutrition in the developing
world. Proceedings of the Nutrition Society, 61(2), 243-250. https://doi.
org/10.1079/PNS2002155

Tooze, J. A, Kipnis, V., Buckman, D. W., Carroll, R. J., Freedman, L. S.,
Guenther, P. M., ... Dodd, K. W. (2010). A mixed-effects model
approach for estimating the distribution of usual intake of nutrients:
The NCI method. Statistics in Medicine, 29(27), 2857-2868. https://
doi.org/10.1002/sim.4063

Torheim, L. E., Ferguson, E. L., Penrose, K., & Arimond, M. (2010). Women
in resource-poor settings are at risk of inadequate intakes of multiple
micronutrients. The Journal of Nutrition, 140(11), 2051S5-2058S.
https://doi.org/10.3945/jn.110.123463

Tribal Cultural Heritage in India Foundation, W. (2018, July 24). Video|
rainwater harvesting by the “hill dwelling” Sauria Paharia community:
Compensating loss of forest cover through agriculture - Jharkhand.

—WI LEY 17 of 17

Tribal Cultural Heritage in India Foundation. https://www.
indiantribalheritage.org/?p=23333

Tribal Health in India: Executive Summary and Recommendations. (2018).
Ministry of Health and Family Welfare & Minsitry of Tribal Affairs,
Government of India.

UNDP. (2008). Paharias—The struggle of a tribe for recognition. http://
www.indiaenvironmentportal.org.in/files/Paharias.pdf

Welthungerlife. (2016, October). India: Making food a right for all. Global
Hunger Index - Peer-Reviewed Annual Publication Designed to
Comprehensively Measure and Track Hunger at the Global, Regional,
and Country Levels. https://www.globalhungerindex.org/case-studies/
2016-india.html

WHO Expert Consultation. (2004). Appropriate body-mass index for Asian
populations and its implications for policy and intervention strategies.
Lancet (London, England), 363(9403), 157-163. https://doi.org/
10.1016/50140-6736(03)15268-3

WHO World Health Survey. (2002). World Health Organization. https://
www.who.int/healthinfo/survey/whslongversionsurveymanual.pdf

SUPPORTING INFORMATION
Additional supporting information may be found online in the

Supporting Information section at the end of this article.

How to cite this article: Ghosh-Jerath S, Kapoor R, Singh A,

et al. Agroforestry diversity, indigenous food consumption and
nutritional outcomes in Sauria Paharia tribal women of
Jharkhand, India. Matern Child Nutr. 2021;17:e13052. https://
doi.org/10.1111/mcn.13052




	Agroforestry diversity, indigenous food consumption and nutritional outcomes in Sauria Paharia tribal women of Jharkhand, India
	  INTRODUCTION
	  METHODS
	  Study area
	  Sampling framework and study population
	  Sample size calculation
	  Data collection
	  Study variables
	  Consumption of different foods at household level
	  IF consumption
	  Nutritional status
	  Socio-demographic characteristics
	  Access to food sources
	  Measurement of agroforestry diversity

	  Data analysis
	  Ethical considerations

	  RESULTS
	  Household profile
	  Availability and access to food sources
	  Dietary intake pattern of adults in the HHs
	  Nutrient intake of women in the reproductive age group (15-49years)
	  Dietary diversity and IF consumption and their contribution to nutrient intake of women (15-49years)
	  Factors associated with nutrient intake of women with reference to dietary diversity and IF intake
	  CED in women

	  DISCUSSION
	  Limitations

	  CONCLUSION
	ACKNOWLEDGMENT
	  CONFLICTS OF INTEREST
	  CONTRIBUTIONS
	REFERENCES



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier (FOGRA1)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <>
    /CHT <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /JPN <>
    /KOR <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG (Modified PDFX1a settings for Blackwell publications)
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


