Beyond Diversity:
How Dietary Pattern Analysis Adds to Our
Understanding of Diet Quality in Rural Nepal

Doctoral thesis submitted by
Corey M. O’Hara, MS, MALD
PhD Candidate
Food and Nutrition Policy and Programs
Gerald J. and Dorothy R. Friedman School of Nutrition Science and Policy
Thufts University

August 26, 2019

Committee:
Beatrice Lorge Rogers, PhD, Chair
Professor, Tufts University Friedman School of Nutrition Science and Policy

Patrick Webb, PhD
Professor, Tufts University Friedman School of Nutrition Science and Policy
Visiting Professor, Patan Academy of Health Sciences

John Hoddinott, DPhil
Professor, Cornell University



Abstract

Background: Dietary diversity scores are well-understood, validated indicators of diet quality
in terms of micronutrient adequacy for individuals and of food security in terms of caloric
access for households in low-income environments. The relationship between dietary
diversity and quality/sufliciency is not as clear at the upper end of the spectrum, however,
where components of higher-diversity diets may also be risk factors for negative health
outcomes. In wealthier environments, by contrast, dietary pattern analysis is commonly used
to identify combinations of foods consumed that have a relationship to human health
outcomes.

Methods: This study identifies dietary patterns in individual food consumption data from a
clustered, controlled intervention trial in western Nepal and compares them with dietary
diversity scores across a range of analyses. First, we identify factors associated with household
and individual patterns. We assess the relationships of the patterns to diversity scores
constructed from the same 24-hour recall dietary diversity survey data, and we describe
differences in consumption between individuals consuming each pattern and those achieving
minimum dietary diversity according to conventional indicators. Second, we look at
associations between child dietary patterns and child anthropometry to determine whether
pattern scores are more or less predictive of nutritional status than dietary diversity indicators.
Third, we determine whether agricultural production, diversification, and marketing
intervention, compared to marketing intervention alone, affects household dietary
patterns over time. We assess the effect of intervention on dietary patterns as distinct
from dietary diversity, and whether such pattern scores contribute additional
information.

Results: We find that dietary patterns convey useful information about dietary quality that is
additional to what we learn from individual dietary diversity scores alone. We observe that
indicators derived from dietary patterns identify a smaller group of individuals than minimum
diversity scores and observe significant differences in diet between those consuming or not
consuming each pattern who meet the minimum diversity threshold. We find that in this
context, dietary patterns—but not dietary diversity—are associated with child weight-for-
height, with a dairy/sweets pattern predicting lower rates of wasting and higher rates of
overweight in children aged 6 to 59 months. Finally, we see that over time, agricultural
intervention is positively associated with adoption of a varied dietary pattern, rather than the
dairy/sweets pattern that is associated with negative outcomes.

Conclusions: In this population, dietary pattern analysis contributes additional value to
assessment of diet quality compared to use of dietary diversity indicators alone. Pattern
analysis identifies commonly consumed combinations of foods, which can be useful in
developing nutrition counseling interventions. Indicators developed from dietary patterns can
identify individuals who are not consuming critical nutrient-dense foods despite meeting
minimum diversity. Dietary patterns are associated with child anthropometry, which can help
to identify vulnerable populations while informing future nutrition counseling interventions.
Longitudinal analysis reveals that dietary diversity scores on their own may mask effects that
can be revealed by analysis of dietary patterns.
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I. Introduction

Twenty years ago, researchers working on food and nutrition issues in developing country

contexts were seeking ways to characterize diets, to meet a range of needs:

e To describe different diets and set standards for positive consumption practices
e To assess food security and nutritional adequacy within populations
e To identify individuals at risk of nutritional deficiencies or excess

e To evaluate the effect of interventions on food security and nutrition.

Dietary data collection methods in practice at the time included food records or 24-hour
recall surveys, preferred by nutritionists; 7-day food consumption and expenditure
modules, preferred by economists; and food frequency questionnaires, preferred by
epidemiologists (1,2). Each has its limitations. Recall surveys and weighed food records
are thorough and enable detailed calculation of nutrient intake for individuals. However,
self~administered food records are prone to bias, and recall surveys can be expensive,
resource-intensive, and time-consuming. Both were cumbersome for data collection and
calculation, and dietary recall surveys were expensive and challenging to implement for
wide-scale nutritional monitoring (3,4). Food consumption and expenditure surveys are
generally employed to assess and monitor levels of food security, but the wide range of
instruments available at the time failed to capture individual food intake and were
mappropriate for assessing nutritional status (5—7). Food frequency questionnaires
developed by epidemiologists had been shown to be associated with dietary intake, while
reducing the time and calculation burden of more extensive dietary surveys (8—10).
However, while simpler to administer and useful for determining relative risk of diet-
related chronic disease, they were highly dependent on context-specific food lists and not

easily compared across populations (3,4,11).

Dietary variety or diversity measures, based on consumption of foods or food groups over
a given period, were seen to avoid many of the complications of existing data collection

methods. Although studies had indicated that they could be useful to meet the four



objectives above, until this time none had emerged as a valid instrument to measure
nutrient adequacy or food security in a range of environments (12). The idea that a
diversity measure could capture aspects of dietary quality followed in part from Bennett’s
Law, documented in the 1930s, that as people became better off economically, they
would diversify their diets in specific ways, following a predictable progression (13,14).
Diversity was also seen as an objective in itself, being recognized along with nutrient
adequacy as a component of dietary quality. As Ruel observed in a 2002 discussion
paper, “[D]ietary diversity is often promoted to enhance the chances of achieving an
adequate diet, lessen the risks of developing a deficiency or excess of any one nutrient,
ensure an appropriate balance of micronutrients as well as energy from fat, and reduce

the likelihood of exposure to excessive amounts of contaminants” (12).

Three standardized measures eventually emerged as useful across a range of geographies
to identify populations or individuals at risk of food insecurity or nutrient inadequacy and
to monitor and assess effects of intervention. These are described under Review of
Literature, below. All three have been widely adopted since their initial and subsequent
validation, and the relative ease of implementation and clarity of definition of each
measure has enabled their use by a diverse range of practitioner organizations working in

low-income countries.

Dietary diversity may be less informative in environments where populations are
transitioning away from traditional patterns of consumption in favor of diets
characterized by calorie-dense and packaged/processed foods. In these environments,
higher levels of diversity may be associated with lower levels of dietary quality. The
changing nature of food markets may also make available and affordable today a wider
range of foods than consumers have been able to access in the past; therefore, counting
the number of foods consumed may no longer be sufficient to identify individuals and

populations at risk in some countries.

These limitations indicate both a need for new ways to characterize food choices in low-
income countries and also a potential direction for their development. Data reduction

techniques to identify patterns of consumption have used by nutritional epidemiologists



for decades because of their association with a range of health outcomes, yet to date,
dietary pattern analysis has been virtually unused in developing countries to describe food
choices and their relationships to food security and nutrition. This study adopts a dietary
pattern approach, analyzing consumption data drawn from an evaluation of an
agriculture and marketing intervention in western Nepal to determine whether and in
what ways pattern analysis may supplement or inform our understanding of dietary

diversity.

RESEARCH AIMS

Aim 1: To determine whether and how pattern analysis adds value to our understanding

of diet quality in a low-income country context.

e This study examines the association between dietary patterns and dietary diversity
scores of individuals and the households in which they live. It identifies factors
associated with each pattern and diversity score, and it describes differences in
consumption between individuals consuming each dietary pattern and those

achieving minimum dietary diversity according to conventional indicators.

Aim 2: To determine whether identifying information about child diets through dietary
pattern analysis provides more informative associations with child anthropometry than

dietary diversity scores.

e This study, based on surveys of 199 households with children 6 to 59 months old
in western Nepal, employs a series of ordinary least squares (OLS) and logistic
regressions on both continuous anthropometric z-scores and binary nutritional
status outcomes to assess their relationship to both dietary patterns derived from a
24-hour household and individual dietary diversity recall survey and dietary

diversity scores constructed from the same consumption data.



Aim 3: To determine whether promoting agricultural production, diversification, and
marketing affects dietary patterns over time, distinct from dietary diversity, and what

additional information may be gained from the use of pattern analysis.

e We define dietary patterns using reported consumption data, assess the effect
of the intervention on intermediate outcomes, and determine an overall
treatment effect of the intervention on dietary patterns and on the household

dietary diversity score (HDDS).

The first chapter of this thesis presents a review of the literature. It outlines in broad
terms the landscape of measures of diet quality. Three commonly used, validated dietary
diversity scores are then set in this context, and their development, use, and limitations
are described. Dietary pattern analysis is introduced, and attention is given to
methodological considerations and implications of pattern analysis with dietary data. The
three studies to date that have been identified in the literature that adopt this approach in

low-income country settings are described.

The second chapter presents additional information on the data used in this study and the

associated intervention. Sampling and data collection methods are described in detail.

Chapters three through five are self-contained research papers that answer the aims

described above.

e The first of these (chapter 3) is a cross-sectional look at household, maternal, and
child dietary patterns and their associations (a) with each other, (b) with dietary
diversity, and (c) with a range of household and individual variables expected to
correlate with dietary practices. We conclude that dietary patterns do convey
useful information about dietary quality that is additional to what we can learn

from individual dietary diversity scores alone.

e The second paper (chapter 4) considers whether a child’s dietary patterns are

associated with continuous anthropometric z-scores and binary indicators of child



nutritional status (stunting, wasting, and overweight). We conclude that in this
context, dietary patterns—but not dietary diversity—predict patterns of child
weight, with one pattern associated with both lower rates of wasting and higher

rates of overweight in children 6 to 59 months of age.

e The third paper (chapter 5) presents longitudinal analysis to determine whether
agricultural intervention affects adoption of different dietary patterns over time.
Although dietary diversity increases for both study arms, with no significant
difference between the two in change over time, we do see an important and large

treatment effect on adoption of one of the two identified dietary patterns.

The final chapter concludes with a synthesis of the results of the study and discussion of
its implications. Appendix I includes the survey instruments used for the study. Early
analysis of baseline data informed development of the follow-up survey instrument and
these aims, and Appendix II describes this initial factor analysis of the baseline dietary

data along with a brief discussion of choices made during analysis and their rationale.
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II.  Rewview of the Literature

MEASURES OF DIET QUALITY

Definitions of diet quality based on nutritional requirements for human health broadly
acknowledge that a “high-quality” diet should provide a balance of nutrients protective
against all forms of malnutrition and non-communicable diseases (1). The term is
frequently used to describe how well an individual’s consumption conforms to dietary
recommendations: a healthy, balanced, and nutritious diet meets individual needs to
reach optimal health, supplying adequate but not excessive levels of nutrients (2). A high-
quality diet should be safe to consume both in the immediate term and in the long term; it

should promote optimal growth and development; and it should not promote diseases nor

pose health hazards (3).

Basic nutrient requirements at various life stages for individuals with different needs are
relatively well studied and documented (4). However, as Herforth notes in a recent Gallup
white paper on global dietary assessment, while our scientific understanding of nutritional
requirements has translated into a global recognition of desirable infant and young child
feeding practices, it has failed to achieve definition or agreement on what a healthy diet

looks like for the population in general (1).

Efforts to measure diet quality have faced similar challenges, due in part to—and in their
own way contributing to—the lack of consensus around definition. Although no single
standard measure or method for quantifying a high-quality diet in a population or study
sample has emerged, four broad approaches have dominated the literature over the past
century. Each of these has been used to identify important components of a diet, simplify
collection of consumption data, and enable analysis of the scored results against nutrient

intake, risk reduction, and health outcomes:

1. Scoring consumption based on specific nutrient content
2. Scoring consumption according to a pre-defined set of desirable foods or

categories



3. Scoring consumption based on variety or diversity of foods consumed
4. Identifying endogenous dietary patterns with characteristics related to health

outcomes and nutrient composition.

Much of the early literature focused on measuring consumption of individual nutrients,
categories of nutrients, and dietary components of interest such as percentage of calories
from fats (5). Although important to the foundations of nutritional epidemiology, this
“reductionist” approach has fundamental limitations for understanding the relationship
between diets and human health, including practical difficulties of measurement and

calculation, and was mostly abandoned by nutritional epidemiologists in the 1990s (6).

Food-based indicators in various forms had been used since Heady’s 1961 work to
calculate simplified food scores and determine their associations with nutrient content. An
important secondary conclusion from this early work, informing most later efforts to
construct food-based indicators, was that frequency of consumption of individual foods
could be an adequate proxy for the weights of those foods consumed (7). The 1990s saw
an increased interest in food-based consumption indicators, driven in part by policy
efforts in industrialized nations. In 1994, Patterson et al. developed the first index
categorizing consumption based on adherence to the United States Dietary Guidelines for
Americans. The authors illustrated the potential of a single index to capture multiple
dimensions of quality, while observing that reliance on single nutrients or foods for this
enterprise would have resulted in substantial misclassification. As they noted, already 25
years ago, ““T'he complex and fluid nature of diet is an unusually difficult measurement

challenge, and it is doubtful that there will ever be a complete solution” (8, p.63).

Shortly after, the U.S. Department of Agriculture released its Healthy Eating Index based
on the Dietary Guidelines for Americans and the U.S. Food Guide Pyramid (9). This has
been substantially revised multiple times in line with changes to the Dietary Guidelines
and continues to be used to inform policy around American diets. Many other such
indexes based on institutional and national dietary recommendations followed soon after,
created to rank more and less healthy dietary behavior according to pre-determined

priorities (5,10—15).
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Kant published an essential and thorough review of early measures of diet quality in
1996, with a substantial focus on these indexes created to measure adherence to
guidelines (5). Waijers et al. updated this list in 2007 with an assessment of 20 newer diet
quality indexes similarly based on nutritional recommendations (12). Fransen and Ocké
expanded this list in 2008, adding additional measures, and casting a critical eye on the
category of indexes based on dietary guidelines as a whole. They caution that arbitrary
choices about methodology may produce differing results even when scores are tailored to
specific measurement needs for a given population, citing in particular two different
indexes designed to measure adherence to the same Australian guidelines (13). Such
methodological choices may include identification of cut-off values, consideration of
differences in energy intake, and weighting of components (12,13). In addition to
questions of construct validity that arise as a result of potentially arbitrary methodological
decisions, issues of content validity may arise when the standards or guidelines that

underlie definitions or weights result in indexes that measure different versions of a

healthy diet (16).

DIETARY DIVERSITY

Variety or diversity of a diet is similarly measured in terms of pre-defined priorities for
food groups or categories, but without many of the same methodological complications.
Versions of dietary variety or diversity scores have been in use since the 1980s (5). These
are measured through surveys of recent dietary intake (typically past day or past week),
with foods categorized into groups based on predetermined criteria irrespective of the
consumption habits of a population. Most are simple counts of food categories consumed,
although some also count frequency of consumption of the foods over a given time period
(5,13,17). This approach has frequently been used in poorer settings, where higher levels
of dietary diversity—which is generally associated with higher wealth or income levels—
has long been thought to correspond to a higher-quality diet (18). Indeed we have seen
since Bennett’s first observations in the 1930s that at lower incomes, the poor tend to

prioritize consumption of sufficient calories in the form of starchy staple foods; as income



increases, they tend to purchase non-staple plant foods (e.g. lentils and vegetables), and at

higher incomes, animal-source foods (18).

In 2002, Hoddinott and Yohannes found that across 10 countries, a 12-food-group
household dietary diversity score (HDDS) correlated reasonably well with average per-
capita energy availability for a household, though not with individual nutritional status
(19). The simplicity of the approach made it attractive for field application, and its easy
transferability and replicability made it desirable as an indicator of quality that could be
compared across populations. In 2005, the HDDS was codified in a Food and Nutrition
Technical Assistance (FANTA) publication (20) as an indicator of food security, or
economic access to food, and soon thereafter became a standard indicator for USAID. In
2010, G. Kennedy et al. found that even in comparison to a food consumption score that
incorporates frequency, the HDDS can provide a useful population-level indication of

food security that makes it attractive for tracking programs over time (21).

By the time of a review by Leroy et al. in 2015, the HDDS was being widely used in field
practice. This review confirmed the value of the score in approximating household energy
intake, but the authors cautioned strongly that it should not be applied as an indicator of
a high-quality diet despite its widespread use for this purpose (22). A 2016 study in
Colombia and Ecuador examined the construct validity of the HDDS and identified key
“negative” food groups in each population studied that when consumed actually
indicated lower food access by that household rather than greater access. The authors
suggested that the HDDS should for this reason not be used as a scale to compare

populations exhibiting different dietary patterns (23).

In contrast to household scores, individual dietary diversity scores—first for infants and
young children, and then for women—have been demonstrated to associate with both
nutritional status and nutrient content of a diet. Arimond et al. in 2004 examined the
relationship of a 7-item child dietary diversity score to HAZ, using DHS data, and found
an association in 10 out of 11 countries either as a main effect or as an interaction (24). A
workshop that year in Rome, Italy on validation methods for dietary diversity was quickly

followed by a range of validation studies using similar methodology to test the sensitivity

11
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and specificity of individual dietary scores at capturing adequate micronutrient density.
The results were generally positive. Steyn et al. found that a 9-item diversity score was
associated with both micronutrient adequacy and anthropometric status of children (25).
A 2006 study in the Philippines found that a 10-item diversity score had a reasonable
probability of capturing adequate micronutrient intake of non-breastfeeding children (26).
A FANTA summary report of 10 data sets identified that micronutrient density increases
with increasing dietary diversity, and energy intake from foods other than breast milk
increases with feeding frequency (27). This and other work eventually led to a globally
recognized standard indicator, an infant and young child feeding minimum dietary
diversity score (IYCF MDD) as a proxy for micronutrient adequacy in children age 6
to 23 months (28).

Arimond et al. in 2010 examined eight different diversity scores using data from Burkina
Faso, Mali, Mozambique, Bangladesh, and the Philippines in an effort to determine
whether a similar universal dietary diversity indicator could be developed to assess a
woman’s probability of achieving mean micronutrient adequacy. The authors concluded
that the examined data did not suggest a single indicator or cutoff for global use; however,
they provided sufficient evidence of a robust relationship and possible directions for
operationalizing such a measure (29). Two further studies by Savy et al. of Burkina Faso
data contributed additional perspective. The first sought to determine whether one day of
dietary recall (compared to three days) was sufficient to predict a woman’s nutritional
status with a dietary diversity score in a rural area, and the conclusion was affirmative
(30). In the second study, set in urban Ouagadougou, 37% of the sample was overweight
or obese. In this sample, higher diversity was associated with consumption of sweet and
fatty foods and also micronutrient-rich foods, but not with anthropometric status. The
authors concluded that for some women, higher dietary diversity may therefore be a
double-edged sword, indicating higher micronutrient intake but lower quality in terms of
excessive caloric intake (31). Based on these studies, a number of women’s dietary
diversity scores using 9 food groups were constructed and tested (28,32,33). Martin-Prével
et al. for the Women’s Dietary Diversity Project Study Group ultimately validated a

dichotomous indicator based on consumption of 5 out of 10 food groups. This was



designed for population-level, but not individual-level, assessment of women of

childbearing age who are likely to meet a minimum standard of micronutrient adequacy

(33).

Table I: The component food groups of three validated dietary diversity scores (HDDS, IYCF

MDD, MDD-W)

Food Group HDDS IYCF-MDD MDD-W
components (12) components (7) components (10)
Cereals Cereals Grains, roots, or Grains, white roots

Packaged grain products
White starchy tubers

Pulses, beans, legumes

Nuts or seeds
Milk, yogurt, cheese

Animal meats
Fish or mollusks

Eggs
Vitamin A-rich (orange) fruits

Vitamin A-rich (orange)
vegetables
Dark green leafy vegetables

Other vegetables

Other fruits

Oils and fats

Sugar, sweets, or honey
Alcohol
Other/miscellaneous

White tubers and
roots

Legumes, nuts, and
seeds

Milk and milk
products

Meat

Fish and other
seafood

Eggs

(merged with fruits,
below)

Vegetables

Fruits

Oils/fats

Sweets

Other/misc (spices,
condiments, and
beverages)

tubers

Pulses, legumes, nuts

Milk and milk
products

Meat, poultry, fish, or
seafood

Eggs
Vitamin A-rich plant
foods

Other fruits or
vegetables

and tubers, plantains

Beans, peas, and
lentils
Nuts and seeds
Dairy

Meat, poultry, and
fish

Eggs
Other vitamin A-rich
fruits and vegetables

Dark green leafy
vegetables

Other vegetables
Other fruits

Food groups comprising each of these three validated dietary diversity indicators are

outlined in Table 1. Oils and fats, sugar and sweets, condiments, and beverages including

alcohol, although technically contributing to a diverse diet, are not used in constructing

the individual scores. Oils and fats in particular can play an important role in human

health and so were used in many of the individual scores considered during validation of
these indicators; on analysis, however, they were not seen to contribute consistent benefit

to the final score and so were eliminated (28,33). The existence of negative or undesirable
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foods, whether for a household (as in the Columbia and Ecuador study described above,
23) or an individual, indicates an important challenge with the use of dietary diversity
scores except in the poorest settings: at the low end of the diversity score range, each
additional food group may represent additional quality; but above a minimum level,
substitution of food groups (bad for good or vice versa) can result in a change in quality
without a change in score, and addition of undesirable foods will result in higher scores

that measure a lower quality diet.

DIETARY PATTERNS

Dietary diversity scores or weighted scales based on pre-determined nutritional standards,
such as those described to this point, are based on a priori assumptions about diet quality.
In contrast, empirical or endogenous dietary patterns are based on statistical methods
rather than on any pre-determined standards, assumptions, or guidelines. They are
identified in consumption data using one of several data reduction techniques: factor
analysis, principal components analysis (PCA), cluster analysis, or latent class analysis
(LCA). These techniques identify and categorize relationships among food groups
consumed and identify either (a) groupings of foods that tend to be consumed together by
a single individual or household over a given time period, usually 24 hours, or (b)
groupings of individuals or households whose consumption patterns are similar. Factor
analysis and PCA are commonly used to identify groupings of foods, and cluster analysis

and LCA are used to identify groupings of individuals or households.

Such dietary patterns, regardless of the mechanism used to construct them, have
frequently been seen to have substantial power to predict risk for health outcomes
including cardiovascular disease, diabetes, metabolic syndrome, cancers, and a range of
plasma biomarkers (16). Rising obesity rates in developing countries have more recently
led to use of this approach to study patterns in new contexts (see, e.g., 34). Its use in low-
income countries to assess the low end of anthropometric outcomes (such as stunting and
wasting) has been limited to a handful of published studies, however. Researchers in Iran
used factor analysis to identify three patterns among first-grade children in urban Tehran:

traditional, mixed/diverse, and high-protein/carbohydrate. The third pattern was
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significantly and negatively associated with stunting, as were consumption of dairy and
dried fruits and nuts (35). In Ethiopia, Melaku et al. identified three dietary patterns each
for households, women, and children; two of these patterns were common to all three
groups, and a positive association with HAZ was found with a dairy, vegetable, and fruit
group (36). In rural Tanzania, a 2011 study found a significant positive association
between BMI and a dietary pattern characterized by purchased foods, and the authors
concluded that this might provide evidence for early stages of the nutrition transition in

that country (37).

In a 2001 editorial, Jacques and Tucker note that the complex ways in which we consume
foods may make a pattern approach especially useful for promotion of positive changes in
dietary quality (38). Consumption of individual foods and nutrients tends to be
interrelated, and nutrients in foods may interact in ways that render it difficult or
impossible to separate out specific effects of any one food on health and nutrition—for
instance, to distinguish the effects of whole-grain consumption from the lower
consumption of red meats and higher consumption of vegetables that tend to accompany
it (5,38). As a result, although there is extensive observational data linking individual
nutrients to human health, large randomized controlled trials studying individual foods or
nutrients have often failed to show hypothesized effects on health outcomes (38). Dietary-
pattern-based interventions, on the other hand, have frequently been shown to have an
effect on hypertension, CVD, cancer risk, and other health outcomes and have become

the norm in nutritional epidemiology (see, e.g., 39-42).

Methodological implications

Researchers have observed a relationship between dietary patterns, nutritional outcomes,
and nutritional biomarkers since 1981, when Schwerin et al. calculated seven dietary
patterns from the U.S. Health and Nutrition Examination Survey (NHANES I) and
found significant associations with clinical symptoms and biochemical deficiencies (5,43).
In 2004, a review by Newby and Tucker identified 65 studies that had used either cluster
analysis or factor analysis to test hypotheses. Factor analysis methods reduce data into

patterns according to intercorrelations between dietary items; cluster analysis reduces



data into patterns according to individual differences in mean intakes. The authors found
that despite methodological differences, both identified similar underlying eating patterns.
While these studies generally showed that these empirically derived patterns have
different nutrient composition and were associated with different health behaviors and
health outcomes, associations with anthropometry in the reviewed studies were less
conclusive (16). Examining a different methodological assumption, Smith et al. tested
whether patterns derived using weight of each food or food group (grams per day)
conveyed different information from a binary consumption score. Both approaches were
found to be meaningful; binary intake was found to describe general food preferences
adequately and to be more feasible than weighing foods for purposes of monitoring

consumption in populations (44).

Although patterns may be somewhat robust to the techniques used to generate them, it is
a recognized weakness of the approach that they are dependent on the data set as well as
on other researcher-determined methodological choices. As 1s natural given the way they
are constructed, patterns will vary between populations and subgroups and across
geographies. Specific dietary patterns identified for one ethnic group or geographic area
will therefore have limited validity external to that population. A recent review of studies
in India confirmed that dietary patterns are highly regional in their construction, even
within the borders of that country (45). Despite this regional nature, the authors did find
consistent associations with health outcomes: patterns high in fats were found to be
associated with higher BMI; diabetes was associated with diets high in sweets and snacks

(45).

Variation in dietary patterns within any given population may take two forms:
preferences for one pattern over another (choice between patterns), or preferences for
different combinations of foods (composition of patterns). Availability of certain foods and
socloeconomic access to them may affect choice of one pattern over another. In addition,
both types of variability are strongly informed by cultural and religious factors and are
influenced by external pressures like published dietary guidelines and advertising. As a

consequence, although endogenous dietary patterns may be useful to explain health
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outcomes and to inform interventions, they are inappropriate for use as indicators,

replicable in different settings, that reflect a specific aspect of diet quality (22).

Despite the popularity of pattern analysis methods in cross-sectional studies, only a
handful have examined dietary patterns using longitudinal data. Out of 527 articles
identified on Web of Science referring both to “dietary patterns” or “eating patterns” and
one of our four identified methodologies (PCA, factor analysis, cluster analysis, and LCA),
only 15 compared dietary patterns longitudinally, either in terms of change in adherence
over time or change in composition over time. These studies were not consistent in their
approach. Cluster analysis studies looked at whether the transition of individuals between
clusters predicted relevant health outcomes; results were mixed and generally
inconclusive (46,47). For several studies using PCA, researchers calculated different sets of
patterns at multiple time periods and compared changes in pattern composition, which

does not allow for easy comparison or interpretation of findings (48,49).

Other studies have examined changes in dietary patterns in the form of summed factor
scores, which allow for regression-based identification of correlates of change, although
consensus has not been reached on a method for comparing these scores over time. Of
two similar studies in the UK, one that spanned seven years from 1985 to 1992 indicated
large overall changes in dietary pattern adoption, attributable on balance to changes in
demographics and socioeconomic characteristics (50). A second study from 1998 and
2000 found instead that dietary patterns in young women were relatively stable over the
two-year study period (51). Although both studies found the respective methods to be
useful and informative, their methods differed: the first determined factor scores using
baseline dietary consumption data and then applied these baseline values to consumption
at later time periods to generate pattern scores that could be compared over time; the
second pooled dietary data from both time periods before determining factor scores. The
first method was later used by Northstone and Emmett (52), who found that it failed to
capture information that was seen by performing repeated cross-sectional analysis across
the four years of their study. Crozier et al. followed up on this work with similar analysis
over a shorter time period, examining diets of women before and during pregnancy, and

found instead that the method was useful over this short time period (53).



Schulze et al. (54) instead provide guidance on a method later used by Mishra et al. (55)
that 1s less population-dependent than the more common PCA or EFA approach and
allows simple analysis of dietary patterns over time: food groups that are categorized by a
typical EFA as high-scoring for a given factor (in Mishra, =.25|) are assigned a value of
1 or -1 depending on their sign, with all other values zero. The relevant foods for each
observation and factor are summed to create a simple integer score for each factor. The
authors state that these “simplified pattern variables” have the benefit of greater external
validity than data-set-dependent factor scores, although the issues of external validity
raised above still prevent comparison in geographies or cultural groups whose

consumption patterns differ.
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. Methods

INTRODUCTION: MARKET ACCESS AND WATER TECHNOLOGIES FOR
WOMEN (MAWTW)

This study was conducted using primary data from an evaluation of a cluster-randomized
controlled intervention, the USAID-funded Market Access and Water Technologies for
Women (MAWTW) project, implemented by International Development Enterprises
(1IDE) from October 2013 to February 2016 in Nepal’s Sudurpaschim province. Field
activities ran for two years and were designed to introduce isolated rural farmers,
predominantly women left behind by men migrating for labor, to new high-value food
crops, integrated pest management, water management technologies including drip
irrigation, and new markets for sale of produce. Activities focused on establishing markets
and last-mile supply chains for agricultural inputs. No subsidy was given to promote
adoption. A base level of agronomic training was delivered without charge directly by
project staff. Local private-sector sales and service agents trained by the project provided

ongoing extension without charge to purchasers of productive agricultural inputs.

Intervention areas were geographically determined by Village Development Committee
(VDC), an administrative area comprising nine wards of approximately 150 to 300
households each. Forty VDGs in two districts (Kailali and Dadeldhura) were eligible, and
20 of these were selected at random to receive project interventions. The other VDCis
were slated to serve as controls. Roll-out in a third district (Doti) did not occur until year
two, so this district was not included in the baseline or follow-up surveys and is not
considered in this study. Farmers from the intervention VDCs with land holdings smaller
than 0.5 ha were invited to participate in the intervention through a social mobilization
process commonly employed in rural Nepal. This process includes direct engagement of
VDC officials, social welfare groups, and community-based organizations alongside large-
scale public information dissemination about planned development project activities
through mass media and public meetings (1). Those interested in participating were
invited to receive one of three different levels of treatment as described below, and 10,081

households ultimately enrolled in the project.



e TI: All participants receiving treatment were organized into production groups of
approximately 20 farm households. These groups were further organized under a
marketing committee that was tasked with development of a local market to
enable aggregation, sorting, grading, and sales of produce. Farmers received basic
training in these essential marketing functions as part of production group
organization; marketing committee members and market staff received additional
training in administration functions. The market was linked to supply chains for
mputs including seeds, nursery supplies, bio-pesticides, and micro-irrigation
equipment and to traders for sale of produce. Detailed cropping calendars
developed by the committees with the support of project staff conveyed a base
level of information about use of each of these technologies for cultivation of
specific crops. Intervention at this level included no direct training of farmers in

crop production.

e T2: A subset of production groups receiving T'1 treatment was selected at random
for horticulture-specific agronomic training (primarily high value vegetable crops),
delivered directly to farmers through their associated group. This was supported
by a network of private-sector sales and service agents trained by the project who
provided ongoing extension services without charge to purchasers of productive

agricultural inputs.

A smaller subset of households receiving T'1 and T2 treatment—those with pregnant
women, mothers of children under 5, and women of childbearing age—were additionally
invited to participate in mother’s groups receiving nutrition counseling according to the
Essential Nutrition Actions framework. This promoted good practices for hygiene and
sanitation; nutrition during pregnancy and lactation; breastfeeding and complementary
feeding; nutritional care of sick children; and prevention of vitamin, iron, and iodine
deficiencies (2). This training was not expected to have a significant effect on household
dietary patterns or household dietary diversity. We tested this assumption using Wald
tests on a range of longitudinal models, including all those examined in this study, and

found no significant effects of this additional training. The 100 surveyed households who
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had received this intervention are therefore not considered separately in the analysis

presented in this study.

DATA COLLECTION

Data for this study are from two sources: a baseline survey conducted by project staft for
project monitoring and evaluation purposes and a follow-up survey conducted specifically
for this study. The baseline survey was conducted in June 2014, before commencement of
field intervention, after project intervention areas had been selected and households had
consented to participate.! The same households interviewed at baseline were approached
for the follow-up study, which was conducted in June 2016, six months after project
completion. In each household, where possible, the woman decision-maker surveyed at
baseline (generally de facto head of household or spouse of head of household) was
approached for the follow-up survey. At both time periods, interviews were conducted in
the local language at the home of the participants by trained enumerators native to the
survey areas. Verbal informed consent was obtained in all cases. Both survey

questionnaires, in both English and Nepali languages, are included in Appendix I.

Baseline questions investigated household-level socioeconomic characteristics; existing
cultivation and marketing practices; income and wealth; dietary diversity; and knowledge,
attitudes, and practices around nutrition, WASH, and agricultural technologies and
practices. The baseline survey questionnaire was developed by an external consultant
hired by iDE to conduct an evaluation of the project, under guidance from the project
monitoring and evaluation staff. Survey data collection was performed by 20 enumerators
hired by the project and trained and supervised by the consultant. One enumerator was

assigned to each of 20 treatment clusters and its matched control cluster.

!'The project formally began in October, 2013, but project activities, including baseline data collection, were
delayed until 2014 as a result of the United States Budget Control Act of 2011 and subsequent budget
sequestration. Delayed initial payments by USAID, a 17% reduction in allocated funds, and a need for
reconfiguration of the budget and project implementation plan all contributed to the delay. Data were collected
before the beginning of any of the intervention activities.



The follow-up survey questionnaire was developed for this study, informed by the results
of the baseline survey and by qualitative data collected during field visits to project sites in
2014. In addition to baseline indicators, the survey included questions about market
access, production, sales, purchase, and consumption of foods and crops. This survey was
conducted by 14 experienced enumerators hired for the study, following a 3-day training
session, pilot field testing, revision, and retesting. These 14 surveyed the same 20
treatment and matched control areas as at baseline, with six each surveying two
treatment/ control pairs. The instrument, revisions, and translations were approved by

the Tufts Social, Behavioral, and Educational Research IRB.

Sampling

Data collection at project baseline followed a randomized clustered sampling scheme,
with cluster serving as the primary sampling unit. Ward boundaries served as geographic
limitations for sample clusters, and 20 wards were selected at random from those areas
scheduled to receive the intervention. A sampling frame of enrolled project participants in
each cluster was ranked using the RAND() function in MS Excel and stratified to ensure
that the sample included an adequate number of respondents, with a minimum of 15 per

cluster.

For each of the 20 intervention clusters, a control cluster was selected from an adjoining
VDC eligible for but not receiving intervention. These clusters were selected purposively
to match basic characteristics (agro-ecological zone and population density). The control
sampling frame was developed from a census of households in the identified wards in
consultation with local government officials and stakeholders to identify those with land

holdings under 0.5 ha.

At baseline, these households were slated to be true controls and receive no intervention.
Following the start of the intervention, however, additional intervention grants were
awarded to 1DE to support market development activities in the same districts, one
beginning in 2014 and another in 2015. The areas selected as controls for this study were

then adopted as intervention areas for these two new projects. The new projects followed
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the T'1 methodology to establish produce collection centers to improve market access in
the areas previously designated as control. Longitudinal analysis in this study therefore
describes the effect on our outcomes of interest of agricultural production (12) plus

market access interventions (T'1), compared to market access interventions (T'1) only.

Baseline sample:

n=744
\ 4
Assignment , ) .
Assigned to control: Assigned to T1 Assigned to T1+T2:
n=292 only: n=380
n=72
Follow-Up
Lost to follow-up: Lost to follow-up: Lost to follow-up:
n=15 (5.1%) n=5 (6.9%) (7.6%)
Treatment )
Received T1: Received T14T2:
n=344 n=351
Analysis T1in final analysis: T14T2in final
n=339 analysis: n=344
Excluded (missing Excluded (missing
data): n=5 data): n=6

Figure I: Flow of study participants for longitudinal analysis

The sample of households surveyed for longitudinal analysis is outlined in Figure 1. The

baseline sample included 744 households. Of these, 380 households were slated to receive

the T2 intervention. All households including controls eventually received T'1

intervention regardless of their initial assignment to treatment. The 744 households

interviewed at baseline were approached for follow-up two years later, with both surveys

conducted during the pre-monsoon period in the month of June (2014 and 2016). Of
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these, 695 were interviewed at both time periods; 6.6% of households dropped out or did
not consent to participate in the follow-up survey. The sample was tested for differential
exclusion, and no significant differences were observed. Only the 695 households

interviewed at both time periods were considered for longitudinal analysis.

At the time of the follow-up survey, an additional 45 households were interviewed
according to a replacement strategy. When a member of a given household was not
available or did not consent, an immediate neighbor from the same village was
approached and surveyed if they matched basic criteria (smallholder farmer who had
participated in the intervention, if located in a treatment cluster, or had not done so, if
located in a control cluster). Observations from all 740 households interviewed at follow-
up are used only for cross-sectional analysis. Of these 740 households, 199 included
anthropometric measurements of an index child between 6 and 59 months and also
dietary recall information for that child; data from these households are used for analysis

of anthropometric outcomes.

Dietary data

Dietary data were collected in the form of 24-hour recall by the primary food preparer of
all foods eaten in the home in the previous non-festival day, then classified by the survey
enumerator according to food groups of nutritional relevance that can be used to
construct standard dietary diversity scores. At baseline, foods eaten by the household were
classified into twelve categories for construction of the HDDS, and only these categories
and number of eating occasions were recorded. No individual consumption data were
collected at baseline. At follow-up, dietary data were collected for the household as at
baseline, and an additional count of foods eaten by the mother and by an index child in
the household was collected. Categories at follow-up were further disaggregated to enable
construction of individual scores (IYCF-MDD and MDD-W) in addition to the HDDS,
distinguishing vitamin-A-rich fruits, vitamin-A-rich vegetables, and green leafy vegetables,

among other foods.
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For analysis in each aim, some foods were excluded because they were consumed by 95%
or more of households, and factor analysis using highly skewed data may result in undue
weight placed on those variables in construction of factors. Cereals and vegetables were
excluded from all factor analysis for this reason, and oils and fats were additionally
excluded in cross-sectional analysis for aims 1 and 2, because more than 95% of
households reported consuming them in the follow-up survey (although consumption of

oils/fats was lower at baseline).
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ABSTRACT

Background: Dietary patterns are strongly predictive of risks for a range of negative
health outcomes, including cardiovascular disease, diabetes, metabolic syndrome,
cancers, and a range of plasma biomarkers. Dietary diversity is commonly used as an
indicator of both diet quality and food access in low-income countries.

Objective: This study examines the association between dietary patterns and diversity of
diets of individuals and the households in which they live in Nepal, to determine whether
and how pattern analysis adds value to our understanding of diet quality.

Methods: We employ data from a market intervention site in far-western Nepal, assessing
dietary patterns among 735 households, 722 women, and 235 index children 6 to 59
months of age. We use logistic regression to determine household and individual variables
associated with the patterns. We then examine the endogenously derived patterns against
exogenously defined dietary diversity scores, which are known indicators of diet quality.

Results: Two clear dietary patterns emerge from the data that are consistent among
households and individuals. Wealth, agricultural production diversity, and ethnicity are
significantly associated with patterns both at the household level and among women. The
relationship of the patterns to household dietary diversity score is strong. Household
consumption strongly predicts women’s diet and has a weaker, but significant, association
with children’s diet. When compared to the individual minimum dietary diversity
indicators, women’s and children’s patterns identify a smaller set of individuals who are

significantly more likely to consume a range of micronutrient-rich foods.

Conclusions: The identified dietary patterns convey additional information about dietary
habits and diet quality beyond diversity scores. Analysis of dietary patterns, in addition to
counting food groups, may offer useful additional information to guide diet-related

interventions in low-income countries.
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BACKGROUND AND SIGNIFICANCE

Definitions of diet quality based on nutritional requirements for human health broadly
acknowledge that a high-quality diet should provide a balance of nutrients protective
against all forms of malnutrition and non-communicable diseases (1). Defining a globally
standardized measure to inform public policy is a challenging enterprise, however, as
people tend to consume foods in combinations influenced heavily by habit, preference,
cost, and cultural practice, and nutrients and foods in combination may interact in ways
that render it difficult or impossible to separate out specific effects on health and
nutrition—for instance, to distinguish the effects of whole-grain consumption from the
lower consumption of red meats and higher consumption of vegetables that tend to

accompany it (2,3).

Dietary patterns have been used as predictors or indicators of diet quality in
epidemiological studies since the 1980s, when researchers first began to observe a
consistent relationship between dietary patterns derived from factor analysis, nutritional
outcomes, and nutritional biomarkers (4). Decades of research have since shown that
empirically derived dietary patterns have substantial power to predict risk for health
outcomes, including cardiovascular disease, diabetes, metabolic syndrome, cancers, and a

range of plasma biomarkers (2,5-7).

Dietary diversity scores, which are simple indexes that describe the variety of foods
consumed by an individual or household, are commonly used as indicators of both diet
quality and food access in low-income countries. Measured through surveys of recent
dietary intake, with foods categorized into groups based on predetermined criteria
irrespective of the consumption habits of a population, different diversity indices have
been shown to correlate with intake of nutrients at both the household (energy) and
individual (micronutrient) levels (§—10). Composing an index of diet quality involves
many choices including number of items (components) to include, their respective cut-off

values to define optimal diet, and scoring criteria (11).



The Household Dietary Diversity Score (HDDS) has been seen to correlate with average
per-capita energy availability for a household, but not with individual nutritional status
(10). A 2015 review describes its value in approximating household energy intake but,
despite its widespread field use as an indicator of a high-quality diet, suggests caution in
applying it to this purpose (12). A 2016 study suggests more critically that the HDDS is
should not be used as a scale to compare populations exhibiting different dietary patterns
and identified key “negative” food groups in each population studied that when
consumed actually indicated lower food access by that household (13). The Women’s
Dietary Diversity Score (WDDS) and related Minimum Dietary Diversity Score for
Women (MDD-W) are used as proxies for micronutrient adequacy of the diet (14,15) and
have been shown to be associated with the nutritional status of individual women (16—18).
The infant and young child feeding minimum dietary diversity score (IYCF MDD) has

been validated as a proxy for micronutrient adequacy in children age 6 to 24 months (15).

The purpose of the present study is to determine whether dietary pattern analysis
employing exploratory factor analysis (EFA) can bring value to our understanding of diet
quality by examining the association between patterns and diversity in diets of individuals
and the households in which they live. We employ data from a market intervention site in
far-western Nepal, assessing dietary patterns among 735 households, 722 women, and
235 index children from 6 to 59 months of age. We define binary variables to indicate
child and household adherence to each pattern and use logistic regression to analyze
likely determinants of the patterns. To test these dietary patterns against known indicators
of diet quality, we then study the relationship of the endogenously derived patterns to

exogenously defined dietary diversity measures.

METHODS

Data

From 2013 through 2015, International Development Enterprises (1IDE) implemented the
Market Access and Water Technologies for Women (MAWTW) project through the
USAID-funded Innovations for Gender Equality Program, reaching women in 10,081
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households in three districts of Nepal’s Sudurpaschim province. Interventions focused on
agricultural market development and training as well as nutrition training for women in a
subset of households. This study uses primary data collected in June 2016, six months
after project completion. The survey was administered by trained project staff who had
previously served as enumerators for project monitoring and evaluation purposes,
following additional training, piloting, revision, and retesting. The instrument, all
revisions, and translations were approved by the Tufts University Social, Behavioral, and

Educational Research IRB.

The study sample was first identified and surveyed at project baseline in 2014, based on
project-specific sampling targets. Households were randomly selected from geographically
determined treatment and matched control clusters. One enumerator surveyed both
treatment and control households in each matched cluster pair. In all, informants in 744
households gave informed consent to participate and completed the survey at project
baseline. For the present study, these baseline households were approached for follow-up;
695 were successfully surveyed at both time periods, with an additional 45 replacement
households surveyed from the same geographic clusters. Independent sample t-tests were
performed on a range of household-level characteristics prior to analysis and determined
that there were no observed significant differences with and without replacement. In these
740 households, 735 food preparers were present and consented to a 24-hour dietary
recall survey described below, and 253 households had children 6 to 59 months of age
who were present at the time of the survey. Mothers in 235 households consented to
provide dietary recall information about the diet of an index child in the previous 24
hours, and 722 female respondents consented to provide information about her own diet.
There are therefore three analytical samples: 735 households, 235 children, and 722

women.

Table 1 presents descriptive statistics of the samples of households, women, and children.
The household sample represents the largest set; the females in this sample all fall in the
“household” sample, and all children are represented within the “female” sample. The
female/maternal statistics for the “child” sample represent the child’s primary female

caregiver. Independent samples t-tests were performed on each variable to identify



significant differences between groups. For no variable did the household and female
sample differ significantly. In the much smaller sample of households with children,
household size was slightly larger (6.9 members, compared to 6.1, p<0.001), and mothers
were both younger (30 years, compared to 34, p<0.001) and overall better educated (49%
had completed a primary education, compared to 35%, p<0.05) than female respondents

or households overall.

Table |I: Summary statistics of household, female, and child samples

Household (n=735) Female (n=722) Child (n=235)
mean  sd min max mean  sd min max | mean sd min max

Wealth index 0.00 .00 -3.51 336 -0.02 .00 -3.51 336 0.00 095 -340 299
Production diversity 83 3.1 0 15 83 3.1 0 15 8.4 33 0 13
Size of HH 6.1 29 | 29 6.1 29 | 29 6.9 35 2 29
Caste/ethnicity

Dalit 174% 379 0 | 172% 377 0 | 20.0% 40.1 0 |

Janajati 429% 495 0 | 434% 496 0 | 44.3% 498 0 |

Brahmin/Chhetri 39.7% 490 0 | 395% 489 0 | 35.7% 480 O |
Time to market

Market = 60 mins 244% 430 0 | 248% 432 0 | 26.4% 442 0 |

Market 30-59 mins 279% 449 0 | 280% 449 0 | 23.8% 427 0 |

Market < 30 mins 478% 500 O | 472% 500 O | 49.8% 50.1 0 |
Hill zone 555% 497 0 | 55.0% 498 0 | 54.5% 499 0 |
Female headed HH 6.5% 247 0 | 6.7% 249 0 | 5.1% 221 0 |
Female/maternal age (years)  34.1 9.6 18 72 34.1 9.6 18 72 30.1%% 85 18 58
Female/maternal education

llliterate 127% 333 0 | 12.5% 33.1 0 | 9.4% 292 0 |

Informal/below class 5 522% 500 O | 524% 500 O | 41.7%%* 494 0 |

Class 5to 10 249% 433 0 | 25.1% 434 0 | 34.0%* 475 0 |

Class 10 or above 102% 303 0 | 10.1% 302 O | 149%* 357 0 |
Child is female 39.6% 490 O |
Child age (months) 30.2 143 6 59
HDDS 8.6 2.1 2 12 8.6 2.1 2 12 8.8 2.0 4 12
WDDS 5.8 1.9 | 10 5.9 20 2 10
MDD-W 735% 441 0 | 73.2% 444 0 |
CDDsS 5.6 1.5 | 8

Unpaired Student’s t test compares individual samples to household sample
+p<.| *p<.05 **p<0l **p<00l

The wealth index constructed for this study, based on the full household sample, follows
the DHS methodology. Agro-ecological zones in Nepal are understood to have different
patterns of asset ownership (e.g., bicycles are common in the #era: plains bordering India
and rare in the hills), so factor scores were calculated independently for the two zones and
combined into a single index. This is normally distributed and has a mean of zero and a
standard deviation of one for the largest (household) sample. Households in this sample
were relatively large (6.1 individuals) compared to a national average of 4.2 (19). Just

under half of households were within a 30-minute travel time to a market for buying and
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selling of goods. Only 6.5% of households were female-headed. Production diversity is a

measure of the number of categories of food crops and animal foods produced by a given
household in the previous 12 months. The high average production diversity in the
sample (8.2 food groups) may be attributed to multiple agricultural production and

marketing interventions active in the study area.

Dietary data were collected in the form of 24-hour recall by the primary food preparer of
all foods eaten in the home in the previous non-festival day, with additional count of
foods eaten by the mother and by the index child. The day’s food preparation and
consumption were classified by the survey enumerator according to 18 food groups of
nutritional relevance listed in Table 2. These groups were designed to allow for
construction of household, child, and maternal dietary diversity indicators: the household
dietary diversity score (HDDS), the binary infant and young child feeding minimum
dietary diversity indicator (IYCF MDD, used for children 6 to 23 months), and the binary
minimum dietary diversity indicator for women (MDD-W), which indicates women

consuming 5 or more of the aggregated food groups.

We report a raw women’s dietary diversity score (WDDS) in Table 1 in addition to the
validated MDD-W. We also use a child dietary diversity score (CDDS) for all children 6
to 59 months of age in order to preserve the full sample; this is a raw count of the food
groups used to calculate the IYCEF MDD (which is not validated for children 2 to 5 years),
plus oils and fats. In our analysis below, we use a binary child dietary diversity indicator
(GDD) with a cutoff of 4 food groups similar to the IYCF MDD but applied to the full

sample of children.



Table 2: Food groups used to compose three dietary diversity scores

39

Food Group HDDS components CDDS/IYCF-MDD  WDDS / MDD-W
components components
Cereals Cereals Grains, roots, or tubers = Grains, white roots and

Packaged grain products
White starchy tubers
Pulses, beans, legumes
Nuts or seeds

Milk, yogurt, cheese
Animal meats

Fish or mollusks

Eggs

Vitamin A-rich (orange)
fruits

Vitamin A-rich (orange)
vegetables

Dark green leafy
vegetables

Other vegetables
Other fruits

Oils and fats

Sugar, sweets, or honey
Alcohol
Other/miscellaneous

White tubers and roots
Legumes, nuts, and
seeds

Milk and milk products
Meat

Fish and other seafood
Eggs

(merged with fruits,
below)

Vegetables

Fruits
Oils/fats

Sweets

Other/misc (spices,
condiments, and
beverages)

Dietary pattern identification

Pulses, legumes, nuts

Milk and milk products
Meat, poultry, fish, or
seafood

Eggs

Vitamin A-rich plant
foods

Other fruits or
vegetables

Oils/fats (not in IYCF-
MDD)

tubers, plantains

Beans, peas, and lentils
Nuts and seeds

Dairy

Meat, poultry, and fish

Eggs
Other vitamin A-rich
fruits and vegetables

Dark green leafy
vegetables

Other vegetables
Other fruits

To determine the existence of recognizable dietary patterns, we applied exploratory

factor analysis (EFA) independently on the household and child consumption data to

construct a factor score for each dietary pattern identified in the data. EFA calculates a

single score using a linear prediction model for each observation and factor. This score

reflects adherence to a dietary pattern given the observed data: a high, positive score

shows a person adhering closely to a given dietary pattern. Patterns are not mutually

exclusive, so a high factor score does not necessarily mean a low score on another pattern.

We chose to use the two factors with an Eigenvalue (which represents the variance of a

given factor) greater than 1, following examination of a scree plot to ensure that we were

not including factors with relatively little explanatory value. We employed Varimax

rotation to minimize collinearity.
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Interpretation of a pattern is based on a threshold value for the factor loadings for each
food. Researchers commonly use a threshold in the range of 0.35 to 0.45 to indicate a
food that fits within the pattern, and we chose the higher of these thresholds. The chosen
threshold is used for identification and interpretation. A high factor loading indicates that
food’s correlation with the dietary pattern; foods with high factor loadings tend to be
eaten by the same child, woman, or household on a given day and thus represent

combinations of consumption preferences, or dietary patterns.

To construct patterns that were comparable across our three groups and fit logically with
traditional food use in Nepal, we chose to aggregate “vegetables” and “fruits” categories
separately, following the HDDS categories, and not grouping fruits and vegetables
together based on micronutrient content as is done with the individual scores. Cereals,
vegetables, and oils/fats were excluded from the analysis because more than 95% of
households consumed them, and factor analysis using highly skewed data may result in

undue weight placed on those variables.

The selected food categories and the proportion of households, women, and children

consuming them are presented in Table 3.

Table 3: Proportion of households, women, and children consuming food groups used for
construction of dietary patterns

Household Female Child

n=735 n=722 n=235
Cereals (all cereal and grain products) 100.0% 99.9% 99.2%
Vegetables (all vegetables but tubers, including cucurbits) 97.8% 92.0% 81.4%
Oils/fats (oil, butter, ghee, and other fats) 96.1% 89.9% 80.6%
Legumes (all legumes, nuts, and seeds) 94.0% 89.3% 85.2%
Tubers (roots and tubers including potatoes, taro, and radish) 79.9% 74.0% 61.6%
Dairy (milk, yogurt, cheese) 76.4% 70.6% 77.6%
Sweets (sugar, honey, and other sweets) 73.8% 67.3% 58.2%
Meat (all land animal meats including wild game) 71.2% 66.3% 57.4%
Fruit (all fruits) 61.5% 56.4% 49.4%
Eggs 48.7% 39.1% 46.8%
Other (sauces, condiments, beverages) 41.8% 38.9% 24.9%

Fish (all fish, seafood, or mollusks) 22.1% 18.7% 16.5%



Factors influencing dietary patterns

We defined binary pattern groups for each child, household, and female respondent
following the approach to simplified score construction suggested in Schulze et al. (20)
and Mishra et al. (21). For each observation, we assigned a value of 1 or -1 for each food
category that reaches the threshold of importance for each pattern (0.45 or -0.45) and a
value of 0 for categories that do not reach this threshold. (In these data, no food group
scored negatively for either identified pattern.) The values were then summed to create a
simple integer score for each observation and factor. A threshold for each integer score
was set by visually comparing the range of binary scores against the distribution of
continuous scores; for all patterns, a threshold of three food categories identified a discrete
group of observations whose distribution was distinct from the remaining group. For
example, a child eating any three out of the meat, fish, eggs, fruit, and other categories

was considered to have consumed according to the “varied” dietary pattern.

We compared these binary pattern groups against a range of variables with a known
relationship to food consumption. At the household level, this included wealth,
agricultural production diversity, ethnicity, agro-ecological zone (hills vs. teraz), market
access measured as time to market, and female head of household. For children, we
additionally considered the sex and age of the child and the mother’s age and education
level; for women we considered her age and education level. Along this vector of
variables, we compared pattern group means for children, households, and women
against the full sample using independent t-tests: the two identified patterns, both pattern
groups together, and neither pattern group. We observed sufficient differences during this
initial analysis to include each of the variables in a series of logistic regression models

predicting the odds of an observation falling into each dietary pattern group.

In checking data, we observed that data collected by a few enumerators exhibited some
anomalous patterns. While this did not hold true for the majority of the data, we chose to
account for this in our estimation. A random effects specification enables us to control for
variation among enumerators while preserving sample size in clusters with invariant

dietary pattern data, which is not possible with a fixed effects model. This specification
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requires the assumption that the independent variables not be correlated with the cluster-
specific effect on the dependent variable. We accordingly eliminated variables potentially
associated with the enumerator/geographic cluster to reduce risk of introducing bias (hills
vs. terai and time-to-market). We performed Hausman tests on each final model and failed

to reject the null hypothesis in each case, which supported the validity of this approach.

We began with bivariate logistic random effects regression of the binary dietary patterns
on each variable. Following this we regressed household-level variables, child-level
variables, and female-level variables separately on each set of patterns before regressing
the full multivariate set. We report the result of the full multivariate analysis below and
include other models as supplementary material in Appendix 1. Because prior studies
have suggested that at higher levels of income or wealth there may be a reduced effect of
production diversity on diets (22,23), we included this interaction in our preferred model.
As a point of comparison to validated indicators of diet quality, we include the same
analysis conducted with the individual dietary diversity scores for females and children. A
separate multivariate OLS analysis of the continuous factor scores compared to the
HDDS, which has no validated binary threshold, is presented as supplementary material

in Appendix 1.

Following determination of correlates of the dietary patterns, we sought to better
understand the patterns in the context of dietary diversity and quality of the household
and individual. We first examined the extent to which the patterns simply depend on
each other. Does the mother’s diet determine her child’s, for instance, and does a
household diet determine that of the individuals? We regressed each household pattern
on the related female pattern, and independently each female and household pattern on
the child pattern, controlling for the same vector of variables and also an interaction of
the variable of interest with wealth. Because an individual’s consumption depends entirely
on household consumption, our variables of interest drop out of a logistic estimation, so
we employed OLS regression with a binary dependent variable, reporting
heteroskedasticity-robust standard errors, in order to estimate effects while preserving our
full sample. We then examined in more detail where the dietary diversity scores differ

from dietary patterns by looking at the specific consumption of individuals who meet



minimum diversity standards, contrasting those who do and do not eat according to each

of the identified patterns.

RESULTS

Dietary pattern identification

The results of the three factor analyses are similar and are presented in Table 4. The
foods identified as important to the female dietary pattern are identical to those in the
household pattern, and factor loadings vary only slightly between the two. The child

patterns differ slightly but are recognizably similar.

For household, female respondent, and child, the first factor represents a dietary pattern
with a highly diverse set of foods: eggs, fish, fruit, meat, and “other,” which includes
beverages, sauces, and condiments. FFor the household and mother, tubers also reach the
threshold of importance for this factor. We choose to interpret this pattern as representing
a “varied” dietary pattern. A household, woman, or child with a high score for this factor

1s likely to eat a combination of several of these foods in a given day.

Table 4: Results of factor analysis on household, female, and child dietary data

Household Household | Female Female Child Child

factor | factor 2 factor | factor 2 factor | factor 2
Dairy 0.03 0.79 0.00 0.80 -0.05 0.74
Eggs 0.63 0.07 0.68 0.05 0.57 0.25
Fish 0.60 0.01 0.63 0.00 0.79 -0.02
Fruit 0.64 0.08 0.64 0.12 0.65 0.21
Legumes 0.09 0.51 0.18 0.50 0.13 0.37
Meat 0.58 0.07 0.62 0.11 0.47 0.36
Sweets 0.06 0.84 0.12 0.83 0.22 0.74
Tubers 0.48 0.00 0.49 0.14 0.33 0.46
Other 0.52 0.39 0.56 0.39 0.67 0.13

For all three samples, the second factor reflects a dietary pattern in which dairy and
sweets are prominent. For the household and mother, legumes are also included in this
pattern, and for the child, tubers are also included in the pattern. In all analyses, the

factor loadings for dairy and sweets are notably very high, indicating that their
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consumption has a very strong relationship to the pattern as a whole. For this reason, we
choose to label this factor as indicating a “dairy/sweets” pattern: a high score on this
factor indicates that a household, woman, or child has a high likelihood of consuming

these two foods.

We begin by comparing the binary pattern groups we identify and potential predictors
(Table 5), finding significant differences in caste/ethnicity and geographic/agro-
ecological zone for those households consuming a dairy/sweets pattern compared to the
full sample of households. Janajati households (from different non-Indo-Aryan ethnic
groups) are less likely than the full sample to consume according to this pattern, whereas
high-caste Hindu households from Brahmin and Chhetri castes are more likely to do so.
Households consuming the pattern tend to be in the Himalayan foothills agro-ecological
zone, as opposed to the lower-altitude feraz (the plains bordering India). Those consuming
according to neither pattern tend disproportionately to be of the Janajati ethnic category
and are less likely to be in the Brahmin/Chhetri castes; they tend to be in the feraz, and
they are more likely to be in female-headed households. We find nothing specific to
distinguish households consuming the “varied” pattern. Those adhering to both patterns
have significantly higher production diversity scores and also tend to have less market
access, suggesting greater dependence on own production for consumption: a larger
proportion are more than one hour’s walk or transportation to a market, and fewer are

within 30 minutes.
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Table 5: Proportion of households that follow identified dietary patterns, in comparison with the
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full sample
Full HH - variea HH Both Neither
sample dairy/sweets patterns
n=735 n=484 n=472 n=342 n=121
Wealth index 0.00 -0.04 -0.03 -0.09 -0.03
Production diversity 83 8.5 8.5 8.8* 8.1
Size of HH 6.1 6.1 6.0 6.2 6.6
Ethnicity
Dalit 17.4% 18.6% 20.3% 22.2%+ 14.9%
Jandjati 42.9% 42.4% 27.8%*F* 28.7%*+* 63.6%+F*
Brahmin/Chhetri 39.7% 39.0% 51.9%++* 49.196** 2|.5%%+*
Hills 55.5% 55.6% 68.6%*+* 66.7%+F* 35.5%%+*
Female headed HH 6.5% 5.2% 5.9% 5.9% 12.4%*
Time to market
Market = 60 mins 24.4% 28.7%+ 26.3% 33.6%** 25.6%
Market 30-59 mins 27.9% 27.5% 30.3% 30.7% 28.1%
Market < 30 mins 47.8% 43.8% 43.4% 35.7%%+* 46.3%

Unpaired Student’s t test compares each pattern category against the full sample
+p<.] *p<.05 *p<0l **p<00l

Broadly, we see many similarities in associations between women’s dietary patterns and
household characteristics. The ethnic relationships seen in Table 5 hold constant in Table
6, as does the relationship to agro-ecological zones. Households in which the female
respondent consumed dairy/sweets or both patterns tend to have higher production
diversity. Households in which the woman consumes according to both patterns also have
a significantly lower wealth index score. This is both unexpected and counterintuitive, as
we would generally expect all of the food groups characterizing the patterns to be more
accessible to wealthier families. We see unexpected relationships as well with market
access (time-to-market) for women consuming the varied pattern and those consuming
both patterns: in both cases, and to a lesser degree those consuming dairy/sweets, market
access 1s inversely related to consumption, compared to the full sample. This
counterintuitive result may suggest that there is more diverse home production in areas
with weak market opportunities, that this diverse production is consumed at home rather

than sold, and that the dietary patterns reflect this home consumption.



Table 6: Average characteristics of women following identified dietary patterns
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Full female Female Female Both .
. . Neither
sample varied dairy/sweets patterns
n=722 n=412 n=402 n=273 n=181
Wealth index -0.02 -0.12+ -0.07 -0.2** 0.07
Production diversity 83 8.6 8.7+ 9. |#kk 8.2
Size of HH 6.1 6.2 6.1 6.3 6.4
Ethnicity
Dalit 17.20% 19.70% 19.70% 21.60% 12.70%
Jandjati 43.40% 42.70% 28.6%*+* 29.3%*** 56.4%**
Brahmin/Chhetri 39.50% 37.60% 51.7%*+* 49.1%** 30.9%*
Hills 55.00% 54.10% 66.2%*+* 63.4%* 44.8%*
Female headed HH 6.70% 4.60% 6.20% 4.80% 9.40%
Maternal age (years) 34.1 33.7 343 339 34.1
Maternal education
llliterate 12.50% 12.90% 10.70% 12.80% 16.00%
Informal/below class 5 52.40% 54.10% 56.00% 56.80% 47.00%
Class 5to 10 25.10% 25.00% 23.90% 24.50% 27.10%
Class 10 or above 10.10% 8.00% 9.50% 5.9%* 9.90%
Time to market
Market = 60 mins 24.80% 32.3%** 28.90% 38.8%*** 19.90%
Market 30-59 mins 28.00% 28.90% 31.60% 33.7%+ 26.50%
Market < 30 mins 47.20% 38.8%** 39.6%* 27 .59%*+* 53.60%

Unpaired Student’s t test compares each pattern category against the full sample

+p<.] *p<.05 **p<.0l ***p<.00Il

In the child sample, we see similar direction and magnitude of relationships with
ethnicity, production diversity, and market access as with the female and household

samples, but fewer comparisons reaching statistical significance (Table 7).



Table 7: Average characteristics of children and households with children who follow identified
dietary patterns

Full child Child Child Both Neither
sample varied dairy/sweets patterns
n=235 n=62 n=82 n=4] n=132
Wealth index 0.00 -0.17 -0.20 -0.27+ 0.11
Production diversity 84 9.2 89 10.2%* 83
Size of HH 6.9 6.7 6.5 6.8 72
Ethnicity
Dalit 20.0% 21.0% 15.9% 17.1% 21.2%
Jandjati 44.3% 41.9% 37.8% 41.5% 48.5%
Brahmin/Chhetri 35.7% 37.1% 46.3%* 41.5% 30.3%
Hills 54.5% 53.2% 57.3% 51.2% 52.3%
Female headed HH 5.1% 6.5% 3.7% 4.9% 5.3%
Maternal education
llliterate 9.4% 9.7% 4.9% 4.9% 10.6%
Informallbelow class 5  41.7% 37.1% 43.9% 43.9% 43.2%
Class 5 to 10 34.0% 41.9% 35.4% 43.9% 32.6%
Class 10 or above 14.9% 11.3% 15.9% 7.3% 13.6%
Time to market
Market = 60 mins 26.4% 45.2%** 36.6%+ 56.19%*+* 20.5%
Market 30-59 mins 23.8% 21.0% 20.7% 24.4% 27.3%
Market < 30 mins 49.8% 33.9%* 42.7% 19.5%*+* 52.3%
Child is female 39.6% 37.1% 35.4% 41.5% 43.9%
Age 6 to 23 months 34.0% 24.2% 28.0% 24.4% 39.4%
Age 24 to 59 months 66.0% 75.8% 72.0% 75.6% 60.6%

Unpaired Student’s t test compares each pattern category against the full sample
+p<.] *p<.05 **p<.0l ***p<.00Il

Factors Influencing Dietary Patterns

We performed a series of crude and adjusted binary logistic regressions to determine the
effect of individual factors on a household, woman, or child’s likelihood of consuming
according to a given pattern or dietary diversity score. Crude and initial adjusted models
are included as supplementary material in Appendix 1 to this paper; final models, which
include exponentiated coefficients (which should be interpreted as odds ratios) for the set
of all predictors and an interaction term for wealth and production diversity, are reported

here in Table 8 to Table 10.
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Table 8: Logistic regression models predicting household consumption of varied and dairy/sweets
household dietary patterns (n=730)

(1 (2)

Varied HH Dairy/sweets HH
Wealth index 3.81 5% 5.352%%*

(1.414) (2.232)
Production diversity 1.074 1. 151%*

(0.0508) (0.0585)
Wealth * prod. diversity 0.865%** 0.82***

(0.0348) (0.0369)
Size of HH (log) 0.893 1.476

(0.215) (0.369)

Ethnicity
Janajati (ref) - -
Dalit 0.597 2.255+
(0.284) (1.028)
Brahmin/Chhetri 0.457* 4.26 | Fw*
(0.179) (1.650)
Female headed HH 0.738 0.753

(0.284) (0.288)

Constant 2.708 0.173*
(2.161) (0.136)

Exponentiated coefficients; standard errors in parentheses
+p<.l *p<.05 *p<.0l **p<00l



Table 9: Logistic regression models predicting female respondent’s consumption of varied and
dairy/sweets female dietary patterns and the binary MDD-W (n=717)

(1)

Varied female

(2)

Dairy/sweets female

()
MDD-W

Wealth index
Production diversity
Wealth * prod. diversity
Size of HH (log)

Ethnicity
Janajati (ref)

Dalit
Brahmin/Chhetri

Female headed HH

Education
llliterate (ref)

Informal/below class 5
Class 5to 10
Class 10 or above

Age (years)

Constant

2.479%
(0.846)
1.075
(0.0534)
0.877+%x
(0.0331)
1.124
(0.275)

0.615
0.311)
0.530
(0.223)
0.495+
(0.206)

0.675
(0.231)
0.963
(0.397)
0.672
(0.323)
1.002
(0.0123)

1.241
(1.346)

2.59
(0.926)
1,202
(0.0632)
0.875%#*
(0.0350)
1.501
(0.374)

2.569*
(1.189)
5. 1225k
(2.063)
0.850
(0.330)

1305
(0.455)
1329
(0.557)
1.059
(0.538)
0.999
(0.0126)

0.0368%*
(0.0425)

1.896
(0.774)
1190
(0.0636)
091 1%
(0.0413)
1.013
(0.261)

0.753
(0.397)
1.059
(0.463)
0.373*
(0.149)

2.268*
(0.858)
2.842*
(1.287)
|.858
(0.959)
0.998
(0.0126)

0.567
(0.598)

Exponentiated coefficients; standard errors in parentheses

+p<.] *p<.05 **p<.0l

#k p< 00|
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Table 10: Logistic regression models predicting child consumption of varied and dairy/sweets
dietary patterns and a binary child dietary diversity score (CDD) using a threshold of 4 IYCF MDD
food groups for all children in the sample under 5 years (n=235)

(1) (2) 3)
Varied child  Dairy/sweets child CDD
Wealth index 1.337 0.160%* 6.668
(0.817) (0.110) (8.563)
Production diversity 1.122 1.200* 1.186
(0.108) (0.108) (0.169)
Wealth * prod. diversity 0.948 I.146+ 0.866
(0.0604) (0.0819) (0.117)
Size of HH (log) 1.184 1.258 0.295+
(0.678) (0.623) (0.218)
Ethnicity
Janajati (ref)
Dalit 0.583 1.189 0.957
(0.532) (0.866) (1.046)
Brahmin/Chhetri 1.216 2.970+ 2.031
(0.804) (1.765) (2.105)
Female head of HH 2.158 0.366 0.194
(2.289) (0.313) (0.221)
Education
llliterate (ref)
Informal/below class 5 0.539 2.002 0.582
(0.439) (1.785) (0.688)
Class 5to 10 1.170 3.152 2.392
(1.020) (2.990) (3.055)
Class 10 or above 1.148 7.245+ 1.230
(1.142) (7.614) (1.785)
Maternal age (years) 1.011 0.985 1.058
(0.0328) (0.0295) (0.0473)
Child is female 0.545 0.637 0.370
(0.247) (0.241) (0.231)
Age (months) 1.052 1112+ 1.120
(0.0749) (0.0685) (0.104)
Age’ 0.999 0.999 0.998
(0.00107) (0.000968) (0.00152)
Constant 0.0344 0.00478** 2.033
(0.0761) (0.00965) (6.061)

Exponentiated coefficients; standard errors in parentheses

+p<.| *p<.05 **p<.0l

% p< 001

For households and women, we see somewhat consistent results. Wealth is a significant

predictor of both varied and dairy/sweets patterns. Wealth does not reach significance as

a predictor of the MDD-W, but it has the same direction of association. Production
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diversity significantly predicts the dairy/sweets pattern for both household and female but
misses the level of significance as a predictor of the varied patterns, although the
magnitude of association is similar. At one standard deviation above the mean wealth
index, a household that does not engage in agricultural production is 3.8 times as likely to
consume the varied diet pattern and 5.4 times as likely to consume dairy/sweets
(p<0.001). Women in both cases are only 2.5 times as likely to consume these two
patterns at the same level of wealth (p<0.01). For each food group produced by a
household, that household or female respondent is about 1.2 times more likely to
consume dairy/sweets (for household, p<0.05; for individual, p<0.001); this relationship
between production diversity and diet also holds true for the MDD-W (p<0.01). In all
cases we see a similar effect of the interaction of production diversity and wealth; at
higher levels of wealth, production diversity plays slightly less of a role in determining
consumption of the dietary patterns (reducing the effect by about 10% for each additional
food group produced). This association holds also for the MDD-W and backs up similar
findings in other studies (e.g., 22,23).

We see virtually no significant predictors of the child patterns, with one notable
exception. In general, households and mothers who are wealthier and have a higher level
of production diversity are more likely to eat dairy/sweets, but wealth unexpectedly has a
negative association for children (p<0.01): higher wealth is associated with lower
probability of a child eating according to the dairy/sweets pattern. This is unexpected
and suggests no ready explanation. To test whether this change in direction of association
was due to the smaller sample size of households with children, we repeated the
household-level analysis with the smaller (child) sample; the direction, magnitude, and
significance of effects did not vary greatly from the analysis done with the larger sample,
which tells us that this difference is an effect of the children’s diets as distinct from the

household diets. We present these results as supplementary material in Appendix 1.
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Table | 1: Bivariate OLS regression models predicting individual female and child dietary patterns
from dietary patterns of the household and female respondent

(1) 2) @3) (4) (5) (6)
Varied  Varied  Varied Dairy/sweets  Dairy/sweets  Dairy/sweets
female  child child female child child
n=707  n=235 n=235 n=707 n=235 n=235

Varied HH pattern 0.86%#k .52+
(0.04) (0.09)

Varied HH * Wealth index -0.07%  -0.09+
(0.03) (0.05)

Dairy/sweets HH pattern 0.87%%+* 0.5 |+

(0.02) (0.07)
Dairy/sweets HH * Wealth index -0.01 -0.01
(0.03) (0.09)
Varied female pattern 0.57%+*
(0.08)
Varied female * Wealth index -0.09+
(0.06)
Dairy/sweets female pattern 0.5 |+
(0.06)
Dairy/sweets female * Wealth index -0.15%
(0.07)

Wealth index -0.02 -0.01 0.01 -0.01 -0.189+ -0.1
(0.05) (0.12) (0.10) (0.04) (0.10) (0.09)

Wealth index * Prod. diversity 0.00 0.00 0.00 0.00 0.0l 0.0l
(0.01) (0.01) (0.01) - (0.01) (0.01)

Production diversity 0.00 0.02 0.02 0.00 0.02* 0.02*
(0.01) (0.02) (0.01) - (0.01) (0.01)

Ethnicity

Janajati (ref) - - - - - -

Dalit 0.02 -0.09 -0.08 -0.02 -0.16%* -0.09
(0.04) 0.11) (0.09) (0.03) (0.08) (0.08)

Brahmin/Chhetri -0.01 0.03 0.04 0.00 0.00 0.07
(0.05) (0.08) (0.07) (0.03) (0.07) (0.07)

Size of HH (log) 0.03 0.05 0.04 0.01 -0.01 -0.04
(0.02) (0.06) (0.05) (0.02) (0.07) (0.07)

Female head of HH -0.06 0.12 0.20% 0.0l -0.08 -0.09
(0.06) 0.11) (0.05) (0.04) (0.13) (0.12)

Female’s education

llliterate (ref) - - - - - -

Informal/below class 5 0.02 0.11 0.02 0.07* 0.218* 0.04
(0.07) (0.16) (0.10) (0.03) 0.11) (0.10)

Class 5to 10 0.04 0.15 0.07 0.09* 0.24* 0.04
(0.08) (0.16) (0.10) (0.04) (0.12) (0.12)

Class 10 or above -0.09 -0.01 0.06 0.06 0.23+ 0.01
(0.10) (0.22) (0.13) (0.05) (0.13) (0.13)

Maternal age (years) 0.00 0.00 0.00 0.00+ 0.00 0.00
Child is female -0.04 -0.08+ -0.08 -0.07
(0.06) (0.05) (0.06) (0.06)
Child age (months) 0.02+ 0.0151+ 0.01 0.01+
(0.01) (0.01) (0.01) (0.01)

Child age? 0.00 -0.00+ 0.00 -0.00+

Constant -0.14 -0.56+  -0.40+ -0.18%* -0.37 -0.07
0.11) 0.31) 0.21) (0.08) (0.26) (0.25)

Observations 717 234 234 717 234 234

Number of cluster 14 14 14 14 14 14

Standard errors in parentheses; robust standard errors

*E p<0.001, ** p<0.01, * p<0.05, + p<0.1
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We sought to understand the extent to which household consumption determines, or not,
each individual’s dietary patterns as well as the extent to which the mother’s diet is
associated with that of her child (see Table 11). Each dietary pattern tested as an
explanatory variable was the best predictor of the dependent variable pattern in each
model. Notably, the household pattern is strongly predictive of the female respondent
pattern, all else equal. Each child’s pattern is less well predicted by the household’s and

mother’s patterns, although the association 1s still strong.

Holding constant household patterns, we see few other variables emerge as having
consistent, significant relationship with individual patterns. Maternal education seems to
have a small positive association with individual consumption of dairy/sweets (mother
and child), although this misses 95% significance for post-secondary education. The effect
of education in households that consume dairy and sweets is stronger on children than on
mothers, and the effect disappears when controlling for the maternal pattern. In other
words, in a household in which the dairy/sweets pattern is consumed, a child of an
educated mother is more likely to be fed these foods, but this effect is not seen

independent of the mother’s own diet.

Dietary patterns and diet quality

Both identified dietary patterns, for households and for individuals, represent
consumption that is inherently more diverse than the diets of those not consuming either
pattern, and each of these patterns may be interpreted as reflecting a different aspect of a
diverse diet. In one case we see households and individuals consuming a varied
assortment, including some animal-source foods (meat, fish, eggs) and some high-value,
non-animal foods (fruit, other). In the other case, we see consumption of dairy and sugar

in combination with either legumes (for households/women) or tubers (for children).

To understand better the relationships between these patterns and diet quality, we
examined them in the context of three validated dietary diversity scores that reflect
aspects of dietary access and quality for households and individuals. We first sought to

understand the relationships among the three dietary diversity scores in our study
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population. Table 12 shows a Spearman correlation coefficient matrix of each of these
scores: the HDDS (1 to 12 food groups consumed by a household, equivalent to the food
groups used in our study here), the binary MDD-W (scored 1 if consuming 5 or more
food groups identified in table 2, 0 if not), and the binary IYCF MDD (scored 1 if
consuming 4 or more food groups identified in table 2, 0 if not). We also include here a
binary CDD equivalent to the IYCF MDD but calculated for the full sample of children 6
to 59 months. This is not validated as a measure of micronutrient adequacy for children

above 2 years of age, but it provides a useful point of comparison in this analysis.

The number of observations reflected here and in Table 13 and Table 14 is the minimum
analytical sample for each comparison; thus, for the IYCF MDD scores, we see
correlations only for those 80 children under 2 years of age in comparison to their

mothers and the households in which they live.

Table 12: Pairwise Spearman correlation coefficients for dietary diversity scores

HDDS MDD-W_ CDD I1YCF MDD

HDDS (n=735) |
MDD-W (n=722)  0.58 [

CDD (n=235) 0.16 029 [

IYCF MDD (n=80) 0.09 0.9 [ [

The lack of correlation among these scores is striking. While the household dietary
diversity score is moderately strongly predictive of the woman’s consumption (r=0.58),
the correlation of child’s score to mother’s or household score is low to negligible; this is
true both for the larger sample of children under 5 (CDD) as for the smaller sample of
children under 2 (IYCF MDD) (for correlations with CDD, r=0.29 for the mother’s score
and r=0.16 for the household score; for IYCF MDD, r=0.29 for the mother’s score and
r=0.09 for the household score). The composition of the scores is of course very different
(see Table 2, above), which may indicate an important reason for the lack of correlation.
Nonetheless, one take-away is that in this population there 1s effectively no relationship
between a household’s ability to satisfy its energy requirements (HDDS) and a child’s

satisfaction of its micronutrient requirements (IYCF MDD). Whether or not a mother is
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meeting her own micronutrient needs (MDD-W) also seems to bear little association to

whether her child is doing so (IYCF MDD).

Examining these relationships in more detail as a matrix of Spearman correlation
coeflicients, we see (Table 13) that the HDDS is moderately to strongly correlated with
each of the dietary pattern groups (r=0.41 to 0.74), with only the dairy/sweets child
pattern falling below a coefficient of 0.5 (r=0.41). The relatively high correlations are not
surprising; as noted above, our dietary patterns reflect different aspects of dietary
diversity, and each of these groups is defined by consumption of three or more food
groups, in addition to the foods (cereals, vegetables, oils and fats) consumed by virtually
every household. The varied patterns have a stronger relationship to household dietary
diversity (r=0.69 to 0.74) than the dairy/sweets patterns (r=0.41 to 0.56). Each of these
associations 1s somewhat less strong for the female respondent’s MDD-W score (r=0.37 to
0.58 for the varied pattern; r=0.20 to 0.39 for the dairy/sweets pattern), and quite low for
the IYCF MDD (r=0.06 to 0.24 for the varied pattern; r=0.04 to 0.29 for the

dairy/sweets pattern).

Table 13: Pairwise Spearman correlation coefficients for dietary diversity scores and binary dietary
pattern group variables

. . . Dairy/ Dairy/ Dairy/

HDDS MDD-W IYCF  Varied Varied Va.rled sweets sweets sweets
MDD HH female child .

HH female child

Varied HH 0.74 0.52 0.19 I

Varied female 0.68 0.58 0.06 0.83 I

Varied child 0.69 0.37 0.24 051 0.6l I

Dairy/sweets HH 0.56 0.33 0.04 0.19 0.18 0.19 I

Dairy/sweets female  0.52 0.39 0.14 0.16 0.25 0.30 0.85 I
Dairy/sweets child 0.41 0.20 0.29 0.14 0.20 0.40 0.47 0.53

We do not observe the same low correlation between children’s and household’s/
mother’s dietary patterns as we do dietary diversity scores. The household pattern in each
case 1s strongly associated with the woman’s pattern (r=0.83 for the varied pattern;
r=0.85 for the dairy/sweets pattern). Both household and woman’s pattern are
moderately associated with the child’s pattern, and in both cases the woman’s pattern

seems to be more closely aligned with the child (for the household: r=0.51 for varied and



r=0.47 for dairy/sweets; for the woman’s: r=0.61 for varied and 0.53 for dairy/sweets).
Consumption of the dairy/sweets pattern by households and women is not strongly
correlated with consumption of the equivalent varied pattern (r=0.19 and 0.25,

respectively); for children, the correlation between groups is stronger (r=0.40).

Next, we determined the extent to which individuals who consume each pattern meet
these minimum diversity standards. The cross-tabulation in Table 14 indicates that
78.6% of women behave as expected, with 54.6% of women achieving a minimum
diversity score and consuming the varied pattern, and 24.0% of women in neither
category. Virtually all of those remaining (19.0%) meet a minimum standard but do not
meet the threshold of our varied dietary pattern. Only a handful (2.4% of the total
sample) are consuming the varied diet without reaching minimum diversity (i.e.,

consuming from this diverse set of foods without consuming typical staples).

We should not expect pure correspondence between the diversity scores and dietary
patterns, as the food groups selected for the MDD-W and IYCF MDD were defined by
micronutrient density, while the food groups identified by the HDDS and used to
generate our scores instead reflect more customary divisions and may indicate aspects of
macronutrient composition. A balance of macronutrients that includes high-quality
proteins is essential to human development and long-term health, however, and so it is
interesting to note that we find a category of women (19% of the sample) reaching the
diversity threshold of the MDD-W without consuming a variety of foods from the flesh

foods, eggs, and fruit categories.

Table 14: Cross-tabulation of women meeting the minimum dietary diversity standard against
women consuming according to the varied pattern (n=722; X2 = 240.6). Figures in shaded boxes
represent expected correspondence between a varied dietary pattern and minimum dietary
diversity.

% of
MDD-W Not varied % of sample Varied % ofsample Total sample
Does not meet minimum 173 24.0% 18 2.4% 191 26.4%
Meets minimum 137 19.0% 394 54.6% 531 73.6%

Total 246 43.0% 476 57.0% 722 100%
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We see a similar pattern among women achieving minimum diversity and consuming
according to the dairy/sweets pattern, although with only 69.7% correspondence (Table
15). We see a slight increase in both non-corresponding categories, with 24.1% of our
sample achieving minimum diversity without eating according to the pattern, and 6.2%
of our sample eating dairy and sweets while not achieving the minimum diversity

threshold.

Table 15: Cross-tabulation of women meeting the minimum dietary diversity standard against
women consuming according to the dairy/sweet pattern (n=722; X2 = 108.6; p<0.001). Figures in
shaded boxes represent expected correspondence between a dairy/sweets dietary pattern and
minimum dietary diversity.

Not dairy/ Dairy/ % of
MDD-W sweets % of sample sweets % of sample Total sample
Does not meet minimum | 146 20.2% 45 6.2% 191 26.4%
Meets minimum 174 24.1% 357 49.5% 531 73.6%
Total 320 44.3% 476 55.7% 722 100%

The smaller group of children under 24 months of age shows a very different relationship
between the validated [YCF MDD dietary diversity score and our dietary patterns (see
Table 16 and Table 17). All children following one of the identified patterns has achieved
minimum dietary diversity. In both cases, however, more than half of the sample has
achieved the minimum diversity score without consuming the dietary pattern. This again
raises the question: for those children eating a minimally diverse diet, what foods are

distinguishing those consuming the dietary patterns from those who do not?

Table 16: Cross-tabulation of children meeting the minimum dietary diversity standard against
children consuming according to the varied pattern (n=80; X2=4.5; p<0.05). Figures in shaded
boxes represent expected correspondence between a varied dietary pattern and minimum dietary
diversity.

% of
IYCF MDD Not varied % of sample Varied % ofsample Total sample
Does not meet minimum | |1 13.8% 0 0% Il 13.8%
Meets minimum 48 60.0% 21 26.2% 69 86.2%

Total 59 73.8% 21 26.2% 80 100%



Table 17: Cross-tabulation of children meeting the minimum dietary diversity standard against
children consuming according to the dairy/sweets pattern (n=80; X2=6.8; P<0.01). Figures in
shaded boxes represent expected correspondence between a dairylsweets dietary pattern and
minimum dietary diversity.

Not dairy/ % of Dairy/ % of % of
IYCF MDD sweets sample sweets sample Total sample
Does not meet minimum | 11 13.8% 0 0% I 13.8%
Meets minimum 41 51.2% 28 35.0% 69 86.2%
Total 52 65.0% 28 35.0% 80 100%

Figure 1 through Figure 4 explore consumption by individuals whose dietary intake meets
minimum dietary diversity standards (MDD-W and IYCF MDD). The categories in each
case are ordered by overall lowest to highest frequency of consumption for each
population. Several foods stand out as valuable to consumers of each dietary pattern
among those reaching the minimum diversity threshold. Despite the emphasis in both the
MDD-W and IYCF MDD categories on vitamin A-rich foods, for instance, there are
significant differences in orange fruit and vegetable consumption among those meeting
these standards when comparing those consuming and not consuming each pattern. In
other words, when considered in conjunction with dietary diversity scores, these patterns
may contribute additional information about the consumption of foods rich in vitamin A

precursors by this population.

Women who meet the MDD-W and infants who meet the IYCF MDD but do not
consume a varied pattern are significantly less likely to be consuming a wide range of
foods, many of them nutrient-dense and integral to what we would typically consider a
diverse diet: fish, nuts, all fruits and vegetables other than greens, eggs, tubers, sugar and
sweets, and meat and flesh foods. In addition, women eating the varied pattern are more
likely to be consuming oils and fats, and children are more likely to be consuming dairy,
although neither of these food categories characterizes the varied pattern. With the
exception of sugar or sweets, the varied pattern for these women and children seems to
indicate what most would consider a higher-quality diet even among those meeting the

minimum standard (Figure 1 and Figure 2).
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Figure I: Differences in consumption among females reaching MDD-W threshold, contrasting
individuals not consuming varied pattern (n=137) with individuals consuming varied pattern
(n=394)
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Figure 2: Differences in consumption among children <2 reaching IYCF MDD threshold,
contrasting individuals not consuming varied pattern (n=48) with individuals consuming varied
pattern (n=21)

Among women and children meeting the minimum standards but not consuming the

dairy/sweets diet (Figure 3 and Figure 4), there is significantly lower consumption of dairy
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and sugar or sweets, but also fish, nuts, orange fruits and vegetables, and tubers. Women
in this category are less likely to consume green leafy vegetables, oils and fats, and
legumes; children are less likely to be consuming eggs. The relationship to diet quality
here—beyond simple diversity—seems less clear than with the more varied pattern. By
far the largest gaps for women appear to be dairy and sugar or sweets, and for children
there are also large gaps in tuber and egg consumption, in addition to the already
observed difference in vitamin A-rich fruit and vegetable consumption common to all
patterns. It is interesting to observe that MDDW and IYCF MDD are validated proxies
for micronutrient adequacy of individuals, and the food groups that define them include
vitamin A-rich fruits and vegetables, but in this population, the dietary patterns are better
at identifying consumption of these groups by both women and children—despite not

being defined by these food groups.
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Figure 3: Differences in consumption among females reaching MDD-W threshold, contrasting
individuals not consuming dairy/sweets pattern (n=174) with individuals consuming dairy/sweets
pattern (n=357)
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Figure 4: Differences in consumption among children <2 reaching IlYCF MDD threshold,
contrasting individuals not consuming dairy/sweets pattern (n=41) with individuals consuming
dairylsweets pattern (n=28)

DISCUSSION

Decades of research have shown a relationship between endogenously derived dietary
patterns and risk of a range of negative health outcomes, yet they remain relatively little
used in low-income countries. In these environments, pre-defined dietary diversity scores
are instead used as indicators of diet quality, in the form of caloric access or micronutrient
adequacy. While each seeks to answer distinct questions, the different approaches may
use similar or even identical dietary consumption data. In this paper we use a cross-
sectional data set from Nepal to tease apart the associations between dietary patterns and
diversity scores and to determine whether and how pattern analysis may add value to our

understanding of what diet quality looks like in this population.

We identify two dietary patterns that are clear, consistent, and common to our samples of
households, women, and children: a varied dietary pattern rich in high-value foods
including meat, eggs, fish, and fruit, and a pattern that includes dairy and sweets
alongside either legumes (for women and households) or tubers (for children). The food

categories in these patterns are mutually exclusive and exhaustive, and each pattern



represents a component of dietary diversity greater than the simple diet of cereals,

vegetables, and oils/fats that is common to all but a handful of households.

As expected, wealth appears to be the most consistent predictor of both women’s and
household dietary patterns, with significance across a range of outcomes and samples.
With an increase in one standard deviation of wealth score, a household is five times
more likely to consume either of our identified dietary patterns. A woman responding to
the survey was more than twice as likely to eat foods in these patterns given the same
variation in wealth. Interaction terms tell us that at higher levels of wealth, production
diversity plays less of a role in determining dietary choices. This observation supports the
findings of a recent nationally representative study in Nepal that found that the link
between production diversity and dietary diversity is limited to the poorest wealth
quintiles and concludes that market purchases may displace own-farm production for

wealthier households (23).

We observe a different relationship of wealth to children’s diets, or feeding practices,
compared to their mothers and the household as a whole. Wealth appears to have no
effect on a child’s consumption of foods following the varied dietary pattern, which may
indicate that cultural practices not examined here play a more significant role than wealth
on feeding of these foods; it may also suggest a need to consider other interactions not

examined here.

Even more unexpectedly, higher wealth appears to have a significantly negative
relationship to consumption of the dairy/sweets pattern. An explanation for this last result
becomes evident with a closer look at construction of the dependent variables. Each
dairy/sweets pattern includes an additional food group, not as closely correlated as dairy
and sweets in the factor analysis that identified the patterns, yet instrumental in deriving
the binary scores used in analysis. For children, the dairy/sweets group includes tubers;
for adults, legumes. On average, families in this data set that feed tubers to their children
are poorer than others: a paired t-test on the wealth score, comparing children who eat
and do not eat tubers, shows a 0.46 standard deviation difference in scores (p<0.001).

Two dietary habits in Nepal may suggest explanations for this unexpected association.
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Taro root, consumed in parts of western Nepal, is a low-prestige food, and there may be a
cultural bias against feeding it to children if the family can afford “better” foods. Potato is
common throughout the country as a component of vegetable curries and does not bear
the same stigma; potato is also commonly served to children as a snack food, and here we
may be witnessing substitution of potato in children’s diets with commercial snack foods
among less-poor households. This data set lacks the data needed to test this hypothesis. If
we construct a new dairy/sweets variable for children to match the construction of the
variables reflecting household and female patterns, the direction of association changes,
and the wealth variable ceases to be a significant predictor of child diets. The dietary

pattern groups are thus clearly sensitive to the composition of their components.

We might expect that a diverse diet would be associated with access to markets, as a
typical assumption would be that improved market access would lead to greater ability to
purchase and consume the foods in these patterns. In our initial bivariate analysis,
however (tables 6-8), we see the opposite: that the households and individuals consuming
the varied pattern—and even more so those consuming both patterns (indicating a highly
diverse diet)—tend to be those who live more than an hour from a market for buying and
selling produce. This relationship is consistent and may suggest that households with less
market access have more diverse production systems used for home consumption. We
find in our data that households located one hour or more from a market do produce
significantly more varieties of foods (10.9 vs. 8.2 foods; p<0.001). In the full analysis,
unfortunately, when including random effects adjustments to control for enumerator

effects, we cannot explore this question in greater depth.

In our discussion of diet quality to this point, we have intentionally avoided qualitative
statements about specific foods and food groups that may be more and less desirable in a
person’s diet, in part because there is no global standard definition of what constitutes
quality in a diet (1). On balance, however, we have seen consistently since Bennett’s first
observations in the 1930s that at lower incomes, the poor prioritize consumption of
sufficient calories in the form of starchy staple foods; as income increases, they tend to
purchase non-staple plant foods (e.g. lentils and vegetables), and at higher incomes,

animal-source foods (24). Thus higher dietary diversity, associated with higher wealth or
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income levels, has long been thought to correspond to a higher-quality diet (24). Dietary

transitions leading to increasing rates of overweight and chronic disease in many low-
income countries suggests that this relationship is not so straightforward, of course; some
foods that contribute to higher diversity—e.g., sugars, refined carbohydrates, and
saturated fats—instead increase risks to human health, making their inclusion in a metric
of diet quality appropriate for use only in vulnerable populations that lack sufficient
calories to thrive. Moreover, for decades researchers have identified that human health is
associated with dietary patterns that vary due to taste preferences; cultural habits;
religious proscriptions; and factors including age, sex, and status that affect intra-

household allocation.

In our data even from a resource-poor area in a low-income country, we find clear
patterns that suggest that such patterns exist even where Bennett’s Law might suggest the
poor face a lack of choice in consumption. Each of the identified dietary patterns for
individuals reflects a higher degree of dietary diversity than the “minimum” dietary
diversity scores. The division of this increased diversity into two patterns is itself
interesting and may indicate that different classes of households and individuals exist with
inherently different preferences. This could be due to ethnic distinctions, as we see with
the dairy/sweets patterns in our analysis, but may also include religion and other factors
not considered here. The emergence of multiple patterns may also indicate a kind of
household-level dietary transition, characterized by shifts in patterns with changes in
wealth, remittance income, or production practices. Future study examining shifts in

these patterns longitudinally might prove interesting.

Possibly chief among this study’s strengths is that the dietary patterns emerging from the
data are relatively consistent and clear, despite the limited number of food groups used to
generate them. Dietary patterns identified through this approach are dependent on the
individual data set and choice of statistical method used to derive them (see Leroy et al.
2015 for a discussion of the limitations), but in this case the consistency seems to suggest
that the observations have validity at least within the population of smallholder farmers

sampled for this study. Determining dietary patterns using the HDDS food categories is



an additional strength, as it enables easy replicability of analysis using a wide range of

existing dietary datasets in Nepal and elsewhere, including global DHS surveys.

Use of these relatively coarse consumption indicators poses limitations to the
interpretation of the dietary patterns, however. A more typical approach that begins with
a larger food frequency questionnaire or dietary recall survey—with foods categorized
prior to analysis into groups according to local usage habits—would have allowed us to
extract more information about the role of individual foods. For example, with our
existing data we cannot determine whether potatoes function as a starchy staple, a
vegetable, or a snack food in this population, which might help us to understand better

the role of wealth in determining children’s diets.

An additional limitation to the study is the small sample size of children, particularly
those under 24 months, rendering analysis with the IYCF MDD indicator relatively
uninformative. Sample size calculations were performed at inception of the project to

meet evaluation requirements and not to meet the needs of this secondary analysis.

CONCLUSIONS

Using exploratory factor analysis, we identify two dietary patterns that appear to be
consistent and common to our population and individuals within it. We study potential
determinants of these patterns and identify ethnicity, wealth, production diversity, and a
woman’s education level as being important predictors; the household pattern is an
important determinant of individual patterns, and a mother’s adoption of an dietary
pattern is a strong predictor of whether her child will follow the same pattern. When
compared to the MDD-W and I'YCF MDD dietary diversity indicators, the patterns
identify a smaller set of individuals that predominantly meet the minimum standard but

exhibit a greater degree of dietary diversity.

The existence of common dietary patterns within populations complicates definitions of a
high-quality diet, but assessment of patterns may be valuable in determining how to

approach interventions to improve diet quality. In South Asia, for example, it has become
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common for nutrition counseling to focus on animal-source foods as a category. In the
western Nepalese population studied here, however, dairy appears to be consumed with
no clear relationship to eggs and flesh foods but is consistently consumed with sugar or
sweet foods, as part of both household and individual dietary patterns. Thus, promotion
of “animal source foods” as a category may, to a Nepalese audience accustomed to eating
a certain way, inadvertently be neglecting dairy—or promoting consumption of sugar

alongside dairy.

This category of observation is not novel within the field of public health nutrition in
industrialized nations, where dietary patterns are a common tool used to assess how
people eat and guide recommendations. But we also find that dietary patterns such as
these may also be useful in identifying populations at risk of nutritional gaps that may not
be observed with simple dietary diversity indicators. For example, we see that among
individuals meeting standard minimum levels of dietary diversity in this population, those
not consuming a varied pattern are significantly less likely than others to be eating meat,
eggs, and orange fruits and vegetables rich in vitamin A and its precursors. While it is
outside the scope of this study to identify relationships between consumption patterns and
micronutrient deficiencies, the trends seen here may be useful to identify segments of the

population meeting minimum diversity standards yet still at increased nutritional risk.

This study leaves unaddressed questions that point a way forward for future research in
this area. It would be useful to determine whether the identified patterns are associated
with health outcomes, including anthropometry of women and children and measurable
micronutrient deficiencies. With a larger sample, an analysis that stratifies by ethnicity
might prove enlightening, and additional patterns might emerge. In addition, it would be
valuable to understand whether the patterns are stable over time in a given population,
and what forces—markets, changes in income and production, and dietary counseling—

may be able to shift households and individuals toward a higher-quality diet.
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APPENDIX 1: SUPPLEMENTARY MATERIAL

Table Al: Bivariate logistic regression models predicting household consumption of varied dietary

pattern (n=735)

(M 2 3) “) (3)
Varied HH Varied HH Varied HH Varied HH Varied HH

Ethnicity
Janajati (ref)

Dalit

Brahmin/Chhetri
Wealth index
Production diversity
Size of HH (log)
Female head of HH

Constant

0.710

(0.302)
0.84
(0.278)
1.098
(0.110)
1.097*
(0.0452)
1.022
(0.234)
0.669
(0.253)
3.086+ 2743+ 1183 2678 2.844+

(1826)  (1.560)  (0.782)  (1.850)  (1.606)

Exponentiated coefficients; standard errors in parentheses
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9% <0,001, ** p<0.01, * p<0.05, + p<0.1

Table A2: Bivariate logistic regression models predicting household consumption of dairy/sweets
dietary pattern (n=735)

0) F) B) ) B)
Dairy/sweets HH Dairy/sweets HH Dairy/sweets HH Dairy/sweets HH Dairy/sweets HH
Ethnicity
Janajati (ref) -
Dalit 3.046%*
(1.230)
Brahmin/Chhetri  8.685%**
(2.919)
Wealth index 0.896
(0.0876)
Production diversity 1.336%%*
(0.0615)
Size of HH (log) 1.625%
(0.376)
Female head of HH 0.556
(0.201)
Constant 0.826 1.983 0.145%* 0.838 2.051
(0.402) (1.010) (0.106) (0.552) (1.053)

Exponentiated coefficients; standard errors in parentheses
% p<0.001, ** p<0.01, * p<0.05, + p<0.I



Table A3: Logistic regression models predicting female consumption of varied dietary pattern (n=722)

(1) @) @) ) ) ©) @) ® ©)
Varied Varied Varied female Varied Varied Varied Varied female  Varied female Varied female
female female female female female

Wealth index 0.867 0.825+

(0.0860) (0.0939)
Production diversity 1.100* 1.102*
(0.0463) (0.0521)
Size of HH (log) 1.104 1.063
(0.254) (0.254)
Ethnicity
Janajati (ref) - -
Dalit 1.205 0.768
(0.517) (0.373)
Brahmin/Chhetri 1.259 0.799
(0.424) (0.308)
Female headed HH 0.483+ 0.441*
(0.196) (0.183)
Education
llliterate (ref) - -
Informal/below class 5 0.768 0.765
(0.246) (0.250)
Class 5to 10 1.001 0.988
(0.343) (0.383)
Class 10 or above 0.728 0.719
(0.293) (0.320)
Age (years) 0.998 0.999
(0.00963) (0.0117)

Constant 1.475 1.656 0.689 1.384 1.725 1.944 1.738 0.738 2011

(1.091) (1.182) (0.553) (1.134) (1.240) (1.498) (1.371) (0.654) (1.847)

Exponentiated coefficients; standard errors in parentheses
*ek 5<0.001, ** p<0.01, * p<0.05, + p<O0.I
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Table A4: Logistic regression models predicting female consumption of dairy/sweets dietary pattern (n=722)

(1) @) @) ) ) ®) @) ® ©)
Dairy/ sweets Dairy/ sweets Dairy/ sweets Dairy/ sweets Dairy/ sweets Dairy/ sweets Dairy/ sweets Dairy/ sweets Dairy/ sweets
female female female female female female female female female

Wealth index 0.867 0.868

(0.0824) (0.102)
Production diversity |.367+%* [.237%%%
(0.0649) (0.0631)
Size of HH (log) [.520+ 1.472
(0.343) (0.361)
Ethnicity
Janajati (ref) - -
Dalit 4.356%F* 3.003*
(1.829) (1.350)
Brahmin/Chhetri | [.]15%%% 6.697+%%
(4.004) (2.558)
Female headed HH 0.660 0.720
(0.233) (0.276)
Education
llliterate (ref) - -
Informal/below class 5 1.710+ 1.791+
(0.539) (0.577)
Class 5 to 10 1.513 1.706
(0.503) (0.640)
Class 10 or above 1.451 1.646
(0.580) (0.724)
Age (years) 1.003 1.008
(0.00939) (0.0113)

Constant 0.321 0.926 0.0510%* 0.434 0.941 0.597 0.816 0.0302%** 0.427

(0.238) (0.653) (0.0478) (0.355) (0.667) (0.448) (0.634) (0.0293) (0.381)

Exponentiated coefficients; standard errors in parentheses
*k 5<0.001, ** p<0.01, * p<0.05, + p<O0.I



Table A5: Logistic regression models predicting child consumption of varied dietary pattern (n=235)
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(M @

Varied child Varied child Varied child Varied child Varied child Varied child Varied child Varied child Varied child Varied child

3 4 )

(6)

@

®) ©)

(10)

(I

(12)

Varied child Varied child

Wealth index
Production diversity
Size of HH (log)

Ethnicity
Janajati (ref)

Dalit
Brahmin/Chhetri
Female head of HH

Education
llliterate (ref)

Informal/below class 5
Class 5 to 10
Class 10 or above
Maternal age (years)
Child is female
Age (months)
Age?

Constant

0919
(0.193)

0614
(0.500)
1.677

(0.962)

0269 0297+
©0211)

(0215)

1,184+
(0.102)
1.013
(0.488)
1.570
(1.499)
0.0647% 0290 0.288+
(0.0682)  (0.332) (0.206)

0.570
(0.408)
1.065
(0.752)
1.080
(0.860)

0348
(0.320)

0.991
(0.0250)

0391
(0.409)

0.527
(0222)
1.014
(0.0146)
0371 0.191%
(0.275) (0.161)

1.000
(0.000)
0.238+
(0.179)

0.903
(0213)
1.155
(0.107)
0936
(0.496)

0.562
(0.482)
1.299
(0.775)
1322
(1.338)

0.0918+
(0.124)

0722
(0.537)
1498
(1.190)
1.597
(1.394)
1016
(0.0309)
0.549
(0.240)
1.047
(0.0722)
0.999
(0.001)
0.0896
(0.163)

Exponentiated coefficients; standard errors in parentheses
% p<0.001, ** p<0.01, * p<0.05, + p<0.1



Table Aé: Logistic regression models predicting child consumption of dairy/sweets dietary pattern (n=235)

) @ B) 2) B) B) @ ® ) (10) (I (12)
Dairy/ Dairy/ Dairy/ sweets Dairy/ Dairy/ Dairy/ Dairy/ Dairy/ Dairy/ Dairy/ Dairy/ Dairy/
sweets child sweets child child sweets child sweets child sweets child sweets child  sweets child sweets child  sweets child sweets child  sweets child

Wealth index 0.647* 0.627*

(0.123) (0.135)
Production diversity 1.183* 1.168+
(0.0904) (0.0963)
Size of HH (log) 0.967 1.041
(0.397) (0.468)
Ethnicity
Janajati (ref)
Dalit 1.474 0.978
(0.937) (0.654)
Brahmin/Chhetri 2.914* 2.244
(1.435) (1.144)
Female head of HH 0.432 0.421
(0.332) (0.345)
Education
llliterate (ref)
Informal/below 1.264 1.740
class 5
(0.951) (1.375)
Class 5to 10 1.447 1.831
(1.102) (1.518)
Class 10 or above 2.132 2.839
(1.747) (2.523)
Maternal age (years) 0.980 0.991
(0.0206) (0.0251)
Child is female 0.658 0.661
(0.223) (0.230)
Age (months) 1.020 1.079
(0.0127) (0.0610)
Age? 1.000 0.999
(0.000) (0.000)

Constant 0.276* 0.424+ 0.0910%* 0.440 0.436 0.298 0.775 0.490 0.226* 0.309* 0.0772* 0.0940

(0.158) (0.217) (0.0800) (0.406) (0.227) (0.245) (0.628) (0.260) (0.147) (0.176) (0.0884) (0.143)

Exponentiated coefficients; standard errors in parentheses
ik H<0.001, ** p<0.01, * p<0.05, + p<0./
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Table A7: OLS regression models showing relationship of variables to Table A8: Logistic regression models predicting household
household varied and dairylsweets factor scores (continuous) and on consumption of varied and dairy/sweets dietary patterns, based on
the HDDS (n=730) sample of households with children under 5 years (n=235)
) @ 3) ) 2
Varied Dairy/sweets HDDS Varied HH Dairy/sweets HH
Factor Score  Factor Score
Wealth index 3.107+ 6.971%
Wealth index 0.42]%** 0.232%* 0.9947%%* (1.881) (5.469)
(0.0844) (0.0839) (0.163) Production diversity 1.149 1192+
Production diversity 0.0181 0.0463 0.0922%*+ (0.0987) (0.119)
(0.0128) (0.0126) (0.0248) Wealth * prod. diversity 0912 0.784**
Wealth * prod. diversity ~ -0.0437%* -0.0297** -0.1 10%#* (0.0586) (0.0671)
(0.00910) (0.00904) (0.0176) Size of HH (log) 0.603 |.207
Size of HH (log) -0.0146 0.118+ 0.146 (0.284) (0.607)
(0.0641) (0.0638) (0.124) Ethnicity
Ethnicity Janajati (ref) - -
Janajati (ref)
Dalit 1.147 1.448
Dalit -0.285* 0.376** -0.0558 (0.992) (1.240)
(0.124) (0.122) (0.240) Brahmin/Chhetri 0.690 3.928+
Brahmin/Chhetri -0.376%+* 0.50 [#** -0.0283 (0.483) (2.863)
(0.105) (0.104) (0.204) Female head of HH 0.790 1.409
Female headed HH -0.188+ -0.147 -0.529** (0.652) (1.270)
(0.104) (0.104) (0.202)
Constant 2617 0.351
Constant 0.0132 -0.913%+* 74544 (3.126) (0.447)
(0.275) (0.241) (0.563)

Exponentiated coefficients; standard errors in parentheses
*¥ p<0.001, ¥* p<0.01, * p<0.05, + p<0.I

Standard errors in parentheses; robust standard errors
% p<0.001, ¥* p<0.01, * p<0.05, + p<0.I
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ABSTRACT

Background: Dietary patterns have frequently been seen to predict risk of health outcomes
including cardiovascular disease, diabetes, metabolic syndrome, cancers, and a range of
plasma biomarkers. Use of pattern analysis in low-income countries to assess relationship
of diets to anthropometric outcomes has been limited to a handful of published studies to
date.

Objective: To determine whether identifying information about child diets through
dietary pattern analysis in a low-income setting in Nepal provides more informative
associations with child anthropometry than dietary diversity scores.

Methods: We employ a series of ordinary least squares (OLS) and logistic regressions on
both continuous anthropometric z-scores and binary nutritional status outcomes to assess
the relationships to both dietary patterns derived from a 24-hour household and
individual recall survey and dietary diversity scores constructed from the same
consumption data.

Results: Dietary pattern analysis resulted in two clear patterns. A diet characterized by
the consumption of dairy and sugary foods is consistently associated with higher weight,
lower incidence of wasting, and higher incidence of overweight in children 6 to 59
months. We see no association between any anthropometric measures and child dietary

diversity.

Conclusions: The association between an observed dietary pattern and child
anthropometry suggests that there is value in analyzing raw data beyond aggregation into
a single dietary diversity score. Such analysis may help to identify a transition away from
more traditional patterns toward patterns associated with overweight and may also
indicate areas where interventions may need to be modified or tailored to reach groups of
concern.
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BACKGROUND

Dietary patterns have frequently been seen to have substantial power in predicting risk of
negative health outcomes, including cardiovascular disease, diabetes, metabolic
syndrome, cancers, and a range of plasma biomarkers (1-3). Rising obesity rates in low-
income countries have more recently led to use of this approach to study patterns in
populations exhibiting a double burden of simultaneous stunting and overweight (see,
e.g., 4,5), yet its use in low-income countries to assess the low end of anthropometric

outcomes has otherwise been limited to a handful of published studies (6-8).

Dietary diversity describes the variety of foods consumed by an individual or household
and has been used widely as an indicator of diet quality in low-income countries.
Diversity scores are measured through surveys of dietary intake, counting food categories
that are defined according to predetermined criteria. The validated household dietary
diversity score (HDDS) correlates with average per-capita energy availability for a
household (9) and is a count of consumption within a household of 12 broad food groups
in a specific period. A minimum dietary diversity score for infants and young children has
been seen to be associated with stunting across a range of countries in large, nationally
representative surveys of children six to 24 months (10,11); this is a binary score
indicating individual intake of four or more out of a set of seven categories, defined in
part by specific nutritional requirements of young children. A child dietary diversity score
(CGDDS) has been applied widely in field evaluation for older children and even
adolescents, but attempts to validate this score across countries as an indicator of diet

quality have had mixed results (12).

Substantial research has been done in recent years on child anthropometry in Nepal,
responding in part to the country’s remarkable progress made against stunting over the
past two decades. This progress has been attributed to increased wealth, health and
nutrition interventions, and improvements in health service availability, sanitation, and
maternal education (13,14). Less progress has been made against wasting during the same
period. Low weight-for-height (WHZ) is commonly believed to be more directly related to

dietary and feeding practices than is stunting; however, sanitation has also emerged as an



important factor in adequate weight gain (14), and in several South Asian countries, birth
order, sex, maternal illiteracy, short maternal stature, water quality, and household
poverty have also been associated with wasting—factors also understood to influence

stunting (15).

Child overweight is an emergent problem in Nepal, although it is still relatively unstudied,
and national prevalence is low (16). The literature to date explores it as an urban
problem, with the few published studies of overweight children representing only older
children in economically better-off sections of the country such as the Kathmandu valley
(See, e.g., 17,18). A review in South Asia described socioeconomic status and behavior-
related risk factors for overweight in older children (T'V watching, lack of physical
activity) and identified only energy-dense “junk” or “snack” foods as dietary predictors
(19). One study of child diets in Kathmandu suggests that the nutrition transition from
traditional to more industrialized/processed diets is far advanced: three-quarters of
children under 24 months had consumed packaged snack foods in the previous 24 hours,

while only 25% had consumed commercially produced complementary foods (20).

The purpose of the present study is to determine whether identifying information about
child diets through dietary pattern analysis provides more informative associations with
child anthropometry than dietary diversity scores. The study was conducted in 199
households with children 6 to 59 months old in western Nepal. We employ a series of
ordinary least squares (OLS) and logistic regressions on both continuous anthropometric
z-scores and binary nutritional status outcomes to assess the relationships to both dietary
patterns derived from a 24-hour household and individual recall survey and dietary

diversity scores constructed from the same consumption data.

METHODS

Data

This study uses primary data collected in June 2016, six months after completion of the

Market Access and Water Technologies for Women (MAWTW) project, which reached
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women in 10,000 households in three districts of Sudurpashchim province, in far-western
Nepal. Implemented by International Development Enterprises (iDE) and funded by
USAID, the complex intervention focused on market and water resource development,
basic horticultural and business training, and nutrition training for young mothers. The
cross-sectional follow-up survey was administered by trained enumerators who had
supported project monitoring and evaluation, following additional training, piloting,
revision, and retesting. The instrument, all revisions, and translations were approved by

the Tufts University Social, Behavioral, and Educational Research IRB.

The study sample was first identified and surveyed at project baseline in 2014 and
approached for follow-up in 2016. Households were randomly selected from geographic
treatment clusters (administrative wards) and matched control clusters in Kailali and
Dadeldhura districts. One enumerator surveyed both treatment and control households
in each matched cluster pair. Informants in 744 households gave informed consent to
participate and completed the survey at project baseline, and 695 were successfully
surveyed at follow-up. Of the 253 households with children 6 to 59 months of age who
were present at the time of the follow-up survey, 235 consented to provide dietary recall
information about the diet of an index child in the previous 24 hours. Missing variables
for some observations result in an analytical sample of 199 children. To test for
differential exclusion, t-tests were performed on a range of variables and identified that
infants and younger children were differentially excluded, although children from the
entire age range were present in the sample (mean 24.7 months for excluded observations

compared to 31.4 months in the sample, p<0.01).

Table 1 presents a descriptive summary of the sample of households and children.
Production diversity indicates the number of discrete food categories grown or produced
by each household and is notably high, which likely reflects the presence of agricultural
intervention in the area in the prior 2 years. About one-quarter of the full sample resides
more than an hour’s walk or usual transportation from the nearest market for food
purchase. Nearly two-thirds of households reported using water collected from protected

sources (capped tube well, public tap, or piped service). Households average 6.6 persons,
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which reflects the custom of housing multiple generations under a single roof. About half

of the mothers in the sample (51.3%) did not complete primary education through class 5.

Of the index children in this study, selected at random from the full sample, 41.2% are

female. The sample contains a high proportion of children who are stunted (52.3%), even

compared to the mean of 36% for Nepal’s Sudurpashchim province, and wasting rates

(14.1%) are higher than the national average of 10%. Very notable in this sample is the
high proportion of overweight children (defined as WHZ>2): 16.9% of children 6 to 23

months and 11.1% of children 6 to 59 months.

Table I: Descriptive characteristics of children, their mothers, and the households in which they

live
. Age 6-23 months Age 24-59 months Full sample
Variable (ng=59) (ng= 140) (n=199) P
Mean sd mean sd mean Sd

Control (non-treatment) 45.7% 0.50 39.0% 0.49 43.7% 0.50
Production diversity 793 4.13 8.95 3.37 8.65 3.63
Time to Market

Market = 60 mins 23.7% 0.43 26.4% 0.44 25.6% 0.44

Market 30-59 mins 15.3% 0.36 28.6% 0.45 24.6% 0.43

Market < 30 mins 61.0% 0.49 45.0% 0.50 49.7% 0.50
Caste/Ethnicity

Dalit 16.9% 0.38 22.9% 0.42 21.1% 041

Janajati 54.2% 0.50 36.4% 0.48 41.7% 0.49

Brahmin/Chhetri 28.8% 0.46 40.7% 0.49 37.2% 0.49
Cultivated land area (log m?) 6.72 4.63 7.58 2.79 7.33 3.45
Improved water source 67.8% 0.47 64.3% 0.48 65.3% 0.48
Size of HH 7.10 4.07 6.45 2.50 6.64 3.06
Maternal age (years) 29.9 9.2 30.5 83 304 85
Maternal Education

llliterate 5.1% 0.22 15.0% 0.36 12.1% 0.33

Informallbelow class 5 44.1% 0.50 37.1% 0.49 39.2% 0.49

Class 5to 10 28.8% 0.46 36.4% 0.48 34.2% 0.48

Class 10 or above 22.0% 0.42 11.4% 0.32 14.6% 0.35
Child is female 42.4% 0.50 40.7% 0.49 41.2% 0.49
Child age (months) 14.5 4.9 38.5 10.1 314 14.1
HAZ -1.96 1.83 -2.27 1.75 -2.18 1.78
WHZ -0.02 1.87 -0.11 1.76 -0.08 1.79
Stunted 42.4% 0.50 56.4% 0.50 52.3% 0.50
Wasted 13.6% 0.35 14.3% 0.35 14.1% 0.35
Overweight 16.9% 0.38 8.6% 0.28 11.1% 0.31
HDDS 851 1.90 8.86 2.05 8.75 2.0l
CDDS 5.56 1.70 5.69 1.43 5.65 1.51
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Dietary data were collected in the form of 24-hour recalls by the primary food preparer of

all foods eaten in the home and by an index child in the previous non-festival day. The
day’s food preparation and consumption were classified by the survey enumerator
according to 18 food groups of nutritional relevance. This set of food groups was designed
to allow for construction of household, child, and maternal dietary diversity indicators:
the HDDS, the infant and young child feeding minimum dietary diversity (IYCF MDD),
and the minimum dietary diversity score for women (MDD-W). For this study, the 18
food groups were aggregated according to the categories shown in Table 2. Binary scores
representing consumption of each category in the HDDS column by any member of the
household were used in determination of dietary patterns. For the CDDS, consumption
of each aggregated food group by the index child was counted to create a score with a

maximum of 7.

Table 2: Food groups collected as dietary recall, used to compose dietary diversity scores

Food Group HDDS components (12) CDDS components (7)
Cereals Cereals Grains, roots, and tubers
Packaged grain products

White starchy tubers White tubers and roots

Pulses, beans, legumes Legumes, nuts, and seeds Pulses, legumes, nuts

Nuts or seeds

Milk, yogurt, cheese Milk and milk products Milk and milk products
Animal meats Meat and poultry Meat, poultry, fish, and seafood
Fish or mollusks Fish and other seafood

Eggs Eggs Eggs

Vitamin A-rich (orange) fruits (included in Fruits, below) Vitamin A-rich plant foods
Vitamin A-rich (orange) vegetables = Vegetables

Dark green leafy vegetables Other fruits and vegetables
Other vegetables

Other fruits Fruits

Oils and fats Oils/fats

Sugar, sweets, or honey Sugar and sweets

Alcohol Other/misc (spices, condiments,

Other/miscellaneous and beverages)

Dietary pattern analysis

We applied exploratory factor analysis (EFA) on child consumption data to construct

factor scores that indicate dietary patterns identified in the data. To fit logically with



common food use in Nepal, we aggregated “vegetables” and “fruits” categories
separately, following the HDDS categories, and not grouping fruits and vegetables
together (or meats with fish and grains with tubers) based on nutrient content, as is
standard when compiling a child dietary diversity score. More than 95% of households
consumed a traditional diet consisting of grains, vegetables, and cooking oil; these food
groups were consequently eliminated from the factor analysis to avoid skewing results and

because these foods did not discriminate among patterns.

A single standardized score was calculated using a linear prediction model for each
observation and factor; a high, positive score reflects adherence to a dietary pattern given
the observed data. We applied the Kayser criterion during analysis, including only those
factors with an Eigenvalue of | or greater, and rotated the factors to minimize
collinearity. We chose to describe each factor based on a factor loading threshold of 0.4
for each food group, which indicates a given food that is moderately to highly correlated
with the identified pattern. These methodological choices are described in greater detail

elsewhere (21).

Regression analysis

Dependent variables in our models were continuous anthropometric z-scores and binary
anthropometric measures: HAZ, WHZ, stunting (HAZ<-2), wasting (WHZ<-2), and
overweight (WHZ>2). As explanatory variables, we employed tertiles of the dietary
patterns and three categories of dietary diversity score. The categorical CDDS variable
was constructed using 4 food groups as the first cutoff, to make it comparable to the
binary I'YCF-MDD indicator threshold (which identifies minimum dietary diversity as =4
food groups).

Multiple models of each set of dependent variables and explanatory variables of interest
were tested using a range of controls, and coefficients were compared across models for
magnitude, directionality, and significance to verify robustness of results. All models
reported here represent the full (preferred) model, controlling for household factors

(caste/ethnicity and improved or protected water source), maternal factors (age and
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completion of primary education), and child factors (sex, age, and age?). Additional
models are presented in Annex | as supplementary information. Several variables
thought to be determinants of anthropometry but not mediators of the effect of diets on
nutritional status (wealth, production diversity, land size) were tested separately but did
not influence the direction, magnitude, or significance of observed effects so were
excluded from the final analysis. We adopted a random effects specification to account for
inter- and intra-cluster variation due to likely enumerator effects. We performed
Hausman tests on each final model and failed to reject the null hypothesis in each case,

which confirmed the validity of this approach.

RESULTS

Dietary pattern analysis resulted in two clear patterns, presented in Table 3. The first
reflects a diverse diet rich in a combination of eggs, fish, fruit, meat, and other (which
includes beverages, sauces, and condiments). We interpret this pattern as representing a
“varied” eating pattern. The second factor reflects an eating pattern in which dairy,
sweets, and tubers are prominent. The factor loadings for dairy and sweets are notably
very high in this pattern (>0.7), indicating that their consumption has a strong
relationship to the pattern as a whole. For this reason, we choose to label this factor as
indicating a “dairy/sweets” pattern: a high score on this factor indicates that a child has a

high likelihood of consuming these two foods.

Table 3: Identified dietary patterns resulting from factor analysis of child consumption data

Factor | Factor 2
(Varied) (Dairy/Sweets)

Milk and milk products -0.05 0.74
Eggs 0.57 0.25
Fish and other seafood 0.79 -0.02
Fruit 0.65 0.21
Legumes, nuts, and seeds 0.13 0.37
Meat and poultry 0.47 0.36
Sugar and sweets 0.22 0.74
White tubers and roots 0.33 0.46

Other 0.67 0.13



Both of the identified patterns are associated with dietary diversity; as we see in Table 4:
more children in higher tertiles of each dietary pattern are also in higher categories of
dietary diversity. The association with dietary diversity is stronger with the dairy/sweets
pattern than the varied pattern (Spearman’s rho=0.59 for dairy/sweets; Spearman’s

rho=0.42 for varied).

Chi? tests identified no significant difference by age group in dietary diversity category

(p=0.95), varied dietary pattern (p=0.15), and dairy/sweets dietary pattern (p=0.42)

Table 4: Proportion of children in varied and dairyl/sweets dietary pattern tertiles, by dietary
diversity category

Low DD Medium DD High DD
(1-4 food groups) (4-5 groups) (5-7 groups) Total
N % N % N % N %

Varied pattern

Tertile | 17 58.6% 50 49.0% 7 10.3% 74 37.2%

Tertile 2 7 24.1% 31 30.4% 27 39.7% | 65  32.7%

Tertile 3 5 17.2% 21 20.6% 34 50.0% | 60 30.2%
Dairy/sweets pattern

Tertile | 28 96.6% 30 29.4% I 1.5% | 59 29.7%

Tertile 2 I 3.5% 45 44.1% 25 368% | 71  357%

Tertile 3 0 0.0% 27 26.5% 42 61.8% 69 34.7%
Total 29 100.0% 102 100.0% 68 100.0% 199 100.0%

From Table 5 to Table 9, we examine the results of multivariate regression analysis, first
continuous OLS regression of continuous z-scores on a range of predictors, followed by
logistic regression of binary anthropometric outcomes on the same range of predictors. In
the logistic models, exponentiated coefficients are reported, which may be interpreted as

odds ratios.

Table 5 shows each of our explanatory variables of interest as predictors of weight-for-
height in the children in our sample. Higher tertiles of dairy/sweets dietary pattern
consumption are associated with higher WHZ in children 6 to 59 months, all else equal.
The association 1s significant (p<0.05) at the highest and middle tertile, compared to the
lowest tertile. The observed effect is large as well as significant: being in the highest tertile

of these dairy/sweets dietary patterns is associated with greater than | standard deviation
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greater weight-for-height (p<<0.05). Of all controls assessed in these models, only

improved water source achieves marginal significance and 1is associated with lower WHZ

(p<0.1). We see no significant relationship between child dietary diversity and WHZ.

Table 5: OLS regression of WHZ on child dietary patterns and dietary diversity scores

(1) (2)
WHZ WHZ

Child varied tertile | (ref) 0.00 )
Child varied tertile 2 0.47 (0.30)
Child varied tertile 3 0.25 (0.40)
Child dairy/sweets tertile | (ref) 0.00 )
Child dairy/sweets tertile 2 0.79*  (0.36)
Child dairy/sweets tertile 3 1.04*  (0.43)
Low CDDS (<4 ref) 0.00 ()
Medium CDDS (4-5) -0.09  (0.52)
High CDDS (>5) 0.31 (0.56)
Ethnicity

Janajati 0.00 () 0.00 ()

Dalit 0.34 (0.55) 0.48 (0.55)

Brahmin/Chhetri -0.17  (0.49) -0.03 (0.49)
Improved water source -0.62+ (0.33) -0.58+ (0.33)
Maternal age (years) -0.01 (0.02) -0.01 (0.02)
Mother completed class 5 -0.36  (0.32) -0.31 (0.33)
Child is female 0.26 (0.24) 0.21 (0.25)
Child age (months) 0.03 (0.04) 0.03 (0.04)
Child age squared -0.00 (0.00) -0.00 (0.00)
Constant -0.27  (0.90) 0.33 (0.88)
Observations 199 199
R-squared 0.338 0.304
Adjusted R-squared 0.242 0.212

Standard errors in parentheses
+ p<.l *p<.05 **p<0| ** p<.00l

The relationship between child dietary patterns and HAZ is not significant, although
some approach significance (p<0.1) for the middle tertile of the dairy/sweets pattern
(Table 6). Children in this tertile are shorter than children in the lowest tertile. We could
identify no plausible biological reason why increased dietary diversity, in any pattern,
should be associated with lower height for age and consider that the borderline
significance seen here may be type I statistical error; the fact that all relationships are
negative, despite not reaching significance, suggest that there may instead be an effect of

unobserved variables or interactions not present in our models.
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Table 6: OLS regression of HAZ on child dietary patterns and dietary diversity scores

(1) @)
HAZ HAZ
Child varied tertile | (ref) 0.00 )
Child varied tertile 2 -0.33 (0.28)
Child varied tertile 3 -0.44 (0.38)
Child dairy/sweets tertile | (ref) 0.00 )
Child dairy/sweets tertile 2 -0.53+ (0.31)
Child dairy/sweets tertile 3 -0.46 (0.34)
Low CDDS (<4 ref) 0.00 ()
Medium CDDS (4-5) 0.12 (0.47)
High CDDS (>5) -0.07 (0.51)
Ethnicity
Janajati (ref) 0.00 ) 0.00 )
Dalit -0.38 (0.51) -0.44 (0.50)
Brahmin/Chhetri -0.13 (0.39) -0.16 (0.40)
Improved water source 0.36 (0.31) 0.32 (0.31)
Maternal age (years) 0.02 (0.02) 0.02 (0.02)
Mother completed class 5 0.41 (0.30) 0.36 (0.31)
Child is female -0.06 (0.24) -0.01 (0.24)
Child age (months) -0.05 (0.03) -0.05 (0.03)
Child age squared 0.00+ (0.00) 0.00 (0.00)
Constant -2.04%  (0.75) -2.54%* (0.70)
Observations 199 199
R-squared 0.396 0.384
Adjusted R-squared 0.309 0.303

Standard errors in parentheses
+ p<.| *p<.05 **p<.0| ** p<.00l

Logistic regression of the same predictors on binary anthropometric outcomes wasting
(Table 7) and overweight (Table 8) tell a similar story to the results observed in Table 5.
Children in the highest tertile of the child dairy/sweets dietary pattern are only 14% as
likely to be wasted (p<<0.05) and are 13 times more likely to be overweight (p<0.01) as
children in the lowest tertile of the dietary pattern. Caste or ethnicity appears to play a
role in these models; higher castes appear to have a significant negative association with
overweight in the dietary pattern models (p<0.05) and borderline significant in the
dietary diversity models (p<<0.10) compared to the Janajati (non-Hindu) ethic groups.
Mother’s completion of primary education seems positively associated with wasting in two
models (p<0.10 in dietary patterns model and p<0.05 in dietary diversity model); this is
unexpected and suggests that there may be interactions between mother’s education and

one or more other observed or unobserved variables.



Table 7: Logistic regression of wasting on child dietary patterns and dietary diversity scores

(1) @)
Woasted Woasted
Child varied tertile | (ref) 1.00 ()
Child varied tertile 2 1.83  (1.17)
Child varied tertile 3 1.57  (1.14)
Child dairy/sweets tertile | (refy 1.00 ()
Child dairy/sweets tertile 2 090 (0.53)
Child dairy/sweets tertile 3 0.14*  (0.12)
Low CDDS (<4 ref) 1.00 ()
Medium CDDS (4-5) 1.0l (0.98)
High CDDS (>5) 033  (0.34)
Ethnicity
Janajati (ref) 1.00 () 1.00 ()
Dalit 034 (0.33) 038 (0.35)
Brahmin/Chhetri 0.41 (0.34) 0.26+ (0.21)
Improved water source 1.56  (1.31) 1.70 (1.42)
Maternal age (years) 1.04 (0.04) 1.05 (0.04)
Mother completed class 5 3.52+ (2.46) 4.16% (2.98)
Child is female 082 (0.42) 088 (0.45)
Child age (months) 095 (0.07) 096 (0.07)
Child age squared 1.00 (0.00) 1.00 (0.00)
Observations 199 199

Exponentiated coefficients; Standard errors in parentheses
+ p<.l *p<.05 **p<.0l *** p<.00l

Table 8: Logistic regression of overweight on child dietary patterns and dietary diversity scores

() @)
Overweight Overweight
Child varied tertile | (ref) 1.00 )
Child varied tertile 2 1.82 (1.21)
Child varied tertile 3 0.56 (0.45)
Child dairy/sweets tertile | (ref) 1.00 )
Child dairy/sweets tertile 2 5.39+ (5.03)
Child dairy/sweets tertile 3 13.01% (11.91)
Low CDDS (<4 ref) 1.00 ()
Medium CDDS (4-5) 0.51 (0.53)
High CDDS (>5) 3.15  (3.15)
Ethnicity
Janajati (ref) 1.00 ) 1.00 ()
Dalit 0.60 (0.50) 0.54 (0.44)
Brahmin/Chhetri 0.15% 0.12) 022+ (0.17)
Improved water source 0.40 (0.31) 055 (0.42)
Maternal age (years) 0.96 (0.04) 094 (0.04)
Mother completed class 5 1.05 (0.68) 096  (0.65)
Child is female 1.18 (0.62) 1.28  (0.67)
Child age (months) 1.02 (0.09) 1.02  (0.09)
Child age squared 1.00 (0.00) 1.00  (0.00)
Observations 199 199

Exponentiated coefficients; Standard errors in parentheses
+ p<.l *p<.05 **p<.0l *** p<.00l



As with HAZ, we see no clear or significant relationship between either of the dietary
patterns and stunting or dietary diversity and stunting (Table 9). Of other predictors, only
child age and age? reach significance (p<0.05), which is consistent with literature
suggesting that stunting occurs after birth and that the relationship between age and
stunting 1s non-linear. Although the associations do not reach significance, we note that
the direction of association for the dietary patterns is positive for stunting (higher risk of
stunting in higher tertiles) and negative for HAZ in Table 6, which is counterintuitive in

both instances.

Table 9: Logistic regression of stunting on child dietary patterns and dietary diversity scores

(1) (2)
Stunted Stunted

Child varied tertile | (ref) 1.00 ()
Child varied tertile 2 1.14  (0.53)
Child varied tertile 3 1.17  (0.63)
Child dairy/sweets tertile | (ref) 1.00 ()
Child dairy/sweets tertile 2 244+ (1.24)
Child dairy/sweets tertile 3 222 (1.19)
Low CDDS (<4 ref) 1.00 ()
Medium CDDS (4-5) 046  (0.33)
High CDDS (>5) 0.64  (0.46)
Ethnicity

Janajati (ref) 1.00 () 1.00 ()

Dalit 236 (1.47) 228 (1.39)

Brahmin/Chhetri 185 (0.98) 1.89 (0.96)
Improved water source 0.8l (0.40) 0.82 (0.40)
Maternal age (years) 096 (0.03) 097 (0.03)
Mother completed class 5 0.60 (0.27) 0.68 (0.31)
Child is female 124 (0.46) 1.24 (0.44)
Child age (months) 1.13*  (0.07) [1.12* (0.06)
Child age squared 1.00* (0.00) 1.00+ (0.00)
Observations 199 199

Exponentiated coefficients; Standard errors in parentheses
+ p<.l *p<.05 **p<0l| ** p<.00l

DISCUSSION

In industrialized and industrializing nations, where non-communicable diseases related to
overweight and obesity are highly prevalent, dietary analysis using principal components,

factors, or clusters is commonly used to identify patterns of foods that people commonly
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eat, and researchers have consistently shown that these dietary patterns have a strong
relationship to a range of human health outcomes. In developing countries, by contrast,
dietary analysis typically takes the form of simple indicators: dietary diversity scores that
may be more easily compared across populations and more easily used by governments
and NGOs in monitoring impact of nutrition-specific and nutrition-sensitive

interventions.

This study seeks to determine whether dietary patterns derived through factor analysis
can be useful predictors of child anthropometry in western Nepal, and it compares these
associations against child dietary diversity scores. An important implication 1s that current
practice of data collection and analysis emphasizing dietary diversity may ignore

associations that can inform future intervention and public health programming.

The patterns here were derived from data used to compile household and child dietary
diversity scores, and two patterns emerge that are clear, consistent, and informative. One
pattern is characterized by a combination of flesh foods, eggs, and fruit (“varied”); the
second is defined primarily by consumption of dairy and sugar or sweet foods
(“dairy/sweets”). Additional work reported elsewhere notes that these patterns and their

associations are also relatively consistent for households and women’s diets (21).

We find that the second of these patterns is related to higher weight-for-height, and it
predicts lower wasting and higher overweight prevalence in children 6 to 59 months. In
other words, a diet characterized by the consumption of dairy and sugary foods is
consistently associated with higher weight but not with linear growth. We do not see the
same assocliations with height-for-age, and we see no association between weight and

child dietary diversity.

Novelty, robustness, and replicability are the chief strengths of this study. It makes
intuitive sense that there is a consistent relationship between dietary intake and weight;
yet although it is commonly understood that dietary factors play a role in child
development, and that these factors express themselves in patterns, we have seen very few

attempts to associate dietary patterns in low-income countries with child anthropometry,
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and none to date in Nepal. The patterns derived here are consistent across individuals
and households, and the results of our analysis hold across a range of models and
explanatory variables. Dietary patterns were constructed from the 12 food categories used
to construct the well-established HDDS, which means that the analysis can also be

replicated across a wide range of data sets and populations.

The study faces some important limitations, including low statistical power due to the use
of a relatively small sample with few clusters; with a larger sample we would expect to see
at least some of our non-dietary covariates reach significance in our regression models.
The data used represent food consumption only over one 24-hour period and cannot
account for seasonal variation. The presence of several agricultural interventions in this
area limit the external validity of the results and have likely led to higher-than-average
dietary diversity due to own consumption of produce. Moreover, as described above, the
data used to construct the dietary patterns used for analysis were intentionally limited to
the 12 food categories used to construct the HDDS. While this carries important
advantages, it is also a limitation, as a much broader set of foods in a food frequency
questionnaire or dietary recall survey might identify variations in these patterns that could
be useful. Tubers, for instance, do not form a single informative category in western
Nepal, where taro root is consumed as a low-prestige food and potato is a high-prestige

snack or consumed as an integral part of mixed vegetable dishes.

The association demonstrated in this study between one of the identified patterns and
child anthropometry suggests that there is value in analyzing raw data beyond simple
aggregation into a single dietary diversity score; further, it may indicate areas where
interventions may need to be modified or tailored to reach groups of concern. The strong
correlations between dairy and sugar in our second dietary pattern suggests that
interventions to promote dairy may inadvertently be promoting sugar consumption along
with it. Informal discussion with enumerators has suggested that the association between
dairy and sugar in this part of Nepal is not trivial or accidental: milk, milk tea, yogurt, and
paneer are commonly mixed with sugar in what is perceived to be a healthy morning
meal. Our data support this assertion: 83% of households consuming dairy do so at the

morning meal, and 89% of those eating dairy in the morning have sugar at the same
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meal. In a population experiencing a transition away from more traditional diets,
increasing sugar consumption may contribute to increases in overweight and obesity. The
unexpectedly high rates of overweight seen in our sample (16.9%) suggest that we may

already be seeing its effects.
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ABSTRACT

Background: Dietary patterns that describe foods consumed in combination are
commonly used as a proxy for diet quality in industrialized and middle-income nations.
Studies in low-income countries often rely on dietary diversity scores that count
consumption of predetermined food categories to measure outcomes of agricultural
intervention. No identified studies have employed dietary pattern analysis to assess diet

composition associated with agricultural production and/or marketing interventions.

Objective: To determine whether promotion of agricultural production, diversification,
and marketing affects dietary pattern adoption over time, distinct from dietary diversity,
and what additional information may be gained from use of pattern analysis.

Methods: Dietary patterns are defined using factor analysis of reported household
consumption data. The effect of the intervention on intermediate secondary outcomes is
assessed using a range of regression models and outcome variables. An overall treatment
effect of the intervention on dietary patterns and on HDDS is determined using ordered
logistic regression on dietary pattern and HDDS tertiles.

Results: There was an effect of intervention over time on crop income, production
diversity, land in cultivation, diversity of crops sold, and proportion of crops sold over
time. A very large increase in HDDS is observed over time in both treatment and
comparison groups, but no significant difference between groups. The data exhibit two
clear dietary patterns. A significant and large treatment effect emerges of intervention on
consumption of a varied dietary pattern, though not on a pattern characterized by dairy
and sugar/sweets.

Conclusions: Dietary pattern analysis may contribute additional information that can be
missed when relying on dietary diversity scores to assess effect of an intervention in low-
income countries.



BACKGROUND

Dietary patterns that describe the relationship among sets of foods consumed together as
part of a household’s or individual’s diet have been used as a proxy for diet quality in
industrialized and middle-income nations since the 1980s, when researchers first
confirmed a consistent relationship between such patterns and nutritional outcomes and
biomarkers (1-4). Whether they are derived through principal component analysis, factor
analysis, cluster analysis, or latent class analysis, dietary patterns identify foods that people
eat in consistent combinations across a population. Such patterns may allow for more
realistic nutritional guidance than nutrient-based approaches, by taking into account
people’s actual consumption patterns, thus making dietary advice easier to develop and to
follow (3). Pattern-based interventions have been shown to have significant effects on
hypertension, CVD, cancer risk, and other health outcomes compared to nutrient-based
interventions (5,6). This may be attributable in part to greater adherence and compliance
observed with pattern-based diets in comparison to dietary recommendations based on

individual foods and nutrients (5,6).

Rather than employing pattern analysis, many studies in low-income countries rely on
dietary diversity scores that measure consumption according to predetermined food
categories, using the number of categories consumed as an indicator of diet quality or
sufficiency. One such indicator, the household dietary diversity score (HDDS), correlates
with average per-capita energy availability for a household (7) and 1s a count of
consumption within a household of 12 broad food groups in a specific period, generally
24 hours (8). HDDS i1s considered a valid proxy for food security and was for many years,

until 2018, a required indicator under USAID-funded Food for Peace initiatives (9).

Dietary diversity in different forms remains a common intermediate outcome indicator of
nutrition-sensitive agriculture interventions. Studies have shown it to be sensitive to
changes in agricultural production and marketing, with increases in marketing and
production diversity generally associated with higher levels of dietary diversity (10-12). A
2012 systematic review by Masset et al. called for further work to improve our

understanding of intermediate effects of agricultural interventions, including on diet
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composition (13). A more recent evidence review by Ruel et al. (2018) noted that
agricultural diversification may promote on-farm dietary diversity where markets are
distant or weak, a finding supported in the present study, and that marketing of produce
may play a more important role than production in determining dietary diversity in other
settings, presumably through a sales—income—purchase pathway (14). None of the
intervention studies identified in either systematic review, nor any more recent published
studies identified to date, employs dietary pattern analysis to assess diet composition

associated with agricultural production and/or marketing interventions.

In this paper we seek to fill that gap, using data from an intervention in western Nepal.
Previous analysis of consumption data in this population indicates an association between
the patterns and child anthropometry: a “dairy/sweets” pattern is associated with higher
weight-for-height and prevalence of overweight among children under 5, while a “varied”
pattern has no such association (15). This study seeks to determine whether promoting
agricultural production, diversification, and marketing aftfect adoption of these
dietary patterns over time, distinct from dietary diversity, and what additional
information may be gained from the use of pattern analysis. To do this, we define
dietary patterns using reported household consumption data, assess the effect of the
intervention on intermediate secondary outcomes, and determine an overall

treatment effect of the intervention on dietary patterns and on HDDS.

METHODS

Sampling and Data

This study was conducted using data from a cluster-randomized controlled
intervention trial, the USAID-funded Market Access and Water Technologies for
Women (MAWTW) project, implemented by International Development Enterprises
(iDE). Field activities ran for two years and were designed to introduce isolated rural
farmers, predominantly women left behind by men migrating for labor, to new high-
value food crops, integrated pest management, water management technologies

including drip irrigation, and new markets for sale of produce. Activities focused on
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establishing markets and last-mile supply chains for agricultural inputs; no subsidy
was given to promote adoption. Agronomic training was delivered directly by project
staft' at no charge. This was supported by a network of private-sector sales and service
agents trained by the project who provided ongoing extension services without charge to
purchasers of productive agricultural inputs. Intervention areas were geographically
determined by Village Development Committee (VDC), an administrative area
comprising nine wards of approximately 250 to 300 households each. Farmers from the
intervention VDCs with land holdings smaller than 0.5 ha were invited to participate,
and in all, 10,081 households enrolled in the intervention. The sampling frame for

treatment households for this study was derived from this population.

Wards served as geographic units for sample clusters, and 20 clusters were selected at
random from those areas scheduled to receive the intervention. A sampling frame of all
project participants in each cluster was ranked using the RAND() function in MS Excel
and stratified to ensure that the sample included an adequate number of respondents,
with a minimum of 15 per cluster. For each of the 20 treatment clusters, a control cluster
was selected from an adjoining VDC eligible for but not receiving intervention; these
clusters were selected purposively to match basic characteristics (agro-ecological zone
and population density). The control sampling frame was developed from a census of
households in the identified wards in consultation with local government officials and

stakeholders to identify those with land holdings under 0.5 ha.

In all, women in 744 households were interviewed at the beginning of project
intervention and then approached for follow-up two years later, following project
conclusion, with both surveys conducted during the pre-monsoon period in the month of
June (2014 and 2016). Of these, 695 were interviewed at both time periods; 6.6% of
households dropped out or did not consent to participate in the follow-up survey. The
sample was tested for differential exclusion, and none was observed. Of the 695
households in the study, 351 participated in the intervention over a period of two years.
Interviews were conducted in the local language at the home of the participants by

trained enumerators native to the survey areas.
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Intervention was in the form of support and training for agricultural production and
marketing as part of a “commercial pocket” approach to rural development under the
national Agriculture Development Strategy (16). This included activities both for market
development (organization of farmers into production groups linked to newly established
collection centers for produce) and for agricultural production and diversification
(agronomic training and establishment of last-mile supply chains to increase access to
mputs such as seeds, nursery supplies, bio-pesticides, and drip irrigation kits). Another
intervention, also funded by USAID and implemented by the same local non-
governmental organizations, similarly established produce collection centers to improve
market access in the control areas. This study therefore describes the effect of agricultural
production plus market access interventions on our outcomes of interest, compared to

market access interventions only.

In a subset of households receiving this agricultural production treatment, pregnant and
lactating women were additionally selected for nutrition counseling according to the
Essential Nutrition Actions framework. This promotes good practices for hygiene and
sanitation; nutrition during pregnancy and lactation; breastfeeding and complementary
feeding; nutritional care of sick children; and prevention of vitamin, iron, and iodine
deficiencies (17). This additional intervention was not expected to have a significant effect
on household dietary patterns or household dietary diversity. We tested this assumption
using Wald tests on a range of models and found no significant effects; therefore, the 100
surveyed households who had received this intervention are not considered separately in

this analysis.

Dietary pattern scores are the primary outcome of interest in the present study. We
employed factor analysis to derive patterns from consumption data pooled from all 695
households with data at the two time periods, using twelve food groups that were pre-
selected at baseline for construction of the household dietary diversity score (HDDS).
More than 95% of households consumed cereal grains and vegetables at both time points;
these were removed from the pattern analysis to avoid skewing the results of factor

analysis and because they were observed not to discriminate among patterns.



Factor analysis assigns a single standardized score using a linear prediction model for
each observation and factor; a high, positive factor score reflects a household’s adherence
to that dietary pattern. We included factors with an Eigenvalue greater than 1 and
rotated the factors to minimize collinearity. We described each factor based on a factor
loading threshold of 0.45 for each food group, which indicates that a given food is
moderately correlated with the identified pattern. This threshold was used only to aid in
description of the dietary patterns and not in analysis. We identified two distinct dietary
patterns and divided each raw factor score into tertiles. These tertiles were used as the
primary outcome in subsequent analysis, and tertiles of household dietary diversity

(HDDS) were included as a point of comparison.

A range of secondary outcomes was used to test pathways by which treatment might have
affected diets: land in agriculture, in hectares; household income from all sources, in
Nepalese rupees (NPR); food crop income? in NPR; production diversity, as a count of
foods produced by a household in the previous 12 months; and household sales of
produce, as a count of the number of food crops brought to market in the previous 12
months. Virtually all households had produced food crops in the previous 12 months at

both time periods, but many did not sell produce at one or both time periods.

Sample size was calculated, and the sampling frame developed, in order to meet
project evaluation criteria. Ex-post power calculations were conducted for this study.
These 1dentified a detectable significant change of 0.47 standard deviation from a
baseline mean dietary pattern score over time, given the mean and standard
deviation of the patterns, sample size, number of clusters, and minimum cluster size

in the collected data.

Regression Analysis

A cluster fixed effects model was used for all multiple regression analysis to account for

unobserved geographic and other between-village heterogeneity. Difference-in-differences

2 All production and sales variables described here represent only food crops. No non-food cash crops were
promoted by the intervention, and data for non-food crops were not collected for this study.
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models employing an interaction variable (treatment * time) were adopted throughout to
explain difference between the change in the treatment group and change in the control
group over time. All analyses control for ethnicity, grouped into three categories:
marginalized Janajati, marginalized Dalit, and non-marginalized (high caste) Brahmin
and Chhetri; household size, representing the number of residents at the time of data
collection; household wealth, in the form of a standardized asset score; and female
household headship. Where Y is the outcome measured at time T, P is the participating
household, and X is a vector of the control variables measured at baseline, our coefficient

of interest, expressing change with participation over time, 1s [pr:

Yr=p P+ pr T+ Per  PT + Px - Xr=0 + &r

Statistical methods were chosen to match the requirements of the data distribution of
each outcome variable YT. Ordered logistic regression was used for analysis of both
dietary pattern tertiles and HDDS tertiles, our primary outcomes. For land in agriculture,
we used ordinary least squares (OLS) regression following a logarithmic transformation to
achieve normal distribution. Income from agricultural sales, in quartiles, was analyzed
using ordered logistic regression. Poisson regression was used for production diversity, a
count variable, following tests for overdispersion. For sales diversity, a zero-inflated
Poisson model was used to distinguish between households selling and households not
selling produce in addition to the difference in diversity of crop sales among those selling
produce. This model is equivalent to a combined Poisson regression for the non-zero
values and a logit regression to predict the zero values. We tested this model against a
traditional Poisson regression using the Vuong test and rejected the null hypothesis,

indicating that the zero-inflated model was more appropriate.

RESULTS

Out of 695 households in the sample, 351 received treatment (both agricultural
production and marketing interventions), and 344 served as the comparison group
(receiving only the marketing intervention). Table 1 reports baseline household

characteristics, including details of food crop production and sales. Student’s ¢ test was
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used to identify significant difference between treatment and comparison for continuous
variables and percentages, and a Poisson test was used for count variables. Production
diversity at baseline was slightly higher for the treatment group (6.9 crops grown
compared to 6.5; p<0.05). Approximately half of households reported selling any crops at
baseline, and these were distributed equally between the groups (48.3% of comparison
households and 47.9% of treatment households). Of those households selling their
produce, the number of crops sold was higher among comparison households (3.3 crops,

compared to 2.7 crops; p<0.05).

There was no significant difference between study arms in cultivated land area or wealth
score at baseline. The ‘land in crops’ variable captures land use at the time of each
survey. The wealth score was generated following DHS methodology, using factor
analysis that incorporated ownership of livestock and assets, house structure type, water
source, and land use. Data from both time periods was used in the factor analysis in order
to create a dietary pattern score that was comparable over time. Agro-ecological zones in
Nepal are understood to have different patterns of asset ownership (e.g., bicycles are
common in the fera: plains bordering India and rare in the hills), so factor scores were
calculated independently for the two zones and pooled to create a single continuous

score, normally distributed and with a standard deviation of 1.

Household size was not significantly different (6.0 versus 6.1 members for comparison
and treatment groups, respectively), nor was percentage of households headed by women
(8.1% versus 5.1% for comparison and treatment groups, respectively). There were no
significant differences between groups in ethnicity, with marginalized Janajati groups
comprising the largest segment in both cases (43.6% in the comparison group, 41.3% in

the treatment group).
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Table I: Baseline characteristics of the sample, divided by treatment group

Comparison Treatment

Variable N mean  sd min__ max N mean  sd min__ max
Household income (log NPR) 342 97 33 0 15.6 3499 94 37 0 14.0
Crop income (log NPR) 342 42 47 0 12.0 349 28 43 0 12.9
Production diversity (number of crops)* 344 65 29 0 12 351 6.9 26 0 14
Market participation (any crop sales, % of HH) 344 483% 05 0% 100% | 351 479% 05 0% 100%
Sales diversity (number of crops)* 166 3.3 20 1 10 168 2.7 2.1 | 10
Production orientation (proportion of crops sold, %) 337 240% 03 0% 100% | 350 17.8% 03 0% 100%
Cultivated land area (log m2) 323 68 26 0 10.7 338 64 30 0 1.3
HDDS 340 6.0 20 2 12.0 349 6.0 18 2 12.0
Wealth score 343 -02 09 -20 48 351 -02 09 -18 35
Size of HH 342 6.0 27 | 18 346 6.1 27 1 19
Female head of HH 344 8.1% 03 0% 100% | 351 5.1% 02 0% 100%
Ethnicity

Marginalized Janajati (%) 344 436% 05 0% 100% | 351 41.3% 05 0% 100%

Marginalized Dalit (%) 344 160% 04 0% 100% | 351 19.9% 04 0% 100%

Brahmin/Chhetri (%) 344 404% 05 0% 100% | 351 387% 05 0% 100%

Stars indicate significant difference between treatment and comparison: * p<0.05 ** p<0.01 *** p<0.001

Table 2 considers change over time (time 1 — time 0) in secondary outcome variables used
in regression analysis, as well as household dietary diversity. Average crop income rose for
both groups, and it rose significantly more for households in the treatment group
(difference in change between groups, NPR 16,933, p<0.05). Diversity of crops sold by
each household rose much more over time in the treatment group than in the comparison
group (2.7 additional crops compared to 1.3 additional crops sold, p<0.001). Proportion
of crops sold at market also increased significantly more for treatment households
(difference in change between groups of 8.6 percentage points, p<0.01), as did land in
cultivation (difference in change between groups of 2,415m?, p<0.01). All other variables
rose substantially between time periods, but with no significant difference in change over
time between treatment and comparison households: total household income, production
diversity, proportion of households selling crops, wealth score, and HDDS. The change
over time for the full sample of households was highly significant in all variables reported

in Table 2 (p<0.001).



Table 2: Change from time 0 to time | in key variables for comparison and treatment groups, and
significant differences between the two groups in change over time

Comparison Treatment Difference (T-C)

. mean mean difference in
Variable change sd change sd mean change
Household income (NPR) 73,744 395,209 | 112,752 219,713 | 39,008
Crop income (NPR) 32,909 59,303 | 49,842 113,992 | 16,933*
Production diversity (number of crops) 23 39 2.1 4.0 -0.11
Market participation (any crop sales, % of HH)e 21.5 0.5 222 0.6 0.7
Sales diversity (number of crops) 1.3 32 2.7 4.0 | 4rx
Production orientation (proportion of crops sold, %) 7.6 0.3 16.2 0.4 8.6%*
Land in crops (m?) I,L115 5987 3,530 12,420 2,415%
Wealth score 0.44 .1 0.38 1.0 -0.06
HDDS 24 2.6 2.8 2.5 0.37

a Change in percent is expressed in percentage points, not in percent of baseline value.
*p<0.05 **p<0.0] ***p<0.00I

Tertiles of HDDS were identified from the full sample across both time periods in order
to allow for comparison over time. We see in Table 3 that household dietary diversity
increased consistently across all three tertiles of the score. Two-thirds of households were
in the lowest tertile of HDDS at baseline, and only 15% were in this tertile after two
years. Similarly, only 11% of households were in the highest tertile at baseline, and more

than half were in this category following the intervention period.

Table 3: Distribution of Household Dietary Diversity Score (HDDS) tertiles at two time periods
(Pearson chi2 = 420.88; p<0.001)

Time

0 | Total
Tertile | (HDDS<6) 452 107 559
66% | 15% | 40%
Tertile 2 (HDDS=7-8) | 161 205 366
23% | 30% | 27%
Tertile 3 (HDDS29) 76 380 | 456
11% | 55% | 33%
Total 689 692 | 1,38l
100% | 100% | 100%

The histogram in figure 1 illustrates that the distribution of this change was

approximately normal, with most households consuming from zero to four additional
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food groups compared to the previous survey period. Few households declined over time

in number of food groups consumed.

O T T T T
-8 -4 0 4 8
Change in number of HDDS food groups consumed over time, 2014-2016

Figure I: Change in number of HDDS food groups consumed over time, 2014 to 2016

Beyond a simple count of food groups, this study examines the effect of intervention on
dietary patterns, which may be understood to express different aspects of dietary diversity.
We identify two such patterns in the consumption data, as seen in Table 4: one reflects a
varied diet that includes a combination of meat, eggs fish, fruits, and tubers (identified
here as a “varied” pattern); the second is characterized by a high rate of dairy and sugar
or sweets consumption as well as legumes and nuts (identified here as a “dairy/sweets”
pattern because of the very high correlation of these two foods with the pattern). The two
factors together explain 45.9% of the variation in the consumption data. Separate
analysis, not presented here, identified consumption patterns for these data independently
in 2014 and in 2016. In both cases the same food groups were identified as important to
each dietary pattern, with relatively small changes in factor loadings, suggesting stability

of the two patterns over time.
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Table 4: Results of factor analysis of data pooled over two time periods

Factorl Factor2
Food group (Varied pattern) (Dairy/sweets pattern)
Legumes and nuts 0.0413 0.6446
Meat 0.6778 0.0982
Eggs 0.6779 0.1573
Fish 0.5227 -0.1439
Dairy 0.1025 0.7913
Fruit 0.6575 0.0183
Sugar/sweets 0.1365 0.8177
Tubers 0.6547 0.2458
Oils/fats 0.1438 0.4267
Other 0.6538 0.2210

The change in HDDS shown in Table 3 is neatly mirrored in the change in adherence to
the varied dietary pattern, seen in Figure 2: a rise in the proportion in the highest varied
pattern tertile over time (from 12% to 54%) concomitant with a drop in the lowest (53%
to 14%). This is expected, as the HDDS and varied dietary pattern are strongly
correlated (r=0.81). The dairy/sweets pattern exhibits a similar trend, although less
clearly so, with the largest group of households in the second rather than the highest
tertile by the time of the follow-up survey. This pattern is somewhat correlated with the

HDDS, although less so than the varied pattern (r=0.56).

60%

53% 54%

0, 0,
50% 46% 3%
40% 35% 33% 36%

9 26% 28% :
30% 1% ? Time 0
20% 14% 12% mTime 1l
N .

0%
Varied tertile Varied tertile Varied tertile Dairy/sweets Dairy/sweets Dairy/sweets
1 2 3 tertile 1 tertile 2 tertile 3

Figure 2: Proportion of households in each dietary pattern tertile at two time periods
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Regression analysis

For all regression analysis undertaken for this study we report exponentiated coeflicients,
which may be interpreted as an odds ratio, in order to aid in comparability and
interpretability of results. All analysis incorporates cluster fixed effects to account for

invariant characteristics of each geographically determined sample cluster.

In Table 5 we observe the effect of the agricultural production and marketing
interventions, compared to the marketing intervention alone, on two secondary
outcomes: area of land in cultivation and production diversity. The treatment effect,
expressed as the coefficient on the interaction term (treatment * time), indicates that
treatment households increased their amount of cultivated land in food crops on average
86% more between baseline and time 1 than the comparison group, controlling for
covariates (p<0.05). This means we can ascribe a large net increase in cultivated land
area to the agricultural production intervention. In model 2, although the coefficient on
the time variable indicates an increase in production diversity over time for all households
(32% increase, p<0.001), we observe no significant effect of treatment compared to the

comparison group.

Table 5: Effect of intervention on land under cultivation and production diversity

(1 @)
Cultivated land area (log m*) Production diversity (number of crops)

Treatment * time 1.86* (0.47) 0.97 (0.04)
Treatment 0.67* (0.12) 1.05 (0.03)
Time |97+ (0.36) | .32 (0.04)
Wealth score | .35%%* (0.09) |.05%#+* (0.01)
Ethnicity

Janajati (ref) 1.00 ) 1.00 )

Dalit 2.73%* (0.83) 1.04 (0.05)

Brahmin/Chhetri ~ 2.89%%* (0.73) | 17 (0.05)
Size of HH 1.08** (0.03) 1.0 (0.00)
Female head of HH 1.0l (0.26) 0.97 (0.04)
Observations 1337 1375

Exponentiated coefficients; Standard errors in parentheses
Model | ordinary least squares regression

Model 2 Poisson regression

* p<.05 ** p<.0l *** p<.00l
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Table 6 presents the effect of the intervention on total household income and income
from sale of food crops, expressed in quartiles. In these models, the coeflicient represents
a proportional likelihood of a household being in a higher income quartile, adjusted for
inflation. We see a significant treatment effect on crop income, but no effect on total
household income: there is a twofold greater probability of households being in a higher
quartile of crop income at time 1 versus baseline, compared to comparison households
(p<<0.001). In addition to the treatment effect, the large coeflicients on the time variable
indicate that all households (both treatment and comparison) were much more likely to

be in a higher quartile of both total and crop income at time 1 versus baseline (p<0.001).

Table 6: Effect of intervention on household income and income from food crops

(1 @)
Household income (quartiles) Crop income (quartiles)

Treatment * time 1.05 (0.22) 2.1 %%k (0.49)
Agricultural intervention  1.00 (0.15) 0.46+%* (0.08)
Time 7.92%%* (1.25) 5.86%** (0.94)
Wealth score |77+ 0.11) |.38%* (0.09)
Ethnicity

Janajati (ref) 1.00 ) 1.00 )

Dalit 0.85 0.21) 0.28%** (0.08)

Brahmin/Chhetri 1.04 0.21) 0.94 0.21)
Size of HH | 10%#* (0.02) 1.04 (0.02)
Female head of HH 0.68 (0.15) 1.19 (0.27)
Observations 1371 1371

Exponentiated coefficients; Standard errors in parentheses
* p<.05 ** p<.0l **p<,00l

Table 7 indicates food crops both produced and sold (model 1) and the proportion of
crops sold (model 2), which is commonly used as a proxy for market orientation. The
analysis in model 1 is reported in two parts, the first showing the effect of intervention on
the number of food crops sold by those who sell crops, and the second (“zero inflation”)
testing the probability that intervention affects a household’s decision whether or not to
sell its crops. In this case, we observe that intervention does not have a significant effect
on whether or not a household sells crops, but it does have a positive effect on the number

of crops that households sell (42% increase in number of crops sold over time; p<0.001).
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Model 2 looks instead at the proportion of all crop types produced that are sold at
market, to determine whether intervention affects a household’s market orientation (i.e.,
propensity to grow for home consumption versus markets). In this model, the coefficient
may be understood as a simple percentage, so the treatment effect indicates that
households receiving intervention market a higher proportion of the crops they produce
at time 1 compared to baseline (8% higher; p<0.01). Therefore, although Table 5
indicates that treatment does not affect the number of crops produced, Table 7 tells us
that it does affect the number of those crops that are sold as well as the proportion of all

crops that are sold over time.

Table 7: Effect of intervention on number of crops sold and the proportion of crops grown that
were sold at market

(h )
Sales diversity Proportion of crops sold
(number of crops) (percent)

Treatment * time 1429 (0.12)  1.08** (0.03)

Treatment 0.82%* (0.06)  0.95** (0.02)
Time 1.37%  (0.08) 1.06** (0.02)
Wealth score L1 (0.02)  1.06%F* (0.01)
Ethnicity

Janajati (ref) 1.00 ) 1.00 )

Dalit 0.57%*  (0.09) 0.83%** (0.03)

Brahmin/Chhetri ~ 0.88 (0.07)  0.90%** (0.03)
Size of HH 1.02% (0.01) 1.00 (0.00)
Female head of HH 0.98 (0.08) 0.99 (0.03)

Zero inflation

Treatment * time 1.02 (0.35)
Treatment 0.88 0.21)
Time 0.31%*  (0.08)
Wealth score 0.54%%%  (0.06)
Ethnicity

Janajati (ref) 1.00 )

Dalit 3.47%* (1.34)

Brahmin/Chhetri  0.92 (0.27)
Size of HH 0.95 (0.04)
Female head of HH 0.89 (0.32)
Observations 1375 1375

Exponentiated coefficients; Standard errors in parentheses
Model | zero-inflated Poisson regression

Model 2 OLS regression

* p<.05 ** p<.0l **p<,00l
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Table 8 examines the effect over time of intervention on predicted consumption of the
dietary patterns and on HDDS. Each coefficient again predicts an increase in the
dependent variable, tertile of consumption pattern or HDDS. Adjusting for covariates,
households receiving the intervention are nearly twice as likely to consume at a higher
tertile of the varied pattern in 2016 as they were in 2014 (p<0.05). There is no significant

treatment effect on the dairy/sweets pattern or on HDDS overall.

Table 8: Effect of intervention on tertiles of dietary patterns and dietary diversity

(M 2 ©)
Varied pattern (tertiles) Dairy/sweets pattern (tertiles) HDDS (tertiles)

Treatment * time |.98** (0.44) 0.86 (0.19) 1.49 (0.36)
Treatment 0.76 (0.12) | .54%* (0.24) 0.93 (0.16)
Time 7.62%%% (1.25) 283 (0.45) 15.36%F (2.83)
Wealth score | 25%** (0.08) 0.98 (0.06) 1.35%  (0.09)
Ethnicity

Janajati (ref) 1.00 () 1.00 () 1.00 ()

Dalit 0.49+* (0.13) 2.45%%% (0.64) 1.82* (0.52)

Brahmin/Chhetri 0.5 1** 0.11) 5.80%+* (1.27) 2.80%%  (0.66)
Size of HH 1.01 (0.02) 1.02 (0.02) 1.02 (0.02)
Female head of HH 0.80 (0.19) 0.56* (0.13) 0.76 (0.19)
Observations 1372 1372 1366

Exponentiated coefficients; Standard errors in parentheses
Models |, 2, 3 ordered logistic regression

* p<.05 ** p<.0l **p<,00l

DISCUSSION

In this study, we examine the effect of an agricultural production (intensification and
diversification) intervention in addition to an agricultural marketing intervention, first on
intermediate production and income-related variables and then on dietary patterns
derived from consumption data. We have two complementary objectives in this: first,

to understand the impact of intervention on dietary patterns, and second, to
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determine the added value of using pattern analysis with or instead of a dietary

diversity score to evaluate the impacts of intervention on diets.

We observe a very large increase in dietary diversity from baseline to time 1 in both
treatment and comparison groups, but no significant difference between treatment and
comparison in change over time. If the HDDS were our only outcome of interest, we
would necessarily assume that the intervention had no effect on diets. Following pattern
analysis, however, we see that there is a significant and large treatment effect on
consumption of a varied dietary pattern. This result demonstrates that the use of
HDDS alone masked some impacts of agricultural intervention. Previous analysis of
consumption data in this population found a significant association between the
“dairy/sweets” pattern and higher weight-for-height and prevalence of overweight
among children under 5, with no such association observed for dietary diversity (15).
Interventions that measure diet quality only in terms of dietary diversity may therefore

miss effects with important implications for public health.

Results are somewhat complicated by the fact that the comparison group
experienced increased promotion of market access from parallel projects during the
period of the intervention. The significant change between baseline and time | in
both groups suggests that the marketing intervention to which both groups were
exposed may have had an impact on our secondary outcomes. The coefficients on the
“time” variables in the tables above indicate substantial changes in both comparison
and treatment households over time: increased crop income, land in cultivation, and
diversity of crops marketed (which were significantly further increased by agricultural
production intervention) as well as increased total income and production diversity
(which were not). The marketing intervention also appears to have had a large
positive effect on dietary diversity and on both the dairy/sweets and varied patterns,
while the agricultural production intervention, which did not show an additional
effect on these two outcomes, had an additional positive effect on adherence to the

varied pattern.
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The results of our pattern analysis indicate that within this population, there are
consistent and stable patterns of consumption. The rapid and large increase in overall
dietary diversity in both groups suggests dramatic changes in the food environment over
the period of the intervention. Yet the composition of the patterns we observed did not
change. This supports the idea that the patterns represent true dietary preferences and
not, for example, scarcity or limited availability of some foods. This stability of patterns
despite rapid diversification of diets suggests that interventions that improve availability of
and access to foods may not have much influence on the combinations of foods families
prefer, even where they are successful in changing the quantity and diversity of foods
consumed. A natural implication is that as households diversify their diets, they may go in
one of two fundamental directions, one of which (dairy/sweets) is associated with negative
health outcomes for children. We may therefore be able to improve diets of children in
this context by guiding households in a positive direction, away from less-healthy patterns
as they diversify their diets. While the agricultural production intervention here did not
reduce the probability of households adopting the dairy/sweets diet, it did double the
probability that a household adopted a varied dietary pattern, suggesting at the very least

that intervention may be able to guide choices between dietary patterns.

An understanding of how to promote healthy diets is especially important given the
presence of multiple consumption patterns in these data. Nepal is a low-income country,
but it is experiencing rapid economic growth and has seen substantial reductions in
stunting alongside improvements in life expectancy in the past decade. The changes over
two years observed in the descriptive statistics above give an indication of how rapidly the
rural environment is changing. Interventions, road construction, and remittances have
contributed to rising levels of wealth, increased income, and a greater variety of foods
both in local markets and in the home. For the average rural smallholder household in
these districts, concerns about meeting a minimum level of dietary diversity may now be
outdated in the face of a coming nutrition transition. If this is the case, then it is especially
vital to develop a better understanding not only of how people eat, but also of how to

influence adoption of healthier dietary patterns.
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The use of secondary data collected for project evaluation results in several important
limitations to this study. Sample size was calculated to match project evaluation needs,
although ex post power calculations do suggest that it is adequate for the analysis we
present here. The geographically clustered sampling further complicates analysis. We use
fixed-effects models that control for time-invariant unobserved heterogeneous effects that
may arise due to the study design, and there was purposive selection of comparison areas
to match geography of treatment areas, but this approach also prevents us from being

able to model the relationship of dietary patterns to geographic factors.

Nepal’s varied topography creates important differences in crops produced and
productivity, markets, and even cultural separation between villages, municipalities, and
provinces, and additional study should be undertaken on how these factors affect dietary
patterns. Important questions also remain to be answered about geographic movement of
food crops within and between markets, to ensure that as agricultural commercialization
intensifies in this environment, nutrient-dense crops are not sold downstream and
replaced with highly processed packaged foods that may be shelf-stable and popular but

lack essential nutrients for long-term growth and development.

The consumption data collected for this study represent both a limitation and a strength.
We are limited to the food groups that were collected for construction of the HDDS,
which was an outcome indicator of the project, and so we are unable to explore more
detailed composition of the two dietary patterns. A more disaggregated set of food groups
could be more informative and might also identify additional patterns. At the same time,
the limited set of food groups allows for easy replication of the approaches we adopt here,
using data from other interventions. The use of HDDS food groups makes it easy to
understand how the dietary patterns we identified may relate to a validated indicator of

household dietary sufficiency or food security.

In this study, we have observed the same households at two time periods and studied the
effect of an agricultural production intervention on their market activities, income, and
diets over time. We believe that this is the first application of a longitudinal approach to

dietary pattern assessment in any low-income country and its first application to an
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intervention of this kind. With this study, we hope to shift discourse about dietary

diversity beyond counts of food groups to a more nuanced discussion of observed dietary

patterns in low-income countries.
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VII.  Summary and Discussion

In international nutrition research in low-income countries, dietary assessment uses
simple indicators that are easy to implement, comparable between populations, and
useful for monitoring change over time and the impact of interventions. Pre-defined
dietary diversity scores are indicators of food security in terms of caloric access (for
households) and of diet quality in terms of micronutrient adequacy (for individuals). The
relationship between dietary diversity and quality is not necessarily linear, however; some
foods that may be components of higher-diversity diets—e.g., sugars, refined
carbohydrates, and saturated fats—may also be risk factors for negative health outcomes,
particularly in environments in which dietary transitions are leading to increasing rates of

overweight and chronic disease.

In industrialized and industrializing nations, where non-communicable diseases related to
overweight and obesity are now prevalent, dietary analysis using principal components,
factors, or clusters is commonly used to identify patterns of foods that individuals or
households consume over a given period. Researchers in these contexts have shown that
such patterns tend to have a strong relationship to a range of human health outcomes,
and dietary patterns are often used to inform discussions of dietary quality. However,
patterns may vary due to taste preferences, cultural habits, and religious proscriptions,
and such variation limits the utility of dietary patterns as indicators for comparison across

different populations and geographies.

Dietary diversity indicators used in low-income settings may be inappropriate for use in
wealthier populations, and dietary pattern analysis has been virtually unused in low-
income countries. Each tool is typically employed to answer different sets of questions.
However, the two approaches may use similar or even identical dietary consumption
data, and, as we have seen 1n this study, useful information may be gleaned from use of

the two approaches in a complementary way.
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Findings and implications
In this study of dietary data from two time periods in two districts of Nepal, we identify
two patterns that are clear, consistent over time, and common to households, women,
and children. The first is a varied dietary pattern rich in high-value foods including meat,
eggs, fish, and fruit. The second is a pattern that includes dairy and sweets alongside
either legumes (for women and households) or tubers (for children). Each pattern

represents a more diverse diet than the cereals, vegetables, and oils/fats common to all

but a handful of households.

We examine potential determinants of these patterns and identify ethnicity, wealth,
production diversity, and a woman’s education level as being important predictors.
Wealth appears to be the most consistent predictor of both women’s and household
dietary patterns, and interaction terms included in the analysis inform us that wealth also
modifies the effect of production diversity: at higher levels of wealth, production diversity
plays less of a role in determining dietary choices. We might expect that a diverse diet
would be associated with access to markets, and that improved market access leads to
increased ability to purchase and consume the foods in these patterns. In cross-sectional
analysis we see the opposite, however: that households and individuals consuming the
varied pattern or both patterns tend to be those who live more than an hour from a
market for buying and selling produce. Households in this context with less market access

rely on more diverse production systems for home consumption.

The minimum dietary diversity indicators, MDD-W and IYCF MDD, are used to
identify individuals who are likely to consume a minimum threshold of micronutrient
intake. We find that using binary dietary pattern indicators alongside these diversity
indicators allows us to identify sets of individuals who, although they meet the minimum
standard, actually consume a lower level of diversity of some nutrient-dense foods. For
example, out of those who reach the MDD-W and IYCF MDD threshold, individuals
who do not consume a varied dietary pattern are significantly less likely than others to be

eating meat, eggs, and orange fruits and vegetables rich in vitamin A and its precursors.



In other words, dietary pattern analysis may be helpful in identifying populations at risk

of nutritional gaps that may not be observed with dietary diversity indicators alone.

Child anthropometry also demonstrates relationships to dietary patterns that convey
additional useful information in comparison to dietary diversity scores. A diet
characterized by the consumption of dairy and sugary foods is consistently associated with
higher weight, on both high and low ends of the weight range. Specifically, although we
see no association between weight and child dietary diversity, we find that a dairy/sweets
pattern is related to higher weight-for-height in children 6 to 59 months. It predicts lower
likelihood of a child being wasted and a higher likelihood of a child being overweight.
This has important implications for identifying children at risk in populations undergoing

a dietary transition associated with overweight and chronic disease.

In our longitudinal analysis, we observe a large increase in overall dietary diversity in our
population, suggesting dramatic changes in the food environment over the two-year
period of the study. The composition of dietary patterns did not change, however,
indicating that pattern composition is independent of dietary diversity and further
suggesting that patterns are not driven by scarcity or availability of specific foods. A
simple but important implication is that as people change patterns of how they eat, they
may not merely add an additional food group to their diets. This stability of patterns
despite rapid diversification of diets further implies that interventions that improve
availability of and access to foods may not have much influence on the combinations of
foods families prefer, even where they are successful in changing the quantity and

diversity of foods consumed.

As households in this study diversified their diets, they did so in specific directions: toward
a varied diet, toward a dairy/sweets diet, or both. Because the dairy/sweets diet is
associated with risk of overweight among children, we see value in identifying ways to
promote alternative, healthier dietary patterns that could lead to healthier outcomes in
the long term. While our analysis does not find associations between the varied pattern
and positive health outcomes, neither does it find associations with negative outcomes

(stunting, wasting, or overweight); it is also easily recognizable as including desirable
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elements of a beneficially diverse diet (meat, fish, eggs, and fruit). We observed that an
agricultural production and diversification intervention led to a twofold increase in
likelihood of adopting this varied dietary pattern, with no similar increase in adoption of a
dairy/sweets pattern. Intervention may therefore prove a useful tool in guiding choices
between dietary patterns as households diversify their diets. We did not see similar effects
of intervention on household dietary diversity, which demonstrates that using HDDS as a
dietary outcome of an intervention can mask significant and large effects on diets that

may be revealed by pattern analysis of the component food groups.

Limitations and directions for future study

As with any analysis of secondary data from a project evaluation, this study was limited
by the data collected at baseline. We were able to temper this by expanding our survey at
the follow-up time period, and the cross-sectional analysis in this study benefited greatly
from additional information available as a result: anthropometric data, additional food
groups, and individual (rather than only household) consumption. If a future study were
to collect these data reliably at multiple time periods, analysis of the effect of dietary
patterns on child nutritional status over time would likely prove revealing. With a
sufficiently powered sample and a longer time period of study, it would be useful to
ascertain, for example, if the varied diet is not merely a less-unhealthy alternative to the
dairy/sweets diet, but also has a positive effect on linear growth over time (which we

might expect given its composition).

The geographically clustered sampling is a further limitation to this study. We use
random- and fixed-effects models to control for unobserved heterogeneous effects that
may arise due to the clustered study design. However, these techniques prevent us from
being able to model the relationship of dietary patterns to geographic factors such as
market access, which varies significantly by geographic cluster. Our longitudinal analysis
was further complicated by the presence of district-wide interventions that led to
substantial market development among the comparison group during the period of

the intervention. A marketing intervention with a true control group could illuminate
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additional effects of market development on diets that we were unable to observe in

this study.

In our analysis we use relatively coarse consumption indicators—the food groups that
comprise the HDDS—which poses limitations to the interpretation of dietary patterns.
An approach that begins with a larger food frequency questionnaire, with foods
categorized into groups according to local usage habits, would enable extraction of
additional information about the roles of individual foods. For example, with our existing
data we cannot determine whether potatoes function as a starchy staple, a vegetable, or a
snack food; this level of detail could result in different and possibly more predictive
dietary patterns. Existing sources of detailed dietary data (including past dietary recall
surveys) could also inform such choices of foods and food groups for recall and pattern
analysis. In addition, disaggregating packaged food products from cereal grains and other
food categories could help to illuminate whether in this population we are truly seeing a
dietary transition away from traditional diets and toward more processed foods, as seems
to be implied by the high rates of overweight among children, particularly those

consuming sweets.

Conclusion

We sought in this study to demonstrate the utility of dietary pattern analysis to contribute
additional information beyond what we can learn from the use of dietary diversity scores,
and we feel that we have successfully identified specific areas where pattern analysis can
add value. First is the pattern analysis process itself, which can highlight combinations of
foods that could influence the success of dietary interventions. In Nepal, for example,
nutrition counseling frequently focuses on animal-source foods as a category; yet in this
population, dairy has no clear relationship to eggs and flesh foods but is consistently
consumed with sugar or sweet foods as part of both household and individual dietary
patterns. Thus, promotion of “animal source foods” as a category may, to a Nepalese
audience accustomed to eating according to specific patterns, inadvertently be neglecting

dairy, or promoting consumption of sugar alongside dairy, which—in a population in
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which we already observe an unexpectedly high proportion of overweight children—may

contribute to further increases in overweight.

We have also observed that dietary patterns may be used to identify subsegments of
populations that eat in unexpected ways; in this case, meeting minimum dietary diversity
standards without consuming a diverse array of nutrient-dense foods. In this population,
the group of women and children not eating a varied dietary pattern despite achieving
minimum diversity may be a useful case study for further research, as traditional

indicators may fail to identify critical vulnerabilities in this group.

Similarly, in our longitudinal analysis, we find that dietary diversity scores may mask
effects that can be revealed by analysis of dietary patterns. An important and clear
implication is that data collection and analysis that relies exclusively on dietary diversity
may ignore associations that can inform future intervention and public health

programming.

We have seen that pattern analysis, but not dietary diversity scores, may help to identify
children at risk of overweight. The association of one dietary pattern but not another with
higher weight-for-height and overweight appears to follow the results of research in
Tanzania on dietary transitions as well as dietary pattern research in wealthier countries,
where specific patterns tend to be identified as obesogenic. The existence of such a dietary
pattern in the relatively resource-poor rural Nepalese population considered in this study
1s somewhat surprising on first glance; yet we have already observed that interventions
that increase availability of and access to a variety of foods may not influence the
composition of dietary patterns that families prefer, even when they influence choice
between patterns. It therefore seems reasonable that nutrition counseling interventions
would benefit from additional understanding of dietary patterns in any environment,

including those characterized more by undernutrition than by overweight and obesity.

Finally, all the dietary patterns in this study were generated using data that were collected
for the purpose of constructing dietary diversity indicators. In particular, the use of

HDDS food groups as consumption indicators carries an important advantage, as it



allows for easy replication of these methods using other data sets. Depending on the time
of year data are collected, use of other data sets could also be helpful in identifying
seasonal variation in dietary patterns. And analysis of a larger, nationally representative
data set like the Nepal DHS could open additional avenues of study, to determine
whether regional and national patterns of consumption exist and whether the patterns

observed here have validity outside of the limited population surveyed for this study.
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IX. Appendix I: Survey Instruments

BASELINE SURVEY INSTRUMENT

English

Market Access and Water Technology for Women (MAWTW) Project
Base Line Study — 2014

Household Survey Questionnaire
(to be asked to female member of family as said in guideline or as instructed by Survey Supervisior)

Informed Consent Form

Namaste! My name is . I am conducting this survey for the Market Access and Water
Technology for Women (MAWTW) Project being implemented in Kailali and Dadeldhura districts.

We are collecting data for a research study. The information will be used to guide future agriculture/income
generation programs in certain communities in Nepal. Your household has been chosen by a random
selection process. You are one of over 650 households included in this survey, and we are also
interviewing some community leaders at the ward level.

During this study, | will ask you questions related to diverse topics including household membership,
agricultural practices, socio-economic status, health and nutrition, and empowerment.

We are inviting you to be a participant in this study. We value your opinion and there are no wrong answers
to the questions we will be asking in the interview. We will use approximately 2:00 hours of your time to
collect all the information. There will be no risk as a result of your participating in the study. Your
participation in this research is completely voluntary. You are free to withdraw your consent and
discontinue participation in this study at any time.

The information given by you will be strictly treated as confidential and will be used only for the study. Your
responses will not be linked with your name/address and will be kept separately in a locked room and will
be destroyed once all the data has been collected and analyzed.

Your participation will be highly appreciated. The answers you give will be used for planning agriculture
and income-generation related programs and services.

Are you willing to participate in the study?
1. Yes 2. No

Signature of the respondent:

I , the enumerator responsible for the interview certify that | have
read the above statement to the participant and they have consented to the interview. | pledge to
conduct this interview as indicated on instructions and inform my supervisor of any problems
encountered during the interview process.

If the household does not give consent to all of the data collection, stop the interview and inform your
field manager. Field managers will discuss the reason for this refusal and decide whether partial data
collection is possible for this household.

Signature of the interviewer: Date: / /2071



General Information

2.1

2.2

2.3.

24.

2.5.

2.6.

2.7.

2.8.

2.9.

2.10.

2.11.

District:

VDC:

Ward No.:

Village/tole name:

Enumerator’'s name:

Date of interview:

Supervisor's name:

Date questionnaire checked:

Household code no. (to be completed by Supervisor):

Respondent name:

Respondent ID:
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2. Household (HH) basic information:

21 Give the details of the interviewee/respondent as following:
ID:
Name:
Age:

Relation to HH Head:

Education Status (see codes below):

Marital Status (see codes below):

If married, type of marriage (1 = Arranged, 2 = Love):

With whom she lives (1 = w/ in-laws, 2 = not w/ in-laws):

Codes for Education:

Codes for Marital status:

0 = Started school, but not completed grade 1

1 = Class 5 completed

2 = Class 10 completed

3 = SLC passed

4 = Class 12 completed

5 = University

6= Able to simply read and write (non-formal education / literacy
class)

99 = Never attended school

1 = Married
2 = Deserted
3 = Divorced
4 = Widow

5 = Unmarried

2.2 Ethnic identity of household (see code):

Ethnicity:
1 = Dalit
2 = Marginalized Janajati (Janajati, except Newar and Thakali)

3 = Marginalized Madhesi (Madhesi castes excluding: Brahmin Jha, Mishra and Rajput Kayastha and
similar so-called upper castes, Dalit and Janajati from Tarai / Madesh origin)
96 = Others: Brahmin, Chhetri, and others besides the above from 1-3

23 Information on all members of household
ID | Name | Relation Age Age Sex Weight | Height | Education Primary Secondary
to HH (yrs, if (mo, (1=M, | (kg, if (cm, if | (see code) Occupation | Occupation
Head over5) | if 2=F) under under (see code) (see code)
under 5yrs) 5 yrs)

5)

137



Codes for relation to
household head

01 = Household head

02 = Spouse

03 = Son/Daughter
04 = Son-in-
law/daughter-in-law
05 =

Grandson/Granddaughter
06 = Father/Mother

07 = Father-in-
law/mother-in-law

08 = Brother/Sister

09 = Brother-in-
law/Sister-in-law

10 = Uncle/Aunt

11 = Nephew/Niece

12 =
Grandfather/Grandmother
13 = Other relative

14 = Fostered/Adopted
child

15 = Co-wife

16 = Not related

17 = Not related but
household employee

24
1- Yes
2- No

2.5

Codes for education

0 = Started school, but not
competed grade 1

1 = Class 5 completed

2 = Class 10 Completed

3 = SLC passed

4 = Class 12 completed

5 = University

6 = Able to simply read and
write (non-formal education /
literacy class)

99 = Never attended school

Has someone from your household migrated?

If yes, give following information:

138

Occupation code:

1 = Agriculture/livestock/poultry/
fisheries/horticulture
2 = Migrated
3 = Agricultural wage labor
4 = Non-agricultural wage labor (e.g.
construction)
5 = Self-employed (sewing,
beekeeping)
6 = Business (e.g. tea shop, trader)
7 = Salaried worker (e.g. teacher,
government job)
8 = Student
9 = Too sick or physically challenged
10 = Non-earning occupation (e.g.
politician)

11 Unemployed

ID (copy the already given ID)

code)

Where the member has
migrated (see migration

How long the member has
stayed there? Tell in years.

Migration code:
01- Nepal
02- India

03- Gulf countries

04- Malaysia

05- Europe and America

96- Elsewhere



2.6

3.

Are you affiliated to any farmer group?

1-  Vegetable Farming

2- Cereal

3- Animal husbandry

4-  Fish farming
96- Others, specify:

Give information about each plot of your cultivated land

Sn. of
land’s
plot

Unit of measure
(Biga/kattha/ropani)

HH-owned cultivated land —
give the area

Rented /

Sharecropped Land

Self- Rented out /
Cultivated sharecropped

Location
(see
code)

Area

Location
(see
code)
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Location code:

1-
2-
3-
4-
5-
6-

At homestead;

Same village/ward within VDC;

Another ward within VDC;
Ward outside the VDC;

Outside the district;
Outside Nepal



4, Give information on the crops you farmed in the cultivated land during the last 2 agricultural
seasons (winter and summer):
SN Name of crop 1-  Cultivation in owned land | Did you sell this crop If yes, what
(see crop code) | 2- Cultivation in non-owned | in last year? proportion did you
land 1- Yes sell (in %)
3- Both of above 2- No
1 a
2
3
4
5
6
7
8
9
10
Crop code:
01 = Rice 06 = Barley 11 = Chickpeas 17 = Tobacco 22 = Fruits
02 = Wheat 07 = Groundnut 12 = Beans 18 = Sweet Potato 23 = Flowers
03 = Maize 08 = Soybeans 13 = Sugarcane 19 = Potatoes 24 = Jute
04 = Finger millet 09 = Lentil 15 = Cotton 20 = Oil Seeds 25 = Spice
05 = Buckwheat 10 = Peas 16 = Sunflower 21 = Vegetables 96 = Other
(specify)

Sources of water for irrigation:

Source of water

Season:

Do you own deep / shallow tube

1- Rainy season well?

2- Dry season

3- Both 1- Yes
Rain 2- No
River/springs
Rainwater harvesting
Canal
Pond

Multiple water use system

Deep tube well

Shallow tube well

6.

What is the Source of drinking water (select all that apply):

1- Pipeline connection in the home
2- Public tap in the neighborhood

3- Spring
4-  Well / pond
5-  Tube well

6- Rainwater harvesting
7- River/ stream
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7. Does your HH production meet your own family’s food needs?

1-
2-

71 If no, in which months in the last year did you experience a food deficit? Select all that apply.

Yes
No

Baisakh
Jeth
Ashad
Saun
Bahdau
Asoj
Kartik
Mangsir
Push
Magh
Falgun
Chiat

7.2 Which source of income do you use to buy grains / food in time of deficit?

1-
2-
3-
4-

96-

Income from remittance
Income from salary/wage
Income from trade/commerce
Money from loans/credits
Others specify

8. Ownership of livestock and poultry

()
>

Name of animals/poultry

Quantity of adult animals

Cow

Buffalo

Bullock

Goat

Pig

Sheep

Poultry

Horse

SO NoO|O|RWIN|—~

Others (specify):

9. Dwelling:

1- Owned

2- Rented

9.1 If house is owned, type of house:

1- Pucca (cemented wall and slab)

2- Semi-pucca (cemented wall with roof other than cemented slab)
3- Kachha (no cemented wall and cemented slab)
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10. Ownership of HH assets:

Name of assets

Do you have this asset?
1=Yes, 2=No

Permanent Latrine in regular use

Color TV

Black and white TV

Gas stove

Fridge

Motorcycle

Bicycle

Mobile phone

Tractor

Pump for irrigation

Thresher

Radio

Bed with frame

Other (specify):

1. Household Income

1.1 Did you make income from vegetable production in the past 12 months?

1- Yes
2- No

11.2 If yes, how much income did you earn from vegetable production in the past 12 months? Give in

NRs.

11.3 Give the various sources of income for your family:

Source of income

Share in total annual HH income
(in %)

Agricuture

Vegetables and Fruits

Fishery

Dairy products

Poultry

Sale of livestock

Wages/Salary

Remittances

Business/trade

Others (specify):

Total

100 %
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12. Information about female leadership in agriculture
121 Are female members of your family aware of the following technology?
Are there If yes, then Of those who Of them who Of them who
family give the know it, how know it, how know it, how
Type of members who | number of many know many know many know
technology know about it? | members about the about its use? to operate it?
1- Yes who know it. | suppliers of it? Give numbers. Give
2- No Give numbers. numbers.
Treadle pump
Sprinkler
Water collection
pond
MUS

Drip irrigation

12.2 Is there any female member of your family on a Multiple Water Use System (MUS) management
committee?
1- Yes
2- No
12.3 Have female members of your family received any agricultural training specifically designed
for women?
1- Yes
2- No
12.4 If yes, then give following information.
SN Name of the training Numbers of female members of family who
received the training
1.
2.
3.
12.5 Have female members of your family received training related to the following areas?

Numbers of female members of
family who received the training

Subject area of training Did family mebers receive
the training?
1- yes

2- No

Leadership Developemnt

Skill Developemnt

Enterprise developement/ management

12.6 Are there female members of your family working as service providers related to agriculture
services?
1- Yes
2- No
12.7 If yes, then give following information.
S.no. Name of female Service provider Specify the type of service
1.
2.
3.
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13. Information about knowledge on nutrition, health and sanitation for women
13.1 Do you know about the types of food that provide iron?
SN Type of food Answer of respondent:
1- Correct answer
2- Wrong answer and does not know
1 Green vegetables
2 Fish
3 Meat, liver
4 Egg
5 Pulses/beans
6 Orange
13.2 Do you know about the types of food that provide vitamin A?
SN Type of food Answer of respondent:
1- Correct answer
2- Wrong answer and does not know
1 Milk, curd, ghee
2 Ripe mango, papaya, orange
3 Dark green vegetables
4 Carrot, Pumpkin
13.3 Do you know about iodized salt ?
1- Yes
2- No
13.4 Do you know what types of food are needed for the growth of children?
SN Type of food Answer of respondent:
1- Correct answer
2- Wrong answer and does not know
1. Barley/Wheat/Corn/Rice / bread
2. Meat
3. Fish
4. Egg
5. Fruits
6. Vegetables
7. Milk
8. Pulses/beans
13.5 Do you know when one should wash hands to remain healthy?
SN Time Answer of respondent:
1- Correct answer
2- Wrong answer and does not know
1 Before eating
2 Before feeding the baby
3 Before serving food
4 After using the toilet
5 After cleaning the baby’s buttock
6 After handling of dirt
13.6 Do you know what should be used to wash hands to keep it clean?
SN Type of food Answer of respondent:
1- Correct answer
2- Wrong answer and does not know
1 Soap
2 Ash
3 Others (specify):
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13.7 What do you think are the reasons for the occurrence of diarrhea?
SN Possible reasons Answer of respondent:
1- Correct answer
2- Wrong answer and
does not know
1 the use of unclean water
2 consumption of food infested with houseflies
3 consumption of old and rotten food
4 usage of dirty hands while eating food
5 consumption of food that has been cooked in dirty dishes
6 Other (specify):
13.8 What are the symptoms of severe diarrhea (needs treatment)?
SN Symptoms Answer of respondent:
1- Correct answer
2- Wrong answer and
does not know
1 regular dispersion of watery excretion
2 not able to eat or drink any liquid or mother’s milk
3 traces of blood in the excretion
4 occurrence of fever
5 regular vomiting
6 feeling extremely thirsty
7 Other (specify):
13.9 If there has been an occurrence of diarrhea in your household, what did you do to treat it?
SN Type of facilities Answer of respondent:
1- Correct answer
2- Wrong answer and
does not know
1 stopped dehydration (jalbiyojan) by giving more liquid than
usual and oral rehydration salts (jiwonjal)
2 in order to prevent malnutrition, fed more nutritious food than
regular meals
3 the child was taken to a health institute after the health
condition of the child did not improve
4 Other (specify):
13 How do you prepare drinking water at your house?
SN Way of preparing drinking water Answer of respondent:
1- Correct answer
2- Wrong answer and does
not know
1 Directly without boiling the water
2 After boiling it
3 After filtering it
4 Other (specify):
13.10 Has anyone from your family suffered from diarrhea in the past 2 months?

1- Yes
2- No
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14.

13.11  If yes, then give following information about the members.

SN Name of the person that suffered from diarrhea Sex Age
1- Male
2- Female

1

2

3

13.12 Do you have knowledge about the following subjects related to children and mother health?

SN Subject 1- Know
2- Do not know

1 An infant must be exclusively breastfed for the first 6 months,
which means no other food or drinks should be given to him/her

2 An infant must be breastfed for 2 years

3 Pregnant and breastfeeding women must eat more and good
foods than women who are not pregnant or breastfeeding

4 In case of diarrhea in a child below the age of 5 years, child must
be fed regular course of food as usual

5 If a baby is sick, he/she shouldn’t be prohibited from consuming
food

13.13  In the last 24 hours which food-group (among the following) has been used in your meal?

SN Type of food Morning Day Evening
1- Yes 1- Yes 1- Yes
2- No 2- No 2- No

Cereals

Vegetables

Pulses/legumes/nuts

Meat

Egg

Fish and seafood

Milk and milk products

Oils/fats

O(O|INO|OAWIN|(—~

Sugar/honey

10 Fruits

11 Roots and tubers

12 Other / Miscellaneous

13.14  Tell us the days your family had consumed vegetables in the past week. Select all that Apply

Sunday Monday Tuesday Wednesday Thursday Friday Saturday

Information on Exposure to Media - What kind of media you use? Give information on the

following:
14.1 Do you listen to the Radio? 14.2 Do you watch TV? 14.3 Do you read newspaper?
(see code) (see code) (see code)

Exposure to Media:
1- Everyday
2- Every week
3- Every month
4-  Afew times a year
5- Never
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Market Access and Water Technology for Women (MAWTW) Project
Base Line Study - 2014
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FOLLOW-UP SURVEY INSTRUMENT

English
Market Access and Water Technology for Women (MAWTW) Project
Follow-Up Study, May-June, 2016
Household Survey Questionnaire
1. Household Composition

| would like to ask you about the people who usually make decisions about income earned and expenses incurred
in this household. In some households, there are multiple people who make different types of decisions, and |
would like to know about the one or two people who make decisions most often.

migrated for 1 year or
more, how many years
has he or she been away?

SN | Question Response Option Person | Person
1 2
1.1 | Is there more than one [If YES: please ask each of the following questions about
person who regularly each person. Use the column labeled Person 1 for the first.
makes decisions by Use the column Person 2 for a second. If there is no second
themselves about income | person who makes decisions about income and expenses,
and expenses in this please leave the column for Person 2 blank.]
household?
1.2 | What is the age of this [Please use number only]
person?
1.3 | What is the person’s sex? | 1= Male
2 = Female
1.4 | What is the person’s level 1 = Never attended school, illiterate
of education? 2 = Some literacy from informal education or literacy class
3 = Started school, did not complete Class 5
4 = Completed Class 5
5=Upto Class 10
6 = Passed SLC
7 = Completed Class 12 (+2)
8 = University or higher
1.5 | What is the person’s 1 = Agriculture/livestock/poultry/ fisheries/horticulture
current occupation or 2 = Migrant labor (not at home)
source of income? 3 = Agricultural wage labor
4 = Non-agricultural wage labor (e.g. construction)
5 = Self-employment (sewing, beekeeping)
6 = Business (e.g. tea shop, trader)
7 = Salaried worker (e.g. teacher, government job)
8 = Student
9 =Too sick or physically challenged
10 = Non-earning occupation (e.g. politician)
11 = No occupation or job
1.6 | Does this person have a [If yes, please use the codes above to indicate occupation]
second occupation or
source of income?
1.7 | During how many of the [please give number of months]
past 12 months did this 0 = the person did not live here
person live in this house? 1 =the person lived here 1 month
12 = the person lived here all year
1.8 | If this person has [please use number only]




1.9 | What is the relationship of | 1 = person 2 is the spouse of person 1
the second person to the 2 = person 2 is the mother or father of person 1
first person? 3 = person 2 is the mother-in-law or father-in-law
4 = person 2 is the son or daughter of person 1
5 = person 2 is the son-in-law or daughter-in-law
2. Now | will ask some questions about the entire household.
SN Question Response Option Code
2.1 How many people regularly [Please give the number of people]
sleep and eat in this house?
2.2 Do your parents live with you | 1=Yes
here? 2=No
2.3 Do your parents-in-law live 1=Yes
with you here? 2=No
2.4 Has anyone in this household 1=Yes
migrated for labor? 2=No
2.5 What is the ethnic identity of | [If most appropriate, please feel free to mark this answer
this household? without asking.]
1=Dalit
2 = Marginalized Janajati (except Newar and Thakali)
3 = Marginalized Madhesi (excluding Brahmin Jha, Mishra,
Rajput Kayastha, and similar upper castes)
4 = Others (Brahmin, Chhetri and other non-marginalized
groups)
3. I would now like to ask about children under the age of 5 who regularly sleep and eat in this house. For each child, |

will ask for their age in months, | will measure their height or length, and | will weigh any children who are under 2
years of age. Please tell me only about children under 5 years of age.

SN Question Response Option Child | Child | Child | Child | Child
1 2 3 4 5
31 What is the child’s 1=Male
sex? 2 = Female
3.2 What is the age of | [Please give the number of months
this child in since birth. If the person does not know
months, since the the exact age, please ask the month
child was born? and year of the child’s birth, and count
the number of months.]
3.3a [If the child is [Please give the length in cm from the
younger than 24 top of the head to the heel of the
months old] child’s foot. Measure the child lying
down on a flat surface, and please be
What is the length | as precise as possible (example:
in cm of the child? | 45.4cm). If the child is not present or
cannot be measured, or if the parent
does not consent to the child being
measured, skip to question 4.]
3.3b [If the child is 24 to | [Please give the height in cm from the
60 months old.] top of the head to the heel of the foot.

What is the height
in cm of the child?

Measure the child standing up, and
please be as precise as possible
(example: 75.2cm). If the child is not
present or cannot be measured, or if
the parent does not consent to the child
being measured, please skip to
question 4.]
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3.4 What is the weight | [Please give only a number, as precise
in kg of the child, as possible. If the child is not present or
to the nearest cannot be weighed, or if the parent
100g? does not consent to let you weigh the
child, please skip to the next question.]
Agriculture
4.  Are you dffiliated with any of the following production groups?
SN Question Response Option Code
4.1 Vegetable farming group? 1=VYes
2=No
4.2 Cereal farming group? 1=VYes
2=No
4.3 Animal husbandry/livestock 1=Yes
group? 2=No
4.4 Fish farming group? 1=VYes
2=No
4.5 MUS group? [Please indicate directly whether the household has access
to a MUS or belongs to a MUS users group.]
1=Yes
2=No
5. Please tell me about the livestock and poultry raised or used by your household. How many adult animals of each
of these types do you currently own?
SN Type of livestock/poultry Response Option Number of ad:l;:lnlmals owned
[use number only]
?
>1 Cows: 99 = does not own
59 Buffalo? [use number only]
99 = does not own
5.3 Bullocks? [use number only]
99 = does not own
54 Goats? [use number only]
99 = does not own
. [use number only]
?
25 Pigs: 99 = does not own
[use number only]
2
>-6 Sheep? 99 = does not own
5.7 Chickens? [use number only]
99 = does not own
58 Ducks? [use number only]
99 = does not own
59 Horse? [use number only]
99 = does not own
5.10 | Others (rabbits, pigeons, etc.)? [use number only]

99 = does not own
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6. Now for each of the following food items, please tell me about which you produced on your farm, ate, sold, and
purchased during the last 12 months.
If you bought
some, what
, If you sold some,
share did you hat share did
Produced Bought for buy? Sold wha >
. (for any home 1= None to you sell:
SN Food item purpose) | consumption 2 = Less than others 1=None
(see codes) 2 = Less than half
1=VYes 1=VYes half 1=VYes 3 = Half
2=No 2=No 3 = Half 2=No
4 = More than half
4 = More than 5 = All
half
5=All
6.1 Cereals or homemade
grain products (rice,
maize, wheat, roti, etc.)
6.2 Packaged grain products
(bread, noodles, biscuits,
etc.)
6.3 Pulses, beans, or legumes
6.4 Nuts or seeds
6.5 Milk, curd, cheese (milk
products other than
butter or ghee)
6.6 Eggs
6.7 Dark green leafy
vegetables (any saag
including gundruk)
6.8 Pumpkin, orange sweet
potato, carrots
6.9 Peach, apricot, mango, or
papaya
6.10 | Roots and tubers not
already named (potatoes,
yams, taro, radish)
6.11 | Other vegetables not
already named
6.12 | Other fruits not already
named
6.13 | Animal meat (chicken,
mutton, buff, pork, or
game animals)
6.14 | Fish or seafood (including
snails)
6.15 | Qils, fats, ghee, butter
6.16 | Sugar or honey
6.17 | Alcohol (rakshi, chyang,
beer, or other)
6.18 | Other - Miscellaneous

(sauces, condiments,
drinks, or other items
more than 1 spoonful)
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7. Now | would like to ask about your family’s food situation in the past month.
SN | Question Response Option Code
7.1 | Inthe past 30 days, was there ever no food to eat of any [If NO, please skip to question 7.3]
kind in your house because of lack of resources to get food?
7.2 | How often did this happen in the past 30 days? 1 =Rarely (1-2 times)
2 = Sometimes (3—10 times)
3 = Often (more than 10 times)
7.3 | Inthe past 30 days, did you or any household member go [If NO, please skip to question 7.5]
to sleep at night hungry because there was not enough
food?
7.4 | How often did this happen in the past 30 days? 1 =Rarely (1-2 times)
2 = Sometimes (3—10 times)
3 = Often (more than10 times)
7.5 | Inthe past [4 weeks/30 days], did you or any household [If NO, please skip to question 8.]
member go a whole day and night without eating anything
at all because there was not enough food?
7.6 | How often did this happen in the past 30 days? 1 =Rarely (1-2 times)

2 = Sometimes (3—10 times)
3 = Often (more than 10 times
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[Please use the table on the following page to record responses to questions 8-10.]

1. Was yesterday a festival, holiday, or special feast day?
[If yes, for questions 8 to 10 please ask about what the household ate on the previous day, or on the
most recent day where the family ate normally.]

Now I’d like to ask about what foods you ate yesterday. From early morning to late night yesterday,
I’d like to know what foods were consumed by anyone in your household. Let’s start when the first
person woke up in the morning. Please describe each meal eaten throughout the day, until the last
person went to sleep.

[Please ask about each time anyone in the household ate at home during the day yesterday. Start at the
beginning of the day, and let the person tell you about what was eaten during the day, until everyone
went to sleep at night. Record all foods that are a part of each meal on the table on the next page.

For example: daal bhaat includes rice and lentils or pulses, and maybe oil. Record each category of
vegetable used in tarkaari (for example, potatoes and cauli are two separate categories). Remember that
tea might also include sugar and milk.]

e Did anyone in the household have anything to eat or drink before you woke up? If yes, what?
Anything else?

e  After you woke up, did you prepare anything to eat or drink for yourself or anyone in the
household, including tea?

e Did you have milk or sugar in your tea? Did you eat anything with your tea?

e  After tea, did anyone in the household eat anything else?

e Did anyone have anything to eat or drink later in the morning? If so, what exactly did they eat?
Anything else?

e How about during the daytime--did anyone have anything to eat or drink? Anything else?

e How about the afternoon--did anyone in the household have anything to eat or drink?

e Inthe evening, did anyone in the household have anything to eat or drink? Anything else? Think
about each person in the household.

e At night, between the evening meal and bedtime, did anyone have anything to eat or drink? How
about after people went to bed?

2. Now for each of these categories, I'd like to know how many times during the day you personally ate
each kind of food. If you did not eat a part of a meal, please let me know.

[Please ask about each category using the prompt below. Continue for each category in turn, asking about
the woman respondent’s consumption.]

e You said that your family ate rice (or noodles or maize, etc.) times. How many of these
times did you personally eat this food?

3. Now, for each of these categories, I'd like to know if you gave this food to the child in this household
we have chosen. Earlier we spoke about a child under five years old. Starting again with rice or grains,
please tell me if the child ate each kind of food.

[Please ask about each category using the prompt below. Continue for each category in turn, asking about
children’s consumption.]



How many of these

How many of these

Mornin Daytime Evenin . i . . .
SN Type of food Yes = 1g Yeys =1 | Yes= f SN times did you SN times did your child
No =2 No =2 No =2 personally eat this under five eat this
food? food?
8.1 | Cereals or homemade grain products (rice, 9.1 10.1
maize, wheat, roti, etc.)
8.2 | Packaged grain products (bread, noodles, 9.2 10.2
biscuits, etc.)
8.3 Pulses, beans, or legumes 9.3 10.3
8.4 | Nuts or seeds 9.4 10.4
8.5 Milk, curd, cheese (milk products other than 9.5 10.5
butter or ghee)
8.6 | Eggs 9.6 10.6
8.7 | Dark green leafy vegetables (any saag including 9.7 10.7
gundruk)
8.8 Pumpkin, orange sweet potato, carrots 9.8 10.8
8.9 Peach, apricot, mango, or papaya 9.9 10.9
8.10 | Roots and tubers not already named (potatoes, 9.10 10.10
yams, taro, radish)
8.11 | Other vegetables not already named 9.11 10.11
8.12 | Other fruits not already named 9.12 10.12
8.13 | Animal meat (chicken, mutton, buff, pork, or 9.13 10.13
game animals)
8.14 | Fish or seafood (including snails) 9.14 10.14
8.15 | Qils, fats, ghee, butter 9.15 10.15
8.16 | Sugar or honey 9.16 10.16
8.17 | Alcohol (rakshi, chyang, beer, or other) 9.17 10.17
8.18 | Other - Miscellaneous (sauces, condiments, 9.18 10.18

drinks, or other items more than 1 spoonful)
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4. Do you use any of these for drinking water?

SN Question Response Option Code

11.1 Pipeline connection in or near the home, 1=Yes

including MUS or public tap? 2=No

11.2 Public tap near your village? 1=Yes

2=No

113 Uncovered spring? 1=Yes

2=No

11.4 Pond? 1=Yes

2=No

11.5 Open well? 1=Yes

2=No

11.6 Tube well or covered well? 1=Yes

2=No

11.7 Rainwater harvesting? 1=Yes

2=No

11.8 River/stream? 1=Yes

2=No

Household socioeconomic status

5. Please give your household income from each of the following sources. This income should include only money that
you received in the past 12 months, since this date last year.
SN Source of income Response Option Total annua|\||:sl-l income in
12.1 | Cultivating and selling vegetables, fruits, and | [use number only]
cereals 99 = none
12.2 | Raising and selling fish [use number only]
99 = none

12.3 | Producing and selling dairy products [use number only]
99 = none

12.4 | Raising and selling poultry [use number only]
99 = none

12.5 | Raising and selling livestock (not poultry) [use number only]
99 = none

12.6 | Wages/salary (other than income reported [use number only]
above) 99 = none

12.7 | Remittances [use number only]
99 = none

12.8 | Business/trade (other than income reported | [use number only]
above) 99 = none

12.9 | Other, not reported above [use number only]
(specify type of income): 99 = none
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6. I would like to ask about your dwelling (home/house structure).

SN Question Response Option Code
13.1 | /s your household dwelling structure 1=0wned
rented, owned, or borrowed? 2 = Rented
3 = Borrowed/ occupied without paying
13.2 | [Please indicate the type of structure in 1 = Pakka (cemented wall and slab)
which the household lives.] 2 = Semi pakka (cemented wall with roof, not
cemented slab)
3 = Kachha (no cemented wall or cemented slab)
13.3 | How many rooms are used by your [Please give number only. Please include rooms
household? used for kitchen, storage, or business, as well as
bedroom and any living rooms.]
13.4 | Does this household have access to 1="Yes
electricity? 2 =No
13.5 | How long (in minutes) does it take you [Please give time in minutes]
or someone from your family to reach 99 = don’t know or never sell/buy
the place where you most often buy
produce?
13.6 | How long (in minutes) does it take you [Please give time in minutes]
to reach a town with a permanent 99 = don’t know or never sell/buy
market where you can buy produce
every day?
13.7 | How long (in minutes) does it take you [Please give time in minutes]
to reach the place where you or a 99 = don’t know or never sell/buy
member of your family can sell produce?
13.8 | How long (in minutes) does it take you [Please give time in minutes]
or someone from your family to reach 99 = don’t know or never sell/buy
the nearest paved road?
7. Now | would like to ask you about the land owned and used by this household.
[Please give larger unit as Code 1 and smaller unit as Code 2, if more than one code is necessary.
For instance, for 2 ropani / 3 anna of land:
e Code 1= Ropani
e Amountl=2
e (Code?2=Anna
o  Amount2 = 3]
. Unit Code Unit Code Amount 1 Unit Code Amount 2
SN Question X [number [number
Options 1 2
only] only]
14.1 How much total land is 1 =Ropani
owned or rented by this 2 =Anna
household? 3 =Bigha
4 = Kattha
5 = Dhur
14.2 How much of this land was [use list above]
under your family’s 99 = none
cultivation in the past 12
months?
14.3 How much of this cultivated | [use list above]
land was irrigated during 99 = none
the past 12 months?
14.4 How much of this land was [use list above]

rented out or used by
others in the past 12
months?

99 = none
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8. Ownership of HH assets. Please indicate whether the household owns each of the following items.
SN Asset Response Option Code
15.1 | Permanent latrine in regular use? ; zLeoS
15.2 | Motorcycle? ; zLeoS
153 | Bicycle? ; zLZs
15.4 | Color TV? ; ;\;Zs
15.5 | Black/white TV ; z LZS
15.6 | Gas stove? ; z LZS
15.7 | Fridge? ; ;\;Zs
15.8 Mobile phone? ; zLeoS
15.9 | Watch? ; ;\;Zs
15.10 | Clock? ; ;\;Zs
15.11 | Fan? ; zLZS
15.12 | Tractor? ; ;\;Zs
15.13 | Pump for irrigation? ; z LZS
15.14 | Thresher? ; zLZs
15.15 | Radio? ; ;\;Zs
15.16 | Table? ; ;\;Zs
15.17 | Chair? ; ;\;Zs
15.18 | Cupboard? ; zLZS
15.19 | Bed with frame? 1=Yes

2=No
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X.  Appendix II: Preliminary Baseline Analysis and Explanation of
Methodological Choices

The baseline dietary diversity data for this study includes the 12 categories of food groups
typically used to create the HDDS. Highly skewed data may cause statistical aberrations
when using factor analysis, and because 98% of households consumed cereals or grain

products, we chose to use only 11 categories for analysis.

Several methods are commonly used to determine how many factors to select when
performing exploratory factor analysis (EFA), which is an important first methodological
choice that must be made during pattern analysis. The Kayser criterion suggests
including factors with an Eigenvalue (which represents the variance of a given factor) of 1
or greater. This makes intuitive sense when using factor analysis for data reduction, as an
Eigenvalue of 1 reflects the average variance of a single variable for standardized
variables, so any factor with an Eigenvalue less than 1 has less explanatory power than

any single average variable in the model.

Scree plot of eigenvalues after factor

Eigenvalues

0 5 10
Number

Figure I: Scree plot of factor scores generated from baseline food group consumption data

Some researchers also use a scree plot to determine—with some subjective judgment—
the point at which the utility of including an additional factor levels off. Figure

ldemonstrates that in our data, the Kayser criterion identifies three factors with a value
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greater than 1. Additional value for each factor (as shown by negative slope) falls off after
the third factor. Together these three factors explain a cumulative variance of 62% within

this data set.

A second methodological question to consider is factor rotation. Factors are a series of
linear solutions that together explain relationships within a matrix of data. Linear
solutions that are multicollinear would be inappropriate to include together in a
regression equation. Most researchers outside of psychology (in which scholars assume
that factors representing psychological constructs like depression and anxiety will be
correlated) prefer to rotate data in multidimensional space until a series of factors emerge
that are virtually perfectly orthogonal and therefore cannot be correlated. We chose to

use Varimax rotation for this reason.

A magnitude of factor loadings to consider appropriate for inclusion in defining a given
factor must also be chosen. Generally, such thresholds are used only to define or describe
a factor in qualitative terms and are not used in subsequent analysis. Researchers
commonly use a threshold between 0.35 and 0.45; in the baseline data, these both result
in roughly the same distinct eating patterns, shown in bold in Table 1. (Oil is also a
component of the third factor at the lower end of this threshold range.) “Uniqueness”
shows the proportion of common variance of that variable not associated with the factors.
In other words, the eggs, dairy, and sweets categories explain more variance in the data
than the other categories; oil, legumes, and fruit—the more “unique” variables—are less

well predicted by the factors.

The first factor identified in the baseline dataset reflects a diet that includes flesh foods,
eggs, fruit, tubers, and “other” (including more than 15g of condiments). This is clearly a
varied diet rich in animal source foods. The second pattern is dairy, oil, and sweets or
sugar, with very high loadings on dairy and sweets. Because of the high loadings on dairy
and sweets, and their relatively low uniqueness, we may choose to call this a
“dairy/sweets” pattern. The third is vegetables, legumes, and oil: a very typical diet in
Nepal, as we also see from the very high percentage of households consuming these three

food groups. Note that because these groups are not exclusive, we might expect a large



proportion of households in the sample to eat according to this “typical” pattern and
some of these households to additionally consume foods in the “dairy/sweets” or “varied”

patterns. Households with very high dietary diversity may consume all three.

Table I: Factors generated from baseline dietary data

Factor | Factor 2 Factor 3 | % of HH | Uniqueness
Vegetables | -0.05 -0.13 0.82 95.9% 0.30
Legumes 0.11 0.33 0.58 83.5% 0.54
Meat 0.73 0.07 0.14 35.8% 0.44
Eggs 0.82 0.17 0.07 18.2% 0.29
Fish 0.76 -0.02 0.09 22.6% 0.41
Dairy -0.02 0.86 -0.06 56.6% 0.26
Oil -0.13 0.50 0.43 85.0% 0.55
Sweets 0.12 0.87 0.03 55.8% 0.23
Fruit 0.67 0.15 0.24 40.8% 0.47
Tubers 0.81 -0.01 -0.21 8.4% 0.30
Other 0.78 -0.12 -0.26 5.1% 0.31
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