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Foreword

This report is one in a series of technical reports produced under the Women'’s Dietary Diversity Project
(WDDP). The WDDP is a collaborative research initiative to assess the potential of simple indicators of
dietary diversity to function as proxy indicators of the micronutrient adequacy of women'’s diets in
resource-poor areas. Work carried out under the WDDP includes the development of a standard analysis
protocol and application of that protocol to five existing data sets meeting the analytic criteria established
by the project. The data sets analyzed as part of the WDDP are from sites in Bangladesh, Burkina Faso,
Mali, Mozambique and the Philippines.

Comparative results across the five sites are presented in a summary report, which will be published in
2010:

Mary Arimond, Doris Wiesmann, Elodie Becquey, Alicia Carriquiry, Melissa C. Daniels, Megan Deitchler,
Nadia Fanou, Elaine Ferguson, Maria Joseph, Gina Kennedy, Yves Martin-Prével and Liv Elin Torheim.
Dietary Diversity as a Measure of the Micronutrient Adequacy of Women’s Diets in Resource-Poor Areas:
Summary of Results from Five Sites.

Detailed results for each data set are discussed in individual site reports:

e Bangladesh: Mary Arimond, Liv Elin Torheim, Doris Wiesmann, Maria Joseph and Alicia
Carriquiry. Dietary Diversity as a Measure of the Micronutrient Adequacy of Women'’s Diets :
Results from Rural Bangladesh Site.

o Burkina Faso: Elodie Becquey, Gilles Capon and Yves Martin-Prével. Dietary Diversity as a
Measure of the Micronutrient Adequacy of Women'’s Diets: Results from Ouagadougou, Burkina
Faso Site.

e Mali: Gina Kennedy, Nadia Fanou, Chiara Seghieri and Inge D. Brouwer. Dietary Diversity as a
Measure of the Micronutrient Adequacy of Women's Diets: Results from Bamako, Mali Site.

e Mozambique: Doris Wiesmann, Mary Arimond and Cornelia Loechl. Dietary Diversity as a
Measure of the Micronutrient Adequacy of Women'’s Diets: Results from Rural Mozambique Site.

e Philippines: Melissa C. Daniels. Dietary Diversity as a Measure of the Micronutrient Adequacy of
Women’s Diets: Results from Metropolitan Cebu, Philippines Site.

This report presents the results for the Mozambique site.

The WDDP initiative began in 2006. Funding is provided by the United States Agency for International
Development (USAID)'s Food and Nutrition Technical Assistance Il Project (FANTA-2) and its
predecessor project, FANTA, at FHI 360. The WDDP has been collaboration among researchers from
the International Food Policy Research Institute (IFPRI), FANTA, Akershus University College, Food and
Agriculture Organization of the United Nations, Institute of Research for Development, lowa State
University, London School of Hygiene and Tropical Medicine, University of North Carolina at Chapel Hill
and Wageningen University.
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Executive Summary

BACKGROUND

In resource-poor environments across the globe, low quality monotonous diets are the norm. When grain-
or tuber-based staple foods dominate and diets lack vegetables, fruits and animal-source foods, risk for a
range of micronutrient deficiencies is high. Women of reproductive age constitute one vulnerable group.
While information on micronutrient deficiencies is scarce, it is clear that poor micronutrient status among
women is a global problem and is most severe for poor women. Information about dietary patterns for
women across countries is also scarce, but the Demographic and Health Surveys (DHS) have recently
begun to fill this information void.

The broad objective of this study, carried out under FANTA’s Women'’s Dietary Diversity Project (WDDP),
is to use an existing data set with dietary intake data from 24-hour (24-h) recalls to analyze the
relationship between simple indicators of dietary diversity — such as could be derived from the DHS — and
diet quality for women. Adequate diet quality is defined here as a diet that delivers adequate amounts of
selected micronutrients, to meet the needs of women of reproductive age. We recognize that definitions
of diet quality often include other dimensions, such as moderation and balance. However, because low
intakes remain the dominant problem in many of the poorest regions, focus in this work is on
micronutrient adequacy only.

Dietary diversity — i.e., the number of foods consumed across and within food groups over a reference
period — is widely recognized as a key dimension of diet quality. There is ample evidence from developed
countries showing that dietary diversity is indeed strongly associated with nutrient adequacy. There is
less evidence from developing countries, but the few available studies of adult women have also
supported the association between diversity and nutrient adequacy.

OBJECTIVES

To assess the potential of simple indicators of dietary diversity to function as proxy indicators of diet
quality, the following main objectives were identified for the WDDP:

1. Develop a set of diversity indicators, varying in complexity, but all amenable to construction from
simple survey data

2. Develop an indicator of diet quality, using current best practices to assess adequacy across a
range of key micronutrients

3. Explore relationships among diversity indicators, energy intake and diet quality

4. Test and compare the performance of various indicators

As a secondary objective, the WDDP also aimed to characterize micronutrient adequacy for women of
reproductive age in each study site.

Indicator performance in just one site is not sufficient to address the broader objective of developing
indicators for global use. Therefore, although site-specific results pertaining to objective four are
presented in this report, the results for indicator performance are most useful when considered across
multiple sites. This discussion is provided in the WDDP summary report.

DATA AND SAMPLING

The data analyzed for this report were collected by the International Food Policy Research Institute
(IFPRI) and collaborators in Zambézia Province, Mozambique, in November-December 2006, as part of
an impact evaluation of an ongoing HarvestPlus project. The project aims to reduce vitamin A deficiency
through encouraging the cultivation, marketing and consumption of vitamin A-rich orange-fleshed sweet
potato (OFSP). The survey was originally designed to establish a baseline prior to the implementation of
interventions. The evaluation design is quasi-experimental: 36 villages in four districts were selected, then
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each village was randomly assigned to one of two intervention groups or a control group. Within villages,
the sampling frame consisted of households participating in community groups (though this criterion was
not strictly applied), and with young children aged 6-36 months. Dietary data were gathered in 12
households per village, selecting one mother/child pair per household. Data collection was repeated in 18
villages for five to seven households per village. All repeat recalls were done on a different day of the
week than the first recall.

METHODS

Quantitative 24-h recall data for mothers and children were collected by two enumeration teams, adapting
a methodology from an interactive, multiple-pass method developed previously for use in Malawi.
Enumerators attended a two-week training session, with emphasis on anthropometric measurements and
on the 24-h recall. A project-specific food composition table (FCT) was compiled, and conversion factors
and standard recipes were gathered by direct observation. Intake was calculated for energy, protein,
animal-source protein, fat, carbohydrates, thiamin, riboflavin, niacin, vitamin B6, folate, vitamin B12,
vitamin C, vitamin A, calcium, iron and zinc.

Extreme intakes were examined and some observations were excluded, yielding a final sample of 409
women. Most women (252) were lactating and 58 were pregnant; 4 were both pregnant and lactating,
while 103 were neither pregnant nor lactating. Second observations were available for 94 women (51
lactating women, 30 non-pregnant non-lactating [NPNL] women and only 14 pregnant women, with 1
woman both pregnant and lactating). Data were analyzed separately for physiological groups when sub-
sample sizes allowed. For analyses based on a single recall (description of dietary patterns) results are
presented for all three physiological sub-groups. For pregnant women, we could not report results related
to nutrient intakes and adequacy, which depend on data from two 24-h recalls.

Eight food group diversity indicators (FGIs) were created, each summing food groups consumed to
generate a food diversity score. The indicators vary in the extent to which major food groups are
disaggregated. The indicators also vary in regard to the amount of food (either 1 gram [g] or 15 g) that
must be consumed in order for the food group to count. The most aggregated indicator has 6 major food
groups (FGI-6). The more disaggregated indicators have 9, 13 and 21 food groups (FGI-9, FGI-13, FGI-
21), with nutrient-dense food groups (animal-source foods, fruits and vegetables) more disaggregated
than staple food groups. The indicators with a 15 g minimum consumption requirement use the same
food groups as FGI-6, FGI-9, FGI-13, and FGI-21. Throughout the report, these indicators are referred to
as FGI-6R, FGI-9R, FGI-13R, and FGI-21R, respectively.

Probability of adequacy (PA) was calculated for the 11 micronutrients listed above, taking into account
both distributions of requirements and distributions of estimated usual intakes. For most nutrients,
adequacy was assessed relative to Food and Agriculture Organization of the United Nations (FAQ)/World
Health Organization (WHO) requirements. Exceptions to this are described in Section 5.6. Probabilities
were averaged across the 11 micronutrients to form a summary indicator of diet quality, mean probability
of adequacy (MPA).

Correlations and simple linear regressions were used to describe relationships between the various
diversity indicators, energy intake and MPA. Performance of the indicators was assessed using receiver-
operating characteristic (ROC) analysis, and through examination of indicator characteristics such as
sensitivity, specificity and total misclassification.

RESULTS

Analysis of the eight diversity indicators showed little difference in food group diversity scores for those
indicators that counted any intake of 1 g or more, compared to those that required 15 g in order for a food
group to count. Most of the small differences observed were accounted for by intake of onions (other
vegetables food group) and tomatoes (vitamin C-rich vegetables), which were consumed in very small
amounts by some of the women. For all other food groups, those who had 1 g also tended to have at
least 15 g. Dietary patterns for lactating, pregnant and NPNL women were similar.

Vi
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The women'’s diets were dominated by starchy staples (largely maize, rice and cassava), which
contributed 68 percent of total energy. Starchy staples also provided over half of the protein and zinc, and
more than two-fifths of the thiamin, niacin, vitamin B6 and iron in the diets. While starchy staples
contributed large proportions of these micronutrients, women with higher intakes of starchy staples had
diets with poorer micronutrient density.

Vitamin A-rich fruits (largely mango) were eaten in substantial quantities and provided 60 percent of
vitamin C, about two-thirds of vitamin A and roughly one quarter of vitamin B6. Animal source foods were
eaten in very small quantities and provided virtually all the vitamin B12 in the diet. Other nutritionally
important food groups consumed were legumes and nuts, dark green leafy vegetables, vitamin C-rich
vegetables, other vegetables, and fish. Dairy products, usually an important source of calcium, were not
consumed at all by the women in this study site.

Median micronutrient intakes were well below estimated average requirements (EARs) for most of the 11
micronutrients assessed. Consequently, the estimated prevalence of adequate intake was very low (5-17
percent) for iron, calcium and riboflavin; low (19-30 percent) for folate, vitamin B12 and niacin; moderate
(43-64 percent) for thiamin, vitamin B6 and zinc; and high (74-83 percent) only for vitamins A and C. For
lactating women the prevalence of adequate intakes was lower, due to higher requirements during
lactation. The MPA provides a summary of this information and underscores the low quality of the
women’s diets: over two-thirds of all women had an MPA below 50 percent (79 percent of lactating
women and 49 percent of NPNL women). The MPA was 54 percent for NPNL women and only 34
percent for lactating women.

Since mango consumption is seasonal and clearly had a strong impact on intakes and adequacy, we
examined the role of mango in contributing to MPA. First, we examined MPA by number of days mango
was consumed for the 95 women with two days of data. There was a strong and clear relationship: MPA
averaged 24 percent if mango was not consumed, 38 percent if consumed one day and 47 percent if
consumed both days.

All eight diversity indicators were significantly correlated with micronutrient intakes, with few exceptions
for individual nutrients; each food group diversity indicator was also significantly associated with MPA.
Because both diversity and MPA were also associated with energy intakes, we examined partial
correlations for diversity and nutrient intakes and adequacy, controlling for energy. These analyses
showed that the increases in nutrient intakes and adequacy that accompany increases in diversity result
both from increased total intakes (reflected in energy intakes) and from increases in the nutrient density of
the diet. Regression results for all women confirmed that each of the eight diversity indicators significantly
predicted MPA, with or without controlling for energy. For this data set, the best results were obtained
with the 9-group, 13-group and 21-group indicators, where 15 g was used as the cutoff for each food
group to —aunt.”

ROC analysis confirmed that the predictive power of the diversity indicators increased with higher levels
of disaggregation. Indicator performance also increased slightly when imposing a 15 g restriction in order
for a food group to -eount.” Examination of various cutoffs for MPA (a necessary step prior to evaluating
indicator characteristics) revealed that indicators of good micronutrient adequacy could not be examined
in this population because of the generally low values of MPA.

Examination of indicator characteristics using MPA cutoffs of 50 percent, 60 percent and 70 percent
showed indicator performance was moderate for NPNL women, and poor for lactating women.

Among NPNL women, a number of indicators performed reasonably, depending on the MPA cutoff and
the food group diversity cutoff employed. The 9-group, 13-group and 21-group indicators, with the 15 g
restriction, each yielded acceptable balance between sensitivity and specificity and total misclassification
in the range of 29-35 percent for one or more of the MPA cutoffs. These levels of misclassification may be
acceptable for indicators of this type; that is, population-level indicators for assessment and monitoring
and evaluation.

vii
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GENERALIZABILITY

Characteristics of the study sampling frame and survey timing impact generalizability. Most households in
the sampling frame participated in some type of community group (usually a church group) and included
young children. Therefore, results can only be generalized to households that share these characteristics.
Perhaps more importantly, implementation of the survey during mango season strongly influenced results
for nutrient intake and adequacy. Our results show that mango consumption is associated with higher
intakes of a wide range of micronutrients, and not just of vitamin A.

Because of all these considerations, our results are not representative of women of reproductive age in
rural Mozambique generally, or for all seasons. However, based on diet patterns and likely -substitutions”
for mango, there is no reason to believe micronutrient intakes and adequacy would be substantially better
in other seasons. The general picture that emerges is likely to be typical for areas where families remain
impoverished and heavily reliant on starchy staples, with little access to animal-source foods: low nutrient
adequacy prevails, and nutrient-dense foods that are seasonally available (such as mango) can have a
large, time-limited effect on micronutrient adequacy.

For the main purpose of the exercise — developing indicators of micronutrient adequacy — neither the
sample selection nor the seasonality issue invalidate our findings: for women with similar diets, the
relationships between food group diversity, energy intake and micronutrient adequacy should be similar to
those found here. However, additional data sets that include better-nourished women should be
examined in order to identify indicators that work at higher levels of overall nutrient adequacy.

CONCLUSIONS

The findings from rural Mozambique indicate that intakes of most nutrients were inadequate. This was
particularly true for nutrients for which animal-source foods are the best sources: vitamin B12, calcium
and iron. Yet, we note that intakes were also very low for folate and riboflavin, and were inadequate for
nearly all micronutrients, with the exception of vitamins A and C due to seasonally high intakes of mango.
Diets of lactating women were particularly deficient relative to their micronutrient needs. Gaps between
intakes and requirements extended beyond the few micronutrients that are the usual focus of
micronutrient supplementation programs.

We considered the potential of food group diversity indicators as proxies for micronutrient adequacy
separately for lactating women and NPNL women. For lactating women, associations of diversity
indicators with MPA were comparatively weak for this study site, and overall indicator performance was
poor.

For NPNL women of reproductive age, our results suggest that food group diversity indicators have
potential for use in population-level assessment. The best diversity indicators explored in this report were
correlated not only with overall micronutrient adequacy, averaged across 11 micronutrients, but with most
individual micronutrient intakes. Associations were not driven by one or a few micronutrients; this
strengthens the case for use of food group diversity indicators as proxies for overall micronutrient
adequacy.

viii
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1. Background

In resource-poor environments across the globe, low quality monotonous diets are the norm. When grain-
or tuber-based staple foods dominate and diets lack vegetables, fruits, and animal-source foods, risk for a
variety of micronutrient deficiencies is high. Those most likely to suffer from deficiencies include infants
and young children, and adolescent girls and women of reproductive age. Unfortunately, outside of
developed countries, very little information is available on women’s micronutrient status, but even with
limited data, it is clear that poor micronutrient status among women is a global problem, and is most
severe for poor women."

Similarly, comparable information about dietary patterns for women across countries is also scarce. The
Demographic and Health Surveys (DHS) have recently added questions on mothers’ diets in order to
begin to fill this information void. The current survey questionnaire includes a set of questions about food
grc;ups eaten in the last 24 hours by mothers of young children under three years of age (see Appendix
5).

The broad objective of this study, carried out under FANTA’s Women’s Dietary Diversity Project (WDDP),
is to use an existing data set with dietary intake data from 24-hour (24-h) recall to analyze the relationship
between simple indicators of dietary diversity — such as could be derived from the DHS and other surveys
— and diet quality for women.

Simple indicators are urgently needed in developing countries to characterize diet quality, to assess key
diet problems, such as lack of animal source foods, fruits and vegetables, and to identify sub-groups
particularly at risk of nutrient inadequacy. Simple indicators are also needed to monitor and evaluate
intervention programs. The present study contributes to development of such simple indicators. At the
same time, the study also provides descriptive information on dietary patterns and levels of micronutrient
adequacy for women in one resource-poor setting.

For the purposes of this study, adequate diet quality is defined as a diet that has a high probability of
delivering adequate amounts of selected micronutrients, to meet the needs of women of reproductive
age. We recognize that definitions of diet quality often include other dimensions, such as moderation
(e.g., in intakes of energy, saturated/trans fat, cholesterol, sodium, refined sugars) and balance. But
because low intakes remain the dominant problem in many of the poorest regions, our focus in this work
is on micronutrient adequacy only.

! Kennedy and Meyers 2005.

2 Appendix 5 excerpts the relevant questions from the model questionnaire; the entire questionnaire is available on
the Opinion Research Corporation Macro International, Inc., (ORC Macro) DHS website at:
http://www.measuredhs.com/aboutsurveys/dhs/questionnaires.cfm (accessed September 7, 2007).
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2. Dietary Diversity

Dietary diversity — i.e., the number of foods consumed across and within food groups over a reference
time period — is widely recognized as being a key dimension of diet quality. It reflects the concept that
increasing the variety of foods and food groups in the diet helps to ensure adequate intake of essential
nutrients, and promotes good health. There is ample evidence from developed countries showing that
dietary dlverS|ty is indeed strongly associated with nutrient adequacy, and thus is an essential element of
diet quallty

There is less evidence from developing countries where monotonous diets, relying mostly on a few plant-
based staple foods, are typical. Even fewer studies from developing countries have aimed to confirm this
association specifically among adult women. The avallable studies have generally supported the
association between diversity and nutrient adequacy One exception to this was reported in a study from
urban Guatemala, but in this study diversity was defined as the number of unique foods consumed over
14 24-hour periods; this meant that even very infrequently consumed items counted in the score.’

Previous stud|es have generally been context-specific, and diversity has been operationalized differently
in each study. ® While this has made comparisons difficult, it has also suggested that the relationship is
robust. This report, along with the companion reports from additional sites, extends knowledge of the
relationship between simple diversity indicators and nutrient adequacy for women.

3 Randall, Nichaman and Contant, Jr. 1985; Krebs-Smith et al. 1987; Kant 1996; Drewnowski et al. 1997; Cox et al.
1997 Lowik, Hulshof and Brussaard 1999; Bernstein et al. 2002; Foote et al. 2004.
Ogle Hung and Tuyet 2001; Torheim et al. 2003, 2004; Roche et al. 2007.
® Fitzgerald et al. 1992.
® Ruel 2003.
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3. Objectives

To assess the potential of simple indicators of dietary diversity to function as proxy indicators of diet
quality, the following main objectives were identified for the WDDP:

1.

2.

3.
4.

Develop a set of diversity indicators, varying in complexity, but all amenable to construction from
simple survey data

Develop an indicator of diet quality, using current best practices to assess adequacy across a
range of key micronutrients

Explore relationships among diversity indicators, energy intake, and the indicator of diet quality
Test the performance of various indicators using cut-points along the range of diversity scores;
assess performance (sensitivity, specificity and total misclassification) relative to various cutoffs
for diet quality, as data allow

As a secondary objective, the WDDP also aimed to characterize micronutrient adequacy for women of
reproductive age in each study site.

Indicator performance in just one site is not sufficient to address the broader objective of developing
indicators for global use. Therefore, although site-specific results pertaining to objective four are
presented in this report, the results for indicator performance are most useful when considered across
multiple sites. This discussion is provided in the WDDP summary report.7

" Arimond et al 2009.
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4. Mozambique Study: Original Research Objectives and Context ®

The data used in this report were collected by IFPRI and collaborators in Zambézia Province,
Mozambique. The survey was undertaken in November-December 2006 as part of an impact evaluation
of an ongoing HarvestPlus Reaching End Users project (REU), and was designed to establish a baseline
prior to the implementation of interventions.

The REU project aims to reduce vitamin A deficiency through encouraging adoption of vitamin A-rich
orange-fleshed sweet potatoes (OFSP) as an agricultural crop and a household food; infants and young
children, and women of reproductive age constitute two targeted groups. The project takes a three-
pronged approach, simultaneously aiming to increase access to planting materials, develop markets for
OFSP and increase demand for OFSP. Agricultural and nutrition extensionists work with volunteer
-promoters” to reach larger numbers of households with new knowledge and practices.

The evaluation design is quasi-experimental and prospective, with the baseline survey providing
information on two intervention groups (-Model 1” and -Model 2”) and one control group. A group of
villages was selected purposively, and then each village was randomly assigned to Model 1, Model 2, or
to the control group. Within villages, the sampling frame consisted of households participating in
community groups (usually a church group), and with young children aged 6-36 months. However, in
many villages all households with age-eligible children were included, in order to achieve the desired
sample size; in the end approximately two-thirds of the households reported membership in a community
group. The villages constituted the clusters and the three groups the strata in the survey design; sampling
weights were not used for this data set.’

The study area in Mozambique is characterized by a very poor resource base, low levels of literacy and
high levels of malnutrition. Few households have regular cash income and most practice subsistence
agriculture, in some cases supplemented by fishing and other activities. Much of the area is drought
and/or flood-prone, although some areas of higher elevation are less so. Literacy is 63 percent among
men and 23 percent among women aged 15 years and older. Among study children (most aged 6-36
months) 56 percent were stunted, though prevalence of wasting was low (5 percent). Survey results
documented a very high burden of disease among young children.

The diet in the study area is very monotonous: maize and, to a lesser extent, cassava are the primary
staples. Both are cooked as a paste and served with simple sauces, usually of beans, dark green leaves,
and/or dried or fresh fish. Coconut is available in some parts of the study area. Importantly, the baseline
survey occurred during mango season, and most women and children had eaten mango regularly in the
previous week, and also one or more times on the recall day. Qualitative food frequency data’ were
available for children only; these showed that few nutrient-rich foods were eaten regularly by the focus
children. In particular, animal-source foods and foods rich in fat were not regularly consumed, and almost
no children received fortified products. Similarly, the women in our sample did not consume any fortified
products. In general, very little food was purchased other than locally produced and marketed fish and
crops.

No information was gathered on iron/folate supplement use during pregnancy. Government protocols
include supplementation for pregnant women, but access to health services is extremely limited in the
study area. The most recent DHS results for Zambézia Province showed that only 31 percent of all

® Except as noted, all information for Section 4 is taken from Arimond et al. 2008.

® There were no census data nor other listing of households available in study areas and we did not have resources
to conduct our own census, therefore no sampling weights could be devised. De Brauw et al. (2007) provide further
details on evaluation objectives and design, sample size and sampling.

'% Mothers were asked how many days in the last seven days the focus child had consumed food items or groups.
The list of items/groups was most disaggregated for vitamin-A rich foods and animal source foods. The list included
all commonly eaten foods.
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women received iron syrup during pregnancy.11 This figure is for urban and rural areas combined, and
represents the lowest provincial-level prevalence in the country. The proportion of women receiving iron
supplements in rural Zambézia would have been even lower.

" Instituto Nacional de Estatistica, Ministerio da Saude and ORC Macro/DHS Program 2005.
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5. Methods

5.1. DATA COLLECTION FOR 24-HOUR RECALL AND CALCULATION OF NUTRIENT
INTAKES "2

The 24-h recall data were collected by two enumeration teams, each with one supervisor; Cornelia Loechl
(CL) was responsible for overall coordination and supervision. Supervisors were seconded from the
International Potato Center (CIP) office in Quelimane and all had previous survey experience. All
enumerators had completed secondary school, but none had education beyond this level. Enumerators
and field team supervisors received two weeks of training, with emphasis on anthropometric
measurements and the 24-h dietary recall, including a one-day pre-test of dietary assessment tools.
Training was conducted by the survey coordinator and the senior supervisor.

Data were gathered in 36 villages in four districts of Zambézia Province. For the 24-h recall module, one
mother/child pair was selected in each of 12 households per village. The target age range for focus
children was 6-36 months. In order to construct a summary variable for nutrient adequacy that takes into
account day-to-day (intra-individual) variation in nutrient intakes, repeat 24-h recalls must be performed
with a sub-sample of households. Based on feasibility of timely data collection, 18 villages were
purposively selected from the original 36. The 24-h recall was repeated in a total of 106 households (five
to seven households per village). All repeat recalls were done on a different day of the week than the first
recall, one to two days after the first 24-h recall. Anthropometric measurements and data on physiological
status were collected only once, several days prior to the first dietary recall.

The dietary data collection methods were based on and adapted from an interactive, multiple-pass
method developed by Gibson and Ferguson.13 Key features of the method include a group sensitization
or -training” session for mothers two days prior to data collection in the home, and a —maltiple pass”
approach to gathering information on foods and recipes eaten. In a —mltiple pass” 24-h recall, the
respondent is first asked to list all foods and dishes eaten in order through the previous day. On the next
-pass” she is asked to provide descriptive details (e.g., state when eaten [raw, boiled, roasted, etc.],
details of processing [chopped, pounded, etc.]) and recipes for mixed dishes, and then to estimate
quantities for each food or dish. Multiple pass methods are now considered optimal for aiding recall and
are widely used, including in the United States (US) National Health and Nutrition Examination Survey
(NHANES)."

Depending on the type of food and availability in the home, the following methods were used for
estimating and measuring quantities: direct weighing, determining volume equivalent using beakers with
marked volumes, using playdough models and measuring water volume displacement, estimating size
using photographs, estimating proportions (e.g., half a banana), and assessing dimensions (length and
thickness). For mixed dishes, the respondent was asked to estimate raw quantities for all ingredients in
the recipe, including water, as well as the total volume of the mixed dish. The exception to this was for
green leafy vegetables: respondents were asked to estimate the cooked volume of leaves included in the
recipes because it was felt that the women could estimate this better.

In general, the 24-h recall was very challenging both for the enumerators and the respondents. Ideally,
enumerators for 24-h recalls would have post-secondary education, a very high level of numeracy and a
nutrition background. Enumerators with these qualifications, but also with relevant language skills, were
not available. In addition, levels of literacy and numeracy were very low among the respondents.
Therefore, several efforts were made to reduce the burden on enumerators and respondents, and to
improve data quality. These included the pre-survey sensitization described above.

E Except as noted, all information for Section 5.1 is taken from Arimond et al. 2008.
1999.
' Blanton et al. 2006.
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In addition, in order to reduce the number of household-level recipes (and thus the burden on
enumerators and respondents), standard recipes were developed for -ehima” (stiff thick porridge made
with maize or cassava), boiled rice and thinner porridges (#papas”). Project staff observed preparation of
these dishes multiple times and in different parts of the project area. Ingredients were weighed before
adding to the dish, and both weight and volume of the final cooked dish were recorded. Values were
averaged across observations to create —mndard” recipes.

Recipe observations were also conducted for other common -sauce” dishes (several types of bean
sauces, several sauces made with dark green leafy vegetables and one recipe each for a sauce of small
dried fish and chicken stew). The standard sauce recipes were used in evaluating the plausibility of
household-level recipes (specifically, the ratio of main ingredient to total recipe volume). In cases where
household level recipes were implausible (density of main ingredient fell well outside the range observed
for the standard recipe), household recipes were —acalibrated” based on the observed range in standard
recipes.

A project-specific food composition table (FCT) was developed because there is no FCT for national use
in Mozambique. The United States Department of Agriculture (USDA) FCT, version 19," was selected as
the primary source due to completeness and high standards in relation to sampling and analytic methods.
Secondary sources were selected for a small number of foods (or in some cases for individual nutrients)
when group consensus was that the foods in the USDA were not similar enough to the Mozambican food
items or when individual nutrients were missing. In order to calculate nutrient content for foods and
recipes prepared in the households, USDA retentlon factors for similar foods and the appropriate cooking
method (e.g., boiled, roasted) were applled

Three different types of conversion factors were used: 1) conversion factors for all measurement units to
grams; 2) edible portion factors; and 3) raw-to-cooked conversion factors (-yeld factors”). For the most
commonly eaten foods, conversions from measurement units to grams (e.g., volume to grams [g], size to
g) were calculated from repeat measurements by CL, who was the project nutritionist responsible for
fieldwork. For less commonly eaten foods, conversion factors were taken from a variety of sources,
including a report from a previous project in the study area'’ and the USDA FCT, version 19. Edible
portion factors were applied for certain foods when the food or ingredient was directly weighed (e.g.,
mango, sugar cane, fresh cassava). Yield factors were used when foods were directly weighed raw, but
consumed cooked, and when pictures were used to estimate (raw) weights but foods were eaten cooked.
As with conversion factors, most edible portion and yield factors were gathered by CL.

To calculate the nutrient content of mixed dishes, ingredient quantities were converted to g, and the
nutrient content was calculated per 100 milliliters (ml) of total cooked volume. The volume of mixed dishes
eaten was estimated in ml, and then linked with the recipe data to yield individual intake of nutrients from
each mixed dish. For single food items (e.g., mango, banana, roasted fish, boiled cassava), quantities
eaten were converted to grams and then linked to the FCT to calculate individual nutrient intakes.

5.2. EXCLUSIONS FROM THE ORIGINAL SAMPLE

The original round 1 (R1) sample included 441 women aged 15-54. Two women were excluded because
their age exceeded 49 years, which was defined as the upper limit for use in this study of women of
reproductive age. A number of extreme energy outliers were identified when examining energy intakes:
16 women had energy intakes below a basal metabolic rate (BMR) factor of 0.9 and 27 women above a
factor of 3.0." Energy deficiency is common in the study area, and it is probable that some women were

"> USDA 2006.

'° USDA 2003.

" Low et al. 2005.

18 Goldberg et al. (1991) provide a method for assessing the quality of dietary data through evaluating estimated
energy intake (Elrep). Elrep is compared with the person’s estimated basal metabolic rate (BMRest). The ratio between
Elrep and BMRest is called the BMR factor. The BMR factor can be used as a lower cutoff value for identifying under-
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losing weight. Against this background and after a careful evaluation of food intakes, all women with low
energy intake were retained in the data set. Two women were kept in the sample despite having a BMR
factor above 3.0, since their high energy intakes resulted from consumption of energy-dense nuts and
were therefore plausible. In total, 25 women were excluded based on high energy intakes (most of them
also reported extremely high consumption quantities of certain foods). In addition, two women had energy
intakes within the acceptable range, but had to be dropped from the sample because of implausibly high
intakes of rat or mango. Three more women were excluded because conversion factors for some foods or
recipe ingredients were inadequate or missing, and there was no appropriate substitute.

The total number of exclusions was 32 and the final R1 sample size was 409 (including 103 non-pregnant
non-lactating [NPNL], 54 pregnant and 248 lactating women, and 4 women who were both pregnant and
lactating). The high share of lactating women resulted from the sample selection of the original study:
young children and their mothers were surveyed. Because of the small number of pregnant women,
results are not presented separately for this physiological group. However, pregnant women were
included for the analysis of all women. For the analysis by physiological group, the four lactating women
who were also pregnant were grouped with other lactating women (using the requirement for pregnant or
lactating, depending on whichever was higher for a specific nutrient).

The original round 2 (R2) data included 106 women, since data collection on dietary intakes was only
repeated for a sub-sample of women. The same exclusion criteria were used for R2 data, with the
additional restriction that R2 observations were only selected if the woman had not been excluded from
analysis for R1. There were no problems with missing conversion factors in R2, and a lower proportion of
women were identified as energy outliers (one woman with BMR factor < 0.9 who remained included and
two women with BMR factor > 3.0 who were excluded). Two more women reported implausible intakes of
certain foods in R2, and another 8 women were excluded because data were not available from the final
R1 sample.

After a total of 12 exclusions, the final R2 sample consisted of 94 women (51 lactating women, 30 NPNL
women and only 14 pregnant women, with 1 woman both pregnant and lactating). It is not problematic
that the final R2 subset has substantially fewer women than the R1 sample, because the analysis
protocol established for the WDDP (described below) requires that repeat measures be available for a
subset of women only. Data were analyzed separately for physiological groups when sub-sample sizes
allowed. For analyses based on a single recall (description of dietary patterns) results are presented for
all three physiological sub-groups. For pregnant women, results related to nutrient intakes and adequacy
could not be reported separately, which depend on a sufficient number of observations from two 24-h
recalls.

5.3. DEVELOPMENT OF ANALYTIC PROTOCOL

This report results from a collaborative process begun in early 2006. A draft research protocol was
discussed with a group of potential collaborators who were invited to meet in Copenhagen on April 27-28,
2006, in conjunction with the Sixth International Conference on Dietary Assessment Methodology.
Following the meeting, discussions continued on several issues (e.g., selection of source(s) for
requirements, deﬂnltlon of food groups). Statistical methods were also further elaborated by colleagues at
lowa State Umversﬂy ® These discussions and exercises formed the basis for a detailed analysis
protocol ® The protocol details a number of decisions, which are also summarized below, including:

reporters. The lower cutoff value, with a 95 percent confidence limit, is based on an energy requirement of 1.55xBMR
for a person with a sedentary lifestyle, adjusted for the number of days of recall data. For a single recall day, the
lower cutoff value is 0.90xBMR. The highest energy intake that can be sustained over a longer period of time is
2.4xBMR (FAO/WHO/UNU 2001). An upper cutoff value of 2.4xBMR has therefore been used by some. However, a
single day’s energy intake can be more extreme. For our purposes, we set the upper cutoff to 3.0xBMR, in order to
|dent|fy likely 