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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 and diet quality 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 is to use an existing data set with dietary intake data from 24-
hour recalls to analyze the relationship between simple indicators of dietary diversity – such as 
could be derived from the DHS – and diet quality for women.  We define adequate diet quality 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, but because low intakes remain the dominant problem in many 
of the poorest regions, our 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 have also supported the association between diversity and nutrient adequacy (Ogle, 
Hung, and Tuyet 2001; Torheim et al. 2003, 2004).  

Objectives 
 
In order to assess the potential of simple indicators of dietary diversity to function as proxy 
indicators of diet quality, we identified the following main objectives for this exercise: 
 

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. 

For the fourth objective, results in this report are primarily intended to serve as a model for 
analysis and interpretation of data from other sites, as part of an ongoing collaborative project.  
Indicator performance in just one site is not sufficient to address the broader objective of 
developing indicators for global use.  As a secondary objective, we aimed to characterize 
micronutrient adequacy for a group of women from rural Bangladesh. 
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Data and Sampling 
 
The data comprise a subset of women’s dietary intake data from surveys undertaken by IFPRI 
and collaborators in 1996.  The surveys were originally designed to determine both nutrition and 
resource allocation effects of several NGO-disseminated agricultural technologies, in three rural 
study areas in Bangladesh.  Sampling strategies aimed to represent adopters, likely adopters (in 
areas where interventions had not yet begun), and non-adopters for the agricultural technologies 
in question.  Households were followed longitudinally.  Our subset of observation days is drawn 
from the first two rounds (June-September, 1996 and October-December, 1996). 

Methods 
 
Quantitative 24-hour recall data were collected by highly trained enumerators.  For each woman, 
information was gathered on all meals eaten in or away from home in the previous 24-hours, 
during the two survey rounds.  Estimates of nutrient intakes were based on a food composition 
table constructed specifically for the study, drawing on several sources.  Intake was calculated 
for energy, protein, animal-source protein, fat, carbohydrates, vitamin A, vitamin C, thiamin, 
riboflavin, niacin, vitamin B6, folate, vitamin B12, calcium, iron, and zinc.  Extreme intakes 
were examined and some observations were excluded, yielding a final sample of 412 women, 
with second observations available for 147. 
 
Eight diversity indicators 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 g or 15 g) that must be 
consumed in order for the food group to count.  The most aggregated indicator has six major 
food groups.  The more disaggregated indicators have 9, 13, and 21 food groups, with nutrient-
dense food groups (animal-source foods, fruits and vegetables) more disaggregated than staple 
food groups. 
 
Probability of adequacy 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 FAO/WHO requirements.1  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 curve analysis, and through examination of indicator 
characteristics such as sensitivity and specificity.   

Results 
 

                                                 
1 Exceptions to this are described in section 5.6. 
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Analysis of the eight diversity indicators showed that food group diversity scores did differ 
between 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 differences were accounted for by intake of 
red and green chili peppers, in very small amounts.  Small fish and some other fruits and 
vegetables were also eaten in trivial amounts (< 15 g) by some women.  Overall dietary patterns 
were similar for lactating and non-lactating women, although lactating women had higher energy 
intakes, primarily due to consumption of larger quantities of rice.  Lactating women were also 
more likely to consume small fish and chilis, and lactating women who consumed other flesh 
foods ate slightly larger amounts. 
 
The women’s diets were dominated by starchy staples (largely rice), which accounted for 87% of 
total energy.  Starchy staples also provided well over half of the protein, thiamin, niacin, B6, and 
zinc in the diets, and provided approximately half of the riboflavin and iron.  While starchy 
staples provided the majority of these micronutrients across the sample, results showed that 
women with higher intakes of starchy staples had diets with poorer micronutrient density. 
Although other food groups were eaten in small quantities, they provided substantial proportions 
of the folate, vitamin A, vitamin C, and calcium in the diet, and all of the vitamin B12 (because 
this last is found only in animal-source foods).  The most nutritionally important of these other 
food groups, in roughly descending order of importance in the diet, were dark green leafy 
vegetables; fish; nuts and seeds;  dairy; “other” vegetables; vitamin C-rich vegetables; eggs; and 
vitamin C-rich fruits. 
 
Average micronutrient intakes were below – and in many cases far below – estimated average 
requirements for most of the 11 micronutrients assessed.  Consistent with this, the estimated 
prevalence of adequate intake was very low (1-11%) for thiamin, riboflavin, folate, and iron; low 
(19-28%) for niacin, vitamin B12, and calcium; and moderate (49-67%) for vitamins A, B6, and 
C, and zinc.  For lactating women the prevalence of adequate intakes was near zero for many 
nutrients due to higher requirements during lactation.  The MPA provides a summary of this 
information and underscores the very low quality of the women’s diets.  Most women (87%) had 
an MPA below 50%; the median MPA was 33% for non-lactating women, and only 15% for 
lactating women. 
 
All eight dietary diversity indicators were significantly associated with intakes of each of the 11 
micronutrients, and were also correlated with MPA.  Because both diversity and MPA were also 
associated with increases in 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 non-lactating women2 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 13-group indicator, where 15 g was used as the cutoff for each 
food group to “count.” 
Receiver-operating curve analysis confirmed that imposing a 15-g restriction in order for a food 
group to “count” increased the predictive power of the diversity indicators.  Examination of 

                                                 
2 A strongly skewed and narrow distribution of MPA for lactating women limited analysis for this subgroup. 
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various cutoffs for MPA (a necessary step prior to evaluating indicator characteristics) showed 
that there is no way to examine indicators of adequate diet quality in this population, because the 
distribution of MPA was so low.  Examination of indicator characteristics using low cutoffs for 
MPA (50% and 60%) showed that the 13-food group indicator, with the 15-g restriction, once 
again performed best.  In predicting MPA at or above 60%, this indicator showed high sensitivity 
(94%) and very good specificity (83%); these are very acceptable for population-level 
assessment and monitoring.  The nine-food group indicator, with the 15-g restriction, performed 
nearly as well. 

Generalizability 
 
For a number of reasons – the complexity and aims of the original sampling, our selection of a 
subsample for analysis, and the passage of time – we cannot claim that the estimates of 
prevalence of adequacy in this sample directly and precisely reflect those of any particular group 
of Bangladeshi women at present.  At the same time, there is no reason to believe that the general 
picture that emerges is not representative.  In areas where families remain impoverished and 
heavily reliant on one unfortified staple food, the poor diet quality and low nutrient adequacy 
described herein are likely to prevail. 
 
For the main purpose of the exercise – developing indicators of diet quality – neither the 
sampling/subsampling nor the passage of time affect the usefulness of the data set:  for women 
with diets similar to these, 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 function 
at higher levels of overall nutrient adequacy.  Results from other sites may also allow more 
complete analysis of indicators for lactating women. 

Conclusions 
 
Our results from rural Bangladesh indicate that micronutrient intakes were very inadequate 
indeed.  We note that intakes were inadequate for all micronutrients, not just those that are the 
usual focus of public health interventions (iron/folate during pregnancy, vitamin A, and iodine).  
The major deficits identified here will not be alleviated by programs narrowly focused on one or 
several micronutrients. 
 
We also note that diets of lactating women were particularly deficient relative to their nutrient 
needs.  For this subgroup of women, exploration of indicator cutoffs was not possible due to the 
very low and narrow observed range of the diet quality indicator. 
 
Simple population-level indicators are needed to assess the quality of women’s diets and to 
monitor progress in improving diets.  This report contributes to a process aimed at identifying 
appropriate indicators.  Our results indicate that food group diversity indicators are very 
promising and may be a simple and valid option for population-level assessment and for 
monitoring progress toward improved micronutrient intakes among women of reproductive age.  
The diversity indicators explored in this report were correlated not only with overall 
micronutrient adequacy, averaged across 11 micronutrients, but were also correlated with each 
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individual micronutrient.  This underscores their usefulness as proxy indicators of overall diet 
quality in resource-poor settings. 

vii 



Dietary Diversity as a Measure of Women’s Diet Quality in Resource-Poor Areas: Results from rural Bangladesh site 

1 

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 
(Kennedy and Meyers 2005). 
 
Similarly, comparable information about dietary patterns and diet quality for women across 
countries is also scarce.  The Demographic and Health Surveys (DHS) have recently added 
questions on mother’s diets in order to begin to fill this information void.  The current survey 
questionnaire includes a set of questions about food groups eaten in the last 24 hours by mothers 
of young children under three years of age (see Appendix 2).3  
 
The broad objective of this study is to use an existing data set with dietary intake data from 24-
hour 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 products, fruits and vegetables), and to identify 
subgroups particularly at risk of nutrient inadequacy.  Simple indicators are also needed to assess 
constraints to improving diet quality, and 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 work, we define adequate diet quality 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, and 
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.  

                                                 
3 Appendix 2 excerpts the relevant questions from the model questionnaire; the entire questionnaire is available on the ORC 

Macro DHS website at: http://www.measuredhs.com/aboutsurveys/dhs/questionnaires_archive.cfm (accessed September 7, 
2007). 

http://www.measuredhs.com/aboutsurveys/dhs/questionnaires_archive.cfm
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2. DIETARY DIVERSITY 
 
Dietary diversity – i.e., the number of foods consumed across and within food groups over a 
reference 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 diversity is indeed strongly associated with nutrient adequacy, and 
thus is an essential element of diet quality (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).  
 
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.  However, the few available 
studies have also supported the association between diversity and nutrient adequacy (Ogle, 
Hung, and Tuyet 2001; Torheim et al. 2003, 2004).  Previous studies have generally been context 
specific, and diversity has been operationalized differently in each study (Ruel 2003).  While this 
has made comparisons difficult, it has also suggested that the relationship is robust.  This report, 
along with planned companion reports from additional sites, extends knowledge of the 
relationship between simple diversity indicators and nutrient adequacy for women.  

2 



Dietary Diversity as a Measure of Women’s Diet Quality in Resource-Poor Areas: Results from rural Bangladesh site 

3. OBJECTIVES 
 
In order to assess the potential of simple indicators of dietary diversity to function as proxy 
indicators of diet quality, we identified the following main objectives: 
 

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 the indicator of diet 
quality; 

4. Test the performance of various indicators using cut-points along the range of diversity 
scores; assess performance (sensitivity, specificity, positive predictive value, and 
misclassification) relative to various cutoffs for diet quality, as data allow. 

For the fourth objective, results in this report are intended primarily to serve as a model for 
analysis and interpretation of data from other sites, as part of an ongoing collaborative project.  
Indicator performance in just one site is not meaningful relative to the broader objective of 
developing indicators for global use. 
 
As a secondary objective, the study aims to characterize micronutrient adequacy for one study 
site; the collaborative project aims to characterize and compare adequacy across a range of sites. 

3 
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4.  BANGLADESH STUDY:  ORIGINAL RESEARCH OBJECTIVES AND 
CONTEXT4 

 
The data used in this report comprise a subset of women’s dietary intake data from surveys 
undertaken by IFPRI and collaborators in 1996.  The surveys were originally designed to 
determine both nutrition and resource allocation effects of several NGO-disseminated 
agricultural technologies, in three rural study areas in Bangladesh, as follows: 
 

1. Saturia: Commercial vegetable production; 
2. Mymensingh: Polyculture fish production in household-owned ponds; 
3. Jessore: Polyculture fish production in group-managed ponds. 

 
Sampling strategies were complex and site-specific, and aimed to represent adopters, likely 
adopters (in areas where interventions had not yet begun), and non-adopters.  Households were 
followed longitudinally, with four survey rounds across 16 months aiming to capture change 
across seasons.  Our subset of observation days is drawn from the first two rounds (June-
September, 1996 and October-December, 1996).  Note that as there are two rice harvests per year 
in these areas (May-June and November-December), neither survey round fell entirely in a lean 
season nor entirely in a harvest season.5 
 
While the three sites varied across a number of dimensions (e.g., landholding), they were similar 
to each other – and to rural Bangladesh in general – in average per capita income (approximately 
US$200 per capita per year).  Survey households in Saturia and Jessore were generally quite 
poor, whereas some households in Mymensingh – those who owned fishponds – were somewhat 
better off.  On average, food accounted for 69% of all household expenditures. 
 
Diets were dominated by rice, with similar rice intakes across all income strata.  Fortified foods 
were not consumed by women in the study sample.  Intakes of animal-source foods, fruits, and 
vegetables were low, and did not increase markedly as a direct effect of any of the interventions.  
However, intakes of animal-source foods increased strongly with income indicating strong 
“latent demand” for these foods; intakes of fruits and sugar also increased substantially with 
income.  Intakes of vegetables increased, but less markedly; Bouis et al. (1998) concluded that 
demand for vegetables was not strong. 
 
The study had a focus on micronutrients, and therefore assessed hemoglobin status for women 
and children.  Limited information on iron supplement use was gathered, and intrahousehold 
distribution of iron-rich foods was also assessed. 

Anemia prevalence was very high (50-60% of women, and 40-50% of preschoolers, depending 
on study area).  There was no information gathered on iron/folate supplement use during 
pregnancy, but approximately 20% of the nonpregnant women reported receiving and consuming 

                                                 
4 Except as noted, all information for Section 4 is taken from Bouis et al. 1998. 
5 Personal communication from W. Quabili, who was involved in the fieldwork (December, 2007).  Note also that Ramadan did 
not fall during either of the two survey rounds used for this analysis. 

4 
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iron tablets that were routinely distributed with birth control pills, for a median duration of 
approximately two years.  No information is available on frequency of consumption.  
Concerning intrahousehold distribution, the study also showed that within households, women 
consumed a disproportionately low share of preferred foods, such as animal-source foods, 
potentially exacerbating a poor nutrition (and micronutrient) situation. 

5 
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5. METHODS 
 
5.1 Data collection for 24-hour recall and calculation of nutrient intakes 
 
The 24-h recall data were collected by enumerators from Data Analysis and Technical 
Assistance (DATA, Ltd.) in Dhaka, a consultancy firm with extensive experience collecting 
dietary data.  Most enumerators had Master’s degrees, and underwent three weeks of training, 
including participation in a three-day pilot survey, prior to data collection. 
 
For each individual in the study households, the following information was collected in the 24-h 
recall:  meals, name of foods/mixed dishes, and weight of each food/dish the individual had 
consumed.  Recipe data for mixed dishes were collected from the female household member who 
was responsible for cooking (or supervising cooking) and serving food.  For foods eaten outside 
the home, or those prepared before the recall day in question, average recipes were constructed 
from similar dishes eaten in the home, averaging data from across all households (see below 
under exclusions). 
 
In the home, women were asked to recall each ingredient in the recipe, as well as the raw weight 
(as purchased) for each ingredient.6  To find the total weight of a prepared dish, the intakes of the 
dish of each individual, as well as leftovers or foods given to animals, were summed.  The 
proportion of each ingredient in the dish was calculated, and the proportion of the dish that the 
person consumed was estimated.  Each individual’s intake of each ingredient (grams as eaten) 
was then calculated by multiplying the weight of the ingredient in the dish with the proportion of 
the dish consumed by the individual.  
 
A project-specific food composition table (FCT) had already been developed using nutrient 
values from the International Minilist (IML).7  We reviewed the FCT and in cases where we 
judged that the foods in the sample did not correspond well to those in the IML (30 foods), 
nutrient values were replaced with data from the United States Department of Agriculture FCT 
(USDA 2006) or the food composition database for Mali (Barikmo, Ouattara, and Oshaug 2004).  
Nutrient intake was calculated using FoodCalc8 for energy, protein, animal-source protein, fat, 
carbohydrates, vitamin A, animal-source vitamin A, vitamin C, thiamin, riboflavin, niacin, 
vitamin B6, folate, vitamin B12, calcium, iron, and zinc. 
 
5.2 Timing of repeat recalls 
 
Repeat recalls are needed in order to construct a summary variable for nutrient adequacy that 
takes into account day-to-day (intra-individual) variation in nutrient intakes.  However, the 
repeat recalls in this data set were originally designed with a different objective:  the study aimed 
to characterize intakes in different seasons.  Thus, the second recall occurred approximately 3-4 
months following the first.  This introduces more variability in both food group and nutrient 

                                                 
6 Senior DATA staff confirmed that recall of weights, with good precision, was feasible in this context (personal communication, 

Z. H. Zihad, 2006). 
7 The IML can be accessed at :  http://www.fao.org/infoods/software_worldfood_en.stm. 
8 FoodCalc intake calculator, at:  http://www.ibt.ku.dk/jesper/FoodCalc/Default.htm, version 1.3; accessed July 2006. 
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intake as both seasonal and day-to-day variability are contained in the differences between 
observation days.  There is no reason to believe the time gap between observations introduces 
any bias into estimates of adequacy. 
 

5.3 Exclusions from the original sample 
 
The original round 1 sample included 1,301 women aged 15-49.  However, of these, 95 were 
excluded because they were missing data on mixed dishes.  In addition, the use of “averaged” 
recipes as described above presented problems in constructing food group diversity scores to 
reflect actual food group intake.  If all averaged recipes were included, many women had falsely 
high diversity scores.  This is because while any one recipe might include six or eight 
ingredients, the averaged recipes could include many more (well over 50 ingredients in a number 
of cases), but in very small quantities.  Thus, women consuming the averaged recipe would be 
assigned very high diversity scores, even when this did not reflect their true food group 
consumption (because within individual households, recipes were far more simple).  In order to 
exclude the worst cases of “false diversity,” we created a subset of the data, excluding any 
woman who was reported to have more than 10 ingredients from these averaged recipes.  This 
resulted in the exclusion of nearly half of the original sample (564 women). 
 
Next, we examined the energy intakes estimated as described above.  There were a number of 
extreme high outliers for energy intake, and these appeared to be associated with implausibly 
extreme estimates of rice intake.  We examined distributions and excluded women whose energy 
intakes were either below a basal metabolic rate (BMR) factor of 0.9, or above a factor of 3.0.9  
Use of these BMR-factor cutoffs resulted in exclusion of 62 women.  In addition, 20 women with 
missing anthropometry were excluded (because BMR factors could not be calculated).  Mean 
energy intake among the remaining women was 2,200.  
 
Next, we judged that there were too few pregnant women in the sample to allow an analysis 
during pregnancy, so we excluded 31 pregnant women and 129 women for whom pregnancy 
status was unknown (because we could not select appropriate requirements for the latter).  The 
final round 1 sample size was 412 (111 lactating, and 199 nonpregnant, non-lactating women).10  
The same exclusion criteria were used for round 2 data, with the additional restriction that round 
2 observations were only selected if the woman had not been excluded from analysis for round 1.  
The proportions of exclusions for various reasons were similar to round 1.  The final subset of 

                                                 
9 Goldberg et al. (1991) provide a method for assessing the quality of dietary data through evaluating estimated energy intake.  

The estimated energy intake (EIrep) is compared with the person’s estimated basal metabolic rate (BMRRest).  The ratio between 
EI and BMR is called the BMR factor.  The BMR factor can be used as a lower cutoff value for identifying under-reporters.  
The lower cutoff value, with a 95% 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 0.90 times 
BMR; using this cutoff, we excluded 19 women with low energy intakes.  The highest energy intake that can be sustained over 
a longer period of time is 2.4*BMR (FAO/WHO/UNU 2001).  An upper cutoff value of 2.4*BMR 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 BMR*3.0, in 
order to identify likely over-reporters.  This resulted in the exclusion of 53 women with reported intakes between 3,228 and 
9,070 kcal.  

10 Note that some women were excluded by multiple criteria.  Note also that for some descriptive statistics for the overall sample, 
2 women whose lactation status was unknown were included, for a full sample size of 412; these women were not included in 
analysis of adequacy of nutrient intakes. 

7 



Dietary Diversity as a Measure of Women’s Diet Quality in Resource-Poor Areas: Results from rural Bangladesh site 

round 2 data consisted of 147 women.  The analysis protocol (described below) requires that 
repeat measures be available for a subset of women only; it is not problematic that the final 
subset has substantially fewer women in round 2. 
 
Women in the final round 1 (R1) subset were compared with the full sample, across a number of 
demographic and socioeconomic characteristics.  This comparison showed that the R1 subset 
does not represent the full sample.  Women in the subsample had eaten fewer dishes away from 
home, and tended to be older and less educated.  They were more likely to be married and less 
likely to currently report “student” as their main occupation; over 90% of women in the selected 
subsample reported homemaking as their main occupation.  They were also more likely than 
those excluded to have low body mass index (BMI) (< 18.5). 

5.4 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 
April 27-28, 2006, in conjunction with the Sixth International Conference on Dietary Assessment 
Methodology; participants are listed above in the Acknowledgments.  This group has also been 
invited to participate in a second phase of the project, where data from a variety of sites will be 
analyzed using the same protocol.  Following the meeting, discussions continued on several 
issues (e.g., selection of source(s) for requirements and definition of food groups).  Statistical 
methods were also further elaborated by colleagues at Iowa State University (see Joseph 2007).  
These discussions and exercises formed the basis for a revised protocol (Arimond, Wiesmann, 
and Torheim 2008).  The protocol details a number of decisions, which are also summarized 
below, including: 
 

 Selection of key nutrients; 

 Selection of requirements (estimated average requirements (EAR) and estimates of 
variability in requirements (standard deviation (SD) or coefficient of variation (CV)); 

 Definition and construction of food group diversity variables; 

 Definition and construction of a summary variable for diet quality (mean probability of 
adequacy, or MPA); 

 Statistical methods for analysis. 
 
As noted, for the purposes of this work, we defined adequate diet quality as a diet that has a high 
probability of delivering adequate amounts of selected micronutrients, to meet the needs of 
women of reproductive age. 

Macronutrient intakes are reported for descriptive purposes.  In addition, we present results 
relating the food group diversity indicators to energy intake.  This is because in many previous 
studies, energy intakes have been shown to increase with increases in dietary diversity (see, e.g., 
Ogle, Hung, and Tuyet 2001; Foote et al. 2004; Torheim et al. 2004).  We aimed to assess to 
what extent any observed increases in micronutrient intakes were due to increases in quantity as 
compared to increases in micronutrient density. 
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5.5 Key nutrients 
 
The selection of a set of micronutrients was discussed at the Copenhagen meeting.  
Considerations included known public health relevance, as well as availability of nutrient data 
both in data sets collected by the potential collaborators, and in a range of food composition 
tables likely to be used.  
 
In previous work with infants and young children, we used a set of “problem” nutrients identified 
in a global review (WHO/UNICEF 1998).  To our knowledge, there is no such global review 
identifying a list of “problem” nutrients for women of reproductive age.  The recent review cited 
previously (Kennedy and Meyers 2005) concluded that available information is extremely 
limited.  However, it is known that poor pregnancy outcomes can result from a wide range of 
micronutrient deficiencies, including deficiencies in iron, folate, B vitamins, antioxidants, 
vitamin D, and iodine (Allen 2005).  Similarly, low maternal intake or stores during lactation can 
also affect breast-milk levels of B vitamins, vitamin A, and iodine.  In addition, low intakes of 
calcium have also been documented among women of reproductive age (Bartley, Underwood, 
and Deckelbaum 2005).  Consequences for child-bearing and lactation are not the only concerns; 
micronutrient deficiencies affect women’s health from adolescence through aging. 
The group agreed on the following list of micronutrients: 

Vitamins  Minerals 
Thiamin  Calcium 
Riboflavin  Iron 
Niacin   Zinc 
Vitamin B6   
Folate    
Vitamin B12 
Vitamin A 
Vitamin C   
 

Vitamin D had been considered but was dropped both because it does not have an estimated 
average requirement (EAR) and because of its absence from many food composition tables.  
Similarly, reliable data on iodine content of foods are generally not available. 

5.6 Requirements and requirement distributions 
 
Appendix 3 defines the EAR and standard deviations (SD) (some calculated from coefficients of 
variation (CV)) selected for use in this project; the table of EAR also identifies the units to be 
used, which follow from the selection of requirements.  Group consensus at the Copenhagen 
meeting was that the World Health Organization/Food and Agriculture Organization of the 
United Nations (WHO/FAO) EAR would generally be most appropriate, given the purposes of 
this project.  
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One exception was made in the case of calcium.  The World Health Organization (WHO) EAR 
of 840 mg/d for calcium11 is quite high, and this value was not felt to be well justified in the 
supporting document.  It is set between the U.K. EAR (525 mg) and the U.S. “Adequate Intake” 
value (AI)12 of 1,000 mg but is closer to the U.S. AI.  The group felt that this may well be too 
high, and would certainly pull down any summary measure of adequacy.  The decision was taken 
to use the U.S. AI and to evaluate probability of adequacy following the method used by Foote et 
al. (2004). 
 
In addition to this exception for calcium, U.S. values were also used when SD/CV were not 
available from WHO, as was the case for vitamin A. 
 
Note also that assessment of the probability of adequacy of iron intakes requires special attention 
to the shape of the requirement distribution.  When evaluating probability of adequacy for most 
nutrients, analysis methods assume a symmetric distribution of requirements in the population.  
However, it is well established that the requirement distribution for iron is strongly skewed, 
particularly for menstruating women.  Therefore when using the U.S. EAR, a separate reference 
table is used to evaluate probability of adequacy (Table I-7 in IOM 2000a).  However, this table 
incorporates an assumption regarding absorption (18%) that is likely to be inappropriate for our 
data sets.  For the purposes of this project, the U.S. Institute of Medicine (IOM) Table, with the 
U.S. requirements, has been adapted for absorption levels of either 5% or 10% for nonpregnant 
and lactating women and is presented in Appendix 3.  For pregnant women, an absorption level 
of 23% is used. 
 
For both iron and for zinc, individual collaborating researchers will need to select absorption 
levels appropriate for the dietary patterns observed in their research context.  Group consensus 
was that for the purposes of this project, absorption levels could be selected at sample level and 
used for all women, rather than attempting to characterize individual diets and set absorption 
levels on an individual basis.  Appendix 3 also provides the available guidance from WHO on 
selecting absorption levels. 

5.7 Food group diversity variables 
 
As noted in section 2, dietary diversity has been operationalized in a wide variety of ways, and 
one contribution of the larger collaborative study will be a direct comparison of several 
indicators.  Therefore the group meeting in Copenhagen carefully considered a number of 
questions related to grouping of foods, including: 
 

 How many and which sets of food groupings will we use (and why)? 

                                                 
11 840 mg/d is the WHO/FAO (2004) EAR for nonpregnant, non-lactating women, and is the same for lactating women.  The 

EAR is 940 mg/d for pregnant women. 
12 The U.S. Dietary Reference Intakes include “Adequate Intakes” where there was judged to be insufficient basis for setting an 

EAR.  An AI is an experimentally determined estimate of nutrient intake by a defined group of healthy people.  Some 
seemingly healthy individuals may require higher intakes and some individuals may be at low risk on even lower intakes.  The 
AI is believed to cover their needs, but lack of data or uncertainty in the data prevents being able to specify with confidence the 
percentage of individuals covered by this intake (IOM 1997). 
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 Will we also use an indicator based on number of individual foods?  

 What amounts (g) will we use to decide if the woman ate the food group?  Alternatively, 
do we want to define “servings” and consider if a serving was consumed? 

 If we use grams, how many different cutoffs will we use (1 g, 10 g, 20 g, 50 g)? 

 Will the cutoffs be the same for all food groups?  If not, how will we choose amounts? 

We considered whether there could be an empirical basis for definition of food groupings, but 
the group agreed that elaboration of this would be a huge project in itself, requiring complex 
analyses across a large number of data sets.  For practical reasons, this exercise was not 
considered.  Instead, we accepted that our selection would be based on our collective knowledge 
and experience, keeping in mind the following: 

 It should be possible to collect the required information on food groups and subgroups in 
the context of simple surveys; 

 Distinctions between groups should be nutritionally relevant and related to the selected 
micronutrients; 

 Nutrient-dense food groups, and food groups providing a wider range of nutrients, should 
be more disaggregated than starchy staples. 

The group consensus was that indicators based on food groups were more promising.  Defining 
“servings” (i.e., in order to use “one serving” as a quantity cutoff) was not viewed as useful, if 
we wished to remain relevant to simple surveys such as the DHS.  However, the group agreed to 
test two quantity cutoffs (1 g and 15 g) for food groups summed in each indicator, in order to see 
if the relationship between diversity and micronutrient adequacy is stronger when quantity is 
considered in any way.  It was not considered practical to try to employ different quantity cutoffs 
for different food groups; as elaborating an empirical basis for defining different quantity cutoffs 
would also be a large task in itself.  Finally, the group affirmed that since our task is to relate 
diversity to micronutrient adequacy, foods and groups that provide primarily energy but few or 
no micronutrients (e.g., fats/oils,13 sweets, alcohol) would not be included in any indicator.   
However, the group also affirmed that there can be many good reasons for including these in 
survey instruments. 
 
The discussions and decisions are reflected in the food groupings shown in Table A.  Four sets of 
food groups are listed, which were summed to form 6-group, 9-group, 13-group, and 21-group 
diversity indicators.  At present, only the two most aggregated (6-group and 9-group) indicators 
can be constructed from the DHS questions.  However, with slight modification in a future 
round, the 13-group indicator could be constructed.14 

                                                 
13 The exception to this is red palm oil/palm nut pulp, which is very rich in vitamin A.  When these are consumed they should be 

coded as vitamin A-rich fruits for the purposes of constructing diversity variables.  There were no red palm products consumed 
by the women in the Bangladesh surveys. 

14 In order to construct the 13-group indicator, questions would need to be added for small fish eaten whole, and for vitamin C-
rich fruits and vitamin C-rich vegetables. 
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Table A. Food groups summed in diversity indicatorsa 

6-group indicators 9-group indicators 13-group indicators 21-group indicators 
All starchy staples All starchy staples All starchy staples Grains and grain products 
   All other starchy staples 
    
All legumes and nuts All legumes and nuts All legumes and nuts Cooked dry beans and peas 
   Soybeans and soy products  
   Nuts and seeds 
    
All dairy All dairy All dairy Milk/yoghurt 
   Cheese 
    
Other animal source foods Organ meat Organ meat Organ meat 
 Eggs Eggs Eggs 
 Flesh foods and other 

miscellaneous small animal 
protein 

Small fish eaten whole with 
bones 

Small fish eaten whole with bones 

  All other flesh foods and 
miscellaneous small animal 
protein 

Large whole fish/dried 
fish/shellfish and other seafood 

   Beef, pork, veal, lamb, goat, game 
meat 

   Chicken, duck, turkey, pigeon, 
guinea hen, game birds 

   Insects, grubs, snakes, rodents and 
other small animals 

    
Vitamin A-rich fruits and 

vegetables  
Vitamin A-rich dark green 

leafy vegetables 
Vitamin A-rich dark green 

leafy vegetables 
Vitamin A-rich dark green leafy 

vegetables 

 Other vitamin A-rich 
vegetables and fruits 

Vitamin A-rich deep 
yellow/orange/red 
vegetables 

Vitamin A-rich deep 
yellow/orange/red vegetables 

  Vitamin A-rich fruits Vitamin A-rich fruits 
    
Other fruits and 

vegetables 
Other fruits and vegetables Vitamin C-rich vegetables Vitamin C-rich vegetables 

  Vitamin C-rich fruits Vitamin C-rich fruits 
  All other fruits and 

vegetables 
All other vegetables 

   All other fruits 
a For each set of food groups (6, 9, 13, and 21 groups), two indicators were constructed.  The first counted a food group as eaten 

if at least 1 g was consumed; the second counted the food group if at least 15 g was consumed; thus, a total of eight food group 
diversity indicators were constructed.  Grams of intake were assessed based on foods as eaten (e.g., raw, cooked, etc.). 

b “Vitamin A-rich” is defined as > 130 RAE/100g; “vitamin C-rich” is defined as > 18 mg/100g (Ruel et al. 2004). 

 
 
5.8 A summary measure of diet quality:  Mean probability of adequacy 
 
This study used the probability approach to assessment of nutrient adequacy for groups; this 
approach incorporates information (or assumptions) both about the distribution of nutrient 
requirements in the population, and about day-to-day (intra-individual) variation in nutrient 
intake (Barr, Murphy, and Poos 2002; IOM 2000a).  The probability approach has replaced 
earlier methods of assessing adequacy, which did not incorporate such information and have 
been shown to yield incorrect assessments.  The approach is appropriate, given the ultimate 
objective of this work, which is to develop simple indicator(s) for use at population level. 
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In order to use the probability approach, the entire distribution of requirements should be known.  
The method appears to be robust to misspecification of variance, so long as the distribution is 
symmetric (however, requirements are known to be nonsymmetric for iron).  The probability of 
adequacy associated with “usual intake” is calculated for each member of the group, and the 
prevalence of adequacy is estimated as the average of the probabilities.  In practice, the usual 
intake can be estimated from repeated 24-hour recalls.  Once probability of adequacy is 
estimated for all nutrients, these can be averaged across nutrients to construct a mean probability 
of adequacy (MPA).  This average, in turn, can be correlated with dietary diversity indicators, 
and further analyses performed. 

5.9 Summary of analytical approach and statistical methods 
 
We completed the following six main tasks: 
 

1. Derived a set of eight simple candidate indicators of dietary diversity for adult women, 
such as could be based on a single day’s food group recall (see section 5.7); 

2. Constructed the summary indicator “mean probability of micronutrient adequacy” 
(MPA), incorporating information on nutrient requirement distributions and on day-to-
day variability in intakes (see section 5.8 and details below); 

3. Assessed distributions of variables and transformed as needed to approximate normal 
distributions; 

4. Used correlations and simple linear regressions to describe relationships between the 
various dietary diversity indicators, energy intake, and MPA; 

5. Tested the performance of simple one-day dietary diversity indicators in predicting 
micronutrient adequacy of the diet as measured by MPA, using receiver-operating curve 
(ROC) analysis; 

6. Assessed indicator qualities (sensitivity, specificity, positive predictive value, and 
misclassification) for several cutoffs of MPA, at various diversity cutoffs. 

 
For all statistical tests, values of P < 0.05 were considered significant.  Nonparametric tests were 
used when testing differences between skewed variables (e.g., tests of differences in median 
energy and nutrient intakes for lactating and non-lactating women). 
 
The second task – construction of MPA – required a series of steps that can be summarized as 
follows (see Arimond et al., 2008, and Joseph 2007 for a more detailed description of 
construction of MPA): 

 Transformed nutrient intakes; since nutrient intakes are nearly always skewed, intake 
distributions were adjusted to approximate normal.  We used a Box-Cox transformation 
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(a power transformation) for each nutrient.  Transformation parameters used with each 
nutrient are presented in Table 8;15 

 Calculated individual and population means for intakes of each nutrient, using the 
transformed variables (note that some individuals had only one observation); 

 Calculated within- and between-person variances for the transformed intake variables; 

 Using these variances, calculated the “best linear unbiased predictor” (BLUP) of the 
usual intake for each nutrient, for each woman; 

 Using the BLUPs, calculated the probability of adequacy for iron (nonpregnant, non-
lactating women) from the table in Appendix 3; also calculated the probability of 
adequacy for calcium using the method of Foote et al. 2004 (also described in Appendix 
3);  

 With the exception of calcium, and of iron for nonpregnant, non-lactating women, 
information on the distribution of requirements (CV/SD) is available and distributions are 
assumed to be approximately normal.  For these remaining nutrients and iron for lactating 
women, we needed to transform the requirement distributions using the same power 
transformation as selected above for each nutrient.  We did this by generating a random 
normal variable (with “n” = 800) to simulate the requirement distribution; this 
distribution was then transformed; 

 The probability of adequacy (PA) for each nutrient (excluding calcium, and iron for 
nonpregnant, non lactating women) was then calculated.  Then all PA, including iron and 
calcium, were averaged to form MPA.  The distribution of MPA was also transformed to 
approximate normality.  Untransformed values are presented in descriptive tables, and the 
transformed variable was used in correlation and regression analyses. 

                                                 
15 Distributions of the food group diversity variables were considered acceptable (approximately normal) for use without 

transformation in correlations and regressions. 
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6. RESULTS 
 
Results presented in this section are organized as follows: 
 

1. Characteristics of women, and energy and macronutrient intakes; 

2. Description of dietary patterns; 

3. Distributions of micronutrient intakes and food group diversity scores; 

4. Average micronutrient intakes, probability of adequacy; 

5. Contributions of food groups to nutrient intakes; 

6. Relationship between diversity indicators and estimated intakes of individual 
micronutrients; 

7. Relationship between energy from specific food groups and MPA; 

8. Relationship between diversity indicators and total energy intake; 

9. Relationship between diversity indicators and MPA; 

10. Performance of diversity indicators using selected cutoffs for MPA. 
 
Most tables and figures are presented in sections separate from this report and are available for 
download from the FANTA project website at www.fantaproject.org/publications/ 
bangladesh2007.shtml. Results are presented separately for lactating women (Tables L1, L2, 
etc.) and nonpregnant, non-lactating women (Tables N1, N2, etc.); these results for physiological 
subgroups follow the results for the entire sample (Table 1, Table 2, etc.).16  Where relevant, 
differences between physiological groups were tested for significance; test results are reported in 
the text.  In the text below, for simplicity, Tables L1, N1, and 1 are all referred to as “Table 1,” 
etc. 

6.1 Characteristics of women, and energy and macronutrient intakes 
 
Descriptive statistics are presented in Table 1 for the full sample (n = 412, first round (R1)) and 
in Table A1-1 for the second round (R2, n = 147).  Mean age in the sample was 31-33 years and 
did not vary between R1 and the R2 subsample.  Average age among lactating women was lower 
(28 years at R1; P < .001).  Women’s heights and weights did not vary between rounds and 
reflected small stature, with an average height of 150 cm and an average weight of 42-43 kg.  
These anthropometric characteristics were similar for lactating and non-lactating women.  
 
Approximately half of the women had low BMI (< 18.5) at the time of the first observation (R1), 
while 60% of the subsample measured in round 2 (R2) had low BMI (P < 0.05).  This could 

                                                 
16 Because this report forms part of a larger project, certain table numbering conventions are followed for a set of standard 

figures/tables that will be presented by all collaborators.  Standardization of numbering will facilitate comparison across 
reports.  Other tables and figures selected for inclusion within the text of this report are therefore assigned letters (Figure A, 
etc.).  Tables reporting data for the 2nd observation day only are included in a separate Appendix and are labeled Table A1-1, 
etc. 

15 



Dietary Diversity as a Measure of Women’s Diet Quality in Resource-Poor Areas: Results from rural Bangladesh site 

reflect either seasonal change, or a nonrepresentative subsample, and it is not possible to 
distinguish the two.  In R1, fewer lactating women had very low BMI (14% vs. 21% of non-
lactating with BMI <17.0) but a higher proportion had BMIs in the 17.0-18.49 range (p = 0.05 
for overall chi-square test).  The proportion with normal BMI (18.5-24.9) was the same for the 
two physiological groups, at 50%.  
 
Median energy intake was 2,162 kcal for R1 and 2,244 for R2, with a wide range in each round 
(1,011-3,599 in R1; 1,067-3,643 in R2) (Tables 2 and A1-2); energy intakes were not 
significantly different between rounds.  Energy intakes were higher for lactating women (R1 
median of 2,360 kcal, vs. 2,083 kcal; p < 0.001).  In the absence of information on physical 
activity, adequacy of energy intakes is difficult to assess.  Estimated energy requirements depend 
on basal metabolic rate (which, in turn, depends on age, height, weight, and body composition) 
and, critically, on time spent at varying levels of physical activity.  For example, for an 18-29-
year-old woman weighing 45 kg, estimated daily average energy requirements vary from 1,650 
kcal to 2,550 kcal, depending on her level of physical activity (FAO 2001).  Median intakes for 
our sample of slightly smaller women fell near the mid-point of that range. 
 
Median intake of protein (51-53 g) was moderately low and fat intake (12-13 g) was very low; 
protein intakes were higher among lactating women (59 g in R1; p < 0.01).  More than 80% of 
energy intake was from carbohydrates, with protein contributing 10%, compared to a WHO 
(2003) population-level recommendation of 10-15%.  However, only 2% of energy was from 
animal-source protein, which is generally of higher quality than plant-source protein.  Fat intake 
provided only 6% of total energy intake, compared to the WHO population-level 
recommendation of 15-30%.  The proportion of energy from carbohydrate, protein, and fat did 
not differ by round, nor between lactating and non-lactating women. 

6.2 Description of dietary patterns 
 
Dietary patterns from R1 are detailed in Tables 3 – 7.  Tables 3a – 3d, and Figure A, below, 
show the proportion of women who consumed each food group on the first recall day.17  Table 
3a shows results when foods are grouped into 6 major groups, Table 3b shows 9 groups, Table 
3c shows 13 groups, and Table 3d shows 21 groups.  Each table and the figure also illustra
differences between the 1 g cutoff for “counting” as having eaten the food group, and the 15 g 
cutoff.  

te 

                                                

 
Patterns for lactating and non-lactating women were similar for many food groups, and at the 
highest level of aggregation, there were no differences by physiological status.  More 
disaggregated tables show that a higher proportion of lactating women consumed at least 1 g of 
small fish (36% vs. 22% of non-lactating women) and of vitamin A-rich yellow/orange/red 
vegetables (70% vs. 53%) (P-values were < 0.01 for these comparisons).  However, when the 
15 g cut-off was used, there were no differences by physiological group.  Because overall 

 
17 The food groups in Figure A do not correspond exactly with FGI-13 groups nor with FGI-21 groups.  Several disaggregated 

food groups, included only in FGI-21, were selected to allow illustration of all groups where the 1-g vs. the 15-g minimum 
made a substantial difference. 
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patterns for lactating and non-lactating women were similar, results for all women are described 
in the text below.  
 
At the highest level of aggregation (Table 3a), all women reported consuming starchy staples, 
approximately 1 in 3 reported consuming legumes/nuts, and 1 in 5 had dairy.  For these three 
food groups, there were no substantial differences between the 1-g and the 15-g cutoffs; that is, 
those who had 1 g of these foods also tended to have at least 15 g.  For the other food groups, the 
cutoff made a difference.  Using the 1-g cutoff, 74% reported consuming other (nondairy) animal 
source foods; this dropped to 61% when the 15-g cutoff was imposed.  The difference for 
vitamin A-rich fruits and vegetables was even greater, with a drop from 82% (1-g cutoff) to 53% 
(15-g cutoff).  “Other fruits and vegetables” dropped from 100% to 85%.  

Figure A. Food groups consumed with two lower limits for defining consumption, all 
women, round 1 
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Tables 3b-3d provide further disaggregation of food groups and show that the differences 
described above can be traced to the following food subgroups:  small fish eaten whole; vitamin 
A-rich yellow, orange, and red vegetables; vitamin C-rich vegetables; and “all other vegetables.”  
Differences were extremely large for the vitamin A-rich yellow, orange, and red vegetables 
(dropping from 58% to 6% when the 15-g minimum was imposed) and vitamin C-rich vegetables 
(dropping from 82% to 3%).  These differences were entirely due to consumption of red and 
green chili peppers; both were consumed by a majority of women.  Fruits and animal-source 
foods other than fish were more likely to be eaten in quantities of at least 15 g.  Notably, no 
vitamin A-rich fruits were consumed by any women in the study area. 
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Tables 4a through 4d describe quantities consumed from each food group, both for all women 
and for those consuming the food group, with Table 4a showing the least disaggregated grouping 
(6 groups) and so on, as for Tables 3a-d.  Table 4a once again shows a diet dominated by staple 
foods, with median intake of 1,865 kcal from starchy staples.  Looking across all women, no 
other food group contributed more than 38 kcal.  Even among those consuming the other food 
groups, most food groups contributed few kcal (105 kcal from legumes/nuts; 67 kcal from dairy; 
61 kcal from other animal source foods, and approximately 50 kcal from fruits and vegetables).  
Further disaggregation (Tables 4b-d) shows the same picture, with no food group other than 
starchy staples providing substantial kcal when considering the whole sample.  However, the 
disaggregated groupings show that some groups, when eaten, were eaten in substantially larger 
amounts than others.  For example, when red meat was eaten, a moderate amount was consumed 
(median 74 g / 85 kcal), whereas when small fish eaten whole were consumed, the amounts were 
trivial (median 6 g / 21 kcal).  Similarly, the vitamin A-rich yellow, orange, and red vegetables 
and the vitamin C-rich vegetables were eaten in trivial amounts (medians of 4 g and 1-9 kcal).  
Aside from chili peppers, a few women had pumpkin (rich in vitamin A), and one woman had 
cabbage (rich in vitamin C).  But, in this population, results for these two food groups reflect 
intake of chilis. 
 
Aside from staple food consumption, results for lactating women were again very similar to 
those for non-lactating women.  Lactating women consumed more staple foods (2,057 kcal vs. 
1,866 kcal for non-lactating women, P < 0.001).  This difference in staple food consumption 
accounted for approximately 70% of the 277 kcal gap in median energy intake between the two 
groups.  The only other difference was a tendency for lactating women to eat larger quantities of 
flesh foods (excluding the small fish) when they consumed these foods – median intake of 77 
kcal compared to 47 kcal for non-lactating women who consumed these foods (P < 0.01).  
Among consumers, both groups consumed small quantities of small fish and chilis, but (as noted 
above) a higher proportion of lactating women consumed these. 
 
Table 5 presents mean and median scores for all eight food group indicators.  Scores for the first, 
6-food group indicator (FGI-6), ranged from 2 to 6; when the 15 g cutoff was imposed (FGI-6R), 
the scores ranged from 1-6.  Unlike the six-group scores, scores for the other six indicators did 
not range to the highest possible score.  Consistent with this, medians for the most aggregated 
indicators fell at mid-point or higher on the possible scale (4.0 and 3.0 for FGI-6 and FGI-6R, 
respectively) whereas medians for the other indicators fell well below the half-way point for 
possible scores (e.g., only 4.0 for FGI-21R).  Scores for lactating and non-lactating women did 
not differ. 
 
Table 6 shows the percent of observations at each score for each indicator, and illustrates the 
tight clustering of scores, even on the longer (more disaggregated) scales.  For most indicators, 
scores clustered on a four-point range; the exception was the simplest indicator (FGI-6) where 
over 90% of women clustered on 3 scores.  
 
Cross-tabulations of food group diversity scores against the individual food groups provide a 
picture of how diets diversify (i.e., what is the most common second food group when the score 
is 2, etc.) (Tables 7a-7h).  Focusing on FGI-21R (Table 7h), it appears that the most common 
“2nd” food groups were dark green leafy vegetables (38%) and “other vegetables” (30%).  At 
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scores of “3”, “other starchy staples” (largely potatoes) (36%), large whole fish/shellfish/seafood 
(36%), and vitamin C-rich fruits (10%) were most likely to be added (in addition to those 
mentioned at a score of “2”).  At scores of 4, legumes (13%), nuts/seeds (13%), dairy (15%), and 
“other fruits” (18%) were added.  Diets continued to diversity as scores increased; however, 
there were a number of food groups that were never reported by a substantial proportion of 
women. 

6.3 Micronutrient intake and food group diversity distributions 
 
Intake distributions for most nutrients, as well as intra-individual standard deviations of intake, 
were strongly skewed (Figures 1-22); this is typical in most settings.  Nutrient intake 
distributions were therefore transformed prior to further analysis.  In contrast, distributions for all 
six diversity indicators (Figures 23-30) were generally normal but “lumpy,” as the scores are not 
truly continuous (i.e., there are only whole number scores).  
 
6.4 Micronutrient intakes and probability of adequacy 
 
Round 1 median micronutrient intakes (Table 8) were well below the EARs for most B vitamins 
and for iron, and calcium intake was well below the AI.  Median intakes for vitamins A, B6, and 
C and for zinc were above EARs.  With the exception of vitamin B12, micronutrient intakes 
were generally slightly lower in Round 2; differences were statistically significant for all 
nutrients except vitamin A, calcium, and zinc.  Relationships to EAR were similar, except for 
vitamin A, where the median intake dropped below the EAR.  
 
Micronutrient intakes were similar for lactating and non-lactating women, with the exception of 
niacin, vitamin B6, and zinc.  Intakes of these three nutrients were higher among lactating 
women; vitamin A intakes were also higher, but the difference was not significant (P = 0.08). 
The estimated probability of adequacy (PA) incorporates information from both survey rounds; 
distributions for PAs (Figures 31-41) show many women with near-zero PAs for many 
micronutrients; this is especially true for lactating women (Figures L31-L41).  Because a 
probability cannot exceed 100%, PAs range up to 1.0 and even very high intakes would be 
evaluated as a PA of 1.0.  Therefore distributions of some nutrients also show a spike at 1.0.   

When averaged across all women, the PA is equivalent to a population-level estimate of 
prevalence (IOM 2000a).  When all women in the sample were grouped together, these estimates 
of prevalence of adequate intake ranged from very low (1-11%) for thiamin, riboflavin, folate, 
and iron, to low (19-28%) for niacin, B12, and calcium, to moderate (49-67%) for vitamins A, 
B6, and C, and zinc (Table 8).  Figure B, below, shows estimated prevalence of adequate intakes 
for lactating and non-lactating women separately, with prevalence for lactating women at or near 
zero for many nutrients.  This is because of higher nutrient requirements during lactation.  PAs 
for the two physiological groups were significantly different for all nutrients except B12.  Note, 
however, that while the situation was somewhat better for non-lactating women, they also had 
PAs below 50% for seven of 11 nutrients. 
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Figure B. Estimated prevalence of adequate intake for 11 micronutrients, by physiological 
groupa 
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a Estimated prevalence was calculated taking into account intakes in both rounds of data collection. 
 
 
6.5 Contributions of food groups to nutrient intakes 
 
Tables 9a-9d show the contributions of each of the food groups to intakes of energy, and macro- 
and micronutrients at R1.  Since rice dominates the diet, starchy staples contribute 87% of total 
energy and 70% of the total protein.  Starchy staples also provide more than half of the thiamin 
(62%), riboflavin (54%), niacin (67%), B6 (64%), and zinc (75%) in the diet.  Both starchy 
staples (43%) and dark green leafy vegetables (22%) contribute to iron intakes.  Vitamin B12 is 
provided primarily by fish (74%) and dairy (11%).  Multiple food groups contribute to intakes of 
each of the other nutrients, with the following main sources, in order of percent contribution for 
each nutrient (those groups contributing at least 10% of total intake are shown): 
 

Folate:  Starchy staples; dark green leafy vegetables; legumes/nuts; and other 
fruits/vegetables 

Vitamin A:  Dark green leafy vegetables; vitamin A-rich orange, yellow and red 
vegetables; other fruits/vegetables 

Vitamin C:  Dark green leafy vegetables; starchy staples, other fruits/vegetables, vitamin 
C-rich vegetables 

Calcium:  Dark green leafy vegetables, starchy staples, large fish, small fish with bones 
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Note that dairy products – usually the most important source of calcium – contribute only 6% to 
intakes in this sample.  Similarly, vitamin C-rich fruits do not make a major contribution to 
vitamin C intakes. 

Patterns were very similar for lactating and non-lactating women, with two differences.  Despite 
being eaten in very small quantities, small fish provided a larger share of the vitamin B12 (34%) 
and calcium (14%) for lactating women.  Similarly, vitamin A-rich yellow/orange/red vegetables 
provided a larger share of their vitamin A intake (36%). 
 
6.6  Relationship between diversity indicators and estimated intakes of individual 

micronutrients 
 
When the whole sample (lactating and non-lactating women) was considered together, all eight 
diversity indicators were positively and significantly associated with estimated intakes of each 
micronutrient (Table 10).  This remained true, with only one exception, when energy was 
controlled for.  Correlations for the simplest indicator (FGI-6) ranged from 0.14 to 0.49 and from 
0.09 to 0.45 when energy was controlled for.  Several of the more disaggregated indicators had 
somewhat higher correlations.  For example, for FGI-9R, correlations ranged from 0.33 to 0.52, 
and from 0.27 to 0.49 when energy was controlled for.  Correlations dropped most, when energy 
was controlled for, for those nutrients where starchy staples were the largest source (thiamin, 
riboflavin, niacin, vitamin B6, zinc, and iron).  
 
Results for lactating and non-lactating women followed similar patterns, but correlations tended 
to be higher for non-lactating women.  For lactating women, several correlations were not 
significant (vitamin C and FGI-6 and FGI-9; vitamin A and FGI-21). 

6.7  Relationship between energy from specific food groups and mean probability 
of adequacy 

 
Examination of the distribution of MPA (Figure 42) for all women and for non-lactating women 
shows a wide range across the possible scale of 0 – 1.0, with sufficient variability to allow 
exploration of associations with food groups and food group diversity, etc.  However, the 
distribution for lactating women had far less variability, with the majority of values very low.  
Median MPA was 33% for non-lactating women, and only 15% for lactating women.  
Distribution of MPA was skewed, and the MPA variable was transformed for use (below) in 
correlations and regressions.  However, it was not possible to find an adequate transformation of 
MPA for lactating women.  
 
Section 6.5 described the contributions of food groups to intakes of specific nutrients.  One way 
to assess the contribution of food groups to intakes across all micronutrients is to look at 
associations (correlations) between energy intake from each food group and the MPA (Tables 
11a-11d).  These correlations reflect both the frequency and quantity of intake from each group, 
as well as the nutrient density of the foods consumed and the variability observed in MPA.  
 
At the highest level of aggregation (Table 11a), intakes from all six major food groups were 
positively and significantly associated with MPA, with correlations ranging from 0.15-0.18 
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(legumes/nuts, dairy, and other fruits and vegetables) to 0.41 (dark green leafy vegetables).  The 
more disaggregated food groupings (Tables 11b-11d) provide a more specific look at which food 
groups related most strongly to MPA.  The strongest correlations (in decreasing order, Table 
11d) were with dark green leafy vegetables; grains/grain products; small fish; nuts and seeds; 
dairy; and large fish.  Correlations with energy from most of the other fruits and vegetable 
groups, as well as eggs, were also significant. 
 
Tables 11a-11d also illustrate how the relationship between food groups and MPA was modified 
when energy was controlled for.  In this case, the relationship between grains/grain products and 
MPA became negative – in other words, increases in intake from this group were associated with 
lower micronutrient density.  The direction of association remained positive for all other food 
groups, indicating that increases in intake of these food groups were associated with higher diet 
quality (defined as micronutrient adequacy) and with micronutrient density of the diet. 

Tables L11a-L11d show that results are less consistent for lactating women.  That is, correlations 
with MPA were not observed for energy from several food groups.  For lactating women, the 
strongest correlations were the negative correlation for energy from staple foods (when energy is 
controlled for) and positive correlations for dark green leafy vegetables and for small fish. 

6.8 Relationship between diversity indicators and total energy intake 
 
Each of the food group diversity indicators was also positively and significantly correlated with 
energy intake.  These relationships are illustrated in Figure C below, and in Tables 12 and 13.  
Correlations increased somewhat with increasing disaggregation of food groups, particularly for 
non-lactating women.  Correlations did not increase for a given level of disaggregation (set of 
food groups) when the 15-g minimum requirement was imposed (Table 13).  However, as would 
be expected, values were higher for any given diversity score when the 15-g requirement is 
imposed (see Figure C).  Overall, correlations were moderate, ranging from 0.20 to 0.35, 
depending on indicator and physiological group.  For lactating women, the relationship between 
diversity scores and energy intake was consistently linear; for non-lactating women, most 
relationships were nonlinear.  
 
6.9 Relationship between diversity indicators and mean probability of adequacy 
 
Section 6.6 described positive associations between food group diversity indicators and 
individual nutrient intakes and showed associations with each nutrient.  Section 6.7 described 
positive associations between energy intakes from many individual food groups and the MPA.  
Given these, it is not surprising that the various food group diversity indicators were also 
significantly and positively associated with MPA (Figure D below and Tables 14 and 15). 
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Figure C. Total Energy intake (kcal) by food group scores for various 
 diversity indicators, by physiological status a, b 
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a Data points representing fewer than 10 observations are omitted. 
b FGI-6 is the food group indicator with 6 groups, FGI-9 has 9 food groups, FGI-13 has 13, and FGI-21 has 21.  FGI-6R 
has 6 groups, with at least 15 g consumed in order for each group to “count.”  Similarly, FGI-9R, FGI-13R, and FGI-
21R have the same 15-g requirement in order for a food group to count. 
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Figure D. Mean probability of adequacy (MPA) by food group scores 
 for various diversity indicators, by physiological groupa, b 
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a Data points representing fewer than 10 observations are omitted. 
b FGI-6 is the food group indicator with 6 groups, FGI-13 has 13 food groups, and FGI-21 has 21.  FGI-6R has 6 
groups, with at least 15 g consumed in order for each group to “count.”  Similarly, FGI-13R, and FGI-21R have the 
same 15-g requirement in order for a food group to count. 
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Each of the eight indicators was significantly and positively associated with MPA; correlations 
were slightly attenuated when energy was controlled for.  Correlations were stronger for non-
lactating women, ranging from 0.40-0.53 (0.33-0.48 controlling for energy) as compared to a 
range of 0.27-0.46 for lactating women (0.14-0.39 controlling for energy).  As for correlations 
with energy intakes, relationships were linear for lactating women, but were not linear for non-
lactating women.  Figure D also highlights the extremely low range for MPA for lactating 
women. 
 
In contrast to the relationship between diversity and energy, increasing disaggregation did not 
consistently increase correlations.  For both lactating and non-lactating women, the strongest 
correlations were with FGI-13R (the 13-food group indicator where at least 15 g must be eaten in 
order for the group to “count” in the score) (Table 15).  Also in contrast to the relationship with 
energy, imposing the 15-g requirement did consistently result in substantially higher correlations 
for each level of aggregation.  In addition, as for energy intake, at any given level of diversity 
MPA was higher for the 15-g indicator than for the corresponding 1-g indicator.  For example, 
for non-lactating women with a score of 5, the average MPA was 0.29 for FGI-13 and 0.46 for 
FGI-13R (Table 14). 
 
Table 16 provides another way of looking at the relationship between the diversity indicators and 
MPA, for non-lactating women.  Simple linear regressions showed that the food group diversity 
scores were consistently significant in models controlling for the woman’s height, age, and 
physiological status.18  This remained true (and overall explanatory power increased) when total 
energy intake was included in the model.  When all women were included in the models, the 
coefficients for lactation were negative and significant, as would be expected based on the 
descriptive results.  The overall explanatory power of the models was lower when the 
physiological groups were considered separately; the adjusted R2 ranged from 0.16-0.27 for non-
lactating women.  When energy was included in the models, adjusted R2 increased to 0.34-0.41.  
As for correlations, the highest adjusted R2 values are observed for FGI-13R, but results for FGI-
9R were very similar. 

6.10 Performance of diversity indicators using selected cutoffs for mean 
probability of adequacy 

 
The final objective of this exercise – testing indicator performance – is intended primarily to 
illustrate methods and to provide the first set of results for the ongoing collaborative project.  
Performance of these same indicators across a range of sites will be assessed and compared as 
the project progresses; the comparative analysis will allow firmer conclusions regarding the 
usefulness of these indicators. 
 

                                                 
18 Regressions were performed with and without a “robust” option, to rule out problems with heteroskadasticity.  Results were 
nearly identical, indicating that the assumption of no heteroskadasticity is valid.  Residual plots were examined and distributions 
of residuals were tested for normality; for non-lactating women, residuals were normally distributed.  The distribution of MPA 
for lactating women could not be transformed to approximate normal.  Regression analysis was performed but residuals were 
non-normally distributed in a majority of the models for the various indicators; therefore regression results for lactating women 
are not reported. 
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Because diet quality is so poor for the women in this sample from Bangladesh, there is no way to 
assess the predictive power of the diversity indicators to identify women with high MPA; only 
1% of women had MPA > 70% and only 1 woman had an MPA > 80% (Table 17).  In the 
analysis that follows, we explore indicator characteristics at cutoff points of > 50% and > 60% 
for MPA, but note that these cutoffs cannot be considered to define adequate diets.  For lactating 
women, only one woman out of the 111 had an MPA > 50%, so no indicators were evaluated for 
this subgroup. 
 
The overall performance of each indicator (at each MPA cutoff) is summarized by the “area 
under the curve” (AUC) derived from receiver-operating curve (ROC) analysis.  As a rule of 
thumb, an AUC over approximately 0.70 can be considered to reflect an indicator with some 
potential.  All six diversity indicators had AUC significantly different from 0.50, which 
represents the null hypothesis of “no predictive power” (Table 18).  With the exception of FGI-6 
and FGI-13, all AUC exceeded 0.70 at the 50% cutoff for MPA, and all eight indicators 
exceeded 0.70 at the 60% cutoff.  Overall, AUCs (all women) varied from 0.62 (FGI-6 at MPA 
> 50%) to 0.88 (FGI-13R at MPA > 60%).  
 
In comparing indicators, it is also useful to assess which AUC are significantly different from 
others.  Table 19 compares all indicators, and identifies statistically significant differences.  
These comparisons are consistent with results for correlations and regressions, and show that the 
indicators with the 15-g minimum requirement had significantly higher AUCs than did the 
corresponding indicators without this requirement.  The comparisons also confirm that the 
9-group and 13-group indicators performed better than the 6-group indicators, but that 
performance did not increase further with disaggregation to 21 groups. 
 
Finally, indicator performance can be assessed through examining characteristics of indicator 
quality – sensitivity, specificity, positive predictive value, and total misclassification – across a 
range of cutoffs for varying levels of diversity, and for both MPA cutoffs (Tables 20a – 20 h).  
Box 1 provides an explanation of indicator characteristics, specifically as used in this context. 
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Box 1. Predicting higher diet quality:  Indicator characteristics 
 
Because we are trying to “predict” higher (better) MPA (above the cutoff), indicator characteristics have different 
interpretations than they do when the aim is to assess risk, which is the more standard use in epidemiology.  
 
In this case sensitivity assesses the proportion of all those who truly have better MPA who are identified by the 
indicator.  Specificity assesses the proportion of those who truly have lower MPA who are identified by the 
indicator.  Positive predictive value assesses the proportion of those with a score above a given diversity cutoff 
who truly have better MPA.  We note that positive predictive value tends to be low when there are few 
“positives” in the measure of interest (in this case, few women with MPA above a given cutoff). 
 
There are always trade-offs between sensitivity and specificity; which one should be “favored” depends on the 
intended uses of the indicator, and sometimes on other factors, such as level of resources available for helping 
those identified as in need.  For our purposes – development of indicators to assess and compare diet quality for 
women and to track change across time – it is reasonable to aim for a balance between sensitivity and specificity, 
but to favor specificity when trade-offs must be made.  This means that we prefer to be certain to identify all 
those with low MPA, and are willing to accept that some women with better MPA are classified incorrectly.  The 
alternative would be to accept more women with low MPA but classified as “better.” 
 
 
Tables 20a – 20h are once again consistent with results above.  The most favorable balance 
between sensitivity and specificity was found for FGI-13R as a predictor of MPA > 60%, at a 
cutoff of ≥ 5 food groups.  Sensitivity was 94% and specificity was 83%, with 17% total 
misclassification.  However, positive predictive values remained very low (20%), reflecting the 
very small number of women who have MPA > 60%.  Positive predictive value was higher for 
the > 50% MPA cutoff, but at a cost of lower sensitivity.  The next best balance was found for 
FGI-9R as a predictor of MPA > 60%; results for FGI-21R were also similar.  For most 
indicators and at most cutoffs, trade-offs between sensitivity and specificity were more difficult, 
and this is reflected in higher levels of total misclassification.  
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7. SUMMARY AND DISCUSSION 
 
This report supports the potential of simple indicators of dietary diversity to function as proxy 
indicators of diet quality for women of reproductive age in resource-poor settings, although 
results for lactating women were less promising.  In addition, the report provides a detailed 
assessment of dietary patterns, and uses state-of-the-art methods to assess micronutrient 
adequacy for a group of poor rural women in Bangladesh.  To date, few studies have employed 
the newer probability approach to assess micronutrient adequacy for women in resource-poor 
regions. 
 

7.1 Dietary patterns 
 
The diets of these women in rural Bangladesh, like diets of the poor in many settings, are 
dominated by starchy staples; in this case, starchy staples (largely rice) contributed 87% of total 
energy.  Starchy staples also provided well over half of the protein, thiamin, niacin, B6, and zinc 
in the diets, and provided approximately half of the riboflavin and iron.  Lactating women had 
higher energy intakes, which were mostly accounted for by higher intakes of starchy staples.  
The percent of energy from protein and from fat were very similar for lactating and non-lactating 
women. 
 
While starchy staples provided the majority of these micronutrients across the sample, results 
showed that women with higher intakes of starchy staples had diets with poorer micronutrient 
density (Tables 11a-11d).  Although other food groups were eaten in small quantities, they 
provided substantial proportions of the folate, vitamin A, vitamin C, and calcium in the diet, and 
all of the vitamin B12 (because this last is found only in animal-source foods).  The most 
nutritionally important of these other food groups, in roughly descending order of importance, 
were dark green leafy vegetables, small fish, nuts and seeds, dairy, and large fish (Table 11d). 

7.2 Micronutrient intakes and adequacy 
 
For non-lactating women, average micronutrient intakes were below – and in many cases far 
below – estimated average requirements for 7 (R1) or 9 (R2) of the 11 micronutrients assessed.  
Consistent with this, the estimated prevalence of adequate intake was very low for thiamin, 
riboflavin, folate, and iron; low for niacin, vitamin B12, and calcium; and moderate for vitamins 
A, B6, and C, and zinc; the highest single-nutrient estimated prevalence of adequacy (and the 
only one over 70%) was for vitamin B6, at 82%.  For lactating women, the picture was more 
stark, with estimated prevalence of adequacy at or near zero for many nutrients. 
 
The MPA provides a summary of this information and underscores the very low quality of the 
women’s diets.  Most non-lactating women (85%) had an MPA below 50%; the median MPA 
was 33%.  However, for non-lactating women, MPA was well distributed, especially across the 
range of 0-50% (Figure 42); this variability allowed assessment of the relationship between food 
group diversity and diet quality.  All but one of the lactating women had an MPA below 50%, 
and the median was 15%.  The distribution of MPA among lactating women did not allow 
assessment of indicator performance for this subgroup. 
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7.3 Relationships between food group diversity, diet quality, and energy intake 
 
One of the most striking results from this analysis is the evidence that all eight food group 
diversity indicators were correlated with intakes of each of the 11 nutrients (Table 10).  This was 
true for all women and for non-lactating women, and there were very few exceptions for 
lactating women (Table L10).  In other words, the relationship between diversity and diet quality 
was not driven by a strong relationship with one or a few nutrients; in this sample, increases in 
food group diversity were associated with increased intake of each nutrient, despite the fact that 
non-staple foods were generally eaten in very small amounts.  The magnitude of the correlations 
is meaningful; for non-lactating women these ranged from 0.32 to 0.54, depending on nutrient, 
for the two “best” candidate indicators for this data set (FGI-9R and FGI-13R).  For lactating 
women, correlations were slightly lower, and ranged from 0.27-0.48 for these same two 
indicators. 
 
Each food group diversity indicator was also associated with MPA, with correlations ranging 
from 0.40 (FGI-6) to 0.53 (FGI-13R) for non-lactating women, and from 0.27-0.46 for lactating 
women (Figure D and Table 15).  Correlations were higher for those indicators where at least 15 
g must have been consumed in order for the food group to “count.”  The magnitude of the 
correlations, as well as the shape of the relationship illustrated in Figure D, suggests that these 
simple indicators provide meaningful information about diet quality (when quality is defined as 
micronutrient adequacy).  For non-lactating women, regression analyses confirmed that each of 
the diversity scores remain significant in models controlling for the woman’s age, height, and 
physiological status. 
 
As has been shown in other studies (Ogle, Hung, and Tuyet 2001; Foote et al. 2004; Torheim et 
al. 2004), our analysis showed that each of the eight diversity indicators was also associated with 
energy intake (Figure C and Tables 12-13), with correlations ranging from 0.20 to 0.31; in 
contrast to the relationship with MPA, the relationship with energy intakes was not consistently 
higher for either physiological group; this is likely due to the fact that, unlike MPA, distributions 
of energy intakes are wide for both lactating and non-lactating women.   
 
In order to understand to what extent the association between diversity and MPA is related to the 
nutrient density of the diet, as opposed to the total quantity of food consumed, we assessed 
partial correlations, controlling for energy intake.  Correlations, both with individual nutrients 
and with MPA, were slightly attenuated but remained significant and of meaningful magnitude.  
Each diversity indicator remained significant in regression models that included energy intake, as 
well as the other covariates listed above (Table 16), and these models explained between 34-41% 
(non-lactating women) and 26-35% (lactating women) of the variability in MPA.  In sum, food 
group diversity indicators were strongly associated with MPA both because diversity was 
associated with higher quantity intake (kcal) and because it was associated with higher quality 
intake (nutrient density). 
 
7.4 Indicator performance 
 
Results from a single site cannot provide guidance for development of indicators for general 
(global) use.  However, this report is the first in a series of reports from different sites; 
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information on indicator performance will be summarized across all sites.  For this Bangladesh 
site, indicator performance was not evaluated for predicting diet quality for lactating women, 
because the very low and narrow distribution of MPA did not allow it. 
 
For non-lactating women, the results summarized in the previous sections indicate that in this 
site, the relationship between simple food group diversity indicators and diet quality for women 
is both meaningful and strong.  The receiver-operating curve (ROC) analysis also supported this; 
the area under the curve (AUC) was significant for all indicators and was above 0.70 for six of 
the eight at the 50% cutoff of MPA, and for all eight at the 60% cutoff, indicating predictive 
power.  The ROC analysis summarizes predictive power across all possible scores for the 
diversity indicators. 
 
However, for many policy and program purposes, continuous indicators (e.g., average food 
group diversity) are not useful.  Instead, dichotomous indicators are needed and are used to set 
objectives, assess progress, etc.  In order to construct dichotomous indicators, indicator cutoffs 
must be selected.  Selection of cutoffs is informed by an examination of indicator characteristics 
such as sensitivity, specificity, positive predictive value, and level of misclassification. 
 
In order to assess such characteristics, it is also necessary to define a dichotomous “gold 
standard” to represent “true” diet quality.  In this case, that means selecting a cutoff for MPA.  
Ideally, the aim would be to identify a cutoff above which diets can comfortably be described as 
reasonably adequate.  Given the distribution of MPA in this sample, no such cutoff is possible.   
For example, if a cutoff were set at 90% of MPA, there would be no cases above the cutoff, and 
indicator characteristics could not be evaluated.  Similarly, only 2 (of 299) non-lactating women 
had an MPA > 70%.  The highest MPA cutoff that could be evaluated in this sample was 60% of 
MPA.  We emphasize that this is too low to be acceptable as a definition of adequacy.  The 
collaborative research project will produce further analysis from additional sites; it is hoped that 
this may allow exploration of higher MPA cutoffs.  
 
Nevertheless, for illustrative purposes we examined indicator characteristics at the 60% MPA 
cutoff.  For this site, the best food group diversity indicator and cutoff appear to be FGI-13R, at a 
cutoff of ≥ 5 food groups.  This cutoff identified 94% of the women with MPA above 60% 
(sensitivity) and 82% of the women with MPA below 60% (specificity).  The overall level of 
misclassification, at 17%, was acceptable for indicators of this type; that is, population-level 
indicators for assessment and monitoring.  Results for FGI-9R were similar.  If no better 
indicator of adequate diet quality is identified through analysis of data from other sites, and if 
results for other sites are similar at these lower MPA cutoffs, it is possible that an indicator of 
“poor” diet quality could be developed, with an MPA cutoff of 50% or 60%. 
 
7.5 Preliminary implications for operationalizing food group diversity 
 
Our objective is to develop very simple indicators, so that the required data could be collected in 
large household surveys such as the DHS.  With this objective in mind, we explored using both a 
1-g cutoff and a 15-g cutoff in order for a food group to count in each indicator score.  If 
indicators constructed with a 1-g cutoff had performed as well as those with a 15-g cutoff, it 
would have suggested that enumerators could aim to determine if the respondent woman had any 
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food in the group in any amount.  However, results from this site indicate that indicators that 
exclude trivial amounts (less than 15 g) perform better.  In this site, this was primarily an issue 
for chilis and, to a lesser extent, for small fish eaten whole.  For the purposes of surveys, this 
suggests that it may suffice to try to ensure that foods used as flavorings/condiments be excluded 
from the recall. 
 
It is sometimes argued that foods such as chilis should be included in food group recalls, because 
they are important sources of certain nutrients.  Indeed, in our sample, these foods provided a 
large proportion of certain nutrients.  However, in this site, the inclusion of these foods did not 
strengthen the relationship between diversity and MPA; on the contrary, it weakened the 
relationship. 
 
However, results from additional sites are needed in order to fully assess this issue and to make 
recommendations regarding operationalizing diversity indicators for women. 

7.6 Generalizability 
 
For a number of reasons – the complexity and aims of the original sampling, our selection of a 
subsample for analysis, and the passage of time – we cannot claim that the estimates of 
prevalence of adequacy in this sample directly and precisely reflect those of any particular group 
of Bangladeshi women at present.  At the same time, there is no reason to believe that the general 
picture that emerges is not representative.  In areas where families remain impoverished and 
heavily reliant on one staple food, the poor diet quality and low nutrient adequacy described 
herein are likely to prevail. 
 
For the main purpose of the exercise – developing indicators of diet quality – neither the 
sampling/subsampling nor the passage of time affect the usefulness of the data set:  for women 
with diets similar to these, the relationships between food group diversity, energy intake, and 
micronutrient adequacy should be similar to those found here. 
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8. CONCLUSIONS 

Information on diet quality and micronutrient adequacy, using newer methods of assessment, is 
very scarce for poor women globally.  Much of the available information is focused on pregnant 
women, and sometimes on only one or several nutrients related to specific health outcomes.  
Nonpregnant women of reproductive age – including lactating women – are also vulnerable.  In 
some contexts women may receive less high-quality, nutrient-dense foods than other family 
members; this was, in fact, documented in our study area (Bouis et al. 1998).  These are the 
foods that could improve their nutrient intakes and status. 
 
Our results from rural Bangladesh indicate that micronutrient intakes were very inadequate 
indeed, and this was true across almost every nutrient we examined.  This should stimulate 
further efforts to focus attention and resources toward this problem.  We note that intakes were 
inadequate for all micronutrients, not just those that are the usual focus of public health 
interventions (iron/folate during pregnancy, vitamin A, and iodine).  The major deficits identified 
here will not be alleviated by programs narrowly focused on one or several micronutrients.  
 
For lactating women in this study site, intakes of all micronutrients were very low relative to 
requirements.  While diversity scores were strongly associated with MPA, the distribution of 
MPA limited analysis.  For non-lactating women, our results indicate that food group diversity 
indicators are very promising and may be a simple and valid option for population-level 
assessment and for monitoring progress toward improved micronutrient intakes among women 
of reproductive age.  The diversity indicators explored in this report were correlated not only 
with overall micronutrient adequacy, averaged across 11 micronutrients, but were also correlated 
with each individual micronutrient.  This underscores their usefulness as proxy indicators of 
overall diet quality in resource-poor settings. 
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APPENDIX 1:  TABLES FOR SECOND OBSERVATION DAY 
Table A1-1. Description of sample, all women, round 2 
 n Mean SD Median Range 
Age (yr) 147 33.0 8.6 34.0 15.0-49.0 
Height (cm) 147 150.1 4.9 149.8 138.2-161.4 
Weight (kg) 147 41.7 6.0 41.3 30.0-72.0 
BMI  147 18.5 2.3 18.0 14.3-27.6 
         
% Illiterate 147 73.5       
% Lactating 144 33.3       
% Pregnant 147 0.0       
 n Percent    
BMI <16 12 8.2       
BMI 16-16.9 30 20.4       
BMI 17-18.49 43 29.3       
BMI 18.5-24.9 60 40.8       
BMI 25-29.9 2 1.4       
BMI ≥ 30 0 0.0       
 
 
Table A1-2. Energy and macronutrient intakes, all women, round 2 

 Mean SD Median Range 
Percent of 

kilocalories
Energy (kilocalories) 2242.9 543.3 2243.6 1066.9-3643.4   
Protein (g) 53.9 16.4 52.7 20.0-108.2 10 
 Animal source (g) 11.6 11.0 8.8 0.0-57.2 2 
 Plant source (g) 42.4 11.4 41.9 14.8-82.4 8 
Total carbohydrate (g) 463.9 117.1 458.0 184.9-760.2 83 
 Sugars (g) 7.4 16.0 2.4 0.8-96.3 1 
Total fat (g) 13.6 8.6 11.7 1.9-70.7 6 
 Saturated fat (g) 3.5 1.9 3.1 0.8-12.8 1 
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Table A1-8.  Mean and median nutrient intake for all women, round 2 
 
 
Nutrient 

 
 

Mean 

 
 

SD 

 
 

Median 

 
 

EAR a
  

 
 

SD a
Energy 2243 543 2244   
Protein (All Sources) (% of kcal) 10 2 9   
Protein from animal sources (% of kcal) 2 2 2   
Total carbohydrate (% of kcal) 83 4 83   
Sugars (% of kcal) 1 3 0   
Total fat (% of kcal) 6 4 4   
Saturated fat (% of kcal) 1 1 1   
      
Thiamin (mg/d) 0.59 0.18 0.57 0.9 0.1 
Riboflavin (mg/d) 0.58 0.24 0.56 0.9 0.1 
Niacin (mg/d) 9.56 2.82 9.36 11.0 1.7 
Vitamin B6 (mg/d) 1.37 0.44 1.31 1.1 0.1 
Folate (μg/d) 147.85 123.09 106.98 320.0 32.0 
Vitamin B12 (μg/d) 1.94 2.19 1.03 2.0 0.2 
Vitamin C (mg/d) 44.43 48.86 28.97 30.0 3.0 
Vitamin A (RE/d) 466.46 568.92 227.50 270.0 54.0 
Calcium (mg/d) 418.53 347.47 283.71 1000.0b

  

b

Iron (mg/d) 7.72 3.40 7.13 See Table 
Zinc (mg/d) 8.15 2.25 8.06 6.67 1.67 

a See Table A3-1 for sources for each EAR and SD.  Requirements for nonpregnant, non-lactating women are 
presented here; see Tables A3-1 and A1-L8 for requirements for lactating women.  There were no pregnant 
women in the study sample. 

b There is no EAR and no SD for calcium; 1000 mg is the Adequate Intake (AI) value for nonpregnant, non-
lactating women. 

 
Table A1-L1. Description of sample, lactating women, round 2 
 n Mean SD Median Range 
Age (yr) 48 27.7 6.5 26.5 18.0-46.0 
Height (cm) 48 150.7 5.4 149.9 138.2-161.4 
Weight (kg) 48 41.5 5.2 41.6 31.0-54.0 
BMI  48 18.3 1.9 17.6 14.8-23.1 
         
% Illiterate 48 77.1       
% Lactating 48 100.0       
% Pregnant 48 0.0       
 n Percent    
BMI <16 2 4.2       
BMI 16-16.9 11 22.9       
BMI 17-18.49 17 35.4       
BMI 18.5-24.9 18 37.5       
BMI 25-29.9 0 0.0       
BMI ≥ 30 0 0.0       
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Table A1-L2. Energy and macronutrient intakes, lactating women, round 2 

 Mean SD Median Range 
Percent of 

kilocalories
Energy (kilocalories) 2299.8 558.0 2312.8 1164.9-3319.1   
Protein (g) 54.2 15.3 52.8 32.2-87.5 10 
 Animal source (g) 10.5 9.7 8.8 0.0-37.1 2 
 Plant source (g) 43.7 11.0 44.4 14.8-63.3 8 
Total carbohydrate (g) 480.7 124.2 487.5 184.9-738.8 83 
 Sugars (g) 4.6 13.8 2.3 1.0-96.3 1 
Total fat (g) 11.9 6.5 10.4 3.9-43.2 5 
 Saturated fat (g) 3.2 1.5 3.0 1.5-11.9 1 
 
Table A1-L8.  Mean and median nutrient intake for lactating women, round 2 

 
 
Nutrient 

 
 

Mean 

 
 

SD 

 
 

Median 

 
 

EAR a
  

 
 

SD a
Energy 2300 558 2313     
Protein (All Sources) (% of kcal) 9 1 9     
Protein from animal sources (% of kcal) 2 2 2     
Total carbohydrate (% of kcal) 83 5 85     
Sugars (% of kcal) 1 2 0     
Total fat (% of kcal) 5 4 4     
Saturated fat (% of kcal) 1 1 1     
        
Thiamin (mg/d) 0.59 0.17 0.57 1.2 0.1 
Riboflavin (mg/d) 0.61 0.26 0.58 1.3 0.1 
Niacin (mg/d) 9.72 2.80 9.15 13.0 2.0 
Vitamin B6 (mg/d) 1.39 0.42 1.37 1.7 0.2 
Folate (μg/d) 140.02 106.89 102.96 450.0 45.0 
Vitamin B12 (μg/d) 1.80 2.03 0.96 2.4 0.2 
Vitamin C (mg/d) 54.69 53.79 33.44 55.0 5.5 
Vitamin A (RE/d) 615.85 683.26 304.18 450.0 90.0 
Calcium (mg/d) 419.14 345.16 326.55 1000.0b

  

b

Iron (mg/d) 8.00 3.42 7.39 23.40 7.02 
Zinc (mg/d) 8.28 2.10 8.24 11.3 2.83 
a See Table A3-1 for sources for each EAR and SD, requirements for lactating women. 
b There is no EAR and no SD for calcium; 1000 mg is the Adequate Intake (AI) value for lactating women. 
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Table A1-N1. Description of sample, non-lactating women, round 2 
 n Mean SD Median Range 
Age (yr) 96 35.4 8.5 37.5 15.0-49.0 
Height (cm) 96 149.7 4.7 149.8 140.2-161.4 
Weight (kg) 96 41.8 6.4 41.1 30.0-72.0 
BMI  96 18.6 2.4 18.2 14.3-27.6 
         
% Illiterate 96 71.9       
% Lactating 96 0.0       
% Pregnant 96 0.0       
 n Percent    
BMI <16 10 10.4       
BMI 16-16.9 18 18.8       
BMI 17-18.49 25 26.0       
BMI 18.5-24.9 41 42.7       
BMI 25-29.9 2 2.1       
BMI ≥ 30 0 0.0       
 
 
Table A1-N2. Energy and macronutrient intakes, non-lactating women, round 2 

 Mean SD Median Range 
Percent of 

kilocalories
Energy (kilocalories) 2211.9 542.3 2215.1 1066.9-3643.4   
Protein (g) 53.7 17.0 52.0 20.0-108.2 10 
 Animal source (g) 12.2 11.7 9.4 0.0-57.2 2 
 Plant source (g) 41.5 11.6 40.5 15.0-82.4 8 
Total carbohydrate (g) 455.1 114.7 454.1 193.8-760.2 82 
 Sugars (g) 8.9 17.0 2.6 0.8-96.3 2 
Total fat (g) 14.3 9.4 12.3 1.9-70.7 6 
 Saturated fat (g) 3.7 2.1 3.2 0.8-12.8 2 
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Table A1-N8.  Mean and median nutrient intake for non-lactating women, round 2 
 
 
Nutrient 

 
 

Mean 

 
 

SD 

 
 

Median 

 
 

EAR a
  

 
 

SD a
Energy 2212 542 2215     
Protein (All Sources) (% of kcal) 10 2 9     
Protein from animal sources (% of kcal) 2 2 2     
Total carbohydrate (% of kcal) 82 4 83     
Sugars (% of kcal) 2 4 0     
Total fat (% of kcal) 6 4 5     
Saturated fat (% of kcal) 2 1 1     
        
Thiamin (mg/d) 0.59 0.19 0.57 0.9 0.1 
Riboflavin (mg/d) 0.57 0.23 0.54 0.9 0.1 
Niacin (mg/d) 9.48 2.85 9.36 11.0 1.7 
Vitamin B6 (mg/d) 1.36 0.46 1.30 1.1 0.1 
Folate (μg/d) 149.08 130.53 107.65 320.0 32.0 
Vitamin B12 (μg/d) 2.01 2.29 1.12 2.0 0.2 
Vitamin C (mg/d) 40.10 46.32 29.14 30.0 3.0 
Vitamin A (RE/d) 399.65 498.48 198.82 270.0 54.0 
Calcium (mg/d) 422.43 352.68 282.76 1000.0b

  

b

Iron (mg/d) 7.58 3.41 6.85 See table  
Zinc (mg/d) 8.08 2.33 7.94 6.67 1.67 
a See Table A3-1 for sources for each EAR and SD, requirements for nonpregnant, non-lactating women. 
b There is no EAR and no SD for calcium; 1000 mg is the Adequate Intake (AI) value for lactating women. 
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APPENDIX 2. WOMEN’S FOOD GROUP RECALL IN DHS 5 
579 Now I would like to ask you about (other) liquids or foods that (NAME FROM 577)/you may have had 

yesterday during the day or night. I am interested in whether your child/you had the item even if it was 
combined with other foods. (15) 
  CHILD MOTHER 

 YES NO DK YES NO DK 

a 1 2 8 1 2 8 

b 1 2 8 1 2 8 

c 1 2 8 1 2 8 

d 1 2 8 1 2 8 

e 1 2 8 1 2 8 

f 1 2 8 1 2 8 

g 1 2 8 1 2 8 

h 1 2 8 1 2 8 

i 1 2 8 1 2 8 

j 1 2 8 1 2 8 

k 1 2 8 1 2 8 

l 1 2 8 1 2 8 

m 1 2 8 1 2 8 

n 1 2 8 1 2 8 

o 1 2 8 1 2 8 

p 1 2 8 1 2 8 

q 1 2 8 1 2 8 

r 1 2 8 1 2 8 

Did (NAME FROM 577)/you drink (eat): 

a) Milk such as tinned, powdered, or fresh animal milk? 

b) Tea or coffee? 

c) Any other liquids? 

d) Bread, rice, noodles, or other foods made 
from grains? (16) 

e) Pumpkin, carrots, squash, or sweet potatoes that are 
yellow or orange inside? (17) 

f) White potatoes, white yams, manioc, cassava, or any 
other foods made from roots? 

g) Any dark green, leafy vegetables? (18) 

h) Ripe mangoes, papayas, or [INSERT ANY OTHER 
LOCALLY AVAILABLE VITAMIN A-RICH FRUITS]? 

i) Any other fruits or vegetables? 

j) Liver, kidney, heart, or other organ meats? 

k) Any meat, such as beef, pork, lamb, goat, chicken, 
or duck? 

l) Eggs? 

m) Fresh or dried fish or shellfish? 

n) Any foods made from beans, peas, lentils, or nuts? 

o) Cheese, yogurt, or other milk products? 

p) Any oil, fats, or butter, or foods made with any of these? 

q) Any sugary foods such as chocolates, sweets, candies, 
pastries, cakes, or biscuits? 

r) Any other solid or semi-solid foods? 
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15 A separate category for any foods made with red palm oil, palm nut, or palm nut pulp sauce must be 
added in countries where these items are consumed.  A separate category for any grubs, snails, insects, 
or other small protein food must be added in countries where these items are eaten.  Items in each food 
group should be modified to include only those foods that are locally available and/or consumed in the 
country.  Local terms should be used. 
 

16 Grains include millet, sorghum, maize, rice, wheat, or other local grains.  Start with local foods, e.g., 
ugali, nshima, fufu, chapatti; then follow with bread, rice, noodles, etc. 
 

17 Items in this category should be modified to include only vitamin A rich tubers, starches, or red, orange, 
or yellow vegetables that are consumed in the country. 
 

18 These include cassava leaves, bean leaves, kale, spinach, pepper leaves, taro leaves, amaranth 
leaves, or other dark green, leafy vegetables. 
 
 
________________ 
Source: ORC Macro Demographic and Health Surveys website at: 

http://www.measuredhs.com/aboutsurveys/dhs/questionnaires_archive.cfm  
Accessed September 7, 2007). 

http://www.measuredhs.com/aboutsurveys/dhs/questionnaires_archive.cfm
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APPENDIX 3: ESTIMATED AVERAGE REQUIREMENTS 
Note that WHO/FAO requirements are not given separately for pregnant or lactating adolescents.  For girls aged 15-18 who were pregnant or lactating, 
we used the requirements for pregnant/lactating adult women for most nutrients, as the requirements are higher.  The exception to this is calcium, 
where the requirement is higher for adolescents (1300 mg/d), so this value (US AI) was used for pregnant and lactating adolescents. 
Table A3-1. Estimated Average Requirements (EAR) to be used for assessing Probability of Adequacya, b  

 Females 19-65 years Females 15-18 years Pregnant women Lactating women 
 EAR SDc

    EAR SDc EAR SDc EAR SDc

Vit A (RE/d) d
     270 e 54 365 e 73 370e 74 450 e 90 

Vit C (mg/d) 30 e
    

    

    

    

    

 
 

  

    

 

 

 

3.0 30 e 3.0 40 e 4.0 55 e 5.5 
Thiamin (mg/d) 0.9 f 0.09 0.9 f 0.09 1.2 f 0.12 1.2 f 0.12 
Riboflavin (mg/d) 0.9 f 0.09 0.8 f 0.08 1.2 f 0.12 1.3 f 0.13 
Niacin (mg/d) 11 f 1.65 12 f 2 14 f 2.1 13 f 1.95 
Vit B6 (mg/d) 1.1 f 0.11 1.0 f 0.1 1.6 f 0.16 1.7 f 0.17 
Folate (μg/d) 320 e 32 330 e 33 520 e 52.0 450 e 45.0 
Vit B12 (μg/d) 2.0 e 0.2 2.0 e 0.2 2.2 e 0.22 2.4 e 0.24 
Calcium (mg/d) g 1000 - 1300 - 1000  1000  

Iron (mg/d) See Table A3-2 - See Table A3-3 - 22 h 2.07 
10% bioavail: 11.7 i 

5% bioavail: 23.40 
3.51 
7.02 

Zinc (mg/d) 
50% bioavail: 2.00 j 

30% bioavail: 3.33 
15% bioavail: 6.67 

0.50 
0.83 
1.67 

50% bioavail: 2.90 f 
30% bioavail: 4.80 
15% bioavail: 9.60 

0.7 
1.2 
2.4 

50% bioavail: 3.00 k 

30% bioavail: 5.00 
15% bioavail: 10.00 

0.75 
1.25 
2.50 

50% bioavail: 3.40 k 

30% bioavail: 5.67 
15% bioavail: 11.3 

0.85 
1.42 
2.83 

a All values are taken from WHO/FAO (2004) unless otherwise stated.  
b Values for EAR are adjusted for an assumed bioavailability (WHO/FAO 2004).  Thus, EAR refers to intake of the nutrients and not the physiological need for the absorbed nutrient. 
c All SDs were calculated based on EAR and CV (SD = CV*EAR/100).  CV is assumed to be 10% for all micronutrients except 15% for niacin (IOM 2000a), 20% for vitamin A (IOM 2000a), 25% for 

zinc (WHO/FAO 2004), 9.4% and 30% for iron, for pregnant and lactating women, respectively (IOM 2000a). 
d One μg retinol equivalent (RE) is equal to 1 μg all-trans-retinol, 6 μg β-carotene and 12 μg α-carotene or β-cryptoxanthin (WHO/FAO 2004).  Note also the EAR for vitamin A refers to intake 

adequate to prevent the appearance of deficiency-related syndromes (WHO/FAO 2004). 
e EAR taken from WHO/FAO (2004). 
f EAR back-calculated from RNI (Recommended Nutrient Intake) (WHO/FAO 2004). 
g This is not an EAR, but rather Adequate Intake (AI) from IOM (1997).  Following Foote et al. (2004) we calculate probabilities of adequacy to be: 0% when intake ≤ ¼ of the AI; 25% for intakes > ¼ 

and ≤ ½ of the AI; 50% for intakes > ½ and ≤ ¾ of the AI; 75% for intakes > ¾ and ≤ AI; and 100% for intakes above the AI. 
h EAR for iron intake, as presented in IOM (2000a, page 347).  IOM estimates that bioavailability is 18% in the 1st trimester and 25% in the 2nd and 3rd.  As information on month of pregnancy will not 

be available in most data sets, a weighted average of 23% bioavailability should be used for all pregnant women. 
i Gives EAR on iron for two levels of absorption for lactating women, based on IOM (2000b).  According to WHO/FAO (2004), either a very low (5%) or low (10%) absorption level can be assumed in 

a developing country setting.  
j This is the median requirement of zinc required, given three levels of bioavailability:  high (50%), moderate (30%) or low (15%) bioavailability.  The researcher should choose one of these levels of 

bioavailability based on criteria given by WHO/FAO (2004).  For nonpregnant, non-lactating women, the WHO/FAO EAR (1 mg/d) is adjusted for bioavailability. 
k To estimate EAR for zinc for pregnant and lactating women, the following method was used:  RNIs were back-calculated to find EAR for each trimester/three months of lactation.  The three EARs 

each for pregnant women and for lactating women were averaged, since in our data sets we will not know trimester or number of months since child’s birth.  
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Table A3-2. Probabilities of adequate iron intakes (mg/d) and associated ranges of usual 
intake in adult women not using Oral Contraceptives (OC)a  

Probability of adequacy Total absorbed iron 10% bioavailability 5% bioavailability  
0 <0.796 <7.96 <15.91 

0.04 0.796-0.879 7.96-8.79 15.91-17.59 
0.07 0.880-0.981 8.80-9.81 17.60-19.65 
0.15 0.982-1.120 9.82-11.20 19.66-22.42 
0.25 1.121-1.237 11.21-12.37 22.43-24.76 
0.35 1.238-1.343 12.38-13.43 24.77-26.88 
0.45 1.344-1.453 13.44-14.53 26.89-29.08 
0.55 1.454-1.577 14.54-15.77 29.09-31.56 
0.65 1.578-1.734 15.78-17.34 31.57-34.69 
0.75 1.735-1.948 17.35-19.48 34.70-38.98 
0.85 1.949-2.349 19.49-23.49 38.99-47.01 
0.92 2.350-2.789 23.50-27.89 47.02-55.79 
0.96 2.790-3.281 27.90-32.81 55.80-65.63 

1 > 3.28 > 32.81 > 65.63 
a This table was adapted from Table I-7 in IOM (2000a), which gives probability of adequacy (PA) for various levels of 

iron intakes, using an iron bioavailability of 18%.  Based on those figures, the PA for various levels of absorbed iron 
has been calculated, adjusted for a bioavailability of 10% and 5%. 

 
Table A3-3. Probabilities of adequate iron intakes (mg/d) and associated ranges of usual 

intake in adolescent girls (15-18 years) not using Oral Contraceptives (OC)a  
Probability of adequacy Total absorbed iron 10% bioavailability 5% bioavailability  

0 <0.833 <8.33 <16.67 
0.04 0.833-0.911 8.33-9.11 16.67-18.22 
0.07 0.912-1.010 9.12-10.10 18.23-20.20 
0.15 1.011-1.136 10.11-11.36 20.21-22.72 
0.25 1.137-12.37 11.37-12.37 22.73-24.73 
0.35 1.238-1.330. 12.38-13.30 24.74-26.60 
0.45 1.331-1.424 13.31-14.24 26.61-28.49 
0.55 1.425-1.526 14.25-15.26 28.50-30.53 
0.65 1.526-1.647 15.27-16.47 30.54-32.94 
0.75 1.648-1.805 16.48-18.05 32.95-26.11 
0.85 1.806-2.077 18.06-20.77 36.12-41.54 
0.92 2.078-2.354 20.78-23.54 41.55-47.09 
0.96 2.355-2.664 23.55-26.64 47.10-53.28 

1 >2.664 >26.64 >53.28 
a This table was adapted from Table I-6 in IOM (2000a), which gives probability of adequacy (PA) for various levels of 

iron intakes, using an iron bioavailability of 18%.  Based on those figures, the PA for various levels of absorbed iron 
has been calculated, adjusted for a bioavailability of 10% and 5%. 
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Discussion of selection of EAR and CV 
 
Vitamin A 
According to WHO/FAO (2004), the CV for vitamin A requirements is unknown, but IOM has 
used 20%.  We use the EAR of WHO/FAO with a CV of 20%.  For adolescents (ages 15-18), 
WHO/FAO give a range for the EAR of 330 – 400 μg/d.  We use the mid-point of this range. 
 
Vitamin C  
The WHO/FAO EAR for adolescents is lower than for adult women, and also lower compared to 
other recommendations.  WHO/FAO also note that this EAR of 40 mg/d is “arbitrary.”  We 
therefore chose to use the EAR for adult women (45 mg/d) for adolescents. 
 
Calcium 
WHO/FAO’s EAR for calcium are quite high and based on our group discussion, the 
justification for these high levels does not appear to be strong/persuasive.  We therefore propose 
to use the method described in Foote et al. (2004), which takes the Adequate Intake (AI) value of 
1,000 mg/d as a starting point (or 1,300 mg/d for adolescents).  The U.S. Dietary Reference 
Intakes include AI when insufficient evidence is available to set an EAR and CV.  The AI is an 
observed estimate of nutrient intake by a defined group of healthy people.  Some seemingly 
healthy individuals may require higher intakes and some individuals may be at low risk on even 
lower intakes.  The AI is believed to cover their needs, but lack of data or uncertainty in the data 
prevent being able to specify with confidence the percentage of individuals covered by this 
intake (IOM 1997).  An individual with a usual intake of calcium at or above AI can be assumed 
to have an adequate intake.  Foote et al. (2004) estimated probabilities of adequacy as follows:  
 

0% when intake ≤ ¼ of the AI, 
25% for intakes > ¼ and ≤ ½ of the AI, 
50% for intakes > ½ and ≤ ¾ of the AI, 
75% for intakes > ¾ and ≤ AI, 
100% for intakes above the AI. 
 

Concerning pregnant and lactating women, WHO/FAO give the same recommendations for these 
women, except for pregnant women in their 3rd trimester who have higher needs (1,200 mg/day).  
 
Iron  
For estimating probability of adequate intake of iron for nonpregnant women, we have used a 
modified version of the probability of adequacy table (Table I-7) in IOM (2000b).  The table is 
based on 18% bioavailability, which is higher than expected in most developing country settings.  
We have adjusted the table to find the PA for the two levels of absorption (bioavailability):  5% 
and 10%.  The tables above (one for adult women and one for adolescents) are thus entirely 
based on IOM (2000b).  Each researcher should choose whether to use 5% or 10%, based on 
their own expertise/knowledge of the local food intake. 
 
For pregnant and lactating women, CVs have been given by the IOM.  We therefore suggest 
using the usual method of EAR for estimating PA for these two groups.  
 

45 
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For pregnant women, we have used the EAR suggested by IOM, because WHO/FAO (2004) 
does not provide a requirement level for pregnant women.  However, they state that iron 
absorption can increase up to approximately four times nonpregnant levels by the 3rd trimester.  
Therefore using IOM requirements, which assume 18% absorption in the first trimester and 25% 
absorption in the 2nd and 3rd trimesters, seems reasonable, in the absence of more specific 
guidance from WHO/FAO on absorption during pregnancy. 
 
For lactating women, IOM gives an EAR for iron intake of 6.5 mg/d, using a level of 
bioavailability of 18%.  We calculated the EAR of absorbed iron (6.5 mg*18/100) and got 1.17 
mg/day.  This is similar to the EAR that WHO/FAO gives for lactating women (1.1 mg/day, 
page 265, WHO/FAO 2004).  In the table above, we give EARs for two levels of absorption (5% 
and 10%).  The researchers should apply the same levels of absorption as used for nonpregnant 
women.  Note that we propose using coefficient of variation that the IOM suggests (CV = 30%) 
for lactating women. 
 
Zinc 
The EARs from WHO/FAO for absorbed zinc for women of all categories are much lower than 
the ones from IOM (1 mg/day vs. 3.3 mg/d for nonpregnant women; 1.5 mg/day vs. 4.6 mg/d for 
pregnant women, and 1.7 mg/day vs. 5.0 mg/d for lactating women).  Based on our group 
discussion, we will use the WHO/FAO recommendations.  Criteria for selecting an appropriate 
estimated level of absorption are shown here: 
 
Criteria for categorizing diets according to the potential bioavailability of zinc a  

Nominal 
category b

 Principal dietary characteristics 
High 
availability 
(50%) 

Refined diets low in cereal fiber, low in phytic acid content, and with phytate-zinc molar ratio < 5; 
adequate protein content principally from non-vegetable sources, such as meats, fish. Includes 
semisynthetic formula diets based on animal protein. 

Moderate 
availability 

(30%) 

Mixed diets containing animal or fish protein. Lacto-ovo, ovovegetarian, or vegan diets not based 
primarily on unrefined cereal grains or high-extraction-rate flours. Phytate-zinc molar ration of total diet 
within the range 5-15 or not exceeding 10 if more than 50% of the energy intake is accounted for by 
unfermented, unrefined cereal grains and flours whereas the diet is fortified with inorganic calcium salts 
(>1 g Ca2+/ day). Availability of zinc improves when the diet includes animal or protein sources or 
milks. 

Low 
availability 

(15%) 

Diets high in unrefined, unfermented, and ungerminated cereal grain,c especially when fortified with 
inorganic calcium salts and when intake of animal protein is negligible. Phytate-zinc molar ration of 
total diet exceeds 15.d High-phytate soya-protein products constitute the primary protein source. Diets in 
which, singly or collectively, approximately 50% of the energy intake is accounted for by the following 
high-phytate foods: high-extraction-rate (90% +) wheat, rice, maize, grains and flours, oatmeal, and 
millet; chapatti flours and tanok; and sorghum, cowpeas, pigeon peas, grams, kidney beans, blackeye 
beans, and groundnut flours. High intakes of inorganic calcium salts (>1 g Ca2+/ day), either as 
supplements or as adventitious contaminants (e.g., from calcareous geophagia), potentiate the inhibitory 
effects; low intakes of animal protein exacerbate these effects. 

a Table taken from WHO/FAO 2004. 
b At intakes adequate to meet the average normative requirements for absorbed zinc, the three availability levels correspond to 

50%, 30%, and 15% absorption.  With higher zinc intakes, the fractional absorption is lower. 
c Germination of such grains or fermentation (e.g., leavening) of many flours can reduce antagonistic potency; the diet should 

then be classified as moderate availability.  
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d Vegetable diets with phytate-zinc ratios exceeding 30 are not unknown; for such diets, an assumption of 10 percent availability 
of zinc or less may be justified, especially if the intake of protein is low, calcium salts is excessive, or both (e.g., calcium salts 
providing >1.5 g Ca2+/day). 
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