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Abstract 

Diet Quality Among Pregnant Women Associated with Food Supplementation from 

the Women, Infants and Children Program 

Tracy ML Zvenyach, Doctor of Philosophy, 2018 

Dissertation directed by: Dr. Mary Regan, Associate Professor, University of Maryland 

School of Nursing 

Background: Dietary intake is known to influence human metabolism in ways that can 

affect health. The Special Supplemental Women, Infants, and Children program (WIC) is a 

population-based program aimed at improving nutrition and reducing health disparities 

among pregnant women and children. There is a paucity of research about diet quality in 

WIC that could optimize maternal and child health outcomes.  

Purpose: The purpose of this study was to describe diet quality of pregnant women 

receiving WIC food supplementation and estimate how much WIC food components 

contribute to quality of the diet. 

Methods:  The study population was drawn from a large federally funded study examining 

the influence of diet on the vaginal microbiota and preterm birth (Birth, Eating and the 

Microbiota Study–BEAM: NR014826). A sub-group of 63 women enrolled in the WIC 

program formed the cohort for this study. An image-based dietary intake 

method called FoodFotoTM was used to capture nutritional intake. Diet quality was 

estimated using the healthy eating index (HEI-2010) representing conformance to Dietary 

Guidelines for Americans. Three-digit food codes aligned to the Food and Nutrient 

Database for Dietary Studies were used to quantify the density of WIC approved foods in 

participants diets. 



Results: The HEI scores for the sample ranged from 32.2 -71.3 (�̅50.8, SD=9.7). Food 

components scores for total vegetables, greens and beans, dairy, seafood plant protein and 

fatty acid ratio exceeded the 50th percentile. Inversely, low scores for sodium and refined 

grain scores demonstrated high consumption. Regression analysis showed that for every 

1% increase in the proportion of WIC approved foods in the diet there was a corresponding 

increase of 0.65 points to the total HEI score (t=.6.86 (1, 61), P=.001). 

Conclusions: The mean HEI score for this study was consistent with other studies. The 

study findings support the hypothesis that the WIC food supplement significantly improves 

diet quality among the pregnant women enrolled in the program. 

  

  



 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 

 
Diet Quality Among Pregnant Women Associated with Food Supplementation from the 

Women, Infants and Children Program 
 
 
 
 
 
 

by, 
Tracy Marie Lehmann Zvenyach 

 
 
 
 
 
 
 
 
 
 
 
 
 

Dissertation submitted to the Faculty of the Graduate School of the  
University of Maryland, Baltimore in partial fulfillment  

of the requirements for the degree of  
Doctor of Philosophy  

2018



  

 
©Copyright 2018 by Tracy Marie Lehmann Zvenyach 

 
All rights Reserved



 iii 

 
Table of Contents 

CHAPTER 1. DIET QUALITY AMONG PREGNANT WOMEN ASSOCIATED 

WITH FOOD SUPPLEMENTATION FROM THE WOMEN, INFANTS AND 

CHILDREN PROGRAM .................................................................................................... 1 

PROBLEM OVERVIEW .......................................................................................................... 1 

Evolution of the Special Supplemental Nutrition Program for Women, Infants, and 

Children (WIC) Program ............................................................................................... 3 

Methods for dietary intake assessment .......................................................................... 5 

Measuring Diet Quality................................................................................................ 10 

PURPOSE OF THE STUDY .................................................................................................... 14 

METHODS .......................................................................................................................... 15 

CHAPTER 2. A SYSTEMATIC REVIEW: DIETARY QUALITY OF WOMEN 

AND CHILDREN ENROLLED IN THE WOMEN, INFANTS, AND CHILDREN 

PROGRAM ......................................................................................................................... 16 

BACKGROUND ................................................................................................................... 16 

METHODS .......................................................................................................................... 18 

Review Protocol ........................................................................................................... 18 

Data extraction............................................................................................................. 19 

RESULTS ........................................................................................................................... 20 

DISCUSSION ...................................................................................................................... 26 

CONCLUSION ..................................................................................................................... 30 

CHAPTER 3. FOODFOTO TM: A SYSTEMS THINKING APPROACH TO 

DIETARY INTAKE COLLECTION, STORAGE AND ANALYSIS .......................... 36 

BACKGROUND ................................................................................................................... 36 

THE FOODFOTO
TM

 SYSTEM: PURPOSE, ELEMENTS, AND INTERCONNECTIONS .................... 38 

Framework ................................................................................................................... 38 

Purpose ........................................................................................................................ 39 

Elements ....................................................................................................................... 40 

Interconnections ........................................................................................................... 45 

Nutritional analysis of the food photos ........................................................................ 46 

LESSONS LEARNED ........................................................................................................... 48 

DISCUSSION ...................................................................................................................... 50 

CONCLUSION ..................................................................................................................... 52 

CHAPTER 4. WOMEN, INFANTS, AND CHILDREN PROGRAM APPROVED 

FOODS INCREASE DIET QUALITY AMONG PREGNANT WOMEN 

ENROLLEES ..................................................................................................................... 54 

BACKGROUND ................................................................................................................... 54 

METHODS .......................................................................................................................... 56 

Study Sample ................................................................................................................ 56 

Dietary Intake Data...................................................................................................... 57 

Diet quality ................................................................................................................... 59 

Statistical Analysis ....................................................................................................... 62 



 iv

RESULTS ........................................................................................................................... 62 

DISCUSSION ...................................................................................................................... 70 

CONCLUSION ..................................................................................................................... 77 

CHAPTER 5. DISCUSSION, IMPLICATIONS, AND RECOMMENDATIONS ...... 79 

SUMMARY OF FINDINGS .................................................................................................... 79 

STRENGTHS AND LIMITATIONS .......................................................................................... 82 

IMPLICATIONS FOR POLICYMAKERS AND NURSING PRACTICE ........................................... 84 

CONCLUSION AND IMPLICATIONS FOR FUTURE RESEARCH ............................................... 88 

REFERENCES ................................................................................................................... 90 

 

  



 v 

LIST OF FIGURES 

FIGURE 1. FLOW DIAGRAM PRISMA 2009 ........................................................................... 31 

FIGURE 2. BEAM IPHONE APP .............................................................................................. 41 

FIGURE 3. FOOD ENTRY DATA SCREEN ................................................................................. 41 

FIGURE 4. FOOD LOOKUP TABLE .......................................................................................... 46 

FIGURE 5. FOOD PHOTO AND ASSIGNED FOOD CODES .......................................................... 47 

FIGURE 6. A PLOT OF THE NUMBER OF PHOTOS AND HEI SCORES ........................................ 49 

FIGURE 7. STUDY PROPORTION OF WIC FOODS IN THE DIET AND TOTAL HEI-2010 SCORES 

IN RELATION TO NATIONAL AVERAGE .......................................................................... 70 

FIGURE 8. STUDY MEAN HEI-2010 SCORES COMPARED TO US POPULATION SCORES FROM 

NHANES 2011-2012, (ADAPTED FROM WILSON, ET AL., 2016) ................................... 71 

FIGURE 9 NUMBER OF FOOD PHOTOS SUBMITTED AND HEI-2010 TOTAL SCORES ............... 81 

  



 vi

LIST OF TABLES 

TABLE 1  WIC FOOD PACKAGE COMPONENTS BY CURRENT, RECOMMENDED, AND ALIGNMENT 

TO US DIETARY GUIDELINES ............................................................................................ 9 

TABLE 2   HEALTHY EATING INDEX SCORING PARAMETERS ..................................................... 13 

TABLE 3 SUMMARY OF STUDIES THAT INVESTIGATE DIET QUALITY IN WIC FOOD 

SUPPLEMENTATION ........................................................................................................ 32 

TABLE 4   STUDY CHARACTERISTICS OF DIET QUALITY INSTRUMENTS ...................................... 34 

TABLE 5   CHANGE IN WIC PROGRAM DIET QUALITY SCORES FOR CHILDREN AND WOMEN BY 

STUDY YEAR ................................................................................................................... 35 

TABLE 6  CHARACTERISTICS OF FOOD PHOTOGRAPHS FROM STUDY COHORT .......................... 58 

TABLE 7 HEI-2010 SCORING STANDARDS AND WIC MONTHLY ALLOWANCE ........................... 61 

TABLE 8   BEAM STUDY CHARACTERISTICS OF PREGNANT WOMEN ENROLLED IN WIC ........... 64 

TABLE 9   HEI-2010 SCORES FOR PREGNANT WOMEN RECEIVING WIC IN BEAM ................... 66 

TABLE 10  GROUP DIFFERENCES AMONG THE COHORT AND TOTAL HEI-2010 SCORES........... 68 

TABLE 11  DIFFERENCES IN HEI-2010 COMPONENT SCORES BY DEMOGRAPHIC AND 

ANTHROPOMETRIC VARIABLES ...................................................................................... 106 

  



 vii 

List of Abbreviations 
 

Abbreviation Full word or phrase 
 

A-HEI Alternative Healthy Eating Index 

BEAM Birth, Eating, and Microbiota 

BMI Body Mass Index 

CPI Consumer Price Index 

CDC Centers for Disease Control and Prevention 

CVV Cash Value Voucher 

DASH Dietary Approach to Stop Hypertension 

DGA Dietary Guidelines for Americans 

DQI Diet Quality Index 

EAR Estimated Average Requirements 

FFQ Food Frequency Questionnaire  

FNDDS Food and Nutrient Database for Dietary Studies 

FPED Food Patterns Equivalents Database 

HEI  Healthy Eating Index 

ICC Inter-Class Correlation Coefficient 

IOM Institute of Medicine 

MBM Memory-Based Dietary Intake Methods 

NAS National Academies of Science 

NHANES National Health and Nutrition Examination Survey 

QUIS Questionnaire for User Interaction Satisfaction 

SMS Short Message Service 

SNAP Supplemental Nutrition Assistance Program 

US United States 

USDA United States Department of Agriculture 

VPN Virtual Private Network 

WIC Women, Infants, and Children  



 1

 

Chapter 1. Diet Quality Among Pregnant Women Associated with Food 

Supplementation from the Women, Infants and Children Program 

Problem Overview 

Adequate nutrition during pregnancy is considered one of the most influential 

factors affecting pregnancy outcomes (King, 2003). Diet during pregnancy is known to 

affect maternal and fetal metabolism in ways that have a profound effect on maternal 

health, fetal growth and development, and birth outcomes (Blumfield et al., 2012; 

Brenseke, Prater, Bahamonde, & Gutierrez, 2013; Hovdenak & Haram, 2012; Procter & 

Campbell, 2014; Saldana, Siega-riz, & Adair, 2004). Diet quality is also considered a 

modifiable risk factor for the prevention of chronic diseases. Research clearly 

demonstrates that both over and under nutrition during pregnancy influence the neonatal 

birth weight and predisposes the child to future development of chronic diseases such as 

obesity, coronary heart disease, stroke, type 2 diabetes, and hypertension (Barker, 

Osmond, Kajantie, & Eriksson, 2009; Fall, 2011; Locke et al., 2015). Thus, compelling 

data supports the critical role of diet during pregnancy for healthy birth outcomes that 

warrants support and cautious monitoring. 

History of the Special Supplemental Nutrition Program for Women, Infants, and 

Children 

Government sponsored supplemental food programs were designed to play a key 

role in improving the health and nutritional status of vulnerable populations, particularly 

pregnant women. In the United States (US), the Special Supplemental Nutrition Program 

for Women, Infants, and Children (WIC) was established in 1974, in recognition of the 

need to ensure improved nutrition during pregnancy for low-income women. The WIC 
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mission is to safeguard the health of low-income women, infants, and children up to age 

5 who are at nutrition risk by providing nutritious foods to supplement diets, and 

information on healthy eating, and referrals to health care (F. and N. S. United States 

Department of Agriculture, 2015). The food groups provided in the supplement include 

whole grains, low-fat dairy, eggs, beans, peanut butter, fruit juice, fruits and vegetables 

(Cole, Jacobson, Nichols-Barrer, & Fox, 2011). In response to more current knowledge 

about nutrition science, in 2009 WIC issued revisions to the food package that provided 

more whole grains, fish options, and yogurt as a milk substitute for women and children, 

as well as more fruits and vegetables for children (F. and N. S. United States Department 

of Agriculture, 2015).  

In addition to food supplements, WIC recipients receive nutrition education and 

counseling, breastfeeding promotion and support, referrals to health care, social service, 

and other providers (F. and N. S. United States Department of Agriculture, 2014). The 

WIC program serves over 8 million pregnant women, mothers, infants, and children, 

representing 25% of pregnant women and over 50% of infants in the US, at an annual 

cost of $6.2 billion (“The Special Supplemental Nutrition Program for Women, Infants 

and Children (WIC Program),” 2016). Studies have shown that WIC supplementation is 

associated with improved birth outcomes including higher mean infant birth weight, 

decreased rate of low and very low birth weight, reduced rates of preterm birth, and lower 

medical costs (Coleman et al., 2012; Sonchak, 2016).  

There is still limited research about overall diet quality of the food 

supplementation and if this program helps pregnant women meet US Dietary Guideline 

recommendations. As the state of evidence on the importance of maternal nutrition 
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grows, these omissions point to a notable gap in the knowledge about diet quality among 

pregnant women receiving WIC supplementation where food supplements set the stage 

for infant and child nutrition. The purpose of the research reported here is to describe and 

estimate diet quality of pregnant women receiving WIC food supplementation and 

estimate how much WIC food components contribute to quality of the diet. The study 

population was drawn from a large federally funded study that used an image based 

dietary intake method to examine the influence of diet on the vaginal microbiota and 

preterm birth (Birth, Eating and the Microbiota Study– BEAM: NR014826). Dietary 

intake is thought to influence the composition and subsequently the function of the 

vaginal microbial communities in ways that may influence premature birth (Regan & 

Ravel, in review). A sub-group of 63 women in the BEAM study who were enrolled in 

the WIC program formed the cohort for this study. Understanding the level of diet quality 

among pregnant women in the WIC program provides valuable information that can be 

used by policymakers and WIC program administrators. This chapter provides a brief 

background of the problem, overview of the methods, and description of the three 

manuscripts reporting various aspects of the work. 

Evolution of the Special Supplemental Nutrition Program for Women, Infants, and 

Children (WIC) Program 

When the WIC program was implemented in 1974, it placed emphasis on select 

key nutrients including vitamin A, vitamin C, vitamin D, calcium, iron, and protein (Food 

and Nutrition Service, 2014). These nutrients were selected at the time based on data that 

showed inadequate consumption among low-income women. Since the inception of the 

program, the nutritional focus of the WIC program has changed from under-nutrition to 
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concerns about excessive food energy and subsequent obesity (Murphy et al., 2006). 

Despite this substantive shift in focus, very few revisions were implemented among the 

types and quantities of food items allowed in the WIC food package between 1974 and 

2009.  

In 2009 the WIC program issued food package updates focusing on more whole 

grains, fish options, yogurt as a milk substitute for women and children, and more fruits 

and vegetables for children (Burstein, Patlan Lawrence, Bartlett, Connor, & Johnson, 

2014). The WIC entirety of food groups offered are eggs, fruits and vegetables (fresh, 

frozen, or canned), whole grain cereal, beans, whole grain bread, peanut butter, fruit 

juice, low-fat milk, cheese, and fish (canned).  

Efforts to update the WIC food supplement ensued again in 2016-2017 when the 

National Academies of Sciences, Engineering, and Medicine published a review on WIC 

food packages and proposed a framework for revisions, called Review of WIC Food 

Packages: Improving Balance and Choice Final Report (National Academies of 

Sciences, Engineering, 2017). The report used the National Health and Nutrition 

Examination Survey (NHANES) 2005 – 2012 dataset that included dietary intake of 

WIC-eligible populations. The women (pregnant and breast-feeding) were combined into 

one group and inadequate intakes of calcium, copper, iron, magnesium, zinc, vitamin A, 

vitamin D, vitamin E, vitamin C, thiamin, riboflavin, niacin, vitamin B6, folate, and 

protein were identified by estimated average requirements (EAR) (National Academies of 

Sciences, Engineering, 2017). The final report concluded that women (WIC eligible) 

participants had low or inadequate diet quality, in addition to sub-standard intakes of 

several nutrients, as well as excessive intake of other nutrients that could be addressed 
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through additional changes to the WIC food package. The recommended adjustments to 

the WIC food supplement were to align it closer to the US Dietary Guidelines by 

increasing the dollar amount of the cash value voucher, add fish, and reduce the amounts 

of juice, milk, legumes, and peanut butter in all food packages for women and children to 

improve the balance of food (Committee to Review WIC Food Packages; Food and 

Nutrition Board; Health and Medicine Divition; National Academies of Sciences, 

Engineering, 2017). A summary of the Maryland WIC food package, National 

Academies recommendations, and the U.S. Dietary Guidelines are described in Table 1.  

There are no systematic reviews of diet quality in the WIC program available in 

the literature. Few studies have been published that compared diet quality before and 

after WIC food package changes. The studies available primarily focused on children 

WIC recipients, not pregnant women (Kong et al., 2013, 2014; Odoms-Young et al., 

2013; Shah, Freeland-Graves, Cahill, Lu, & Graves, 2010; Thornton, Crixell, Reat, & 

Von Bank, 2014; Whaley, Ritchie, Spector, & Gomez, 2012). Whaley and colleagues 

(2012) included pregnant women in WIC as a sub-group of their study among postpartum 

women and caregivers of children and described increased consumption of fruits, 

vegetables, and whole grains, but did not measure diet quality. The findings from these 

studies suggest that the diet quality scores of the WIC food package today is not clearly 

apparent. Additional research and testing is necessary to study changes in the WIC food 

package and identify areas for improvement.  

Methods for dietary intake assessment 

The ability to examine the nature of the relationship between dietary intake and 

diet quality is challenged by a lack of highly valid and reliable tools to accurately 
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measure dietary intake. Blood sampling and biomarkers potentially offer an objective 

measure of nutrient intake, however they are currently cost prohibitive and logistically 

unfeasible in many studies. Traditional dietary intake assessment methods include food 

diaries and records, 24- hour food recall, and food frequency questionnaires (FFQ) 

(Martin et al., 2014). The benefits of these measures are that they are cost-effective and 

timesaving for large epidemiological studies, although each has distinct limitations. 

While widely used, self-reported dietary intake methods are prone to measurement error 

due to the sole reliance on participants’ recall that carries a high likelihood of inaccurate 

reporting (Gemming, Jiang, Swinburn, Utter, & Mhurchu, 2014; Livingstone & Black, 

2003; Poslusna, Ruprich, de Vries, Jakubikova, & van’t Veer, 2009). Self-

reported methods to assess dietary intake are highly criticized because people 

inaccurately estimate and report food consumption. Furthermore, the administrative 

burden on participants to perform self-recall methods is high. Multiple factors call into 

question the validity of nutritional research to accurately identify the association between 

diet and disease given the scientifically questionable nature of self-reported measures 

(Edward Archer, Pavela, & Lavie, 2015).  

Self-reported 24-hour recall is the dietary intake assessment method used by the 

National Health and Nutrition Examination Survey (NHANES), a survey conducted 

annually by the Centers for Disease Control and Prevention (CDC) designed to assess the 

health and nutritional status of about 5000 adults and children in the US. The interviews 

and physical examinations focus on a variety health and nutrition measurements to meet 

emerging health needs (National Center for Health Statistics, 2013). The NHANES 

interview and examination includes demographic, socioeconomic, dietary, and health-
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related questions, as well as medical, dental, physiological, and laboratory measurements. 

The nutrition interviews to assess dietary intake are conducted by a self-reported 24-hour 

recall method. Findings from the NHANES are used across epidemiology, health 

sciences, and public policy to assess nutritional status and its association with health 

promotion and disease prevention for the development of programs and services. Thus, 

the validity of the dietary research that comes from NHANES is the best available at the 

national level until more objective dietary intake assessment methods are developed and 

adopted. Nutrition research is hampered by the absence of a more feasible, valid, and 

reliable dietary intake measure. 

In an attempt to address the self-reported method gap, mobile applications (apps) 

for dietary intake assessment are increasingly common, particularly as more users adopt 

smartphones (Sharp & Allman-Farinelli, 2014). A review of technology-supported 

dietary-assessment apps showed higher validity compared to traditional methods, as well 

as high user acceptance and adherence (Gemming, Utter, & Ni Mhurchu, 2015). In 

addition, these apps provide an opportunity to collect detailed diet data and communicate 

it in real-time. It is increasingly common for mobile apps to integrate digital photography 

to capture images of food for type, nutrient composition, and portion size. Image-based 

methods involve capturing photos to demonstrate the type of food and quantity of foods 

consumed, as well as showing food not consumed at each mealtime to better estimate 

actual food intake. The photos are then transmitted to trained professionals for evaluation 

to estimate the energy and nutrient content. Image-based dietary intake assessments serve 

as a more objective method to accurately estimate energy and food intake at both the 

group and individual levels.  
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Objective, dietary intake captured using technologies such as smart phones 

provide real-world evidence that can be used by those who develop, deliver, or pay for 

health care and programs. The term real-world evidence refers to health and health care 

information that can be derived from multiple sources including data gathered through 

personal devices and health applications (Sherman et al., 2016). These methods provide 

new insights gathered in real-world settings using personal devices and apps to monitor 

and capture data. The FoodFoto 
TM application presented in this research provides a novel 

source of real-world evidence. 
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Table 1 

 

WIC Food Package Components by Current, Recommended, and Alignment to US 

Dietary Guidelines 

*CVV=Cash value voucher, **NAS=National Academies of Science 

  

Maryland WIC - Pregnant 
Women 

NAS - Recommended WIC Food 
Package Changes for Pregnant 
Women** 

US Dietary Guidelines 
2015 

Eggs,  
1 dozen 

Eggs,  
1 dozen 

Meats and poultry, 
26 ounce/week  

 
CVV for Fruit & Vegetable,  
$11 per month * 
(frozen or canned allowed) 

 
CVV for fruit and vegetable, 
$15 per month 

 
Fruit, 2 cup/day 
Vegetable, 2 ½ cup/day 

 
Cereal – cooked or cold,  
36 ounce, whole grain 

 
No change 

 
Whole grains, 
≥3 ounce/day 

 
Legumes, 1 pound dry  
Or 64 ounce canned 

 
2 pounds every 3 months 
 

 
 Peas and beans 
1 ½ cup/week 

 
Bread, whole grain, rice, or 
tortillas, 1 pound 

 
Whole grains,  
16 – 24 ounces 

 
Whole grains, 
≥3 ounce/day 

 
Peanut Butter,  
18 ounce  

 
Peanut Butter,  
16 – 18 ounces every 3 months 

 
Nuts, seeds, soy 
products, 5 ounce/week 

 
Fruit Juice, 144 ounces 

 
Fruit Juice, 64 ounces OR  
$3 increase CVV 

 
Limit on calories from 
other uses, 270 kcal/day 

 
Milk, 1% or fat free, 
24 quarts (4.75 gallon) 

 
Milk, 2% milk fat or less 
16 quarts 

 
Dairy– includes other 
forms, 3 cup/day 

 
Cheese, 1 pound 

 
Dairy/milk substitute 

 
Dairy– includes other 
forms, 3 cup/day 

 
Fish (canned),  
None 

 
Fish (canned),  
10 ounces every three months 

 
Seafood, 
8 ounces/week 
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Measuring Diet Quality 

The examination of diet quality composite and components is frequently aligned 

to an investigator’s research objectives. Thus, nutrition research lacks broad consensus on 

measuring diet quality. While micronutrient (i.e. vitamin C, calcium) assessment is 

informative, evaluating dietary intake by food groups and macronutrients (i.e. fat or 

protein) as a reflection of diet quality is increasingly emphasized. A leading authority on 

nutrition, Harvard Professor Frank Hu, described three reasons for trending away from 

specific nutrient analysis. The “single nutrient” approach may be inadequate as it fails to 

account for the complicated interactions among nutrients in studies of free-living people 

(e.g. enhanced iron absorption in the presence of vitamin C). Second, the high level of 

inter-correlation among some nutrients (such as potassium and magnesium) makes it 

difficult to examine their separate effects, because the degree of independent variation of 

the nutrients is markedly reduced when they are modeled at the same time. Third, the 

effect of a single nutrient may be too small to detect, but the cumulative effects of 

multiple nutrients included in a dietary pattern may be sufficiently large to be detectable 

(Hu, 2002). These concerns informed the present study and led to changes in the direction 

from specific nutrients to evaluating food groups and diet quality.  

Several methods can be used to assess the extent of diet quality status. For 

example, the Diet Quality Index (DQI), Mediterranean Diet Score, Dietary Approach to 

Stop Hypertension (DASH) Diet Score, Alternative Healthy Eating Index, and Healthy 

Eating Index (HEI) are all validated measures (Carvalho, Dutra, Pizato, Gruezo, & Ito, 

2014; Sofi, 2009). Specifications of diet quality instruments are reviewed in a systematic 

review as Chapter 2. Across the indices, the Health Eating Index (HEI) was determined to 
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be the most appropriate measure of diet quality for the present study because it is (a) the 

only measure that specifically measures conformance with US Dietary Guidelines, (b) 

also aligned with the WIC Program; and (c) updated every five years. The other diet 

quality measures were outdated with no regular cycle to update and did not align to US 

Dietary Guidelines. 

The HEI was developed to measure how well diets conform to US federal dietary 

guidance, namely the Dietary Guidelines for Americans. The original version of the HEI 

had ten food components that measured five major food groups (i.e. fruit, vegetable, 

grains), four nutrients recommended to be consumed in moderation (i.e. saturated fat and 

sodium), and a variety of foods (Kennedy, Ohls, Carlson, & Fleming, 1995). The HEI 

was revised in 2008 to reflect the 2005 Dietary Guidelines for Americans, and scores 

were based on amounts of foods and nutrients consumed per intake of 1,000 kcal energy 

rather than on absolute amounts (Guenther, Reedy, & Krebs-smith, 2008). The HEI was 

updated in 2013 and validated with 12 components to reflect the 2010 Dietary Guidelines 

for Americans (Guenther et al., 2013). Most recently, the HEI-2015 was updated with 13 

components to reflect distinction in the empty calories moderation component. 

Specifically, the empty calories component (called SoFAAS in 2005) was replaced with 

two discrete categories, saturated fat and added sugars; this change was designated to 

address the 2015 Dietary Guidelines recommendation to limit added sugars to less than 

10% of caloric intake (National Cancer Institute, 2017). Two additional changes were 

incorporated into the HEI-2015 – solid fats were replaced by saturated fatty acids and 

alcohol was removed from empty calories (still accounted for in total calories). The HEI-

2015 version was not yet released during the analysis of the present study. 
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In the present study, diet quality is assessed from two perspectives with the HEI-

2010, first by adequacy (fruits, vegetables, grains, dairy, and protein foods) and second 

by moderation (refined grains, sodium, and empty calories (now added sugars and 

saturated fats) food components. Table 2 illustrates these components and includes the 

WIC Food Package allowances. The scoring standards are density-based to evaluate the 

relative mix of foods and standards for the maximum (Patricia M Guenther et al., 2013). 

Thus, for adequacy food components, high consumption receives a higher score, whereas 

for moderation food components, high consumption receives a lower score. Higher scores 

(maximum of 100) indicate closer conformance with US Dietary Guidelines (Patricia M 

Guenther et al., 2013).  
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Table 2  

 

Healthy Eating Index Scoring Parameters 

Component 
HEI-2010 

Max 
Points 

Standard for 
Maximum Score 

Standard for Minimum 
Score of Zero 

WIC Food Package 
(monthly allowance) 

Adequacy 
  

  

Total Fruit 5 ≥0.8 cup 
equivalent/1000 kcal 

No Fruit  Fruit juice, 144 ounce 

Whole Fruit 5 ≥0.4 cup 
equivalent/1000 kcal 

No Whole Fruit Fruit & Vegetable 
$11/month total 
allowance 

Total 
Vegetables 

5 ≥1.1 cup 
equivalent/1000 kcal 

No Vegetables (Included in $11) 

Greens and 
Beans 

5 ≥0.2 cup 
equivalent/1000 kcal 

No Dark Green 
Vegetables or Beans or 
Peas 

(included in $11) & 1 
pound dry or 64 ounce 
canned 

Whole 
Grains 

10 ≥1.5 ounce 
equivalent/1000 kcal 

No Whole Grains Bread - Whole Grain, 
1 pound & Cereal – 
cooked or cold,  
36 ounce, whole grain 

Dairy  10 ≥1.3 cup 
equivalent/1000 kcal 

No Dairy Milk, 1% milk fat or 
less, 24 quarts 
Cheese, 1 pound 

Total Protein 
Foods 

5 ≥2.5 ounce 
equivalent/1000 kcal 

No Protein Foods Eggs, 1 dozen 

Seafood and 
Plant 
Proteins 

5 ≥0.8 ounce 
equivalent/1000 kcal 

No Seafood or Plant 
Proteins 

Seafood, none & 
Peanut Butter,  
18 ounce 

Fatty Acids 10 (PUFAs + 
MUFAs)/SFAs > 2.5 

(PUFAs + 
MUFAs)/SFAs ≤ 1.2 

 

Moderation 
  

  

Refined 
Grains 

10 ≤1.8 ounce 
equivalents/1000 kcal 

≥4.3 ounce 
equivalent/1000 kcal 

 

Sodium 10 ≤1.1 g/1000 kcal ≥2.0 g per 1000 kcal  

Empty 
Calories  

20 ≤19% of energy ≥50% of energy  
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A strength of the HEI-2010 is that it is an appropriate assessment method for diet 

quality for all segments of the US population, including women who are pregnant or 

lactating and people on vegetarian or vegan diets (Guenther et al., 2013). In addition, the 

HEI can be used to assess changes in diet quality over time in observational studies, 

evaluate sub-populations, and assess nutrition interventions on diet quality. In particular, 

the HEI-2010 can be deployed to assess foods provided through USDA nutrition 

assistance programs (Guenther et al., 2013), such as the WIC Program. Lastly, since the 

HEI-2010 is updated every 5 years following the release of US Dietary Guidelines, it will 

reflect the newest and most relevant research and standards for diet quality, representing 

a central strength and relevance of the HEI. 

There are a few limitations of the HEI-2010, including that the HEI-2010 does not 

address energy intake relative to levels of physical activity to determine energy balance 

(a focus area for the US Dietary Guidelines). An additional limitation of the HEI-2010 is 

that diets with fewer than 1,600 calories are less likely than higher-calorie diet to achieve 

high scores among the adequacy food components. Finally, the HEI may not represent 

adequate intakes of some nutrients including, vitamin D, vitamin E, potassium, and 

choline (Patricia M Guenther et al., 2013). In balance, the advantages of the HEI 

outweigh the limitations and it was selected as the most suitable measure of diet quality 

for the study reported here. 

Purpose of the Study 

The purpose of the research reported here is to describe and estimate diet quality 

of pregnant women receiving WIC food supplementation and estimate how much WIC 
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food components contribute to quality of the diet of WIC eligible pregnant women. The 

specific aims were to:  

1. Systematically review and synthesize the existing literature on the reported diet quality 

of women and children enrolled in the WIC food supplementation program. 

2. Describe total and component HEI-2010 diet quality scores of a sub-group of women 

in the BEAM study enrolled in the WIC program by ethnicity, education, employment, 

income level, concurrent Supplemental Nutrition Assistance Program (SNAP) benefits 

and body mass index (BMI). 

3. Estimate the contribution that WIC approved foods make to the total HEI-2010 scores. 

Pregnant women with higher proportion of WIC approved food in their diet are 

hypothesized to achieve higher HEI-2010 diet quality scores. 

Methods 

Prospectively collected data from an ongoing longitudinal study (R01NR014826) 

examining the influence that dietary intake has on the vaginal microbiota in preterm birth 

were used to address the study aims. Dietary intake was collected from primiparous 

women aged 18 to 34 with no pre-existing chronic health conditions, enrolled at 12-22 

weeks’ gestation and followed monthly until 6 weeks after birth. All women completed 

intake, monthly, and exit interviews. Diet data are collected by image-based dietary 

assessment (FoodFoto TM) method. A cross-sectional analysis of the dietary intake of a 

sub-sample of 63 women from the parent grant who are receiving WIC food 

supplementation to examine level of diet quality was conducted. Photos of foods 

throughout participation were collected using FoodFoto, TM socio-demographic data, and 
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anthropometric measures were collected during the intake interview and at time points 

during the study. 

 

 

Chapter 2. A Systematic Review: Dietary Quality of Women and Children enrolled 

in the Women, Infants, and Children Program1 

Background 

The Special Supplemental Nutrition Program for Women, Infants, and Children 

(WIC) was established in 1974, to improve nutrition during pregnancy for low-income 

women (with households earnings at 185% of the federally defined poverty level). 

Research has clearly demonstrated that both over and under nutrition during pregnancy 

influence neonatal birth weight and predispose the child to chronic diseases such as 

obesity, coronary heart disease, stroke, type 2 diabetes, and hypertension over the course 

of their lifespan (Agosti, Tandoi, Morlacchi, & Bossi, 2017; Barker et al., 2009; Fall, 

2011; Locke et al., 2015). Much of this knowledge stems from an original proposition by 

Barker, who suggested the ‘fetal origins of adult disease’, that theorized that adverse 

conditions in-utero alter organ structures and functions in ways that program body 

systems for disease later in life (Barker, 2002; Barker & Osmond, 1986; Barker et al., 

2009). More recent research has proposed that one of the most necessary factors needed 

to optimize fetal growth and organ development is the quality and quantity of maternal 

dietary intake during pregnancy (Wood-Bradley, Henry, Vrselja, Newman, & Armitage, 

                                                      

1
 Tracy ML Zvenyach and Mary Regan. As submitted to the American Journal of 

Preventive Medicine 2018. 
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2013). The origin of heritable non-communicable diseases (NCD) such as diabetes, 

obesity, hypertension and cardiac diseases are increasingly attributed to nutrition during 

pregnancy. Scientists propose that intrauterine nutrient restrictions to the fetus may cause 

epigenetic modifications that permanently alter gene expression making the individual 

susceptible to developing NCDs across their lifespan (Agosti et al., 2017). Furthermore, a 

growing body of evidence has clearly demonstrated in animal and human models that 

epigenetic alterations in the fetus are multigenerational, affecting the health status of 

future generations (Nowacka-Woszuk, Szczerbal, Malinowska, & Chmurzynska, 2018; 

Painter, Roseboom, & O, 2005; T. Roseboom, de Rooij, & Painter, 2006). 

Substandard dietary intake is more common among low-income women where 

childbirth outcomes are notably worse than women with higher economic status. 

Government sponsored food subsidy programs were designed to close that gap by 

improving the nutritional status of low-income women and children. The WIC mission is 

to safeguard the health of low-income women, infants, and children up to age 5 who are 

at nutrition risk by supplementing their diet with nutritious foods, information on healthy 

eating, and referrals to health care (Geller et al., 2017). The WIC program serves over 8 

million women and children, representing approximately 25% of all pregnant women and 

50% of infants in the US, at an annual cost of approximately $6.5 billion (Gleason et al., 

2017; Johnson, Betson, Blatt, & Giannarelli, 2017; Oliveira & Fraz, 2009). In the United 

States (US), the available evidence suggests that WIC supplementation is associated with 

improved birth outcomes including higher mean infant birth weight, decreased rates of 

low and very low birth weight, and preterm birth (Coleman et al., 2012; Sonchak, 2016). 

In addition, one study reported reduced maternal and infant perinatal hospital costs for 
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WIC recipients compared to those without, suggesting that WIC also contributes to 

lowering health costs (El-Bastawissi, Peters, Sasseen, Bell, & Manolopoulos, 2007).  

            The foods included in the WIC food packages (i.e., WIC allowable foods) were 

essentially unchanged for over three decades until 2004, when the USDA commissioned 

the Institute of Medicine (IOM [now the Health and Medicine Division of the National 

Academies of Science, Engineering, and Medicine]) to review and update the food 

packages. The final report of that work was published in 2006, and in 2009 the USDA 

issued updates to the WIC food packages. The updates included more whole grains, fish 

options, and yogurt as a milk substitute for women and children. In addition, fruit and 

vegetable allowances were increased for children (F. and N. S. United States Department 

of Agriculture, 2014). 

Despite the scope of the program, and its importance to population health in the 

US, very little research has focused on the efficacy of the WIC food supplements to help 

women meeting conformance with national dietary guidelines. Moreover, evaluation of 

diet quality of the WIC program is not systematically or regularly conducted. This 

identifies a significant gap in the knowledge because there is no established benchmark 

or standard of achieved diet quality among WIC enrollees. The purpose of this paper is to 

report the findings of a systematic review of the research focused on diet quality achieved 

among women and children enrolled in the WIC food supplementation program. The 

question guiding the review was what: What is the benchmark of diet quality among 

women and/or children enrolled in the WIC food supplementation program? 

Methods 

Review Protocol 
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A literature search was conducted using the key words (diet quality OR “Food 

Quality” [Mesh] OR “Nutritive Value” [Mesh]) AND (WIC OR “Women, Infants, and 

Children” OR “Food Assistance” [Mesh]). PubMed (87), CINAHL (886), and SCOPUS 

(695) electronic databases were searched as well as research publications from the 

USDA, Food and Nutrition Service, National WIC Association, and ProQuest 

Dissertation and Theses database. Academic librarians who were consulted regarding 

development of the search terms strategy also reviewed the search protocol. The criteria 

for inclusion in the review were: studies conducted in the United States (US) and 

published in English between January 2009 to December 2017. Studies published before 

2009 were not included because these studies predated the changes to the WIC food 

packages. Only quantitative study designs that included valid instruments measuring diet 

quality were eligible for inclusion. Finally, the bibliographies of the studies that met the 

inclusion criteria were reviewed for additional references that may have been missed in 

the database searches. The literature searches were conducted by the primary author (TZ) 

and questions about inclusion were resolved though discussion with the senior author 

(MR). 

Data extraction 

The initial literature search yielded a total of 1,670 unique titles (Figure 1) that 

were screened, leading to review of 1,426 abstracts and 76 full-text studies. 

Bibliographies of the full-text articles were also reviewed and led to identification of two 

additional studies. After review of the 76 published papers identified, only five met all 

the inclusion criteria – two of which were expert committee reports that included analysis 

WIC diet quality. The most common reasons for exclusion were studies did not use 
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validated instruments to measure diet quality and/or did not specify WIC program 

participation. Of the five studies that were included, one examined diet quality in women 

only, one focused on only children, and three studied both women and children enrolled 

in the WIC program. 

 

 

Results 

Only three of the five publications were studies, and the other two came from a single 

expert committee related to two analyses of WIC diet quality. The committee’s report 

was included in this meta- analysis because it computed diet quality scores for WIC-

participant and therefore was relevant for our purpose. The sample sizes varied across the 

publications, ranging from 73 to 1,197 and all included sociodemographic covariates 

such as age, income, ethnic origin, and education level. Methodologically rigorous study 

designs were used along with validated measures of diet quality to estimate reliable 

scores of diet quality among WIC enrollees.  

Kong and colleagues (Kong et al., 2014) used a longitudinal pre/post-test design 

to examine the impact of the 2009 WIC food package changes on nutrient intake and 

overall diet quality among African American and Hispanic mother/child dyads enrolled 

in WIC. Parent/child dyads were eligible if the child was aged between 2 to 3.5 years old, 

received WIC supplements, were African American or Hispanic and had valid diet data 

prior to the changes and 18 months later.  The majority of the cohort also received SNAP 

benefits and a large proportion of the mothers and their children were overweight. Two 

24-hour diet recall surveys were collected from study participants prior to and 18 months 
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after implementation of the recommended changes to the WIC food packages and used to 

generate HEI (2005) scores. Generalized Estimating Equation Modelling (GEE) were 

used to examine differences in the proportions of food groups, nutrients and diet quality 

before and after the WIC food package changes. The continuous variables in the model 

included total calories (kcals), percent of calories from fat and saturated fat in the diet, 

grams of dietary fiber per 1000 kcals, and the HEI (2005) scores while controlling for 

age, gender, SNAP use, BMI, and maternal acculturation status at baseline for the 

Hispanic group were controlled for in the model. No significant demographic differences 

were found between the African American and Hispanic cohorts although ethic identity 

was a positive predictor of overall diet quality. Similarly, no statically significant changes 

in nutrient intake or overall diet quality were shown, although trends toward increased 

fiber and decreased saturated fats in the diet among Hispanic mother and higher HEI-

2005 scores among the African American women were evident. Among the Hispanic 

children, dietary intake improved in all categories including decreased fats, increased 

fiber and higher HEI-2005 scores. Among the African American children energy intake 

increased and they also reported a significant reduction in consumption of high fat milk. 

Following changes to the WIC food pages, overall HEI – 2005 scores for African 

American increased 1.8 points to 53.6 and 4 points for Hispanic women to 59.8. 

Tester and colleagues (2016) also examined the impact of changes to the food 

packages on diet quality among children aged 2-4 years old. They used National Health 

and Nutritional Examination Survey (NHANES) data from 2003-2008 and 2011-2012 to 

compare diet quality before and after the food package revisions (Tester, Leung, & 

Crawford, 2016). A 24-hour diet recall and WIC participation data for 1197 children aged 
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2-4 at the time of data collection who lived in households with incomes at or below the 

federal poverty level were included in the sample. Linear regression analyses of diet 

quality data from WIC participants and non-participants were conducted. Some 

differences in age, ethnicity, and educational level were reported between the groups 

based on WIC participation. WIC participants had higher HEI-2010 scores (52.4) 

compared to those who were WIC eligible but did not receive the supplements (50.0), 

Moreover, following implementation of the changes to the food supplements the HEI -

2010 scores for WIC recipients increased to 58.3 compared to 52.4 for nonparticipants.  

Walch et al., (2016) examined the impact of traditional food intake of diet quality 

among 73 Alaskan native women receiving WIC supplementation. The study population 

was comprised of primarily single non-pregnant women, aged 18-39, with some high 

school education and an annual income of less than $25,000. The participants completed 

two 24-hour dietary recall surveys and a food frequency questionnaire containing items 

related specifically to Alaska native foods. The diet data was used to compute HEI-2010 

diet quality scores. Traditional food intake was computed as a percentage of daily kcals. 

Linear regression was used to determine the association between diet quality and 

consumption of traditional foods. The average total diet quality score for the cohort was 

48, and was very low in total and whole fruit, green beans and seafood and plant protein. 

Higher intake of traditional foods was associated with increased HEI-2010 total diet 

quality scores.  

The Committee to Review WIC Food Packages Food and Nutrition Board Health 

and Medicine Division (National Academies of Sciences, Engineering, 2017) convened 

an expert panel to examine the nutritional status and needs of the WIC-eligible 
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population and provide recommendations for revising the WIC food packages. The final 

report was comprised of three publications that made recommendations for revisions to 

the WIC food packages. The first (Institute of Medicine, 2015) evaluated the nutritional 

merit of allowing white potatoes to be purchased with the WIC cash allowance. Data 

from NHANES 2007-2010 was used to estimate HEI-2010 diet quality scores for women 

and children WIC-recipients and those not receiving the supplement. Children who 

received WIC supplements had higher scores than children who were eligible to receive 

the benefit but were not enrolled in the program (52.6 and 50.3 respectively). However, 

no significant difference among women regardless of receiving WIC supplements or not 

(46.6 and 46.9 respectively. The second presented analysis of the evidence and 

framework that was used to develop the recommendations and did not report diet quality 

scores. Finally, the third report provided the final analyses, supporting rationale and 

recommendations for future updates to the WIC food packages aligned to the national 

dietary guidelines. As part of that body of work the committee computed HEI-2010 

scores for WIC participating women aged 19-50 using NHANES data from 2005-2012. 

Across the sample the average total diet quality score was 57 among pregnant women 

(n=169), 60.6 for women who were breastfeeding (n=54) and 51.8 for postpartum women 

(n=62).  

Diet quality was the primary outcome measure of interest for this review in order 

to compute an average HEI total diet quality score for WIC-recipients that can be 

referenced in future studies (see Table 4 for a description of diet quality scores across 

publications). All the publications in this review used the Health Eating Index (HEI) to 

measure diet quality. The HEI is a validated measure that estimates diet quality and 



 24

conformance with US Dietary Guidelines and therefore is aligned with the WIC Program 

(Sofi, 2009). A range of scores were reported across the studies and the populations of 

interest varied between children and women. Walch et, al., reported diet quality scores 

specific to pregnant women (National Academies of Sciences, Engineering, 2017; Walch, 

2016) whereas the studies conducted by Kong et al., (2014) and Tester et al., (2016) 

reported diet quality data related to children and the two National Academies reports 

(2015 & 2017) reported scores for all age ranges including pregnant, lactating, and 

postpartum women. All the studies included in this review used 24-hour recall methods 

administered one to three times over the course of data collection period to capture 

dietary intake and used to calculate the diet quality scores.  

Of the studies that examined diet quality of children enrolled in the WIC food 

supplement program, three used national samples based on the NHANES data (National 

Academies of Sciences, Engineering, 2017; Institute of Medicine, 2015; Tester et al., 

2016), and one used a convenience sample recruited from Chicago, IL (Kong et al., 

2014). All four reported diet quality and other specific dietary components such as fat, 

saturated fat, low-fat milk, and fiber consumption based on the specific research question.  

In general, all the publications assessed diet quality that was defined descriptively or 

compared against the findings from other studies or nationally reported data. The food 

component that approached the maximum score was total protein foods (Institute of 

Medicine, 2015; Walch, 2016). In three of the publications, diet quality among women 

enrolled in the WIC program consistently showed low scores in the total vegetables, total 

fruit, whole grains, dairy, and fatty acids components (National Academies of Sciences, 

Engineering, 2017; Institute of Medicine, 2015; Walch, 2016). Across these studies, no 
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differences were reported for food components in the HEI moderation categories, 

demonstrating high consumption of sodium, refined grains, and empty calories.  

There was markedly low variation in the food component scores reported among these 

publications. Specifically, only the National Academies study of children showed that the 

maximum diet quality scores were achieved for total fruit, whole fruit, and dairy 

(National Academies of Sciences, Engineering, 2017). The study by the Institute of 

Medicine compared HEI-2010 diet quality scores between WIC and non-WIC 

participants, and found that the scores were lower among children not enrolled in the 

WIC program (Institute of Medicine, 2015). The study by Tester evaluated diet quality of 

children in WIC and non-WIC eligible at pre and post WIC food package changes and 

found an estimated 3.7 points increase in HEI-2010 scores for WIC participants 

compared to non-WIC eligible children (Tester et al., 2016). The study by Kong and 

colleagues evaluated dietary intake and diet quality scores of mother-child dyads before 

and 18-months after the WIC food package revisions, reporting increased diet quality 

scores among a sub-group of Hispanic children (Kong et al., 2014). In the studies by 

Institute of Medicine and Tester with a matched comparison group, WIC enrollees scored 

clinically significant and 2 points higher on diet quality scores than the non-participating 

WIC-eligible group.  

The studies focused on children showed that the HEI scores ranged from 53 to 65 

over years 2003-2012. Similarly, studies on women enrolled in WIC demonstrated HEI 

scores that ranged from 46 to 60 in the 2005-2015 timeframe. The overall mean diet 

quality scores for the studies reviewed were 58 for children and 53 for women in WIC 

(Table 5).  
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Discussion 

Only three studies and the expert panel report with 2 analyses met inclusion 

criteria for this review that required evaluation of the diet quality of WIC-recipients to be 

central to the purpose. This small number is significant because it identifies the need for 

more research about diet quality and WIC food packages necessary to inform 

policymakers’ decision-making about the efficacy of the program and cost-effective ways 

for further improvement. The study years of data collection varied and the publication 

dates were not indicative of direct changes to diet quality of WIC-recipients following the 

WIC food package changes in 2009. Two studies did compare diet quality scores pre and 

post the policy changes and increases in diet quality were reported. The other studies 

used a combination of study data years that spanned before or after the program revisions 

and did not evaluate changes resulting for implementation of the changes.  

In the WIC populations, diet quality scores are generally lower than the national 

average that is 59 (Schap, 2016). However, the research on WIC food supplementation 

shows that while the diet quality is low, women and children enrolled in the WIC 

program score higher than those who are eligible but now enrolled and approach the 

mean score for the overall population. That finding demonstrates that WIC food 

supplementation positively influences diet quality among low income women and 

children.  

When evaluating the efficacy of the WIC program, it is important to consider that 

it only provides a portion of the total diet. The upper range in diet quality scores reported 

in these studies is therefore remarkable and clearly demonstrates that WIC-participation 

improves dietary intake. This suggests that increasing utilization of the WIC food 
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packages for WIC-eligible groups would add benefit that could appreciably reduce health 

disparities among low-income populations. Those benefits could be further increased by 

implementing the expert recommendations for revisions to the WIC food packages 

suggested in the National Academies report (National Academies of Sciences, 

Engineering, 2017). Computational assessment of those changes estimated increased diet 

quality scores for participating groups is similar to the last cycle of revisions and are cost 

neutral. 

Another consideration for this field of inquiry is how the nutritional intake data is 

collected. The most common means of capturing dietary intake in these studies was the 

24-hour recall method. Traditional dietary intake assessment methods include food 

diaries, 24- hour food recall, and food frequency questionnaires (Martin et al., 2014). The 

strengths of those measures are that they are cost-effective and timesaving for large 

epidemiological studies, however there is growing criticism among the research 

community who attest that memory-based measures of dietary intake are pseudoscientific 

and inadmissible in scientific research (E Archer, Pavela, & Lavie, 2015). While they 

remain the most widely used data collection method, self-reported dietary intake pose 

several limitations for accurate measurement because they rely solely on participant 

recall that carries a high likelihood of biased reporting (Gemming et al., 2014; 

Livingstone & Black, 2003; Poslusna et al., 2009). 

Accurate assessment of dietary intake is essential to better understand the 

relationship between diet and outcomes. In recognition of this, new instruments are being 

developed to reduce the inherent bias in self-reported data. Mobile device applications 

(apps) to assess dietary intake are becoming increasingly common as more consumers 
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adopt smartphones (Gravenhorst et al., 2015). A review of technology-supported dietary 

assessment and management apps suggested that these types of systems have high user 

acceptance and adherence compared to memory-based methods. Moreover, they allow 

the collection of detailed longitudinal dietary intake data and immediate data upload 

which facilitates communication to and from users (Arens-Volland, Spassova, & Bohn, 

2015). Digital photography is also used to successfully assess dietary intake in a number 

of settings and its reliability and validity are well established among adult users (Martin 

et al., 2014). 

Several limitations must be acknowledged in considering these findings of diet 

quality among WIC enrollees. Very few studies were found in the literature that assessed 

diet quality among WIC enrollees, which was surprising given the age, size, and cost of 

the program. Selection bias is relevant to consider when evaluating WIC studies in this 

review, as enrollees of the WIC program may differ from eligible women and children 

that do not participate. Another limitation of the review arose in the national dataset 

(NHANES) years that ranged from 2003-2012 because the wide variation makes it 

difficult to isolate changes in diet quality following the food package revisions. In 

addition, the data on diet quality of WIC-eligible populations for some years was derived 

from a proxy of all low-income WIC-eligible respondents. For example, the indicator to 

identify WIC participants within the NHANES 2011-2012 dataset was not available, 

making a direct comparison of dietary intake before the 2009 food package revisions to 

those after the changes difficult. Further, for the studies using NHANES data, the 

creation of a nationally representative population of WIC women sub-groups (pregnant, 

breastfeeding, postpartum) was a challenge due to small sample sizes. Overall, for studies 
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included in this review, small sample sizes were an issue for the observational design 

studies and also sub-groups of the national survey designs. Inaccurate reporting of WIC 

participation is another possible limitation of observational study designs and NHANES 

data collection methods. 

When interpreting conflicting findings across studies, it is important to note 

variation in diet quality measurements and data approaches. The HEI was the most 

common instrument used to measure diet quality in the literature. This instrument is 

recognized as an appropriate choice because it assesses conformance to the Dietary 

Guidelines for Americans (DGA), the standard used to define the foods within the 

packages. However, it does not account for physical activity or the appropriateness of 

energy intake. For example, an individual who consumes too many calories may have a 

higher HEI score than someone who consumes fewer, but more appropriate calories and 

then has difficulty meeting the maximum scoring standards. In addition, individuals over 

the age of 8 consuming less than 1,600 kcal will have difficulty meeting nutrient 

requirements under the HEI (Guenther et al., 2013). 

Finally, administration of the WIC program is conducted at the state level, 

therefore, WIC programs vary in their operations and the foods they provide in the 

packages. As long as minimum standards are met, states have the flexibility to adjust the 

WIC food packages and tailor offerings to meet the needs of their unique WIC enrollee 

populations. This suggests the opportunity for states to analyze the utilization and effect 

of WIC supplementation on diet quality in their populations. Since it would not be 

appropriate to withhold program benefits, experimental study design to evaluate the WIC 

program is limited and precludes causal inference. Subsequent the lack of randomized 
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controlled study designs of the studies in this review make it difficult to draw strong 

conclusions. 

Conclusion 

Although there is considerable reach and scope of the WIC program where a 

quarter of pregnant women and half of babies born in the U.S. receive benefits, there is a 

paucity of studies that focus on the diet quality provided by the WIC food packages. 

Findings from the current review are relevant for ongoing nutrition policy development at 

the federal and state levels. Positive trends were noted across the studies by the time and 

data collected for diet quality among women and children in the WIC program, but more 

research is needed to better understand the quality of the diet under WIC 

supplementation. Last, evaluating dietary intake with image-based methods would help 

relieve some of the limitations on self-reported data. Adoption of the National 

Academies’ proposed WIC food package revisions would further enhance diet quality 

and support stronger conformance with the Dietary Guidelines for Americans and 

improve health outcomes. 
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Figure 1. Flow diagram PRISMA 2009 
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Records excluded 
(n = 1,350) 

Full-text articles assessed 
for eligibility 

(n = 76) 

Full-text articles excluded 
for eligibility 

(n = 71) 
Non-WIC population = 42 
No diet quality score = 27 

Non-U.S. data = 2 

Studies included in 
synthesis 

(n = 5) 



 32

 

Table 3  

 

Summary of Studies That Investigate Diet Quality in WIC Food Supplementation 

 

Year  Author State Sample 
Description 

Sample 
Size, n 

Study 
Description 

Diet 
Quality 
Measure 

Dietary 
Intake 
Method 

Diet 
Quality 
Score 

2017 National 
Academies 
of Sciences, 
Engineering, 
and 
Medicine 

National 
survey 
(National 
Health and 
Nutrition 
Examination 
Survey 
(NHANES)), 
2005-2012 

Cross-
sectional, 
WIC 
participant 
women and 
children 
aged 2 to 
less than 5 
years 

Women,  
n = 285 
 
Children,  
n = 263 

Evaluate 
diet quality 
of WIC 
participants 

Healthy 
Eating 
Index – 
2010 
 

24-
Hour 
recall x 
2 

Women = 
52 to 61 
Children 
= 65 

2016 Tester, et al. National 
survey 
(National 
Health and 
Nutrition 
Examination 
Survey 
(NHANES)), 
2003-2008 
and 2011-
2012 

Cross-
sectional, 
Children 
aged 2 to 4 
years 
enrolled in 
WIC 

Children 
n = 1197 

Evaluated 
diet quality 
in young 
children 
following 
WIC food 
package 
changes 
compared 
with non-
participants 

Healthy 
Eating 
Index – 
2010 

24 – 
Hour 
recall x 
2 

WIC food 
package 
revisions 
= 3.7 
additional 
HEI-2010 
points 
 
Children 
in WIC = 
58.3 
compared 
to non-
WIC = 
52.4 
 

2016 Walch, A. Alaska (AK) Cohort, 
WIC 
participating 
women in 
Alaska 

Women 
n = 73 

Evaluate 
diet quality 
of WIC 
participating 
women in 
Alaska, 
including 
traditional 
Alaskan 
foods 
 

Healthy 
Eating 
Index – 
2010 
 

24-
Hour 
recall x 
2 

Women = 
48 

2015 Institute of 
Medicine 

National 
survey 
(National 
Health and 
Nutrition 
Examination 
Survey 
(NHANES)), 
2007-2010 

Cross-
sectional, 
WIC 
participating 
women and 
children 
aged 2 to 
less than 5 
years 

Women 
n = 96 
 
Children 
n = 405 

Evaluate 
diet quality 
of WIC 
participants 
compared to 
non-
participating 
income-
eligible 
women 

Healthy 
Eating 
Index – 
2010 
 

24-
Hour 
recall x 
1-2 

Mean 
HEI–
2010 
score = 
46.6 for 
women 
compared 
to 46.9 
for 
eligible 
non-WIC 
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Mean 
HEI–
2010 = 
52.6 for 
children 
in WIC 
compared 
to 50.3 
for 
eligible 
non-WIC 
 

2014 Kong, et al. Chicago, IL Cohort, 
longitudinal 
(18-month) 
survey with 
African-
American 
and 
Hispanic 
parent-child 
dyads 
enrolled in 
WIC  

Parent-
child 
dyad 
n = 295 

Examined 
the long-
term impact 
of the 2009 
WIC food 
package 
changes on 
nutrients, 
food groups, 
and overall 
diet quality 

Healthy 
Eating 
Index – 
2005 
 

24hr 
recall x 
1 

Diet 
quality 
improved 
among 
Hispanic 
children 
was 55.6 
at 
baseline 
compared 
to 59.6 at 
18 
months 
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Table 4  

 

Study Characteristics of Diet Quality Instruments 

Name of 
Instrument 

Author, 
Year 

Scoring 
Standard 

Components Update Cycle Use in 
WIC 
Study 

Healthy 
Eating Index 
– 2010 (HEI-
2010) 

Guenther, 
2013 
 

0-100 Sum of 12 component scores: Total 
Fruit, Whole Fruit, Total 
Vegetables, Greens and Beans, 
Whole Grains, Dairy, Total Protein 
Foods, Seafood and Plant Proteins, 
Fatty Acids, Refined Grains, 
Sodium, and Empty Calories 
 

Every 5 years, 
following the 
Dietary 
Guidelines for 
Americans 
 
HEI – 2015, 
(released 2017) 

Yes 

Healthy 
Eating Index 
– 2005 (HEI-
2005) 

Guenther, 
2008 

0-100 Sum of 12 component scores: Total 
Fruits, Whole Fruits, Total 
Vegetables, Dark Green/Orange 
Veg. & Legumes, Total Grains, 
Dairy, Meat & Beans, Oils, 
Sodium, SoFAAs, Saturated Fats 

Every 5 years, 
following the 
Dietary 
Guidelines for 
Americans 

Yes 
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Table 5  

 

Change in WIC Program Diet Quality Scores for Children and Women by Study Year 

Publication 
Year 

Diet Quality Scores -Children Diet Quality Scores – 
Women 

Study Data 

  Diet Quality Score (Mean) Mean(SD/SE/CI) Year/s 

2014 
Kong et al. 

  
 53.6 – 59.6 (1.8-1.9)* 

  
46.2 – 58.1 (1.3-1.5)* 

  
2011 

  
2015 
Institute of Medicine 

  
  

52.6 

  
  

46.6 

  
  

2007-2010 

  
2016 
Tester et al. 
Walch 

  
   

58.3(0.6-6.9)** 

  
  
  

48.0 (9.9) 

  
  

2011-2012 
2014-2015 

  
2017 
National Academies of Science 

  
  

65.0 (0.9)* 

  
  

51.8 – 60.6 (2.4-3.3)* 

  
  

2005-2012 
  

Overall range 
Overall mean 

52.4 – 65.0 
58.8 

46.2 – 60.6 
53.3 

2005 - 2015 

*All scores range from 0-100, SD = standard deviation, *SE=standard error, **CI=confidence interval 
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Chapter 3. FoodFoto TM: A Systems Thinking Approach to Dietary Intake Collection, 

Storage and Analysis1 

Background 

Diet is known to influence human metabolism in ways that has a profound effect on 

health; therefore, it is essential to have tools to accurately measure diet. Contemporary dietary 

intake assessment methods include food diaries, 24-hour food recall, and food frequency 

questionnaires that rely on self-reported memory-based dietary intake methods (MBM) (Labonté 

et al., 2016). The benefits of using these measures are that they are cost-effective and timesaving 

for large epidemiological studies (Labonté et al., 2016). However, although MBMs are widely 

used, their reliance on participant recall inherently poses limitations for accurate measurement 

because they carry a high likelihood of inaccurate and/or biased reporting. Subsequently, these 

methods have attracted criticism from some scientists who regard them as wholly inadequate for 

accurate estimation of food value (Archer, Pavela, & Lavie, 2015; Dhurandhar et al., 2015). 

Alternately, despite evidence that calls into question their suitability for use in research, 

proponents of MBM argue that in the absence of an alternative approach, they have to be 

acceptable (Labonté et al., 2016; Subar et al., 2015). In addition, MBMs either capture dietary 

intake at a single point in time or retrospectively over longer periods, and that limits the ability to 

accurately capture the variability in the foods consumed over a period of time.  

Another equally important element of dietary intake research is analysis of the data. As 

the science has evolved, analysis has shifted from assessment of specific nutrients to eating 

patterns that reflect diet quality (Cespedes & Hu, 2015). This trend is a response to evidence that 

                                                      

1
 Regan, M., Chung, S., Zvenyach, T., Ryan, A., Johantgen, M., & Hunter, C. In preparation for 

submission to Nutrition and Dietetics, 2018. 
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intake of specific nutrients alone fails to account for the complex interactions among nutrients. 

For example, estimating vitamin C in the diet needs to account for iron absorption because it 

significantly alters the amount of vitamin C that is absorbed (Newby et al., 2003). Moreover, the 

effect of a single micronutrient may be too small to detect, where the combined effect of multiple 

nutrients included in a dietary pattern are much more likely to be detectable (Hu, 2002). There 

are multiple validated measures of diet quality including the Diet Quality Index (DQI), 

Mediterranean Diet Score, Dietary Approaches to Stop Hypertension (DASH) Diet Score, 

Alternative Healthy Eating Index, and Healthy Eating Index (HEI). These measures can be used 

with any population including pregnant women (Carvalho et al., 2014; Sofi, 2009). 

Finally, most often nutritional intake is collected on paper or with online surveys despite 

the availability of devices that are user friendly and permit real-time data collection. Mobile 

device applications (apps) can provide a convenient way to measure diet longitudinally and they 

are widely accessible as more users adopt smartphones (Gravenhorst et al., 2015). Technology 

supported dietary assessment and management apps have many advantages, including high user 

acceptance and adherence, and superior validity and reliability compared to traditional methods 

such as food frequency surveys or 24 hour food recall diaries (Martin et al., 2014). Apps also 

provide the ability to collect detailed diet data longitudinally, with real-time data transmission 

(Arens-Volland et al., 2015). Smartphone digital photography has been used to collect dietary 

intake data successfully in a variety of settings (Martin et al., 2014). Typically, these methods 

involve taking digital images of the type and quantity of food consumed at each meal. The 

images are stored locally on the phone or transmitted to a cloud-based server where they can be 

retrieved and the food contents analyzed at a later time point (Jia et al., 2014; Nicklas et al., 

2017). Despite the clinical relevance of monitoring diet and the reported benefits of mobile apps 
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for health research, few applications are available that could be used to collect diet data and 

therefore traditional intake methods are still the most commonly used methods.  

The purpose of this paper is to describe a dietary intake system that was developed to 

collect detailed diet data over a five to six-month period for a federally funded grant examining 

diet, the vaginal microbiota, and preterm birth (R01 NR014826). At that time (2012) apps using 

digital image capture were rare and very expensive or posed other challenges. For example, the 

technology infrastructure to support input and transmission of data was structured in way that 

was not consistent with the purpose of our research study. The system that we developed, 

collectively called FoodFotoTM, permits longitudinal nutritional intake data collection that is 

stored on a cloud-based server. The images are readily retrievable and analyzed by trained 

analysts (called mechanical turkers) and the output is used to compute HEI component and total 

scores using publicly available SAS code. The current developmental status of FoodFotoTM is 

reported below as well as the lessons learned following deployment. 

The FoodFotoTM system: purpose, elements, and interconnections 

Framework 

 A Systems Thinking approach was used to design, develop, evaluate, and deploy 

FoodFotoTM. The framework was applicable for this purpose because FoodFotoTM is a collection 

of interacting components that cannot be separated without losing its ability to produce the 

output it was designed to provide. Use of a Systems Thinking framework provides a structured 

and systematic approach that shapes decision making about evaluation, design, and/or 

development of complex interconnected systems. In the case of FoodFotoTM, it provided a means 

for our team to identify the various parts of the system and make decisions about if and how they 
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would interact that helped us predict possible outcomes and adjust processes that could have 

resulted to undesirable functionality in the app (Arnold & Wade, 2015). 

All systems have a specific purpose or reason for their existence that encompasses the 

functionality and the goal or objective of the system. Secondly, they are comprised of multiple 

elements or characteristics that interact with each other resulting in a level of complexity that 

requires careful attention and design. Finally, the elements relate to each other in unique ways 

that influence the outcome. The components of the FoodFotoTM system are described below.  

Purpose 

FoodFotoTM was designed to provide an accurate, quick, and easy mechanism to capture 

images of food to determine dietary intake. The initial definition of the system requirements was 

challenging as the system was originally employed in collected diet data from younger low-

income women, many of whom had minimal education and therefore likely to have low literacy 

and problem-solving skills. Based on these factors we needed an engaging system appropriate for 

someone with a grade 5 education. Its primary purpose was data collection so the app had to 

provide the capacity to accurately capture the food images and upload them seamlessly and 

quickly to the cloud-based server without losing or corrupting data in the process. The images 

also needed to be clear and large enough that the components of the meal could be readily 

identifiable. The capacity to annotate images so that the study participants could describe what 

the meal was composed of or, the restaurant where it was purchased, was considered essential.  

The system had to be portable and readily available and work efficiently in multiple 

different locations and conditions so participants could collect data anywhere and anytime. It was 

necessary that the app had the capacity for two-way communication so that the study team could 

contact participants and vice versa. Lastly, the app needed to be readily recognizable on the 
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device and the ability to delete it had to be disabled to avoid users from uninstalling it from the 

device.  

Each of these design elements had a cumulative effect that influenced the functionality of 

other parts of the app. Priorities were established that required decisions about where 

compromises could be made without significantly influencing functionality. The objectives were 

organized into three primary functions, namely digital photo capture of nutrient intake, analysis 

of the type and amount of food in the images, and analytic processes to determine diet quality. In 

addition, bidirectional communication was a key function that was grouped under the digital 

capture component because it required the short message service (SMS) functions on the device.  

Elements 

 Cloud based FileMaker database. Data integrity was the primary goal that influenced 

the decision to use a database to collect the data. FoodFotoTM was built in a FileMaker database 

that is the central component of the system that resides on a cloud-based server. The choice to 

use FileMaker was influenced by the capacity it has to run on iPhones and iPads using and 

program called FileMaker Go. FileMaker Go is a free iPhone application that links the device to 

the database residing on a cloud-based server. The benefit of using a database for data collection 

is that data are entered directly into the database eliminating the need to map data transfer, 

thereby reducing the opportunity for data loss or corruption.  
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Devices. FileMaker Go is only available for iPhones so that 

was the device that was selected. The iPhone-based data 

collection component of FoodFotoTM allows study 

participants to take photos of their meals, snacks, desserts, 

and drinks. The system also permits users to add an audio 

recording or text annotation to the photo to provide addition 

details about the types of food, names of restaurants or 

manufacturers, and portion sizes or condiments (see Figure 

3).  

To limit the potential for loss of data or illegal access to the 

server, each phone is individually set up and linked to the participant record in the FileMaker 

database. The device is registered for a free iCloud and iTunes email account and the supervision 

functions are locally set. Passwords for the account are not given to participants purposely so that 

the security functions cannot be reset or modified in anyway. By building the system in a 

database, we needed to find a solution to automate required logins that are necessary to ensure 

the images were added to the correct participant record because multiple women were enrolled 

simultaneously. GoWrap, a free adware program for FileMaker, is used to customize the app 

icon on the phone to give it the look of a mobile app 

(Figure 2). More importantly, the participant study ID is entered into the GoWrap portal in order 

Figure 2. BEAM iPhone App 

Figure 3. Food Entry Data Screen
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to link the data created from a specific device to the corresponding participant records in the 

database. This setup feature also allows login free access to the data entry screens so that 

participants do not have to sign into the system each time they use it. Set up involves loading a 

GoWrap web clip onto the phones that attaches the study icon to FileMakerGo standard icon. 

The GoWrap web portal generates a unique email that is sent to the phone containing the 

required configuration to automate the connection between the phone and the remote database. 

Once the email is opened on the device it automatically configures the specifications that were 

entered in the GoWrap web portal.  

Device deployment. Participants are issued the 

phones at their second study appointment. At that time, 

they are trained how to use the application and 

demonstrate their understanding by taking a photo of a 

food item and submitting it to the database. Meal types 

are breakfast, lunch, and dinner; data are also collected 

on drinks and snacks, to provide an accurate review of 

their eating patterns. In addition, the photographs are 

time stamped to reference the time of day the intake is 

consumed, which adds another important level of analysis in addition to the quantity and types of 

food and drink. Users are provided with a small card that contains a summary of the instructions. 

It also serves as fiducial marker that is placed next to the food being photographed to provide a 

means for the turkers to estimate the size of the portion. The user manual is available 

electronically on the phone.  
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Communication. Participant diet entries are tracked regularly throughout the week by 

the study team who send text reminders to participants if they are not meeting the minimum 

requirement of photos of one full day’s worth of food and drinks. Likewise, the participants can 

text the study team at any time using a generic number that transmits the text message to all 

members of the team. There is an established schedule that specifies who is responsible for 

answering queries to avoid duplication. All members of the study team have study-issued 

iPhones so that they can also use the FaceTime function if a more in-depth response is required. 

Leveraging the text and FaceTime functions for communicating with participants who have 

questions has proved to be a very effective method to identify and address problems quickly. 

Interface usability testing. Interface usability testing was conducted before live 

deployment of the system in the study. Nine women were recruited to participate in usability 

testing. The Questionnaire for User Interaction Satisfaction (QUIS: Version 7) was used to 

evaluate the interface usability (Chin, Diehl, & Norman, 1988; Harper, Slaughter, & Norman, 

1998; Slaughter, Harper, & Norman, 1994). The QUIS is a 60-item self-report tool, contains a 

demographic questionnaire, a measure of overall system satisfaction along six scales, and 

hierarchically organized measures of nine specific interface factors (screen factors, terminology 

and system feedback, learning factors, system capabilities, technical manuals, on-line tutorials, 

multimedia, teleconferencing, and software installation). Each area measures the users' overall 

satisfaction with that facet of the interface, as well as the factors that make up that facet, on a 9-

point scale. The quantitative assessment of the app usability was done by using a modified 

electronic version of QUIS 7.0 (Chin et al., 1988; Harper et al., 1998; Slaughter et al., 1994). The 

QUIS can be configured according to the needs of the interface (smart phone) to assess a users' 

subjective satisfaction with specific aspects of the human-computer interface.  
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Our version had 60-items covering 8 aspects, namely: (1) System experience, (2) Overall 

user reactions, (3) Screen factors, (4) Terminology and system information, (5) Learning factors, 

(6) System capabilities, (7) Technical manuals/ help messages, and (8) Multimedia. Each area 

represented one aspect or category of the interface and was comprised of items characterizing the 

particular component. All items were rated on a 9-point scale (1-strongly disagree to 9-strongly 

agree) except for items that measured frequency of use. In addition, in some of the items the tool 

allowed users to enter comments to provide context for their response where appropriate.  

The finding showed that users overall satisfaction was positive with a mean score of 7.30 

(SD= 0.87) on the 9-point Likert (higher scores indicate higher satisfaction). The users reported 

that the app interface was clear and easy to read (Screen factors: M= 6.83 ±1.63), the 

terminology and instructions were consistent and clear (Terminology and system information: 

M= 6.83 ± 2.08), and easy to learn (Learning factors: M= 7.64 ± 0.86). The users appreciated the 

technical manuals and help messages that they reported were adequate and easy (Technical 

manuals/help messages: M= 7.07 ± 0.98). Finally, they reported that the photo multimedia was 

good, clear, and bright (Multimedia: M= 7.67 ± 1.25). The satisfaction rating for system 

capabilities however was low, ranging from 4.22 to 7.78 (M= 5.81 ±1.80), suggesting 

improvements were needed to optimize the user experience. The low scores related specifically 

to the speed and response time for most operations that were adequate (M= 6.0 ± 2.58; M=7.0 ± 

2.83, respectively). Despite this barrier, users reported that it was easy to complete the required 

tasks (M= 7.25 ± .96). The findings suggested several areas of improvement including 

developing a failures warning system that would alert users to potential problems (M= 4.5 ± 

2.89) and improvements in navigating between screens (M= 4.5 ± 3.0). Internal consistency of 

the questionnaire was good (total Cronbach’s α= .96).  
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A limitation of the initial usability testing was the small sample size (n=9) that restricted 

representativeness of the participants. This has subsequently been addressed by continuing to 

collect usability data from the women enrolled in the study. Problems that are identified are 

addressed in a timely manner. In addition, the study team reviews informal feedback from 

participants collected at all final visits. This information is used to generate changes and 

upgrades to the interface design and functionality on an ongoing basis.  

 The initial usability testing provided a framework for ongoing testing and continued 

refinement of the app. Based on the findings, FoodFotoTM was upgraded to reflect the 

suggestions made by the participants and is currently on the fourth version. Changes were also 

made to the interface that included increasing the font size and modifying the color scheme to 

make it more vibrant and engaging.  

Interconnections 

The primary interconnections linking the FoodFotoTM system are the iPhones that the 

participants use and desk or laptop computers or iPads that the turkers and study team use to 

access the database. When the system was initially configured, the server was put outside of the 

academic network to avoid the firewalls blocking participants from uploading their data.  

However, during the usability testing it became apparent that the problem extended to the study 

team’s access to the database too as they could not access the database. After investigating the 

issue, we discovered that the problem was caused by the academic firewall protocols that 

disallowed users to access a server when they were within an academic wireless network. 

Academic network security protocols frequently limit access to servers and, as a result, when 

participants were within the network the data was not transmitted and the study team access was 

blocked. To address the problem of transmitting data from the iPhones a synchronization tool 
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that allows the data to be stored locally until a secure cellular or Wi-Fi network is available was 

added to the phone set up; that resolved the issue. This also adjusted the speed of the uploads 

because the data is stored locally and only transmitted when there is an established Wi-Fi 

connection. The problem with the study team access was mitigated by moving the FileMaker 

server to another location and using a virtual private network (VPN) to access it. 

Nutritional analysis of the food photos 

Once the photos are uploaded to the FileMaker server they can be accessed via a secure 

web link using FileMaker software installed on a desk computer or laptop. The photo resolution 

on the phones is set to medium to allow the food turkers to enlarge them as needed to clearly 

identify the food captured in the images. The HEI scoring system was selected for this study 

because it specifically measures conformance with the Dietary 

Guidelines for Americans.(US Department of Health and 

Human Services & US Department of Agriculture, 2015) The 

scoring system requires an 8-digit code from the Food and 

Nutrient Database for Dietary Studies ([FNDDS] available from 

https://www.ars.usda.gov/northeast-area/beltsville-md/beltsville-

human-nutrition-research-center/food-surveys-research-

group/docs/fndds/. The turkers enter the type of food in the 

image into the search bar for the FNDDS database (see Figure 4). The database returns a list of 

potential candidates and the turkers select the appropriate match. Each match has a FNDDS code 

containing the possible volumes for the food item that, once selected, it generates a second code 

that is needed to calculate HEI-2010 scores. Figure 5 shows a food photo with the assigned 

codes. The image shows five different food types, each of which is assigned the appropriate food 

Figure 4. Food Lookup Table 
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code from the data base. In addition, when the user submits the photo they enter the percentage 

of the food that they consumed. The FNDDS food codes are entered in an Excel spreadsheet and 

uploaded to the database for storing.  

A member of the study team randomly checks that the food codes in the spreadsheet 

match the food in the images. Inter-rater reliability between the food turkers is continuously 

audited (10% of all turked items are analyzed monthly) to ensure that the type and amount of 

foods between analysts fall within an acceptable range. To date the findings of the ongoing 

psychometric testing consistently demonstrate good inter-rater reliability (ICC = 0.84 to 0.99).  

 
Figure 5. Food Photo and Assigned Food Codes 

Computing HEI-2010 scores 
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The FNDDS food codes in the spreadsheet are cleaned and sorted by participant and 

imported into SAS. The SAS algorithm converts food codes to cup and ounce equivalents per 

1000 k/cals; these are used to calculate the total and component HEI scores. The publicly 

available SAS code calculates HEI scores by estimating the density values comprised of the sum 

of each constituent of the meal divided by the total of all foods in the group. The amount of each 

dietary constituent is a summary over all foods in the meal as a ratio to total energy. For 

example, HEI scores for the total vegetables are assigned as a ratio of the total intake of 

vegetables divided by the total energy content of all the foods in the data set - in other words, the 

score is expressed as a ratio of the amount of each dietary constituent to total energy. The 

resultant ratio provides a diet quality scoring metric that assesses compliance with United States 

Department of Agriculture (USDA) Dietary Guidelines for Americans. The component and total 

HEI scores provide a stable unit of measure that can be analyzed in part or as a whole.  

Lessons Learned 

Over the four years that FoodFotoTM has been in service, a plethora of issues arisen 

including problems with photo upload and the number of photos that are submitted. The most 

significant problem that we encountered pertained to uploading the digital images from the 

iPhones. Users reported that sometimes the images they took at the start of the meal disappeared. 

In the original design, participants took before and after photos of their meal so that the amount 

of the meal that was eaten could be evaluated. The problem was caused by the device being 

powered off between the beginning and end of meal photos that disconnected the connection to 

the server and erased the photo on the device. To resolve this issue the functionality was changed 

so that the photo is saved as an incomplete record every 3 minutes. Participants can leave the 

meal un-submitted for as long as they want. However, to ensure the meals are eventually 
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submitted, incomplete and outstanding photos are displayed when a participant opens the app so 

that they can review, edit, and submit the records. Complete records are synced with the server 

while the incomplete data are saved locally on the phone and only synced when completed. In 

addition, if the participant creates a new record accidentally, they have the option to cancel or 

erase the record so that the records are not saved as incomplete data. These changes reduced the 

number of records being stored on the server, eliminated incomplete, blank, or erroneous records 

from the data, and improved usability. We also simplified the system. Initially, the system 

required participants to take a ‘start photo’, ‘end photo’, and ‘second helpings’ photo all within 

one record. Participants reported that the response burden was onerous and resulted in lost data. 

The system was changed so that it now requires a single photo of the meal that is stored locally 

on the phone and can be submitted at a later time. The participant simply indicates the number of 

helpings and the percentage of the meal via radio button options.  

From the start of the study it was clear that it was not feasible to have participants 

photograph every meal they consumed. At that point in time the participants were simply 

instructed to 

take enough 

photos to be 

representative 

of their usual 

diet. We 

quickly learned 

that a high 

degree of 

Figure 6. A Plot of the Number of Photos and HEI Scores 
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flexibility resulted in a highly varied volume of data from the participants that ranged from as 

few as 11 to as many as 378 photos of meals submitted over the course of study participation. To 

address this issue, we now require participants to submit a minimum number of meals, snacks 

and drinks over the course of the week that equates to 24 hours of complete nutritional intake. 

An analysis was conducted to determine if the number of photos influenced the average HEI 

score but no relationships were found with as few as 10 to 349 photographs. Figure 6 below 

shows the relationship between the number of photos and the scores.  

We are also in the process of developing an automated tracking system that will 

(1) prompt participants to take more photos; and (2) report the number and type of meals they 

have collected data in the preceding seven days.  

Discussion 

Overall, the usefulness of the FoodFotoTM system to capture real-time dietary intake for 

nutritional analysis has proven to provide accurate data efficiently. A primary strength of the 

method is that it eliminates the need for participants to recall what they eat and accurately 

captures the foods consumed. Since the photos are taken at the point of consumption, it also 

limits the need to have participants keep memory-based or paper records. The benefit of using a 

server-based database is that it limits the chance for errors that may result from errors made 

when linked files are manually mapped into a database. Likewise, the use of a database allows 

storage of multiple types of data such as images, text, and voice records. Large size files can also 

be accommodated. These strengths of FoodFotoTM and indicate its utility, ease of use, and 

accuracy for assessment for dietary intake in research trials. 

Our findings support other studies that reported that mobile apps are a cost and time 

effective method to collect data in a way that is less laborious and have high rates of acceptance 
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and usage form users. Most studies have shown that this type of approach improves diet 

assessment because it allow users to record meal intake in real-time (Lieffers & Hanning, 2012). 

Data entry is quick and easy for the participants compared to traditional dietary intake journals, 

logs, and surveys; therefore, increasing the likelihood that participants will maintain data 

collection over time. This was consistent with participant feedback from our cohort who 

appreciated the convenience that the system afforded them and the limited time it took to take the 

photos. Housing it on a small and portable device allows for easy communication/interaction 

with the study team, accessible technical support, including instructions on the device, as well as 

the ability for the team to push prompts and encouraging messages. Overall, the system provides 

an accurate means for monitoring diet quality that could readily be adapted to provide real-time 

diet quality assessment and feedback. Aside from the cost of the cell phone and data plan, 

FoodFotoTM is surprisingly inexpensive and provides an objective, easy-to-use tool to measure 

real-time diet for more accurate assessment of nutritional intake.  

There are some drawbacks to the system. Firstly, there is little question that the act of 

taking photos of food sensitizes some people to the types and amount of food that they eat. This 

limitation however is equally as likely with food diaries or other methods of longitudinal diet 

data collection. In addition, there is the potential for bias because users choose what foods to 

photograph. To limit this in future versions of the system we intend to have an automated system 

that prompts the user when to capture an image of their food. In the current study we survey the 

participants’ attitudes about their experience using FoodFotoTM. The majority report that they do 

not omit taking photos of foods they consider undesirable but rather do not capture images of 

additional servings. They also frequently comment that use of the system made them aware of 

what they ate in a way that prompted them to alter their eating patterns. For example, one woman 
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said that she stopped having second helpings! Preliminary analysis has shown that while the 

number of photos that the participants submit is not significantly associated with higher HEI 

scores, the number of food codes that originate from the food photos is positively associated with 

the total diet quality score (Zvenyach & Regan, in review). 

Another challenging issue with the FoodFotoTM system is that each photo requires 

independent analysis, which is time consuming and requires a well-trained workforce. This type 

of service is available from organizations such as Amazon at relatively low cost that may provide 

an alternative to our approach. However, in our experience the turkers on Amazon and other 

online labor sites were often not familiar enough with US-based foods to be able to accurately 

analyze the foods in the photos accurately. Another significant limitation is that the app can only 

be used on iPhones because FileMaker Go is not compatible with other operating systems. 

However, this could be resolved by using unique web portals that only require a link on the 

device to upload the images to the record.  

Conclusion 

We are currently conducting a complete analysis of the nutritional output from 

FoodFotoTM compared to established measures of nutrient intake that we expect will influence 

the volume of data participants are required to collect. In future versions of the system we 

anticipate adding features such as automatic messaging for data collection, that prompts the 

participant that data is due, and ideally real-time analysis of the nutritional values once food 

recognition software is available. Food software programs are currently being developed that 

would allow that level of functionality, although to date this is very expensive and not at the 

point of accuracy needed for the research purpose. Using machine learning and the annotation 

function would be a more productive method to produce superior results. We currently have over 
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27,000 photos that have been analyzed so that data could certainly be invaluable to advance the 

field of food recognition software. Our overall aim is to improve the FoodFotoTM system to 

ensure that (1) it is a practical application, that users find easy use to collect data, (2) users find it 

easy to use to collection data, and (3) it provides accurate and less burdensome dietary intake 

data collection for research purposes. Such a system could be deployed in research and by 

individuals striving to improve their eating pattern. Ultimately, estimating diet quality is needed 

to optimize health. FoodFotoTM is a system that can accurately achieve that goal at reasonable 

cost.   
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Chapter 4. Women, Infants, and Children Program Approved Foods Increase Diet Quality 

among Pregnant Women Enrollees1 

Background 

The Women, Infants, and Children program (WIC) is a population based supplemental 

nutrition program aimed at reducing health disparities among pregnant women and children. The 

program was founded on recognition of the critical importance of prenatal maternal nutrition to 

improve fetal growth, gestation at birth, and the child’s long-term health status and educational 

achievement (Barker et al., 2009; Harding, 2001; Hair, Hanson, Wolfe & Pollak, 2015). Studies 

consistently demonstrate that WIC food supplements are positively associated with improved 

birth outcomes including higher mean birth weight, reduced rates of low and very low birth 

weight and preterm delivery (Coleman et al., 2012; Sonchak, 2016). In addition, maternal and 

infant hospital-associated pregnancy and birth costs were also lower among women enrolled in 

WIC (El-Bastawissi et al., 2007).  

WIC food supplements are designed to improve recipients’ diet quality by providing high 

quality foods such as whole fruits, vegetables, and whole grains that ordinarily low-income 

women could not afford. The supplements conform to the Dietary Guidelines for Americans 

(DGA) recommendations that are grounded in evidence showing that healthy eating patterns 

have on optimal health across the lifespan. Adherence to the guidelines correlate with lower 

disease prevalence and improved health, including during pregnancy (Dietary Guidelines 

Advisory Committee, 2015). Women who are eligible for WIC supplementation are socially and 

economically disadvantaged placing them at high risk for adverse pregnancy outcomes. Diet 

                                                      

1
 Zvenyach, T., Johantgen, M., & Regan, M. In preparation for submission to Health Affairs, 

2018. 
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during pregnancy is particularly important because suboptimal nutrition not only adversely 

affects short and long term maternal health but also has a profound influence on neonatal and 

child health across the lifespan. Emerging evidence about parental origins of disease, 

demonstrates how lifestyle factors such as nutrition during pregnancy impact long term 

molecular and biological function in the offspring (Lan et al., 2013). More concerning is 

evidence that inadequate prenatal nutrition can result in heritable alterations at the level of the 

epigenome, which can modify gene expression that shapes physiologic function for up to four 

generations (Lan et al., 2013; Nowacka-Woszuk J, Szczerbal I, Malinowska AM, 2018). 

Transmission of intergenerational disadvantage is largely rooted in fetal exposure to factors that 

alter molecular function leading to the onset of chronic disease (Carolan-Olah, Duarte-Gardea, & 

Lechuga, 2015). Prenatal undernutrition is known to permanently impact health in the offspring 

(Roseboom et al., 2001) but over nutrition is equally problematic, particularly in light of reported 

obesity rates of 36% among the WIC population (Thorn, Tadler, Huret, Ayo, & Trippe, 2015) 

suggesting over nutrition is prevalent among this group. Maternal obesity and weight gain during 

pregnancy have significant implications for the child and are considered predictors of childhood 

obesity. The causal mechanism is attributed to epigenetically mediated differential expression of 

obesogenic genes during the early years of life (Oelsner, Guo, To, Non, & Barkin, 2017).    

The paucity of evidence about diet quality and WIC food supplements represents a 

notable gap in the evidence. Evaluation of the quality that WIC food supplements add to dietary 

intake is essential to ensure the program stays abreast of scientific discoveries. Surprisingly 

however, there is scant research focused on the diet quality gained by WIC food supplements. 

Similarly, little research has addressed the degree to which WIC food supplements help 

recipients meet the DGA - particularly among pregnant women (Gamba, Leung, Guendelman, 
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Lahiff, & Laraia, 2016; National Academies of Sciences, Engineering, 2017) highlighting the 

critical need for research about diet quality during pregnancy to expedite identification of 

therapeutic targets to optimize maternal and child health outcomes.  

This study was designed to fill the knowledge gap about the contribution that WIC food 

supplements make during pregnancy to diet quality among low socioeconomic women enrolled 

in the program. To achieve this goal, we examined individual-level dietary intakes of pregnant 

women enrolled in the Maryland WIC program. We hypothesized that pregnant women who 

consume proportionately more WIC approved foods in their diet would achieve higher diet 

quality scores (HEI-2010). The study population was drawn from a large federally funded study 

that used an image-based dietary intake method to examine the influence of diet on the vaginal 

microbiota and preterm birth (Birth, Eating and the Microbiota Study– BEAM: NR014826). A 

sub-group of women in the BEAM study who were also enrolled in the WIC program formed the 

cohort for this study. Diet quality was estimated using the HEI-2010 scoring system that 

estimates the degree that dietary intake meets DGA recommendations. The two specific aims 

guiding the research were: (1) to describe the total and component HEI-2010 diet quality scores 

of the cohort by ethnicity, education, employment, income level, concurrent Supplemental 

Nutrition Assistance Program (SNAP) benefits, and body mass index (BMI); and (2) to estimate 

the contribution that WIC approved foods made to the total HEI-2010 scores. 

Methods 

Study Sample 

The parent study used a prospective longitudinal cohort design to examine the effect of 

diet on the vaginal microbiota and their relationship to preterm birth. Dietary intake is thought to 

influence the composition and subsequently the function of the vaginal microbial communities in 
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ways that may influence premature birth (Regan, Chung, & Ravel, 2018). The BEAM study 

recruited women aged 18 to 33 between 12-22 weeks’ gestation and followed them throughout 

pregnancy to 6 weeks post birth. Demographic and bio behavioral data including factors such as 

concurrent food supplementation from Supplemental Nutrition Assistance Program (SNAP), 

were collected at study intake and stored in an electronic database. Participants collected biologic 

samples and reported bio behavioral data weekly and met with the study team monthly. Dietary 

intake data were collected using a new imaged-based food record system called FoodFotoTM  

(Regan, Chung, Zvenyach, et al., 2018). Study participants were trained to take photographs of 

their meals, snacks drinks and desserts throughout their participation in BEAM using a mobile 

application loaded onto iPhones designed specifically for the study. The food images represented 

the equivalent of 24 hours of dietary intake weekly and included main meals (breakfast, lunch 

and dinner), desserts, snacks, and drinks. The images were manually analyzed and the output was 

used to compute HEI-2010 total and component scores. All women who had completed 

participation in the BEAM and who had been enrolled in the WIC program were eligible for 

inclusion in this study.  A subsample of 71 women were identified and of that cohort, 63 met the 

prerequisite for reporting the required dietary intake and were included in this study.  

Dietary Intake Data 

 FoodFoto™ is an image-based diet data collection, storage, and analysis system that 

resides on iPhones (Regan et al., in review). BEAM study participants were issued the iPhone at 

their second monthly appointment and trained how to use FoodFoto™ including details about 

how many photographs to take each week. The system is designed to take real-time photographs 

of participants’ food and permits audio or text annotations about the image capture. A total of 

5,558 food photographs were recorded by the 63 women included in this cohort. The number of 
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food photographs submitted by each participant over the course of their enrollment ranged 

widely from 11-389 (�̅ =119.9, sd 100.1 median, 83). The characteristics of the photographs 

included in the analysis are described in Table 6.  

Table 6  

Characteristics of Food Photographs from Study Cohort 

 

 

Simple linear regression was conducted to determine if the number of photographs 

significantly influenced the total diet quality scores. Findings demonstrated no differences when 

a minimum of 10 images were submitted (F (1, 61) = 0.15, p=0.70) and R2 = 0.002. The 

inclusion of 10 meals was used as a representation of two 24-hour recalls meeting the industry 

standard. The images captured main meals and the number of photographs of drinks, snacks and 

desserts was much lower and in some cases no images of those food types were submitted. 

Multiple regression was conducted to determine if the number of images of the different types of 

intake (drinks, snacks, desserts and main meals) predicted total diet quality scores. The findings 

showed that the mix of intake types did not significantly influence the total HEI scores (F (4, 58) 

= 0.21, p=0.93) and R2 = 0.14.  

The food images were analyzed using an established protocol (Regan et al., in review). 

Each photograph was reviewed by a trained analyst who selected the appropriate food code that 

accurately represented the content and estimated cup equivalent serving size for each item in the 

  
Mean (SD) 

 
Median 

 
Range 

Interquartile range 

25% 50% 75% 

Food photographs 119.9 (100.1) 83 11-389 44 83 190 
Main Meals 95.3 (83.2) 58 6-312 26 58 148 
Drinks 8.21 (10.1) 4 0-51 1 4 12 
Snacks 14.1 (15.3) 7 0-60 4 7 19 
Desserts 2.4 (3.5) 1 0-18 0 1 4 
WIC Food Codes 31.6 (28.5) 19 0-105 10 19 51 
% WIC Foods  25.8 (9.8) 27 0-46 18 27 32 
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image. The food codes were obtained from the USDA’s Food Patterns Equivalents Database 

(FPED[https://reedir.arsnet.usda.gov/codesearchwebapp]). The FPED is used to convert volume 

of foods such as fruits, vegetables, lean meat, and others, into dietary components. The FPED 

food codes are consistent with units of measure used for the HEI-2010 scores. Images that 

contained multiple foods types (i.e. spaghetti with meatballs) were disaggregated into individual 

ingredients and each assigned a unique food code.  In total 7,554 food codes were generated 

from analysis of the images averaging 120 food codes (range 11-378) per participant. The Food 

and Nutrient Database for Dietary Studies (FNDDS) food coding scheme was used to identify 

the three-digit codes representative of the WIC approved foods. A total of 30 WIC specific food 

codes were identified. The total number of food codes that contained the three-digit codes were 

used as means to quantify the density of WIC approved foods in participants’ diets. The 

proportion of WIC specific food codes in the total diet was computed to estimate the contribution 

that WIC foods made to total HEI score. Interrater reliability between analysts was estimated by 

secondary analysis of 20% of the images. Inter class correlation coefficients (ICC) between 

analysts for food code and volume were 0.96 and 0.92, which indicate good reliability among 

raters.  

Diet quality 

The Healthy Eating Index (HEI) was developed to assess how well dietary intake 

conforms to DGA (Guenther et al., 2014). The instrument measures 12 food group components 

based on food and nutrient amounts consumed per 1,000 kcal of energy intake (Guenther, Reedy, 

& Krebs-Smith, 2008). Diet quality is estimated from two perspectives: first by adequacy of 

foods containing essential vitamins and minerals including fruits, vegetables, grains, dairy, and 

protein foods; and second by evaluation of food containing limited nutritional value such as 
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refined grains, sodium, and empty calories (called moderation components). The scoring 

standards are density-based and evaluate the relative mix of foods summed to achieve a 

maximum score of 100 (Guenther et al., 2013). The HEI has established reliability and validity 

for evaluating overall diet quality - including for women, and can estimate diet quality of United 

States Department of Agriculture (USDA) nutrition assistance programs, such as the WIC 

program (Guenther et al., 2013). Additionally, the HEI can be used to assess diet quality changes 

over time, evaluate sub-populations, and estimate nutrition intervention effects. 

Diet quality scores are comprised of 12 components. High consumption of adequacy 

components receives a higher score, whereas high consumption of moderation food components 

receives a lower score. The HEI scores are calculated by determination of density values by 

computing a ratio of the amount of each component to total energy compared against the DGA 

scoring standard. The components and scores are presented in Table 7.   
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Table 7 HEI-2010 Scoring Standards and WIC Monthly Allowance 

Component 
HEI-2010 1 

Max 
Points 

Standard for 
Maximum Score 

Standard for Minimum 
Score of Zero 

WIC Food Package 
(monthly allowance) 

Adequacy: 
  

  

Total Fruit 2 5 ≥0.8 cup 
equivalent/1000 kcal 

No Fruit  Fruit juice, 144 ounce 

Whole Fruit 3 5 ≥0.4 cup 
equivalent/1000 kcal 

No Whole Fruit Fruit & Vegetable 
$11/month total 
allowance 

Total 
Vegetables 4 

5 ≥1.1 cup 
equivalent/1000 kcal 

No Vegetables (Included in $11) 

Greens and 
Beans 4 

5 ≥0.2 cup 
equivalent/1000 kcal 

No Dark Green 
Vegetables or Beans or 
Peas 

(included in $11) & 1 
pound dry or 64 ounce 
canned 

Whole 
Grains 

10 ≥1.5 ounce 
equivalent/1000 kcal 

No Whole Grains Bread - Whole Grain, 
1 pound & Cereal – 
cooked or cold,  
36 ounce, whole grain 

Dairy 5 10 ≥1.3 cup 
equivalent/1000 kcal 

No Dairy Milk, 1% milk fat or 
less, 24 quarts 
Cheese, 1 pound 

Total Protein 
Foods 6 

5 ≥2.5 ounce 
equivalent/1000 kcal 

No Protein Foods Eggs, 1 dozen 

Seafood and 
Plant 
Proteins 7,8 

5 ≥0.8 ounce 
equivalent/1000 kcal 

No Seafood or Plant 
Proteins 

Seafood, none & 
Peanut Butter,  
18 ounce 

Fatty Acids 9 10 (PUFAs + 
MUFAs)/SFAs > 2.5 

(PUFAs + 
MUFAs)/SFAs ≤ 1.2 

 

Moderation: 
  

  

Refined 
Grains 

10 ≤1.8 ounce 
equivalents/1000 kcal 

≥4.3 ounce 
equivalent/1000 kcal 

 

Sodium 10 ≤1.1 g/1000 kcal ≥2.0 g per 1000 kcal  

Empty 
Calories 10 

20 ≤19% of energy ≥50% of energy  

Source: Adapted from: Guenther PM et al. 1 Intakes between the minimum and maximum standards are scored proportionately. 2 Includes fruit 
juice. 3 Includes all forms except juice. 4 Includes any beans and peas not counted as Total Protein Foods. 5 Includes all milk products, such as 
fluid milk, yogurt, and cheese, and fortified soy beverages. 6 Beans and peas are included here (and not with vegetables). 7 Includes seafood, nuts, 
seeds, soy products (other than beverages) as well as beans and peas counted as Total Protein Foods. 8 Ratio of polyunsaturated fatty acids 
(PUFAs) and monounsaturated fatty acids (MUFAs) to saturated fatty acids (SFAs). 9 Calories from solid fats, alcohol, and added sugars; 
threshold for counting alcohol is >13 g/1000 kcal.10  
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Statistical Analysis 

The HEI – 2010 total and component scores were computed using publically accessible 

SAS code available from the National Cancer Institute ([http:// 

appliedresearch.cancer.gov/hei/tools.html] “SAS Code,” 2018). Social and demographic data for 

the cohort were extracted electronically from the database and imported into SPSS version 25. 

Descriptive statistics of the study population were generated. Demographic variables were 

collapsed into two groups and t tests and effect sizes were computed to determine strength of the 

difference between total HEI by age, education, employment status, income, and concurrent 

SNAP supplementation. Due to minimal cohort diversity, differences for ethnicity were not 

computed. Simple linear regression was used to evaluate the association between the outcome 

variable (HEI scores), and the predictor (proportion of WIC approved foods in the total diet). 

Consistent with WIC literature, covariates were examined individually in relation to the total 

HEI scores since the small sample size limited multivariable analyses. These variables included 

age, education, employment, income, health insurance, ethnicity, food subsidy program 

participation, and Body Mass Index (BMI). A significance level of p<0.05 was used for all 

analyses. Sample size limitations required that demographic and BMI categories be examined 

with simple mean comparisons. Independent samples t tests and one-way ANOVA were 

conducted to compare HEI total scores with demographic and anthropometric variables. Post hoc 

Cohen’s d was calculated to estimate the strength and direction of the relationships for t tests. 

Results 

Demographic characteristics of the sub-sample of 63 women participating the parent 

study who were enrolled in WIC and submitted a minimum of 10 food photos are presented in 

Table 8. Age ranged from 18-33 (�̅=22, sd 3.9). The majority of study participants were African 
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American (88.9%).  To meet WIC program eligibility criteria, enrollees must earn less than 

185% of the national poverty level. In this cohort, approximately 75% had a combined household 

income of $25,000/year or less and 57% were employed full or part time. All the participants had 

health insurance. A subset of the sample (33%) also received SNAP food supplementation and 

almost three quarters (71.4%) had excess weight and or obesity by BMI.   
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Table 8  

 

BEAM Study Characteristics of Pregnant Women Enrolled in WIC 

Demographics WIC 
(n=63) 

Percentage Mean (SD) Range 

Age (years) 
 

  22 (3.9) 18-33 

Ethnicity     
African American 58 88.9   
Other 5 11.1   
     
Education     
High school grad or less 42 66.7   
Some college or higher 21 33.3   
     
Income     
<15,000 25 39.7   
15,000 – 25,000 22 34.9   
>25,000 16 25.4   
     
Employment     
Student or unemployed 27 42.9   
Part or full time 36 57.1   
     
Health Insurance Status     
Medicaid/Medicare 52 82.5   
Private 11 17.5   
     
Food Supplement Program     
WIC Only 42 66.6   
WIC & SNAP 21 33.3   
     
Body Mass Index (BMI) 
(kg/m2)    

  31.8 (10.5) 16-64 

Under & Healthy weight 
(<18-24.9) 

18 28.6   

Overweight (25-29.9) 17 27.0   
Obesity (>30) 28 44.4   
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The first aim of the study was to describe total and component HEI diet quality scores. 

The total HEI scores for the sample ranged from 32.2 -71.3points (�̅ 50.8, SD=9.7) out of a 

possible 100 points, described in Table 9. Among the adequacy components, total vegetables, 

greens and beans, dairy, seafood plant protein and fatty acid ratio exceeded the 50th percentile. 

Subsequently, the score for total protein foods approached the maximum. Conversely, scores for 

total fruit, whole fruit and whole grains were below the 50th percentile for HEI standards. 

Approximately 80% of the sample scored 2.5 points or lower on total fruit and whole grains 

finding very low consumption of fruits and whole grains. Inversely, for moderation components, 

low scores for sodium and refined grain scores demonstrated high consumption.   
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Table 9  

 

HEI-2010 Scores for Pregnant Women Receiving WIC in BEAM 

HEI – 2010  
Food Component 

Range of scores  �̅ (SD) 
 

Proportion meeting 
mean score 

Adequacy 
Components 
Total Vegetables 

 
 

0.4-5.0 

 
 

3.4 (1.2) 

 
 

68% 
 
Greens and Beans 

 
0-5 

 
2.7 (1.8) 

 
54% 

 
Total Fruit 

 
0-5 

 
1.4 (1.4) 

 
28% 

 
Whole Fruit 

 
0-5 

 
1.7 (1.7) 

 
34% 

 
Whole Grains 

 
0-10 

 
1.8 (2.3) 

 
18% 

 
Dairy 

 
1.7-10 

 
5.0 (1.8) 

 
50% 

 
Total Protein Foods 

 
2.7-5 

 
4.8 (0.5) 

 
48% 

 
Seafood and Plant 
Proteins 

 
0-5 

 
3.0 (1.8) 

 
60% 

 
Fatty Acid Ratio 

 
1.7-10 

 
5.4 (1.9) 

 
54% 

 
Moderation 
Components 
Sodium 

 
 
 

0-9.1 

 
 
 

1.7 (2.3)  

 
 
 

17% 
 
Refined Grains 

 
0-10 

 
4.5 (2.7) 

 
45% 

 
Empty Calories 

 
0-20 

 
15.2 (4.5) 

 
76% 

 
Total HEI-2010  

 
32.2-71.3 

 
50.8 

 
32%-71% 

 

The only variable that influenced total HEI score was age; with women aged 23 or older 

having significantly higher total diet quality scores (�̅= 54.2, SD=9.6; t=-2.45(.02); d=1.16). No 

significant differences were found in total HEI scores for education, income, employment, 

concurrent SNAP supplementation or BMI (see Table 10). However, large Cohen’s effect sizes 
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on total HEI scores were found for women who had received some or more college level 

education (d =1.26). Similarly, Cohen’s d calculations were in the expected direction for women 

who worked at least part time (d=0.34), had a combined household income of at least $25,000 a 

year (d=0.48), received concurrent SNAP and WIC supplementation (d=0.25), had a BMI higher 

than 29 (d=0.40), and had private health insurance (d=0.32). The effect sizes were small to 

moderate suggesting that these variables have the potential to positively impact total diet quality.   
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One-way ANOVA was used to examine differences in HEI adequacy and moderation 

component scores for demographic and anthropometric variables. Although demographic and 

anthropometric variables were dichotomized into two groups ANOVA was used for these 

analyses. Demographic variables were collapsed into two groups and t tests and effect sizes were 

 

Table 10 

 

Group Differences Among the Cohort and Total HEI-2010 Scores 

 WIC  
(n=63) 

HEI-2010 

�̅(SD) 

 t(p) Cohen’s d 

HEI-2010 Total Score 
 
Age (years) 

 50.8 (9.7)  
 
 

 
 
 

<22 36 43.4(9.1) -2.45(.02) 1.16 

>23 27 54.2(9.6) 
     
Education     
High school grad or less 42 42.2(9.3) -1.96(.06) 1.26 

Some College or more 21 54.2(9.8) 
     
Employment     
Student or Unemployed 27 49.0(10.3) -1.34(.19) 0.34 
Full or Part time 36 52.3(9.1)   
     
Income     
<24,999 47 49.6(8.6) -1.80(.08) 0.48 
>25,000 16 54.6(11.8)   
     
Food Supplement Program     
WIC only 42 50.1(9.4) -0.92(.38) 

0.25 
WIC & SNAP 21 52.5(10.2)  
     
Body Mass Index (BMI)     
<24.9 18 50.6(10.6) -0.14(.89) 

0.40 
>25 45 51.0(9.4)  
     
Health Insurance     
Medicaid 52 50.3(9.2) -1.04(.30) 0.32 

Private 11 53.6(11.6)  
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computed to determine strength of the difference between total HEI by age, education, 

employment status, income, and concurrent SNAP supplementation. 

The mean and standard deviation are reported in Table 11 in supplemental materials. 

Women who were older than 23 scored at least one HEI point higher (out of a possible 5 points) 

for greens and beans and whole fruit than younger women, suggesting that they consumed 

significantly more foods belonging to those adequacy components. Similarly, if the woman had 

any college level education their dietary intake was higher in greens and beans (0.9 HEI point), 

whole fruit (1 HEI point) and total fruit (0.9 HEI point). Women who reported higher household 

income had more fruit in their diets and therefore had higher total (1.2 points) and whole fruit (1 

HEI point) component scores. Interestingly, women with lower BMIs consumed more dairy 

products (1.4 HEI points higher). For moderation components, women with higher income who 

were employed at least part time and had private health insurance consumed less refined grains.  

The second aim of the study was to estimate the contribution of WIC approved foods in 

the diet to total HEI-2010 scores. We hypothesized that pregnant women with higher total HEI 

scores would have a higher proportion of WIC approved foods in their diet. Across the sample, 

the number of WIC specific food codes included in the women’s diet data ranged from 0 to 105. 

Eggs, milk, cooked vegetables, whole grain breads, and rice were the most commonly reported 

WIC approved foods. The proportion of WIC specific foods varied within the sample, ranging 

from 0 – 46%, with a mean of 26% (SD=9.8). In relationship to diet quality, higher proportions 

of WIC foods were significantly associated with higher diet quality scores. Two outlying values 

were winsorized to normalize the distribution. Regression analysis showed that for every 1% 

increase in the proportion of WIC approved foods in the diet there was a corresponding increase 

of 0.65 points total HEI–2010 score (t=6.86, P<.001[see figure 7]). Therefore, the findings 
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support the hypothesis that WIC food supplements significantly improve diet quality among the 

pregnant women enrolled in the program.   

 

 

 

Dashed line represents national average diet quality score (Wilson, Reedy, & Krebs-Smith, 2016) 

Discussion 

The mean total HEI score for this study was 51 compared to an average of 53 (range = 

46-60) in other studies focused on the WIC population (Zvenyach & Regan, in review). The 

mean diet quality components and total HEI scores in this study clearly demonstrate that this 

cohort of women generally consumed a suboptimal diet. This was largely attributable to their 

Figure 7. Study Proportion of WIC Foods in the Diet and Total 

HEI-2010 Scores in Relation to National Average 
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low intake of whole grains, total and whole fruit, and dairy that were surprisingly low, and 

conversely their high consumption of sodium and refined grains. With the exception of age, there 

were no significant differences in demographic and anthropometric characteristics among 

participants and total diet quality scores. The lack of significance could be related to sample size 

because the effect sizes suggest a positive relationship between the variables and total HEI 

scores. An adequately powered study could demonstrate significant differences.  

When compared to the national average HEI-2010 scores for the total US population 

(Wilson et al., 2016) this sample of pregnant women receiving WIC supplements scored better 

for fatty acids, close to equal for total vegetables, greens and beans, and dairy but notably lower 

for total and whole fruit and whole grains. Similarly, the cohort scored worse on sodium and 

refined grains but the score for empty calories was higher than the total population for the same 

component. These findings are graphically presented in Figure 8.   

Figure 8. Study Mean HEI-2010 Scores Compared to US Population Scores from NHANES 

2011-2012, (adapted from Wilson, et al., 2016) 
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Our finding that the food component scores were low was not unexpected for this group 

of low-income participants. Higher socio-economic status is associated with higher diet quality  

(Drewnowski, Aggarwal, Cook, Stewart, & Moudon, 2016; Rehm, Monsivais, & Drewnowski, 

2015) because that group can afford to pay more for healthy foods. In this cohort, three quarters 

of the group reported a combined household income of less than $25,000 annually, which 

suggest that they may not be able to afford more healthy foods. Combined with high 

unemployment rates suggests that our sample lacks the necessary resources to purchase 

additional high quality/high cost foods such as whole fruits, vegetables, and whole grains. Their 

economic circumstances also imply that they are reliant on WIC supplements for healthy foods 

that otherwise would be unaffordable. It is very possible that without WIC, the mean HEI scores 

would have been significantly lower.  

It is important to recognize that WIC only supplements monthly food requirements and 

recipients need to find additional resources to fill in the deficit.  Therefore, our finding that every 

1% increase in WIC foods in the diet increased the total HEI-2010 scores by 0.65 tangibly 

demonstrates that the program is highly effective. The FNDDS food codes associated with WIC 

approved foods were identified as a significant positive contributor to total diet quality scores 

and women with lower diet quality scores did not consume as many WIC approved foods. For 

example, one study participant who reported 0% WIC food codes had the second lowest total 

HEI score. In contrast, the study participants that reported the highest proportion (>40%) of WIC 

approved matched foods codes had the highest total HEI scores. These findings suggest that even 

small increases in consumption of WIC food groups would further improve diet quality among 

pregnant women enrolled in the program. This has considerable national importance because the 

majority of this group also receive state and federally funded health care benefits such as 
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Medicaid. As a logical extension to our findings, the cost of providing health care could be 

lowered considerably because improved diet quality is associated with improved health 

outcomes and decreased care costs. The national cost of updating WIC supplementation would 

likely be revenue neutral considering the continual rise in health care cost. Although the analysis 

of concurrent SNAP and WIC supplementation was not significant, the effect size indicated that 

it further improves diet quality.  

Another potential benefit of WIC supplementation is that it could subliminally sensitize 

enrollees to healthy food options that subsequently improves eating patterns. As previously 

stated, the number of photos submitted by participants varied widely. Therefore, we were not 

able to determine if women with a low-proportion of WIC approved foods in their diet did not 

fully utilize the benefit or if they simply omitted to take photos of those foods. Also, many 

women in the parent study reported sharing WIC foods with other members of their household 

that could explain the low number of WIC foods identified in the photos. Household size was not 

controlled for in this study so there was no way to determine how much of the total supplement 

the individual on WIC consumed. The study protocol has now been adjusted to better define the 

minimum data submission requirements and incentives to increase submission of diet data were 

added. Despite these limitations, the findings clearly demonstrated that when fully utilized, WIC 

adds significant value to the diet suggesting that utilization of the program improves diet quality 

scores.  

Another possible explanation for why the total and component HEI scores were below 

other comparable US cohorts could be use of the image-based dietary intake method. Because 

participants select the foods they photograph, there is unquestionably the opportunity for 

reporting bias. However, this did not appear to have a significant impact based on evidence that 
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showed that the women’s eating patterns remained stable throughout the reporting period. It 

seems more likely that lower HEI scores were a result of photos being the unit of analysis. The 

food photos provided objective data in terms of the type and volume of foods consumed 

compared to memory-based recall methods used in studies reporting higher diet quality scores. It 

is possible that lower total and component HEI scores are the result of using a more accurate 

measure of the participants’ actual diet.  

The opportunity exists to further improve the value that the WIC food packages 

contribute to diet quality. When the WIC food packages were last updated, studies demonstrated 

improvements in diet quality and increased accessibility to healthy food options (Andreyeva, 

Luedicke, Middleton, Long, & Schwartz, 2012; Andreyeva, Luedicke, Tripp, & Henderson, 

2013; Hillier et al., 2012; Rose, O’Malley, Dunaway, & Bodor, 2014; Whaley et al., 2012). 

Those studies supported implementation of National Academies of Science, Engineering, and 

Medicine (NAS) expert recommendations for revisions to the WIC food packages. Those 

recommendations, released in 2017 have yet to be implemented. They advocate for increasing 

the voucher levels for fruits and vegetables by redistributing legumes and peanut butter 

allowances in a manner that is cost neutral while enhancing the quality of the WIC food 

packages (National Academies of Sciences, Engineering, 2017). It also demonstrates the need to 

implement a systematic approach to ongoing evaluation of the WIC program, as dietary patterns 

change over time as should WIC food supplements. 

Finally, Medicaid is an important consideration for both national and state policymakers 

because it is funded by both. WIC supplementation is known to reduce the number of pre-term 

and low birth-weight infants and is associated with lower pregnancy related health costs 

(Coleman et al., 2012; El-Bastawissi et al., 2007). Preterm births alone cost the U.S over $26 
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billion a year, with average first year medical costs for a premature and/or low birth-weight baby 

of $33,096 compared to $3,942 for a baby born without complications (Thanh, Toye, Savu, 

Kumar, & Kaul, 2015). By improving the nutrition and subsequently the diet quality of enrollees 

in the WIC program, improvements in chronic conditions and reduced healthcare costs can be 

achieved. In a study of WIC mothers on Medicaid, the probability of neonatal intensive care unit 

(NICU) admissions decreased significantly (Sonchak, 2016). Another study published over 15 

years ago, showed that among mothers on Medicaid, each dollar spent on WIC saved the state at 

least $1.77 to $3.13 in healthcare costs (Devaney, Bilheimer, & Schore, 1992). Given the rapidly 

escalating cost of healthcare, a similar study conducted today would likely show much greater 

savings. These studies speak to the urgent need for more research about the influence of WIC 

food supplementation on diet quality, without which there will be no evidence-based cost neutral 

options to maximize the program to further improve health outcomes.  

This study also fits into the current debate about nutrition policy. The calendar year 2019 

budget released by the White House proposed reduced overall funding for the WIC program. 

These proposed budget cuts are concerning in the context of inflation rates that increases costs 

across the consumer index including food. The consumer price index (CPI) reported that food 

costs rose 1.7% from January 2017 to January 2018, including an increase in grocery store item 

costs were 1.0 % higher than in January 2017 representing the largest increase since May 2014 

(E. R. S. United States Department of Agriculture, 2018). As a result, WIC food packages are 

affected by price increases. For example, prices for fresh fruits rose 1.7% and are up 4.5 percent 

compared with January 2017, with projections that food  prices will continue to increase in 2018 

(E. R. S. United States Department of Agriculture, 2018). This means that the WIC 



 76

supplementation of healthy foods will not go as far, leaving economically vulnerable pregnant 

women to fill the gap between the WIC supplements and their total food requirements.  

Research linking low diet quality to adverse health outcomes are well established and 

epigenetic studies consistently demonstrates that adverse fetal conditions result in outcomes that 

transgress multiple generations of offspring. Thus, reduced funding for WIC and other food 

supplemental programs is highly likely to result in an increase prevalence of adverse pregnancy 

outcomes and associated health care costs for generations. Misguided attempts at cost savings 

among food assistance programs contradicts the intent to minimize health cost and improve 

health outcomes. 

Strengths and Limitation  

A primary strength of this study was the use of FoodFoto™ to collect nutritional intake 

data. FoodFoto™ eliminates the need for participants to recall what they ate and accurately 

captured the food images. The photos are taken at the point of consumption thereby limiting 

participant burden and recall bias. An additional strength of FoodFoto™ is that it provides 

repeated measures of dietary intake thought pregnancy that account for variance in the diet over 

time.  

However, the method remains subject to desirability and reporting selection bias because 

participants decide what foods are photographed and the number of photos. While early 

indicators suggest that FoodFoto™ provides improved data quality versus traditional memory-

based dietary recall methods, further validation testing is required. Insufficient data to conduct a 

pre-and post-2009 WIC food package revision comparison to determine changes to diet quality 

among pregnant women is a limitation. In addition, the study sample size was small and 

therefore the results cannot be generalized to a nationally representative sample or suggest causal 
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inference. This is particularly pertinent since WIC programs are administered at the state level 

and vary in terms of the types and quality of the food packages that are provided, so direct 

comparison across states is not possible.  

This study supports the critical importance of food supplementation and its contribution 

to higher diet quality. More research is needed about the role of diet quality and health outcomes 

for pregnant women and children. Additional studies that assess diet quality and pregnancy 

outcomes longitudinally would add to the body of knowledge on epigenetic studies that 

examined the impact of adverse conditions for the fetus on multiple generations of offspring. 

Those studies have clearly shown that the benefits extend well beyond the current generation 

through epigenetic mechanisms (Adalsteinsson & Ferguson-Smith, 2014; Daxinger & Whitelaw, 

2010). That research exposes the chilling reality that the nutrition status of pregnant women 

determines the health status of future generations. 

Conclusion 

The purpose and intent of the WIC program is to improve the health and nutrition of 

vulnerable women and children. Evaluating dietary intake with modern image-based methods 

like FoodFotoTM could help relieve some of the limitations posed by self-reported intake data 

thereby improving data quality for dietary evaluation. Improvements in diet quality and health 

outcomes stemming from the WIC program demonstrate its value and the associated cost savings 

that could be realized through improved maternal and neonatal/child health outcomes. Adoption 

of the National Academies’ proposed WIC food package revisions would enhance diet quality 

for pregnant women and support stronger conformance with the DGA. A regular review cycle 

for the WIC food packages in alignment with the DGA is suggested to ensure the program 

maintains conformance with dietary recommendations.  
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This study adds to the body of knowledge that consistently demonstrates that the WIC 

program improves nutritional intake and health outcomes. In relationship to diet quality, higher 

proportions of WIC foods were significantly associated with higher diet quality scores. These 

findings are an essential tool to inform public policy in budgetary decisions and programmatic 

reforms. Lower budget allocations for WIC are counter intuitive and could result in additional 

health care costs. The health and nutrition of a quarter of pregnant women and over half of 

children in the U.S. would benefit from higher diet quality, improved health outcomes, and lower 

healthcare costs. 
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Chapter 5. Discussion, Implications, and Recommendations 

 The Women, Infants, and Children program is a population based supplemental nutrition 

program aimed at reducing health disparities among pregnant women and children. The focus of 

this dissertation titled “Diet Quality Among Pregnant Women Associated with Food 

Supplementation from the Women, Infants, and Children Program” was to describe diet quality 

among a cohort of pregnant women receiving WIC food supplementation. In addition, we sought 

to estimate the contribution that WIC food supplements make to overall diet. Chapters 2, 3, and 4 

are manuscripts that addressed the specific aims of the dissertation. This final chapter provides a 

summary of major findings, overall strengths and limitations of the study, implications for 

policymakers and nursing, and directions for future research.  

Summary of Findings 

Aim 1. Systematically review and synthesize the existing literature on the reported diet 

quality of women and children enrolled in the WIC food supplementation program. The 

systematic review identified 5 studies that examined diet quality associated with WIC 

supplementation. The inclusion criteria were US based quantitative study designs using valid 

measures of diet quality, published in English from 2009 onwards. The earliest study that met 

our inclusion criteria was published in 2014 demonstrating how long it took for the revisions to 

the food packets be studied. The healthy eating index (HEI) was the most common instrument 

used to measure diet quality across the studies. This instrument is an appropriate choice because 

it assesses conformance to the Dietary Guidelines for Americans (DGA) that is the standard used 

to define the foods within the packages. The most common means of capturing dietary intake in 

the studies was the 24-hour recall method. While commonly used, self-reported dietary intake 

methods pose self- report bias leading to measurement error. Critics argue that their singular 
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reliance on participant memory-based recall is inadequate because of its association with 

significant under reporting bias. None of the studies used emerging technology-based methods 

such as smart phones or wearable devices to measure dietary intake despite the growing body of 

literature about their capacity to reduce the potential for reporting bias.  

The published studies reported that diet quality scores (measured by the HEI) ranged 

between 53 to 65 for children and from 46 to 60 for women receiving WIC food supplements. 

The few studies available all reported that WIC diet quality and conformance with DGA 

improved following the 2009 food package revisions. More research is needed to better 

understand the WIC supplementation components that provide the greatest contribution to diet 

quality. The review findings are relevant for ongoing nutrition policy development at the federal 

and state levels.  

Aim 2. Describe total and component HEI-2010 diet quality scores of a sub-group of 63 

women in the BEAM study enrolled in the WIC program by ethnicity, education, employment, 

income level, concurrent Supplemental Nutrition Assistance Program (SNAP) benefits and body 

mass index (BMI). The mean HEI-2010 score for the sample was 51 (SD=9.7) out of a possible 

100 points and the range for the cohort was 32.2 – 71.3. The findings showed that intake of total 

and whole fruits and whole grains was at or below the 30th percentile for the HEI scoring 

standards and conversely sodium and refined grain intake was high. However, the cohort scored 

close or equal to the overall national average for fatty acids, total vegetables, green beans, and 

dairy. With the exception of age, there were no significant differences in demographic 

characteristics among the participants. Further, the effect sizes for education (d=1.26), 

employment (d=0.34), income (d=0.48), concurrent SNAP and WIC (d=0.25), BMI (d=0.40) and 

type of health insurance (d=0.32), were highly suggestive of positive relationships that could 
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reach significance with a large sample size. This was especially clear with increased education 

where the effect size was strongly associated with higher diet quality. When accounting for the 

difference in the number of food photos submitted by each participant there were no differences 

in the total scores based on the number of food photos in the data set, which could potentially 

reduce participant burden. This is relevant because it suggests that that a lower volume of photos 

did not influence the HEI scores. The relationship between HEI scores and the number of photos 

submitted is graphically presented in Figure 9.  

The findings in this study are consistent with the total and food component score in the published 

studies summarized in the 

systematic review paper 

(chapter 2).   

Aim 3. Estimate the 

contribution that WIC 

approved foods makes to the 

total HEI-2010 scores. The 

pregnant women with a 

higher proportion of WIC 

approved foods in their diet were hypothesized to achieve higher HEI-2010 diet quality scores. 

 This is one of the first studies to use image-based data to estimate nutritional intake and 

the associated diet quality. The study provided an accurate way to quantify the type and amount 

of WIC approved foods in the participant’s diet. The food images were captured throughout 

participation in the study. All food codes that resulted from individual analysis of the images 

were aggregated to compute the HEI scores. However, to estimate the density of WIC approved 

Figure 9 Number of Food Photos Submitted and HEI-

2010 Total Scores 
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foods in the total diet, all of the food codes were included and the proportion of WIC to non-

WIC was calculated.  

The proportions of WIC approved foods included in the diets varied widely. This is 

problematic in terms of the findings that showed there was a significant association between a 

higher density (proportion) of WIC food codes and the total HEI. The regression analysis 

indicated that with every 1% increase in the number of WIC foods consumed, the diet quality 

scores increased 0.65 HEI points. Further descriptive analysis of differences in the total HEI 

scores by quartiles showed that higher proportions of WIC foods in the diet were associated with 

higher diet quality scores. Most notably, the mean score for participants with the highest 

proportion WIC food in their diet (31.5% - 46%) was 62.3, significantly higher than the national 

average. The findings support the hypothesis that WIC food supplementation significantly 

improves diet quality among the pregnant women enrolled in the program.  Based on this 

finding, it seems critical to identify ways to increase the proportion of WIC foods in the diet to 

optimize diet quality for low income women, perhaps through increased access to WIC foods 

and more nutrition education. The findings also suggest that further optimization of the WIC 

food package could improve diet and subsequently health outcomes of the program participants.  

Strengths and Limitations 

This is one of the first studies to measure diet quality using an image-based dietary intake 

method. FoodFotoTM eliminates the need for participants to recall what they ate and accurately 

captures images of their dietary intake at the point of consumption. This limits participant burden 

and removes the bias associated with memory-based recall methods. The use of an image-based 

method also provides an objective alternative to commonly used memory-based dietary intake 

methods because analysts have a picture of the food that is actually eaten. Other studies 
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evaluating diet quality primarily use one or two 24-hour recall periods to calculate scores. Adults 

are known to underreport intake. Furthermore, there is no way to validate self-reported data. In 

the parent study, participants were not aware that WIC approved food consumption was being 

evaluated and therefore their reporting of those foods was likely to have been unbiased.  

However, the method remains subject to desirability and reporting selection bias because the 

participants decide what foods they photograph and the number of photos taken. An additional 

strength of the current study is that the diet data was aggregated from repeated measures of 

dietary intake taken throughout participation in the study. This adds value because it captures the 

natural variance in diet that occurs over time.  

In addition to the small sample size and limitations specified in Chapter 4, the results 

could have been influenced by recruiting more motivated women to the study. It is possible that 

women who enrolled were more health-conscious mothers and therefore likely to enroll in WIC 

and who tend to have improved pregnancy outcomes.  In the parent study, pregnancy outcomes 

were unusually good suggesting that the study itself became an intervention of sorts. 

Participation in research always carries a degree of bias because participants who tend to enroll 

are motivated to do so for specific reasons. Therefore, it is not foreseeable that the findings 

reported here could differ in either direction if the participants were from a source that randomly 

selected women from the population as a whole. However, that ideal was not an option and 

demographic characteristics suggest that it was closely matched to the lower socioeconomic 

strata of African American women in Baltimore city. As such, the improvements to diet quality 

from participation in the WIC program can be applied to similar inner city predominantly 

African American populations, but not to the broader populations. Moreover, food included in 

the WIC packages varies across states and therefore the benefit demonstrated in these findings 
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cannot be assumed or applied in other states. Given that WIC programs are locally administered, 

the benefits that are provided to participants vary across time and place. Last, the HEI-2015 

version updated the scoring standard in 2017 during the data analysis stage of the study. In the 

revised version changes were made to better align the components with the  updated version of 

the DGA that emphasizes limiting sugars and saturated fats (Dietary Guidelines Advisory 

Committee, 2015). The revised instrument would unlikely change the scores, but this difference 

supports the need for additional research using the updated HEI instrument. 

Implications for Policymakers and Nursing Practice 

It was not altogether surprising to find that the mean total HEI-2010 score for the study 

was lower than the national average. Low scores are expected among such low-income 

participants. Higher income is associated with higher diet quality (Drewnowski et al., 2016; 

Rehm et al., 2015) primarily because those individuals have the resources to afford a healthier 

diet. In this study, three quarters of the women reported a combined household income of less 

than $25,000 annually. Low income combined with the high unemployment rates likely 

compounded the lack of the necessary resources to purchase additional high cost, and high-

quality foods such as whole fruits, vegetables, and whole grains. In addition, fruits and 

vegetables do not satiate the appetite as quickly or for as long as high fat, high protein meals 

increasing the cost of a healthy diet. For this group of women, $5 goes a lot further at a fast-food 

restaurant than it does in a grocery store where the food you buy often requires other resources 

such as gas and electricity to cook it. This reality suggests how vital food supplementation 

programs are for groups who existed below the poverty level. For the women in this study, their 

economic status was such that the WIC supplements they received likely provided the bulk of 

their healthy foods that otherwise would be unaffordable. Given these factors, without WIC the 
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mean HEI score for these participants could have been significantly lower. The analytic process 

allowed a better understanding of the meaning of the diet quality scores and uncovered 

suggestive effect sizes based on the proportion of WIC foods that related to higher diet quality. 

The key finding was that diet quality of a program cannot be judged only by the total scores 

alone. By delving further into the data and conducting additional analyses, I gained a fuller 

understanding about the variation in diet quality level within the group.  

Studies support the value and improvement of health outcomes in association with WIC 

participation, specifically the relationship with decreased low birth weight, decreased fetal 

mortality, and earlier access to prenatal care (Abrams, 1993; Bitler & Currie, 2005; Caan, 

Horgen, Sheldon Margen, King, & Jewel, 1987; Kowaleski-Jones & Duncan, 2002; Rush et al., 

1988). These findings were replicated in a recent study that investigated the impact of the WIC 

program on infant health outcomes, which showed that WIC participation was again associated 

with an increased birth weight and length of gestation, decreased probability of low birth weight, 

and Neonatal Intensive Care Unit admission (Sonchak, 2016).  

The critical importance of improving pregnancy outcomes is also evident in findings 

from epigenetic studies that examined the impact of adverse conditions for the fetus on multiple 

generations of offspring. Those studies have clearly shown that the benefits extend well beyond 

the current generation through epigenetic mechanisms. Epigenetic modifications are widely 

accepted to play a critical role in the regulation of gene expression and thereby contribute to the 

phenotype via transgenerational inheritance (Adalsteinsson & Ferguson-Smith, 2014; Daxinger 

& Whitelaw, 2010). That research exposes the chilling reality that the nutrition status of pregnant 

women determines the health status of future generations. Since the vast majority of this 

population are reliant on entitlement programs, expanding benefits such as WIC food 
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supplements - that optimize outcomes for today’s generation - are a wise investment in 

tomorrow.  

This study fits into the broader discussion about nutrition policy and it is timely to the 

national debate. The calendar year 2019 budget released by the White House reduced the overall 

funding for the WIC program from $6.5 billion in 2017 to $5.8 billion proposed for 2019. The 

proposed budget cut is even more concerning in the context of the current rate of inflation that 

increases costs across the consumer index including food. The consumer price index (CPI) 

reported that food costs rose 1.7% from January 2017 to January 2018. In particular, grocery 

store or supermarket food item costs were 1.0 % higher than in January 2017 representing the 

largest increase since May 2014 (E. R. S. United States Department of Agriculture, 2018). Foods 

offered in the WIC program are affected by price increases. For example, egg prices increased 

0.5% from December to January and are currently 2.5% higher that January 2017 levels. 

Similarly, prices for fresh fruits rose 1.7%  in the same time frame and are up 4.5 percent 

compared with January 2017, with projections that food  prices will increase by an additional 1.5 

to 2.5 percent in 2018 (E. R. S. United States Department of Agriculture, 2018). This means for 

WIC will provide significantly lower amounts of healthy foods, leaving profoundly economically 

deprived pregnant women to fill the gap between the WIC supplements and their total food 

requirements.  

Research linking low diet quality to a plethora of adverse health outcomes are 

unequivocal. Compounding that is the emerging epigenetic research that demonstrates that 

adverse fetal conditions result in outcomes that transgress multiple generations of offspring. In 

light of that body of knowledge, reduced funding for WIC and other food supplemental programs 

is highly likely to result in an increase prevalence of adverse pregnancy outcomes and associated 



 87

health care costs for generations. Misguided attempts at cost savings contradict the national 

agenda to minimize health cost while improving health outcomes. When the WIC food packages 

were last updated, studies demonstrated improvements in diet quality and increased accessibility 

to healthy food options. The National Academies of Science, Engineering, and Medicine (NAS) 

expert recommendations are waiting for implementation into the WIC program by USDA. As 

described in Chapter 4, the recommendations increase the voucher levels for fruits and 

vegetables by redistributing legumes and peanut butter allowances. An important point to note is 

that the framework of proposed changes is cost neutral. Thus, it is possible to enhance the quality 

of the WIC food packages without increasing the cost to improve nutrition and health outcomes 

for participants in the program. It also demonstrates the need to implement a systematic approach 

to ongoing evaluation of the WIC program, as dietary patterns change over time. 

 This dissertation provides important considerations for state level policymakers. States 

hold the authority to enhance their WIC food packages as long as they meet the national 

minimum standards. While not required, states have the option to implement the expert 

recommendations from the NAS and maximize the allowable foods within the WIC food 

packages that are offered in order to improve nutrition and health outcomes.  

Medicaid is an important consideration for both national and state policymakers. The 

Medicaid program is both federally and state funded and administered. In this study, over 80% of 

women in the sample were covered by Medicaid. WIC supplementation is known to reduce the 

number of pre-term and low birth-weight infants and is associated with lower pregnancy related 

health costs (Coleman et al., 2012; El-Bastawissi et al., 2007). Preterm births alone cost the U.S 

over $26 billion a year, with average first year medical costs for a premature and/or low birth-

weight baby of $49,033 compared to $4,551 for a baby born without those complications 
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(Behrman & Butler, 2007). For very low birth-weight babies, a shift of one pound in the birth 

weight saves approximately $28,000 in medical costs in the first year if life (Rogowski, 1998). 

By improving the nutrition and subsequently the diet quality of enrollees in the WIC program, 

improvements in chronic conditions and reduced healthcare costs can be achieved as clearly 

demonstrated in published studies. For example, a study of WIC mothers on Medicaid found that 

the probability of neonatal intensive care unit (NICU) admissions decreased significantly 

(Sonchak, 2016). While dated, another study showed that among mothers on Medicaid, each 

dollar spent on WIC saved the state at least $1.77 to $3.13 in healthcare costs (Devaney et al., 

1992). Given the rapidly escalating cost of healthcare, a similar study today would likely show 

much greater savings. These studies speak to the urgent need for more research about the 

influence of WIC food supplementation, without which there will be no evidence-based, cost 

neutral options to maximize the program that further improve health outcomes.    

Nursing can play a central role in evaluating dietary intake, providing nutrition education, 

assessing pregnant women’s eligibility for the WIC program, and referring those who qualify to 

local program offices. These study findings serve to inform nurses who interact with pregnant 

women about WIC services and education aimed at improving nutritional intake. Further, 

nutrition content across nursing curricula is essential to help nurses understand the critical 

importance of diet to health. Well informed nurses in clinical practice are positioned to integrate 

diet assessment into care and patient education for all patients, but particularly pregnant women.   

Conclusion and Implications for Future Research 

 Diet quality in pregnant women is complex in nature. Improvements in diet quality and 

health outcomes stemming from the WIC program demonstrate the value of the WIC 

participation and the potential associated cost savings. This current study adds to the body of 
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knowledge which has consistently shown that the WIC program improves nutritional intake and 

subsequently diet quality. These cumulative findings are an essential tool for policymakers 

making budgetary decisions and programmatic reforms.  

 In this study, the finding that increased consumption of WIC approved foods was 

associated with higher diet quality supports findings from other research focused on this topic. 

While the sample size of this study was small, effect sizes warrant further research with a larger 

sample size. It is necessary to continue to conduct research on this topic to refine our 

understanding of WIC and further assess its impact in order to inform public policy. Finally, the 

findings support policy changes to expedite updating the WIC food packages to align with the 

NAS recommendation. WIC is a valuable program and its integrity should be protected to reach 

the overarching aim of improving pregnant women and children’s nutrition as a means to 

optimize health outcomes and minimize healthcare costs. 
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Table 11  

Differences in HEI-2010 Component Scores by Demographic and Anthropometric Variables 

 
Demographic Total 

Fruit 

Whole 

Fruit 

Total 

Vegetable 

Greens 

& Beans 

Whole 

Grains 

Dairy Total 

Protein  

Seafood 

& Plant 

Protein 

Fatty 

Acids 

Refined 

Grains 

Sodium Empty 

Calories 

 �̅(SD) �̅(SD) �̅(SD) �̅(SD) �̅(SD) �̅(SD) �̅(SD) �̅(SD) �̅(SD) �̅(SD) �̅(SD) �̅(SD) 

Age (years)             

<22 1.2(1.3) 1.2(1.5) 3.2(1.2) 2.2(1.7) 1.7(2.3) 4.9(1.8) 4.8(0.6) 2.7(1.9) 5.3(1.9) 4.4(2.8) 1.8(2.7) 14.8(5.1) 
>23 
 

1.7(1.5) *2.3(1.8) 3.6(1.1) *3.2(1.8) 2.0(2.3) 5.3(1.7) 4.9(0.4) 3.4(1.7) 5.6(1.9) 4.7(2.6) 1.5(1.8) 15.9(3.7) 

Education             
<High school  1.1(1.2) 1.3(1.5) 3.2(1.2) 2.3(1.7) 1.9(2.5) 5.1(1.6) 4.9(0.4) 3.2(1.8) 5.4(2.0) 4.5(2.9) 1.7(2.4) 14.6(5.0) 
Some college  *2.0(1.6) *2.3(1.8) 3.7(1.0) *3.2(1.8) 1.7(1.8) 5.0(2.0) 4.8(0.6) 2.7(1.8) 5.5(1.8) 4.7(2.3) 1.8(2.3) 16.7(3.2) 
 

Employment 

            

Unemployed 1.3(1.6) 1.4(1.5) 3.3(1.1) 2.3(1.7) 1.6(2.4) 5.2(1.9) 4.8(0.5) 3.0(1.9) 5.6(2.0) 3.6(2.5) 1.6(2.1) 15.2(5.2) 
Employed 

 

1.5(1.3) 1.9(1.8) 3.5(1.2) 2.9(1.9) 2.0(2.1) 5.0(1.6) 4.8(0.5) 3.0(1.8) 5.4(1.8) *5.2(2.7) 1.8(2.5) 15.3(4.1) 

Income             
<24,999 1.1(1.1) 1.4(1.4) 3.3(1.2) 2.5(1.7) 1.9(2.4) 4.8(1.6) 4.9(0.4) 3.0(1.8) 5.5(1.9) 4.7(2.7) 1.5(2.3) 15.0(4.9) 
>25,000 

 

*2.3(1.9) *2.4(2.1) 3.6(1.1) 2.9(2.1) 1.7(1.8) 5.7(2.0) 4.7(0.7) 3.0(1.9) 5.3(2.1) *4.2(2.7) 2.2(2.4) 16.2(3.5) 

Supplements             
WIC only 1.4(1.4) 1.5(1.6) 3.3(1.2) 2.5(1.8) 1.8(2.3) 5.2(1.9) 4.8(0.6) 2.7(1.9) 5.2(1.9) 4.6(2.9) 2.0(2.7) 15.1(4.7) 

WIC & SNAP 
 

1.6(1.4) 2.0(1.8) 3.4(1.3) 3.0(1.8) 1.8(2.3) 4.8(1.3) 4.9(0.3) 3.6(1.6) 5.8(1.8) 4.5(2.4) 1.2(1.5) 15.7(4.4) 

BMI             
<24.9 1.6(1.6) 1.6(1.7) 3.2(1.1) 2.7(1.6) 1.9(1.9) *6.1(1.9) 4.8(0.6) 3.1(1.7) 4.9(1.8) 4.5(3.0) 1.4(2.4) 14.8(5.3) 

>25 
 

1.4(1.3) 1.7(1.7) 3.4(1.2) 2.6(1.9) 1.8(2.4) 4.7(1.5) 4.8(0.5) 3.0(1.9) 5.7(1.9) 4.6(2.6) 1.8(2.3) 15.5(4.3) 

Insurance             

Medicaid 1.4(1.4) 1.6(1.7) 3.3(1.2) 2.5(1.8) 1.7(2.3) 5.1(1.8) 4.9(0.4) 3.0(1.8) 5.4(2.0) 4.2(2.6) 1.6(2.2) 15.6(4.1) 
Private 1.4(1.5) 1.9(1.8) 3.7(1.2) 3.3(1.5) 2.4(2.1) 4.8(1.2) 4.8(0.7) 3.1(1.9) 5.7(1.7) *6.2(2.7) 2.4(2.9) 14.0(6.4) 

*p<0.05 


