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ABSTRACT 

 

Background: Diet diversity (DD), a measure of variety, is an indicator of diet quality. 

Individual diet diversity scores (DDS) can be determined by measuring how many 

food groups are represented in a person’s diet, as well as the serving size of each 

portion associated with food groups within a 24-hour period.  

Aim and Hypothesis: The primary aim of the study was to evaluate how household 

composition effects individual DDS within an urban population of White and African 

American adults, stratified by race and socioeconomic status (SES).  

Subjects: The sample contained 1,610 White and African American adult participants 

from Wave 3 of the Healthy Aging in Neighborhoods of Diversity across the Life 

Span (HANDLS) study. 

Methods: DD was calculated by two methods, food scores (DDFS) and serving scores 

(DDSS) using an adapted version of the Healthy Eating Index (HEI)-2010 adequacy 

components food groups. DDFS were calculated by assigning one point for food 

consumed from one of eight HEI-2010 adequacy component groups (maximum score 

= eight). DDSS were created using the HEI scores for the same eight food groups, 

scoring between zero and five depending on servings consumed (maximum score= 

forty). Household composition was defined as (1) children and spouse always present 

(2) children always present with spouse never present, (3) no children present with 

spouse always present, and (4) no children, spouse never present. 
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Statistical Analysis: Linear regression models were used to analyze the relationship 

between DDS and household composition, adjusting for the following covariates: sex, 

race, age, SES, and education. Interaction terms of race*SES and race*sex were also 

included in the final model.  

Results: Households with children, but no spouse present have the lowest unadjusted 

DDSS, [White: 15.69(± 0.589); African American: 15.58 (± 0.353) p=0.885]. The 

highest unadjusted DDSS were found for households with no children, and a spouse 

always present, [White:18.09(± 0.434); African American: 16.60(± 0.422) p=0.020]. 

Household composition did not have a significant effect on DDFS or DDSS in the 

regression analyses when scores were adjusted for demographics. Sex, age, education, 

and the interaction of race*SES were significantly associated with both DD scoring 

methods. 

Conclusion: Regardless of household composition, DD was better for White 

compared to African American and for higher SES groups compared to lower SES 

groups. Older White women with high SES, and a high school diploma had a higher 

DDSS than all other race-sex groups. Household composition did not affect the overall 

variety of the diet of the HANDLS participants. Variety is an essential component of a 

healthful diet and although household composition was not significant, other more 

comprehensive measures of diet quality could be influenced by household 

composition. 
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Chapter 1 

 DEFINITIONS 

Diet Quality 

There is no standardized definition for diet quality within the literature. It is 

understood however that diet quality is dependent upon a person’s whole diet and the 

types of foods or nutrient composition related to them. 1 For the purpose of this study, 

diet quality was measured in terms of DDS. 

Diet Diversity 

Diet diversity is defined as the number of different foods or food groups 

consumed over a given reference period. 2 A diet diversity score (DDS) is calculated 

using a point-based scoring system based on food group consumption designed by an 

organization such as the Food and Agriculture Organization (FAO) or other 

researchers. A higher score denotes a higher diet quality, while a lower score denotes a 

lower diet quality. Minimum and maximum scores can vary based on the population 

being studied as well as the number of food groups included, so it is important to make 

this apparent when disseminating results. For this thesis, DDS were calculated using 

two different methods, the food score and the serving score. 

Diet Diversity Food Score (DDFS) 

Diet diversity food scores (DDFS) are used to determine overall consumption 

of a food group. If any amount of a food group is consumed within a study day, that 
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person receives a point for that food group. Points for this kind of analysis are often on 

the lower side because it is meant to only show access to food. For this study, a score 

from zero to eight was possible because of the maximum of eight food groups 

included. As an example, if all a study participant consumed in a day was a ham and 

cheese sandwich on whole grain bread, then they would receive a point in the total 

protein, dairy, and whole grain category for that day, totaling three points. 

Diet Diversity Serving Score (DDSS) 

Diet diversity serving scores (DDSS) show the total amount from each of the 

eight food groups consumed in a 24-hour period. Since these scores are based off of 

the Healthy Eating Index (HEI)-2010, a point is received every time a particular 

serving size is reached in a food group, with a maximum of five points per food group 

being allotted. 3 With a range of zero to five within each food group in this scoring 

system, it allows a more comprehensive view of a participants diet, and in turn, overall 

diet quality. A higher score was indicative of multiple servings being consumed, 

leading to a higher diet quality. Scores in this study for DDSS can range from zero to 

forty.  

Household Composition 

 Household composition is defined by the amount of people living together under one 

roof and their relationships to each other. 4 Household composition has been seen to 

have an effect on economic stability, mental stability, employment levels, and diet 

quality. 5-7 In the literature, family structure is often a word used interchangeably with 

household composition. Household composition was broken down into four groups; 
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(1) children and spouse always present (2) children always present with spouse never 

present, (3) no children present with spouse always present, and (4) no children, 

spouse never present, for this study to determine reasons for differences in diet quality 

based on the environment in which people live. 

Literacy  

Literacy is defined as “the ability to use printed and written information to 

function in society, to achieve one’s goals and to develop one’s knowledge and 

potential.” 8 It’s been found that about half of the American population has difficulties 

with reading and comprehension skills. 9 This finding may also effect a persons ability 

to read and understand recommendations about ones health, otherwise known as 

health literacy. Throughout HANDLS data, the Wide Range Achievement Test-3 

(WRAT-3) has been used to evaluate literacy. 10 Kuczmarski and colleagues found an 

independent and synergistic association of literacy and education with diet quality 

measured by the HEI-2010 for this HANDLS population.11 
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Chapter 2 

REVIEW OF THE LITERATURE 

Diet Variety and Quality 

Diet variety is defined as eating foods from various food groups. Variety is 

often viewed to improve eating patterns by providing the vitamins, minerals, and 

macronutrients that are required for optimum health. 12 Increasing the variety of food 

choices can shift the focus from individual foods to the quality of the total diet. 

Therefore, diet variety is an essential component to ensure high diet quality. 13 

Healthy Eating Index  

The HEI-2010 is known to be a valid and reliable indicator of diet quality, 

which was created to document compliance to the Dietary Guidelines for Americans 

(DGA) 2010. 3 The original HEI-1995 included a component on variety. To receive 

the maximum score for this component an individual needed to consume 16 or more 

different foods over a three-day period. Less than one-third (32.8%) of the United 

States (US) population examined in the Continuing Survey of Food Intake by 

Individuals 1999 achieved the recommended amount of variety in dietary patterns. 14  

Later versions of the HEI dropped this component even though the DGA has 

continually recommended the public to consume a wide variety of foods. 15 The HEI-

2010 is comprised of a pre-determined list of foods and portion sizes in which each 

individuals diet can be applied to measure compliance to the DGA. This measure has 

been inversely associated with cardiovascular disease, cancer, and all-cause mortality. 

16,17 
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The HEI-2010 has also been used to measure national progress towards federal 

goals. Wilson et al used National Health and Nutrition Examination Survey 

(NHANES) data from 1999-2000 and 2011-2012 to calculate a national mean HEI 

score of 49 (out of 100) in 1999-2000, which increased to a 59 in 2011-2012, showing 

vast improvement. 18 Although the average total HEI increased, it may not be 

increasing at rate fast enough to reach the Healthy People 2020 goals for diet. 18 These 

findings suggest that national improvements in diet quality are required. Diets of low 

socioeconomic, diverse populations are often low quality, and may be targeted for 

improvement. In addition to the HEI, there are various other known ways to determine 

an individual’s diet quality. This study focused on the assessment of diet quality 

indicated by DDS. 19 

Diet Diversity Scores 

The term diet diversity has been used interchangeably with the term diet 

variety within the literature. While variety seems to be difficult to quantify, diet 

diversity generally has a score related with it. Diet diversity is defined as the 

consumption of a number of different foods or food groups over a given reference 

period. 2 DDS have been seen to be as good of a predictor of dietary and disease risk 

biomarkers when compared to the HEI. 20 Unfortunately, consuming a diet high in 

diversity is something that many populations in the United States have difficulty 

achieving on a daily basis. 21 

DDS are often used in developing countries to determine a family’s or 

individual’s access to food. While this is how diversity scores began, they are 
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beginning to be more widely used in developed areas such as Canada 22, Asia 23, and 

the United States 20,21, and confirm the well-documented positive relationship as an 

alternate measure of diet quality 24.  

DDS for an individual (IDDS) or a household (HDDS) can be used as a diet 

quality indicator. IDDS attempt to show the range of food groups and micronutrient 

content in a person’s diet, while HDDS are meant to provide an indication of 

household economic access to food. 25 For this research study, DDS were used. 

In 2013, the Food and Agriculture Organization (FAO) published preliminary 

guidelines for measuring IDDS. In these guidelines, the FAO showed an example of 

how a DDS would be calculated. Before a score is generated, a 16-item questionnaire 

reflecting 24-hour dietary intake is completed (Appendix A). The food intake is then 

grouped, in this case, into 14 food groups for determining IDDS scores. These food 

groups provided by the FAO include cereals, vitamin A rich vegetables and tubers, 

white tubers and roots, dark green vegetables, other vegetables, vitamin A rich fruits, 

other fruits, organ meat, flesh meats, eggs, fish, legumes (nuts and seeds), milk/milk 

products, oils and fats, sweets, and finally, spices/condiments/beverages. 25 

Information on consumption of individual food groups can also be used to 

investigate dietary patterns. 25 However, there is no international consensus on which 

food groups to include in the scores, so it is recommended that the population, and 

their most popular food groups, be taken into account before administering the 

questionnaire. 25 To calculate scores, the FAO states that it is up to the research team to 

determine gram weights for cut offs for food in order to gain a point for DDS. Once 
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total scores are generated, tertiles are sometimes used in data analysis. These tertiles 

are population-defined, thus not standardized, therefore they cannot be used across 

different studies. 26 Since low diet qualities are prevalent, it is pertinent to look at them 

from different approaches. Calculating DDS’s is another way to look at diet quality 

while having the freedom to alter food groups based on the population being studied.  

Individual Diet Diversity Scores 

IDDS are meant to reflect the nutritional quality of the diet. 25 Scores have 

been positively correlated with adequate macronutrient and micronutrients in adults. 

2,23 In five out of seven studies reviewed by Ruel, dietary diversity scores were 

strongly associated with a positive micronutrient adequacy. 27 IDDS have been used to 

determine micronutrient consumption largely in women 23,28-30, infants (6-24mo) 31,32, 

and occasionally school children 33, especially in developing countries such as Mali 30, 

Kenya 33, Burkina Faso 28, Vietnam 23, South Africa 29, Madagascar 31, and the 

Philippines 32.  IDDS have not widely been used in stabilized developed countries, 

apart from a study completed in the United States in 1991. 21  

A review of the literature revealed that investigators use either the 24-hour 

recall, or food frequency questionnaire (FFQ) and varying numbers of food groups to 

determine an IDDS (Appendix B). Food groups for each population vary reflecting the 

most commonly consumed foods. In countries where diets are perceived as 

monotonous, fewer groups are represented in the DDS. For instance, participants in 

the Burkina Faso study ranged from a DDS of two to ten (mean 8.3), with fourteen 

being the maximum score available, meanwhile in Vietnam, participants ranged from 
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a score of five to eleven (mean between eight and nine dependent on region), with a 

maximum of twelve food groups available. 23,28 In both studies, neither group of 

participants ate a high enough variety of foods to reach the maximum score. 

Additionally, within the Vietnam population, women from two minority groups had 

significantly lower DDS than those who were native Vietnamese (p<0.001). These 

findings are often attributed to poverty or inaccessibility to food. 23  

Women from Burkina Faso with low scores had basic diets, consuming food 

from only three groups at most. 28 Their diets were generally composed of the 

traditional foods such as cereals, leafy greens and condiments. Women with medium 

to high scores on the other hand generally consumed fish, meat, nuts and sugar. In 

Kenya, school children were found to have a mainly cereal based diet, lacking fruits, 

vegetables, and dairy, leading researchers to discover an inadequacy of intake for 75% 

of all nutrients in the diet. 33 Populations from South Africa, Madagascar, and the 

Philippines also had a diet consisting largely of grains, cereals and tubers, which are 

common characteristics of diets for people with a low socioeconomic status. 29,31,32 

Men, compared to women, are not widely represented in DDS studies because 

micronutrient inadequacies are not as commonly seen among men in developing 

countries. A study done in Mali by Torheim et al. however, used both men and 

women. 30 This study was conducted to examine the association DDS and nutrient 

adequacy scores. To collect the data for nutrient adequacy scores, two days of direct 

weighing of meals (with a cut off of 0.1g per food group) was completed and analyzed 

for specific nutrients such as energy, protein, fat, vitamin A, thiamin, riboflavin, 
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niacin, vitamin C, calcium and iron. A useful contribution of this study was the 

comparison of the two diversity measures in a regression analysis, which showed that 

DDS (based on food groups) is a stronger determinant of nutrient adequacy than a 

food variety score (FVS), which based on individual foods. Many other studies also 

reported nutrients consumed, focusing mostly on women 23,29,31-33 with one study 

finding an IDDS of women were similar to IDDS of men. 30 

In DDS research in developed countries, men are more commonly included. In 

1991, Kant and associates used the NHANES II data to measure dietary diversity, 

focusing on race and sex. 21 This study used only five food groups- dairy, meat, grain, 

fruit and vegetables. Two approaches were used to assess diet diversity- a food group 

score and a serving score based on data collected with a 24-hour recall. For the food 

group score, consuming a food from a specific food group received a score of one, 

resulting in a maximum score equal to five. For the serving score approach, a point per 

food group was given if the individual consumed between 15-30g of the food per day 

(depending on the food group), allowing a maximum score of 20. The investigators 

reported that approximately 65% of whites and 78% of blacks scored below a five on 

the food group score. Additionally, more than 40% of all blacks scored zero to three 

on the food group score as compared to the 25% of whites. Notably, the mean food 

group score increased with age in white men, white women and black women. 

Additionally, with increasing education and income, the diversity scores also 

increased across all sex and race groups. In terms of the serving score, the mean score 
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for men was a 14, while for women it was a 12. Only 16% of the US population 

reported a high score between 17-20. 21 

Household Composition and Diet 

Household composition is often used interchangeably with the term family 

structure, referring to the makeup of a family residing in a household. Household 

composition has been found to be correlated with the amount and types of foods 

consumed in a household. 34 Most research done has focused on food insecurity, and 

its effect on the amount of food available in a household. 35 It has been seen that diet 

diversity and food insecurity are associated; however, to date no studies have been 

found that focus on diet diversity and household composition.  

According to USDA data, households headed by single mothers have had the 

highest rates of child food insecurity whereas people living with a spouse in 

households have the lowest rates (18.7% vs 6.3%). 36 The relationship between living 

alone and food/nutrient intake exists with men and women living alone consuming 

less of fruits, vegetables, meat, seafood, and eggs when compared to cohabitating 

people. 5,37 A cross-sectional study done in Japan on 600 adults focusing on family 

structure and its effect on health and quality of life, showed that families that were 

coupled, or contained two or more people showed the highest proportion of having 

regular meals daily and a healthier overall diet when compared to people who lived 

alone. 7 

Few studies provide evidence that living with a spouse is positively associated 

with food behavior and compliance with dietary guidelines among both men and 
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women. 6,38 In a study done by Davis and colleagues on living arrangements and diet 

patterns, it was found that men who had incomes below the poverty level and were 

living alone had low DDS.  For women, however, it was seen that this association is 

less apparent, and that having a spouse or not does not show a great effect on diet 

diversity. 39  

Parental status has been seen to be a determinant of food behavior for women, 

but not for men. 6 It was also seen that mothers with children under the age of fourteen 

have better diet quality than those with high school aged children. 6,40 Low-income 

mothers are often faced with an inadequate amount of food when money is tight. In 

these situations, children typically eat first leaving the mother with maternal 

deprivation and ultimately a lower diet diversity, measured by different food. 38,41 

Although low-income families may have a lower access to food, it is known that the 

association between family structure and food behavior remains similar regardless of 

which indicator of socioeconomic status is used. 6  

Literacy and Education 

 Literacy is defined as “the ability to use printed and written information to function 

in society, to achieve one’s goals and to develop one’s knowledge and potential.”8  

Health literacy on the other hand is defined by the degree to which individuals have 

the capacity to understand basic health information to make appropriate decisions 

about personal health, is a growing area of research. To be able to understand claims 

and information that is portrayed to the public on major health issues is crucial. In a 

study done by Wiig-Dammann and colleagues, it was found that some women were 
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not sure what was wrong or right when it came to purchasing food for herself and her 

family. 41  

 Inadequate health literacy and education could impact day-to-day decisions on 

buying, cooking, and consuming food, which in turn could lead to a lower diet quality, 

or DDS.  Among the HANDLS study population literacy and education have a 

synergistic relationship in predicting diet quality. Higher educational attainment and 

literacy levels are associated with both higher HEI-2010 and mean nutrient adequacy 

scores. 42 
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Chapter 3 

PURPOSE OF THE STUDY 

The primary aim of this study was to explore the association between household 

composition and DDS in an urban population of African American and White adults.  

 

We hypothesized that individuals that have a spouse present and always have children 

in the household will have a higher DDS than those who do not have a spouse present 

in the house, but always have children present.  
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Chapter 4 

METHODS 

Healthy Aging in Neighborhoods across the Life Span (HANDLS) study and 

population 

 This study was designed as a community-based prospective study that focused on the 

influence of race and socioeconomic status (SES) on health in an urban population. 

The baseline sample (n=3720) included Whites and African Americans ages 30-64 

living in 13 pre-determined neighborhoods in Baltimore, Maryland between 2004-

2009. The study design provided equal sampling of four factors: age, sex, race, and 

SES. 43 

 Data for Wave 3 were collected in two sessions between 2009-2013. The first 

session occurred on the Mobile Research Vehicles (MRV) and the second, by 

telephone. Data collected on the MRV included 24-hr dietary recall, cognitive 

evaluation, medical history, physical examination, and psychophysiology assessments 

such as heart rate variability, arterial thickness, muscle strength and bone density.  The 

second session was scheduled approximately four to ten days after the first session. 

During this session, the second 24-hr dietary recall and dietary supplement 

questionnaire were administered. Only participants completing both dietary recalls in 

Wave 3 (n=2140) were included in the analyses for this study (see consent forms in 

Appendix C). 44  
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Dietary Methods  

The United States Department of Agriculture’s (USDA) Automated Multiple-

Pass Method (AMPM) was used to collect 24-hour recalls. 45 Intake data were 

collected over a 24-hr span from the previous day starting and ending at midnight. The 

AMPM collects data through five steps: quick lists, forgotten foods, time and 

occasion, detailed description, and final probe. These steps enhance the accuracy and 

completeness of the food record from the respondent. 45 A trained interviewer 

conducted both the first and second dietary interviews. In Wave 3, the first interview 

was completed in-person and the second by telephone. Visual aids and a food model 

booklet were given to the respondents to increase accuracy in measuring portion sizes. 

After interviews were completed, foods were coded using Survey Net to match food 

from the Food and Nutrient Database for Dietary Studies (FNDDS), Version 5.0 

(2009-2010). 46 From these codes, energy, macronutrients, and micronutrient intakes 

are calculated.  

Diet Diversity Scores 

Since the HEI is considered a valid and reliable measure of diet quality, we 

judged its scoring system versatile enough for DDS calculations. HEI-2010 total 

scores and DDSS were highly correlated (Pearson correlation = 0.846; p<0.01). The 

data the HEI used to quantify point equivalents to food amounts is based off of 

USDA’s DGA size recommendations, with the highest possible score being 100. 3 

DDS were created using the HEI-2010 adequacy component scores for eight food 

groups. 43 These groups were total fruit, whole fruit, total vegetables, greens and 
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beans, whole grains, dairy, total protein foods, and seafood/plant proteins. HEI-2010 

defines a serving size cut off for each component food group that is tailored to sex and 

age groups (Table 1). Per past research, all DDS are traditionally given the same point 

weight to maintain consistency across food groups. Regardless of the approach, scores 

were calculated for two recall days and then averaged. 

DDFS 

DDFS was calculated by assigning one point if food was consumed in a 

component food group, regardless of the amount eaten, and zero was assigned to 

groups that contained foods not eaten (Table 1). The DDFS provided an idea if a 

person consumed a morsel of food from any of the eight food groups per day. Points 

were summed from each study day individually and then averaged. The maximum 

score possible was eight. 

DDSS 

For all food group components, except whole grains and dairy, the HEI-2010 

scores show a zero to five point range. 3 For whole grains and dairy, groups that had a 

zero to ten point range on the HEI component list, the HEI score was calculated and 

then divided by two, resulting in values that ranged between zero and five in order to 

remain consistent with the other food groups (Table 1).  

To calculate DDSS, like DDFS, the eight HEI-2010 component scores for both 

days were summed and then averaged. Eight groups with a maximum of five points 

each generated the maximum DDSS of 40. To reach the maximum score of 40, an 

individual would have to consume the maximum amount of servings of each of the 
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food groups as determined by the DGA on both days that these 24-hour recalls were 

collected. 15 

Household Composition 

The main variable, labeled household composition, was formed as a result of a 

cross between two other variables from HANDLS data. These variables were answers 

to the question “are you living with any children under 18” (Children or No Children) 

and “does your spouse or significant other live with you” (no, sometimes, always). 

Participants who answered ‘sometimes’ were excluded from analysis because of the 

ambiguity of the word sometimes. Aggregation of the variables resulted in 4 distinct 

categories: (1) Children in the house as well as a spouse always present. (2) Children 

in the house, but never has a spouse present. (3) No children in the house, but always 

has a spouse present. (4) No children in the house and never has a spouse present. This 

grouping was followed because of the possibilities of participants being married, but 

not necessarily contributing to the household duties such as caring for children. 

Among HANDLS participants there is almost an equal amount of single men caring 

for children as there are single women caring for children. 

Demographic Characteristics 

SES was defined as above or below 125% of the 2004 federal poverty 

guidelines. 43 Education was defined as the highest grade of school completed 

combined into two categories: high school diploma and above (12+ grades) or less 

than a high school diploma (completion of < 12 grades of school). Wide Range 

Achievement Test-3 (WRAT-3) raw scores were used to determine literacy level in 
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the population. Raw WRAT-3 scores are a basic unit of test measure and are 

combinations of the three tests that make up the WRAT-3.  

Statistical Analyses 

For the statistical analysis for this study, SPSS Version 24 was used. 

Descriptive statistics were run for demographics. Means and standard error were used 

for continuous data: age, WRAT-3, DDFS, and DDSS, while frequencies and 

percentages were used for categorical data: sex, SES and education. Normality was 

checked for both DDFS and DDSS using the Sharpiro-Wilk test, and both were found 

to have non-normal distributions (p<0.001). Correlations were also run between 

variables, and it was found that literacy (WRAT-3) and education were significantly 

correlated (r=0.305; p<0.01). As a result, only the education variable was used in the 

model because of a higher available sample (n=1,571) as compared to literacy 

(n=934). The data on literacy can be found in Appendix D. 

One-way Analysis of Variance (ANOVA) was used to compare household 

composition for age, DDFS, and DDSS for men and women separately. Data were 

also stratified by race. Post-hoc Sidak analysis was used to determine the significance 

between household composition groups. Significance was set at p<0.05 throughout the 

study.  

Block linear regression models were used to explore the relationship between 

DDS and household composition. Multiple regressions were run on both DDFS and 

DDSS, with the final model including three blocks. Block one included control 

variables such as sex, race, age, SES, and education. Block two introduced the 
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predictors that we are looking at for effects, presence of spouse and presence of kids. 

Finally, the third block included the interaction terms of race*SES and race*sex.  

  



 

 

20 

Chapter 5 

RESULTS 

Sample Characteristics 

The final study sample size consisted of 1,610 participants, 57% (n=930) 

African Americans and 43% (n=680) Whites. Approximately 58% (n=940) of the 

sample was women while 42% (n=670) of the sample was men. The mean (± SE) age 

of the population was 52.8(± 0.22) years old (range 32-70). It was found 612 (38%) of 

all participants reported incomes below 125% of the 2004 federal poverty guidelines, 

of those, approximately 30% were White and 43% were African American. Of the 934 

participants with valid literacy data, the mean (± SE) score for this population was 

42.13(± 0.27). Of the 1,571 participants with education data available, 69% (n=1095) 

had a high school education or above (Table 2).  

Among the household groups, more participants in the sample did not have 

children (n=1004) compared to those who did (n=606). Overall, there were more 

participants with spouses that had children in the household (n=359) than those who 

did not have spouses but still had children in the household (n=247). The highest 

household composition group was composed of those who did not have children and 

did not have a spouse (n=603).  

There were no significant differences in age, education, or household 

composition between African Americans and Whites (Table 2). There were 

significantly more African Americans with incomes <125% poverty level than of their 

white counterparts (Table 2). Additionally, literacy scores were significantly different 
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between Whites and African Americans, with Whites having the higher score (Table 

2).  

Between men and women, there was a significant difference in mean age for 

two of the four groups of household composition (p<0.001). The mean age of men was 

greater than women in households who do not have children, but always have a spouse 

present, (p=0.034) while in households who have no children, with spouse never 

present women were older than men (p=0.008) (Table 3). There were no sex 

differences across household composition. SES was significantly different between 

men and women for households containing children, but not a spouse (p=0.004) 

(Table 3). There were more women living below the poverty line when compared to 

men across three of the four household groups (Table 3). 

With respect to education there were more White women (34.1%) than African 

American women (20.9%) who had less than a high school diploma if their 

households contained both children and a spouse (p=0.049) (Table 4). SES was 

significantly different between races for both sexes for only the household 

composition groups who had no children and no spouse present (Table 4, 5).  

Diet Diversity Food Score 

 Mean (± SE) DDFS across the whole sample size was 6.64 (±0.31; Range: 0-8). 

Each category of household composition was analyzed separately, differences weren’t 

found in DDFS between races or by household composition by race (Table 2). 

However, for both household composition groups with no children, DDFS for women 
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were significantly higher than men (Table 3). When comparing DDFS by race-sex 

groups, there were no significant differences (Table 4,5). 

Linear regression was used to explore the determinants of DDFS, focusing on 

whether there was a spouse present in the house, as well as whether there were 

children under 18 present in the house. Neither the presence of children nor the 

presence of a spouse were significant in the final model (Table 6). The confounding 

variables of age, sex, race, education and SES were significant predictors of DDFS. 

When the interaction terms of race*SES and race*sex were introduced, there was a 

statistically significant ΔR2 seen (ΔR2=0.004; p=0.026), with a final R2 = 0.055. 

Figure 2 shows a plot of the interaction terms of race*SES, which showed a significant 

effect on DDFS (p=0.010). Although White participants had a lower mean DDFS with 

incomes below the poverty level when compared to African Americans, they had a 

much sharper increase of DDFS when moving towards a higher SES (Figure 2).  

However, the interaction term of race*sex did not have a statistically significant effect 

on DDFS (Table 6).   

Diet Diversity Serving Score 

The mean DDSS was 16.62 (±0.15; Range: 0-40) across the sample 

population. Across all participants, households with no children in the home but a 

spouse always present had the highest DDSS at 17.40 (±0.307), meanwhile 

households with children but a spouse never present had the lowest DDSS of 

15.61(±0.304) (data not shown). 
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When examining the sample population by race, both White and African 

American participants saw their lowest DDSS scores when there were children in the 

household, but no spouse present [W:15.69 (± 0.589); AA:15.58 (± 0.353)] 

respectively (Table 2). The highest scores for both White and African American 

participants were found with no children and a spouse always present. Unlike the 

lowest scores, the highest scores were significantly different by race [W: 18.04 (± 

0.43); AA: 16.60 (± 0.42)] (p=0.020) (Table 2). 

Overall, when comparing DDSS by sex and household composition, 

significance was only seen in households with no children and no spouse, with women 

having a higher score than men (p<0.001) (Table 3). Mean DDSS was only 

significantly different by race across two groups of household composition for 

women, specifically in instances where there were no children in the house (p<0.05).  

White women had a higher DDSS than African American women. No statistical 

significance was seen for men.  

When the dependent variable of diet quality in the linear regression model was 

DDSS, the final model showed that being a woman (b=-1.714; p<0.001), White (b=-

1.787; p<0.001), older (b=0.088; p=<0.001), of higher SES (b= -2.360; p<0.001) with 

a high school diploma (b=2.027; p<0.001) resulted in having a higher DDSS (Table 

7). Presence of a spouse (b=0.251; p=0.403) and presence of children (b=-0.593; 

p=0.063) was not statistically significant in the model (Table 7). Lastly, when the 

interaction terms of race*SES and race*sex were introduced, there was a statistically 

significant ΔR2 seen (ΔR2=0.005; p=0.012), with a final R2=0.092. Also, the 
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interaction term of race*SES showed a significant effect on DDSS (p=0.012). Figure 3 

shows the disparity between the two races regarding SES and DDSS. Both White and 

African American participants saw an increase in DDSS when entering a SES above 

the poverty level, however, Whites saw a significantly more dramatic increase (Figure 

3). In common with DDFS, the interaction term of race*sex did not have a statistically 

significant effect on DDSS (Table 7).   
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Chapter 6 

DISCUSSION 

To our knowledge, this is the first study to investigate the effect of household 

composition on diet quality, measured by diet diversity, in a socioeconomically 

diverse urban population of African American and White adults. We hypothesized that 

individuals that have a spouse and children present in the household will have a higher 

DDS than those who do not have a spouse present in the house, but still have children 

present in the house. Interestingly household composition, namely the presence or 

absence of a spouse and children, did not have any effect on dietary diversity scores. 

Regardless of household composition, DDFS and DDSS were associated with sex, 

age, race, SES, education, and the interaction of race*SES. 

In congruence to our findings, a study by Kant et al using NHANES III data 

from 1988-1994, found that more participants who were women, White, and older 

than 50 years of age, were in the highest tertile of DDS. 20 Additionally, Torheim et al 

found that a higher DDS was positively associated with a higher SES; however, in 

contrast to our study, these same researchers found that DDS was higher in men when 

compared to women. 30 It is not surprising to find this because in Mali and other 

developing countries, starchy foods dominate the diet, and it is still common for the 

men and children to eat first, leading to higher access to a variety of foods than for 

women. 30 In developed countries there are also cultural and gender differences in food 

intakes within households that may impact diet diversity. 6  



 

 

26 

Higher education was associated with better scores of both DDFS and DDSS.  

This finding is similar to Kant et al, who found higher DDS scores for those having an 

education greater than a high school diploma, and in Torheim et al, which found that a 

higher DDS was positively associated with a higher level of education. 20,30 Previous 

research with the HANDLS study population found that health literacy was positively 

associated with diet quality and correlated to education. 42 Health literacy has also 

been found to correlate with the estimation of portion size and understanding food 

labels. 47 Since the number of participants who completed the health literacy measures 

was limited, this variable was  not  used in the regression models. Thus the DDS 

observed in this study may reflect the difficulty experienced by the HANDLS study 

population in eating healthful diets due to less formal education and/or health literacy. 

Future studies could include measures of health literacy.  

DDFS 

DDFS were not significantly affected by presence of children or a spouse in 

the final regression model. This finding was similar to that reported by LaRoche et al 

in their study examining data of dietary habits of adults before and up to seven years 

after the entrance of the first child into their home. 48 These researchers found that 

having a child did not negatively affect the parents’ diet, nor did it improve the diet. 48 

This lack of effect could possibility be explained by the consumption of the same 

foods by everyone – men, women and children in the household. 

The FAO suggests that between eight and 16 core food groups be included 

when calculating diet diversity scores. 25 Other researchers recommend the decision 
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regarding the final number of food groups consider the consumption patterns of the 

study population. 24 Food diversity of the current study was based on eight food 

groups,  Despite the lack of established criteria for calculating DDFS, the study 

findings are similar to those published by Kant and colleagues. They based their 

diversity food score on MyPyramid servings from five food groups - dairy, grain, 

meat, fruit, and vegetable. 21 Kant et al used a nationally representative sample of 

African American and White adults examined in the 1976-1980 NHANES II study. 

These researchers found that 65% of Whites and 78% of African Americans scored 

below their maximum DDFS of five, while among HANDLS study participants, 68% 

of Whites and 72% of African Americans scored below the maximum DDFS of eight. 

This agreement can serve as evidence for reliability of the results across time, as well 

as for the need to continue improvement of diet quality in the US, a consistent 

message of the DGAs. 15  

DDSS 

Overall, there was no significance in DDSS scores by household composition. 

This finding was different from previous work. Two studies showed that having a 

child, but not a spouse, present led to low diet diversity 38,41, while three studies 

showed that living entirely alone also led to a lower diet diversity 5,7,37. However, these 

results have been shown to differ by gender. For example, one researcher showed that 

having a spouse present in the house leads to a higher diet diversity score 6 but another 

study found this result to be true only for men 39. Thus one might speculate that 

women may have an impact on men’s dietary choices during companionship. Studies 
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by Davis et al and Roos et al both found that income had an effect on DDS in men 

living alone, with Roos showing that there was no such association seen with women. 

6,39 Both researchers’ findings have congruence with the current HANDLS sample 

population, where men without a spouse and without children had lower DDSS than 

women in the same household situation.  On the other hand, women in the HANDLS 

population who had no spouse present, but had children present, had the lowest 

unadjusted DDSS compared to women in other household compositions (spouse & 

children present, spouse but no children). A possible explanation for this finding is 

that without having the support of a spouse present to assist with aspects of children or 

income, there can be a negative effect on a women’s diet quality. 

The current results, which found that overall, the presence of spouse and/or 

children did not affect DDSS, could also be affected by the participants having a 

support system in the form of co-workers, neighbors, or family members that don’t 

necessarily live in the house with them. Also, it is possible that there could be other 

people living in the house not reported as a spouse or a child, who could assist in 

caring for children, grocery shopping, and preparing meals. 

 It is a challenge to compare the DDSS for HANDLS study participants to diversity 

scores calculated by Kant et al for NHANES II participants, given the difference in 

scoring methods. Kant et al. used the MyPyramid serving scores to generate DDSS 

with a maximum score of 20 points. The mean score for men and women examined in 

NHANES was 14 and 12, respectively. Meanwhile in HANDLS, the mean DDSS was 

16 and 17 out of a maximum of 40 for men and women, respectively.  In an attempt to 
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compare these findings, the proportion of the sample populations achieving 

approximately 60% of the maximum score was calculated. More than 40% of African 

Americans, and 25% of Whites in the NHANES study scored from zero to three, while 

in the HANDLS population, about 11% of both African Americans and Whites scored 

from zero to five. The differences in overall diet quality between the studies could be 

attributed to the alteration in serving sizes and methods within food guidance models, 

as well as changes in the food supply and consumption. Regardless of these 

differences, the findings revealed that dietary improvements are needed. The current 

DGA also acknowledges that improvements are needed in the American diet. 

Strengths and limitations 

There were several strengths of this study. The HANDLS study targets an 

understudied population of socioeconomically diverse urban African American and 

White adults. Additionally, the diet quality scores are based on two 24-hr recalls, 

similar to commonly used in national cohort studies. Use of recalls provides a better 

estimation of intake but may not totally reflect typical intake. Also, recalls were 

completed by trained interviewers using USDA AMPM system to ensure 

completeness and accuracy of interviews.  Most studies have been focused on the 

effects that parenting has on women since evidence exists that women are more 

commonly left in charge of children. 38 The current study had almost an equal amount 

of men caring for children as there were women, which allowed for the exploration of 

the effects of parenting on men. Finally, the DDSS was calculated using the eight 
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adequacy components of the HEI-2010 which consist of both episodically and non-

episodically consumed foods.  

There are some limitations of this study. Considering the study data being 

collected in a cross-sectional manner, there is limited availability to make cause and 

effect conclusions observed in the analysis of this data. Additionally, with any kind of 

dietary recall, there unfortunately is always room for under or over reporting, as well 

as recall bias. Another limitation could be that other diet quality measures like the 

Mean Adequacy Ratio (MAR) or Mediterranean diet adherence scores were not 

calculated and used to confirm the results. Although we have data to do this, it was not 

the main outcome of the current study at hand. Also, it is important to keep in mind 

that the population being studied is a socioeconomically diverse urban population, not 

a representative sample of the entire United States. Additionally, when determining if 

someone is living alone, with a spouse, or with children, there is always a possibility 

that the individual has friends or relatives that stay with them for days or weeks at a 

time, but report that they do indeed live alone. Finally, it should be remembered that 

diet diversity is reflective of diet variety, which is just one component of overall diet 

quality, and may not reflect achievement of all dietary goals. 24 

Conclusion 

The study findings provide evidence that the presence of children or a spouse in the 

household does not affect DDFS or DDSS in a socioeconomically diverse urban 

population of African American and White adults.  Variety is an essential component 

of a healthful diet and although household composition was not significant, other more 
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comprehensive measures of diet quality could be influenced by household 

composition. Regardless of household composition, race and SES, as well as the 

interaction of race*SES, were predictors of diet diversity. Education and SES had the 

largest effects on determining a DDSS. Diet diversity was better for Whites compared 

to African Americans and for higher SES groups compared to lower SES groups. 

These findings corroborate the research that has been done using other dietary 

measures. Based on the study findings, diet diversity, appears to be a reasonable 

approach to assess diet quality. Further studies should be done on the aspect of 

household composition and its effects on diet quality.  
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TABLES 

Table 1 Criteria to Calculate Diet Diversity Food & Serving Scores 

Food group Food Score 

(DDFS) 

Standard for max 

serving score of 5 

Serving Score 

(DDSS) 

Total Fruita 0-1g  ≥ 0.8 cup equiv. 

/1000kcal 

0-5 

Whole Fruitb 0-1  ≥ 0.4 cup equiv. 

/1000kcal 

0-5 

Total Vegetablec 0-1  ≥ 1.1 cup equiv. 

/1000kcal 

0-5 

Greens and Beansc 0-1  ≥ 0.2 cup equiv. 

/1000kcal 

0-5 

Whole Grains 0-1  ≥ 1.5 cup equiv. 

/1000kcal 

0-5 

Dairyd 0-1  ≥ 1.3 cup equiv. 

/1000kcal 

0-5 

Total Protein Foodse 0-1  ≥ 2.5 cup equiv. 

/1000kcal 

0-5 

Seafood and Plant 

Proteinsf 

0-1  ≥ 0.8 cup equiv. 

/1000kcal 

0-5 

Maximum Total: 8 - 40 
a. Includes 100% fruit juice; b. Includes all forms except juice; c. Includes any beans 

and peas not counted as total protein foods; d. Includes all milk products, such as fluid 

milk, yogurt, and cheese and fortified soy beverages; e Beans and peas are included 

here (and not with vegetables) when the total protein foods standard is otherwise not 

met; f. Includes seafood, nuts, seeds, soy products (other than beverages) as well as 

beans and peas counted as total protein foods. g. A score of zero denotes no food from 

this group present in the diet, a score of one denotes some kind of food from this 

group in the diet. 
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Table 2 Sample Characteristics of HANDLS Population by Race 

 African American 

(n=930) 

White (n=680) 

Sample Characteristics 

Age, X ±SE 52.53 ± 0.29 53.25±0.34 

Sex, Women, % 57.8% (n=543) 42.2% (n=397) 

SES, Below 125% FPL, % 43.3% (n=403) 29.9% (n=203) *** 

Education (<HS diploma), % 30.2% (n=280) 30.4% (n=196) 

WRAT-3, X ±SE 40.64 ± 0.34 43.87 ± 0.41*** 

Household Composition, % 

Children. Spouse Always Present 20.86% (n=194) 24.26% (n=165) 

Children. Spouse Never Present 20.43% (n=190) 8.38% (n=57) 

No Children Spouse Always Present 19.35% (n=180) 32.51% (n=221) 

No Children Spouse Never Present 39.36% (n=366) 34.85% (n=237) 

Diet Quality, X ±SE 

Diet Diversity Food Score 6.61±0.04 6.69 ± 0.05 

Diet Diversity Serving Score  16.13 ± 0.18 17.29 ±0.25*** 

DDFS by Household, X ±SE 

Children. Spouse Always Present 6.60 ± 0.09 6.72±0.10 

Children. Spouse Never Present 6.59 ± 0.09 6.53 ± 0.15 

No Children Spouse Always Present 6.69 ± 0.09 6.80 ± 0.08 

No Children Spouse Never Present 6.57 ± 0.07 6.62 ±0.08 

DDSS by Household, X ±SE 

Children. Spouse Always Present 15.65 ± 0.35 16.62 ± 0.51 

Children. Spouse Never Present 15.58 ± 0.35 15.69 ± 0.59 

No Children Spouse Always Present  16.60 ± 0.42 18.04 ± 0.43* 

No Children Spouse Never Present 16.44 ± 0.30 17.44 ± 0.45 

*p<0.05, **p<0.01**, ***p<0.001 Abbreviations: HANDLS, Healthy Aging in 

Neighborhoods of Diversity; X, mean; SE, standard error; AA, African American; 

SES/FPL, socioeconomic status/federal poverty line above or below 125% of the 2004 

Federal Poverty Guidelines; <HS Diploma, having less than a high school diploma; 

DDFS, diet diversity food scores a 0-8 point scale to represent the number of 

categories of food present in the diet; DDSS, diet diversity serving score a 0-40 point 

scale indicative of diet quality based on HEI2010 total value.
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Table 3 HANDLS Sample Characteristics based on Household Composition and 

Sex 

P-values <0.05 are considered significant and are bolded. Abbreviations: HANDLS, Healthy Aging in 

Neighborhoods of Diversity; X, mean; SE, standard error; AA, African American; SES, socioeconomic 

status above or below 125% of the 2004 Federal Poverty Guidelines; <HS Diploma, having less than a 

high school diploma; DDFS, diet diversity food scores a 0-8 point scale to represent the number of 

categories of food present in the diet; DDSS, diet diversity serving score a 0-40 point scale indicative of 

diet quality based on HEI2010 total values

Character

istics 

Children. Spouse 

Present (n=359) 

Children. Spouse 

Never Present 

(n=247) 

No Children. 

Spouse Present 

(n=401) 

No Children, Spouse 

Never Present 

(n=603) 

 Men 

(n=1

78) 

Wo

men 

(n=1

81) 

P-

val

ue 

Men 

(n=

45) 

Wo

men 

(n=2

02) 

P-

Val

ue 

Men 

(n=1

80) 

Wo

men 

(n=2

21) 

P-

val

ue 

Men 

(n=2

67) 

Wo

men 

(n=3

36) 

P-

valu

e 

Age, 

years, X 

± SE 

48.6

1 ± 

0.63 

47.7

7 ± 

0.65 

0.3

57 

49.5

3 ± 

1.26 

50.4

4 ± 

0.63 

0.5

32 

56.0

8 ± 

0.58 

54.3

6 ± 

0.55 

0.0

34 

54.1

4 ± 

.48 

55.8

8 ± 

0.45 

0.00

8 

Race, 

AA, % 

57% 51% 0.2

18 

84% 75% 0.1

85 

46% 44% 0.6

57 

61% 60% 0.74

5 

SES, 

Below 

125% 

FPL, % 

32% 34% 0.6

53 

28.9

% 

52% 0.0

04 

29% 25% 0.7

76 

41% 43% 0.62

9 

<HS 

diploma, 

% 

30% 27% 0.5

33 

25% 35% 0.2

02 

29% 25% 0.3

84 

32% 32% 0.82

4 

Diet 

Diversity 

Food 

Score 

(DDFS), 

X ± SE 

6.66 

± 

0.09 

6.64 

± 

0.10 

0.8

72 

6.31 

± 

0.21 

6.63 

± 

0.07 

0.0

98 

6.61 

± 

0.09 

6.86 

± 

0.08 

0.0

42 

6.44 

± 

0.08 

6.71 

± 

0.06 

0.00

8 

Diet 

Diversity 

Serving 

Score 

(DDSS), 

X ± SE 

15.8

2 ± 

0.41 

16.3

7 

±0.4

5 

0.3

65 

15.3

2 ± 

0.77 

15.5

7 ± 

0.33 

0.6

63 

16.7

4 ± 

0.42 

17.9

3 ± 

0.43 

0.0

54 

15.8

3 ± 

0.34 

17.6

3 ± 

0.36 

<0.0

01 
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Table 4 Characteristics of Women HANDLS Sample Population by Race and 

Household Composition 

 Children. Spouse 

present (n=181) 

Children. Spouse Never 

Present (n=202) 

No Children. Spouse 

Present (n=221) 

No Children. Spouse Never 

Present (n=336) 

Whi

te(n

=89

) 

Africa

n 

Ameri

can 

(n=92) 

P-

Val

ue 

Whit

e 

(n=5

0) 

African 

Americ

an(n=1

52) 

P-

Val

ue 

White(

n=124) 

Africa

n 

Ameri

can(n=

97) 

P-

Valu

e 

White 

(n=134

) 

African 

Americ

an 

(n=202

) 

 

P-

Value 

Age, 

years, 

X ± 

SE 

48.

19 

± 

0.9

2 

47.38±

0.93 

0.53

8 

50.71

±1.23 

50.34 ± 

0.73 

0.80

4 

54.91 ± 

0.74 

53.66± 

0.83 

0.26

6 

55.23± 55.88 ± 

0.45 

0.232 

SES, 

Below 

125% 

FPL 

% 

20.

8%

% 

14.5% 0.16

2 

19.2

% 

32.9% 0.46

8 

25.6% 11.6% 0.50

2 

34.4% 41% <0.00

1 

<HS 

diplo

ma, % 

34.

1% 

20.9% 0.04

9 

44.9

% 

31.8% 0.09

5 

25.9% 24.7% 0.85

2 

27.7% 34.2% 0.228 

Diet 

Diver

sity 

Food 

Score 

(DDF

S), X 

± SE 

6.6

7 ± 

0.1

5 

6.62 ± 

0.14 

0.78

7 

6.58 

±0.17 

6.65 

±0.09 

0.69

8 

6.99 

±0.12 

6.70 

±0.13 

0.08

6 

6.75 ± 

0.12 

6.68 ± 

0.08 

0.607 

Diet 

divers

ity 

Servin

g 

Score 

(DDS

S), X 

± SE 

16.

63 

±0.

73 

16.12 

± 0.51 

0.57

4 

16.02 

± 

0.64 

15.56 ± 

0.38 

0.54

9 

18.91 ± 

0.60 

16.68 

± 0.60 
0.01

1 

18.57 ± 

0.64 

17.01 ± 

0.41 
0.032 

P-values <0.05 are considered significant and are bolded. Abbreviations: HANDLS, Healthy Aging in 

Neighborhoods of Diversity; X, mean; SE, standard error; AA, African American; SES, socioeconomic 

status above or below 125% of the 2004 Federal Poverty Guidelines; <HS Diploma, having less than a 

high school diploma; DDFS, diet diversity food scores a 0-8 point scale to represent the number of 

categories of food present in the diet; DDSS, diet diversity serving score a 0-40 point scale indicative of 

diet quality based on HEI2010 total values. 



 

 

36 

Table 5 Characteristics of Men in HANDLS Sample Population by Race and 

Household Composition 

P-values <0.05 are considered significant and are bolded. Abbreviations: HANDLS, Healthy Aging in 

Neighborhoods of Diversity; X, mean; SE, standard error; AA, African American; SES, socioeconomic 

status above or below 125% of the 2004 Federal Poverty Guidelines; <HS Diploma, having less than a 

high school diploma; DDFS, diet diversity food scores a 0-8 point scale to represent the number of 

categories of food present in the diet; DDSS, diet diversity serving score a 0-40 point scale indicative of 

diet quality based on HEI2010 total values. 

 Children. Spouse 

present (n=178) 

Children. Spouse Never 

Present (n=45) 

No Children. Spouse present 

(n=180) 

No Children. Spouse 
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ue 

White(n
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n=83) 
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ue 
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e 
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Africa

n 
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(n=16

4) 

P-
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e 

Age, 

years, 

X ± SE 

48.6

0 ± 

0.95 

48.62

± 0.85 

0.9

88 

49.6

3± 

3.63 

49.51 ± 

1.36 

0.9

74 

56.49 ± 

0.80 

55.61± 
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0.4

61 

54.89

± 

0.74 

53.67 

± 0.63 

0.21

7 

SES, 
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PL, % 

26.9
% 

23.4% 0.2
81 

2.6
% 

7.1% 0.9
84 

32.1% 17.5% 0.3
21 

38.5
% 

51.9% <0.0

01 

<HS 

diplom

a, % 

28.7

% 

31.3% 0.7

13 

16.6

% 

26.3% 0.6

22 

31.8% 25.5% 0.4

41 

29.9

% 

34.6% 0.38

0 

Diet 
Diversi

ty 

Food 
Score 

(DDFS
), X ± 

SE 

6.77 
± 

0.15 

6.59± 
0.12 

0.3
19 

6.14
± 

0.40 

6.34± 0.24 0.7
36 

6.55 ± 
0.12 

6.67± 0.14 0.5
18 
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± 
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6.44 ± 
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0.98
9 

Diet 
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y 

Servin
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Score 

(DDSS
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SE 

16.6

2 ± 
0.71 

15.22

± 0.48 

0.9

2 

13.3
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1.15 

15.69 ± 

0.89 

0.2

51 

16.93 ± 

0.61 

16.52± 

0.59 

0.6

26 

15.98

± 
0.59 

15.73 

± 0.42 

0.73

0 
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Table 6 HANDLS Regression Results of Household Composition and Diet 

Diversity Food Scores 

 

 

  DDFS 

 Predictor b ± (SE) P 

Block 1 Sex (ref: Women)    -0.268 (0.097) 0.006 

 Race (ref: White) -0.206 (0.096) 0.033 

 Age, y 0.015 (0.004) <0.001 

 SES (ref: <125% FPL) -0.433 (0.105) <0.001 

 Education (ref: <HS diploma) 0.377 (0.068) <0.001 

Block 2 Presence of Spouse 0.098 (0.065) 0.128 

 Presence of Kids 0.034 (0.069) 0.625 

Block 3 Race x SES 0.339 (0.132) 0.010 

 Race x Sex 0.122 (0.126) 0.334 

Model Fit R2 0.049 <0.001 

 ΔR2 with Block 2 0.002 0.274 

 ΔR2 with Block 3 0.004 0.026 

P-values <0.05 are considered significant and are bolded. Abbreviations: HANDLS, 

Healthy Aging in Neighborhoods of Diversity across the Lifespan; SES, 

socioeconomic status above or below 125% of the 2004 Federal Poverty Guidelines; 

SE, standard error; HS, high school diploma. 
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Table 7 HANDLS Regression Results of Household Composition and Diet 

Diversity Serving Scores 

 

  DDSS 

 Predictor b ±  (SE) P 

Block 1 Sex (ref: Women)    -1.714 (0.452) <0.001 

 Race (ref: White) -1.787 (0.448) <0.001 

 Age, y 0.088 (0.017) <0.001 

 SES (ref:< 125%) -2.360 (0.488) <0.001 

 Education (ref: <HS diploma) 2.027 (0.315) <0.001 

Block 2 Presence of Spouse 0.251 (0.300) 0.403 

 Presence of Kids -0.593 (0.319) 0.063 

Block 3 Race x SES 1.541 (0.613) 0.012 

 Race x Sex 1.010 (0.588) 0.086 

Model Fit R2 0.084 <0.001 

 ΔR2 with Block 2 0.002 0.131 

 ΔR2 with Block 3 0.005 0.012 

P-values <0.05 are considered significant and are bolded. Abbreviations: HANDLS, 

Healthy Aging in Neighborhoods of Diversity across the Lifespan; SES, 

socioeconomic status above or below 125% of the 2004 Federal Poverty Guidelines; 

SE, standard error; HS, high school diploma. 
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FIGURES 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 Flow Diagram Of Healthy Aging in Neighborhoods of Diversity across the 

Life Span (HANDLS) study household screening, participant eligibility, and response 

rates.  
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Figure 2 Interaction of Race*SES and mean DDFS 
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Figure 3 Interaction of Race*SES and mean DDSS 
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Appendix A 

FAO DIET DIVERSITY GUIDELINE QUESTIONNAIRE 
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Appendix B 

SUMMARY OF KEY FINDINGS IN ALL DDS STUDIES RESEARCHED 

 
Country/Author Population being 

studied 
Collected Data Cut off point Nutrient Focus Major Finding 

Mali (IDDS) 

Torheim 

Adults Men and 

Women 15-69yo 

 2d Direct weighing 

of meals and 7day 
FFQ 

 

DDS range: 4-10 
max 10 

0.1g (as long as it was 

consumed) 

Food groups and 

NAR scores for: 
energy, protein, fat, 

vit A, thiamin, 

riboflavin, niacin, vit 
c, calcium, iron 

For men the two diet 

variety scores seem 
to be relatively good 

indicators for 

nutrient adequacy 
 

For women, there 

was less agreement 
between the diet 

variety scores and 

nutrient adequacy. 
 

Being male, having 

a higher SES and 
higher education led 

to a higher DDS, age 

was negatively 
associated. 

 

This study suggests 
that FVS, DDS and 

MAR can be 

assessed by a FFQ. 

Mozambique (HDDS) 

Drenowski 

Adults 24hr recall Not noted (HDDS) Food groups and : 

energy, protein, vit 

A, iron (at the HH 

level) 

- 
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Burkina Faso (IDDS) 
Savy 

Adults (women 
mothers) 

24 hr recall 
 

DDS range 2-10 

/max 14 

“the frequency of 
consumption and amount 

of food consumed were not 

taken into account” 
(women all ate from 

communal bowls, asked 

for ingredients) 

Food groups no 
micronutrients 

Hardly ever 
consumed roots or 

tubers, milk or dairy 

products, eggs, fruit 
or drinks.- resulting 

in low DDS- 

reflecting poverty 
 

Women with lowest 

scores basic diets of 
3 foods 

Larger number of 

women with high 
scores when the 

level of properties of 

the household was 
higher, when the 

hygiene index of the 

household was 

better, and when the 

head of the 

household had 
received a basic 

education. 

It was also apparent 
that the proportion 

of underweight 

women was much 
higher among 

women belonging to 

the category of low 
dietary scores 

Vietnam(IDDS) 

Ogle 

Adult Women 7d FFQ 

DDS range: 5-11 
max 12 

Not noted Food groups, and : 

energy, 
CHO,PRO,fat, Ca, 

Fe, Zn, Vit A, B1, 

B2, B3, Folate, Vit C 

- Mostly comparing 

wild vegetable 
intake between two 

rural villages in 

Vietnam using a 
rapid FVS. Noted 

DDS was used to 

compare nutrient 
adequacy. 

South Africa (IDDS) 

Acham 

Adult Women 24 hr recall 3 non 

consecutive days 
DDS: mean 6 food 

groups max 9 

Used a mean DDS 
of 4 to be a ‘low’ 

DDS 

Not noted Food groups and: 

NAR of : Ca, Fe, Z, 
Vit A, B1, B2, B3, 

B6, folate, B12, Vit 

C 

Grains/cereals/tubers 

most consumed food 
group, followed by 

flesh foods and 

dairy. 
Less than 50% of 

population reported 

consuming 
cabbage/beet 

root/onion/green 

beans, but still were 
reported as top 

consumed 

vegetables 

Madagascar (IDDS) 

(most like HANDLS 

in terms of DDS) 

Moursi 

Babies 6-23mo 24 hr recall 1-10g Food groups, 1 or 0. 

Points based on 

amounts of food 

after.  
Nutrients: Vit A, B1, 

B2, B6, folate, vit C, 

Ca, Fe, Zn 

Grains roots tubers 

main food source 
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Phillipeanes (IDDS) 
Daniels 

Child 24mo 24 hr recall 1-10g Food groups and: Vit 
A, B1, B2, B3, Ca, 

Fe 

Cereals, roots, tubers 
most consumed 

Kenya (IDDS) 

Gewa 

School children (mean 

age 7yr) 

24hr recall 

(maternal) 

10-15g Total energy, Fe, Zn, 

Ca, Mg, K, Vit A, 

Vit B6, Vit B12, B1, 
B2, B3, Folate, Vit 

C, Vit E.  

Cereals, tubers 

highest intake, lack 

in fruits, veg, dairy 
foods, meats 

USA (IDDS) 

NHANES 

Adults (MEN and 
women) 

24 hr recall 15-30g Food groups 
 

Called them serving 

scores—essential 
what we are doing 

Food Group Score 
was 4.0 [+ or -] 0.01 

in men and women. 

Nearly 65% of 
whites and 78% of 

blacks scored below 

5 on the Food Group 
Score; they did not 

consume foods from 

all five groups on 
the day of the 

survey. 

 More than 40% of 
all blacks scored 0 to 

3 on the Food Group 

Score, compared 
with approximately 

25% of whites. 

Mean Food Group 
Score increased with 

age in white men, 

white women, and 
black women. 

USA –HANDLS Adults men and 

women 

2 24 hr recall MyPyramid serving size 

calculations 

Food groups and 

quantity of food: this 
study is focused on 

how much of what 

they are eating 
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Appendix C 

HANDLS PARTICIPANT CONSENT FORM 
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Appendix D 

WRAT-3 RAW SCORES OF HANDLS SAMPLE POPULATION 

 

HANDLS Raw WRAT-3 Scores by Household Composition and Sex 

P-values <0.05 are considered significant and are bolded. Abbreviations: HANDLS, Healthy Aging in 

Neighborhoods of Diversity across the Lifespan; Wide Range Achievement Test- version 3 (WRAT-3) 

scores are reflective of the participant’s level of literacy; X, mean; SE, standard error. 

 

HANDLS Raw WRAT-3 Scores by Household Composition and Race 

P-values <0.05 are considered significant and are bolded. Abbreviations: HANDLS, Healthy Aging in 

Neighborhoods of Diversity across the Lifespan; Wide Range Achievement Test- version 3 (WRAT-3) 

scores are reflective of the participant’s level of literacy; X, mean; SE, standard error 

  

Characteristics Children. Spouse Present Children. Spouse Never 

Present 

No Children. Spouse 

Present 

No Children. Spouse 

Never Present 

 Men 

(n=99) 

Women 

(n=110) 

P-

value 

Men 

(n=21) 

Women 

(n=122) 

P-

Value 

Men 

(n=104) 

Women 

(n=131) 

P-

value 

Men 

(n=148) 

Women 

(n=199) 

P-

value 

WRAT-3, raw 

score, X ± SE 

42.27 

± 0.84 

41.90 ± 

0.88 

0.763 40.90 

± 0.25 

41.49 ± 

0.64 

0.744 42.08 ± 

0.87 

43.90 ± 

0.55 

0.068 42.18 ± 

0.68 

41.51 ± 

0.62 

0.474 

Characteristics Children. Spouse Present Children. Spouse Never 

Present 

No Children. Spouse 

Present 

No Children. Spouse Never 

Present 

 African 

American 

White P-

value 

African 

American 

White P-

Value 

African 

American 

White P-

value 

African 

American 

White P-

value 

WRAT-3, raw 

score, X ± SE 

40.66 ± 

0.678 

43.45 

± 1.0 
0.023 40.65 ± 

0.762 

43.50 

± 

1.055 

0.046 40.65 ± 

0.678 

43.50 

± 

0.701 

0.118 40.65 ± 

0.594 

43.50 

± 

0.658 

<0.001 
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Appendix E 

HANDLS REGRESSION RESULTS OF DDS AND USEAGE OF FOOD 

STAMPS/WIC 

 

 

 

  DDFS 

 Predictor b ± (SE) P 

Block 1 Sex (ref: Women)    -0.288 (0.107) 0.007 

 Race (ref: White) -0.333 (0.107) 0.002 

 Age, y 0.015 (0.004) <0.001 

 SES (ref:< 125% FPL) -0.430 (0.118) <0.001 

 Education (ref: <HS  diploma) 0.361 (0.078) <0.001 

 Pay for groceries using 

WIC/Food Stamps 

-0.098 (0.087) 0.193 

Block 2 Presence of Spouse 0.084 (0.073) 0.249 

 Presence of Kids 0.065 (0.078) 0.405 

Block 3 Race x SES 0.409 (0.147) 0.005 

 Race x Sex 0.159 (0.141) 0.260 

Model Fit R2 0.049 <0.001 

  DDSS 

 Predictor b ± (SE) P 

Block 1 Sex (ref: Women)    -1.1864 (0.513) <0.001 

 Race (ref: White) -2.151 (0.512) <0.001 

 Age, y 0.085 (0.020) <0.001 

 SES (ref: <125% FPL) -2.354 (0.564) <0.001 

 Education (ref: <HS diploma) 2.099 (0.376) <0.001 

 Pay for groceries using 

WIC/Food Stamps 

-0.913 (0.420) 0.030 

Block 2 Presence of Spouse 0.292 (0.351) 0.405 

 Presence of Kids -0.621 (0.374) 0.097 

Block 3 Race x SES 1.892 (0.706) 0.007 

 Race x Sex 1.129 (0.677) 0.096 

Model Fit R2 0.093 <0.001 

 ΔR2 with Block 2 0.003 0.184 

 ΔR2 with Block 3 0.007 0.009 
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 ΔR2 with Block 2 0.002 0.364 

 ΔR2 with Block 3 0.007 0.013 

P-values <0.05 are considered significant and are bolded. Abbreviations: HANDLS, 

Healthy Aging in Neighborhoods of Diversity across the Lifespan; SES, 

socioeconomic status above or below 125% of the 2004 Federal Poverty Guidelines; 

SE, standard error; HS, high school diploma; FS, food stamps; WIC, Women Infant 

and Children. 

 

Women, Infants and Children (WIC)/Food Stamps  

Out of the 1610 participants included in this study, 1243 had data available for 

the usage WIC benefits or food stamps to pay for groceries. Of these participants, 76% 

(941) did not use WIC or food stamps. Among individuals using food assistance, 15% 

were White and 31%, African Americans. When put into a regression model, it had a 

significant effect on DDSS (p=0.030), showing that if you did not use food stamps or 

WIC benefits, then you had a DDS. There was no significant effect on DDFS 

(Appendix E). 
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Appendix F 

HANDLS REGRESSION RESULTS OF HOUSEHOLD COMPOSTIION AND 

HEI-2010 SCORES 

  HEI_2010 

 Predictor b ± (SE) P 

Block 1 Sex (ref: Women)    -3.073 (0.929) 0.001 

 Race (ref: White) -6.634 (2.554) 0.046 

 Age, y 0.146 (0.035) <0.001 

 SES (ref: < 125% FPL) -3.923 (1.003) <0.001 

 Education (ref: <HS diploma) 3.852 (0.647) <0.001 

Block 2 Presence of Spouse -0.221 (0.617) 0.720 

 Presence of Kids -1.428 (0.656) 0.030 

Block 3 Race x SES 1.858 (1.260) 0.140 

 Race x Sex 2.932 (1.209) 0.015 

Model Fit R2 0.060 0.000 

 ΔR2 with Block 2 0.003 0.055 

 ΔR2 with Block 3 0.005 0.022 

P-values <0.05 are considered significant and are bolded. Abbreviations: HANDLS, 

Healthy Aging in Neighborhoods of Diversity across the Lifespan; HEI, Healthy 

Eating Index-2010; SES, socioeconomic status above or below 125% of the 2004 

Federal Poverty Guidelines; SE, standard error; HS, high school diploma.  
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Appendix G 

HEALTHY EATING INDEX-2010 COMPONENTS AND STANDARDS FOR 

SCORING 

 

1Intakes between the minimum and maximum standards are scored proportionately. 
2Includes fruit juice. 
3Includes all forms except juice. 
4Includes any beans and peas (called legumes in HEI-2005) not counted as Total Protein Foods (called 

Meat and Beans in HEI-2005). 
5Includes all milk products, such as fluid milk, yogurt, and cheese, and fortified soy beverages. 
6Beans and peas are included here (and not with vegetables) when the Total Protein Foods (called Meat 

and Beans in HEI-2005) standard is otherwise not met. 
7Includes seafood, nuts, seeds, soy products (other than beverages) as well as beans and peas counted as 

Total Protein Foods. 
8Ratio of poly- and monounsaturated fatty acids to saturated fatty acids. 

Component Maximum 

points 

Standard for maximum 

score 

Standard for minimum 

score of zero 

HEI-20101    

Adequacy:    

Total Fruit2 5 
≥0.8 cup equiv. per 1,000 

kcal 
No Fruit 

Whole Fruit3 5 
≥0.4 cup equiv. per 1,000 

kcal 
No Whole Fruit 

Total Vegetables4 5 
≥1.1 cup equiv. per 1,000 

kcal 
No Vegetables 

Greens and Beans4 5 
≥ 0.2 cup equiv. per 1,000 

kcal 

No Dark Green Vegetables or Beans 

and Peas 

Whole Grains 10 
≥1.5 oz equiv. per 1,000 

kcal 
No Whole Grains 

Dairy5 10 
≥1.3 cup equiv. per 1,000 

kcal 
No Dairy 

Total Protein Foods6 5 
≥2.5 oz equiv. per 1,000 

kcal 
No Protein Foods 

Seafood and Plant 

Proteins6,7 
5 

≥0.8 oz equiv. per 1,000 

kcal 
No Seafood or Plant Proteins  

Fatty Acids8 10 
(PUFAs + MUFAs)/SFAs 

≥2.5 
(PUFAs + MUFAs)/SFAs ≤1.2 

Moderation:    

Refined Grains 10 
≤1.8 oz equiv. per 1,000 

kcal 
≥4.3 oz equiv. per 1,000 kcal 

Sodium 10 ≤1.1 gram per 1,000 kcal ≥2.0 grams per 1,000 kcal 

Empty Calories9 20 ≤19% of energy ≥50% of energy 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3810369/table/T1/#TFN1
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3810369/table/T1/#TFN2
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3810369/table/T1/#TFN3
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3810369/table/T1/#TFN4
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3810369/table/T1/#TFN4
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3810369/table/T1/#TFN5
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3810369/table/T1/#TFN6
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3810369/table/T1/#TFN6
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3810369/table/T1/#TFN7
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3810369/table/T1/#TFN8
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3810369/table/T1/#TFN9
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9Calories from solid fats, alcohol, and added sugars; threshold for counting alcohol is >13 grams/1000 

kcal. 

 


