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Food insecurity, or limited access to enough foods for an active, healthy life, characterizes 

the situation of 65% of US food pantry clients. Food insecurity is associated with poor dietary 

intake of key food groups and nutrients, diet-related chronic disease, poor physical and mental 

health, and reduced quality of life. Although food pantry clients are prevalently food insecure, 

there is a sizeable proportion of food pantry clients who are classified as food secure (FS), or report 

having adequate access to healthy foods. Previous studies suggest that food secure pantry clients 

may use pantry resources differently, and have diets that differ in quality and intake, compared to 

food insecure clients (including low food secure [LFS] and very low food secure [VLFS] clients). 

The high prevalence of food insecurity among food pantry clients suggests that food pantries may 

be an important venue to reach food insecure individuals and intervene to improve dietary 

outcomes. Since dietary intake and use of food pantries may differ by food security status, the 

efficacy of interventions to improve dietary outcomes in the food pantry setting may also differ by 

food security status. A social ecological modeled (SEM), community-based intervention in the 

food pantry setting is promising in sustaining local change efforts and may facilitate long-term 

implementation of strategies to improve food security and dietary intake among food pantry clients. 

Therefore, the aims of this dissertation were to 1) characterize differences in dietary intake between 

FS, LFS and VLFS pantry clients in a cross-sectional analysis; 2) explore associations between 

the nutritional quality of the food pantry environment (foods stocked and distributed by foods 

pantries) and pantry client diet quality by food security status in a cross-sectional analysis; and 3) 

evaluate the intermediate effects of a SEM, community-based intervention to improve dietary 

outcomes among pantry clients with comparison by food security status in a longitudinal analysis. 

This dissertation begins with an introductory chapter that will provide an overview of the 

problem of food insecurity and the venue food pantries represent as a food assistance resource, the 

evidence base for conducting nutrition interventions in the food pantry setting, the rationale and 
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design of the Voices for Food (VFF) intervention, and a detailed review of contemporary food 

security and dietary assessment tools that were utilized in analyses. The first chapter ends with a 

description of the research aims, hypotheses, and objectives, as well as a guide to the structure of 

the dissertation. The research studies presented in chapters 2-4 fill a gap in the literature by 

addressing how food security status may be related to dietary intake, the foods clients consume 

and are exposed to at food pantries, and the capability for improvements in the nutritional quality 

of the pantry food environment to influence their dietary patterns. 

The second chapter describes a cross-sectional analysis at baseline that compared dietary 

quality and usual intake of energy, nutrients that are currently under-consumed in the US, and 

related food groups by FS, LFS, and VLFS status. Adult food pantry clients (n = 617) completed 

a demographic survey, the US Household Food Security Survey Module, and up to three 24-hour 

dietary recalls (24-HRs) on non-consecutive days including weekdays and weekend days. Healthy 

Eating Index-2010 (HEI-2010) total and component scores and usual intake using the National 

Cancer Institute method were estimated using ≥3 client 24-HRs. Mixed multiple linear regression 

models adjusting for confounders determined associations between food security status and both 

diet quality and usual intake (in separate models). Cross-sectional analyses at baseline determined 

that FS status was associated with a higher HEI-2010 whole grains score, as well as a higher mean 

usual intake of whole grains and iron, compared to LFS status. FS status was also associated with 

higher mean usual intakes of dark green vegetables and total dairy compared to LFS and VLFS 

status. 

The third chapter describes a cross-sectional analysis at baseline that evaluated the 

relationship between the quality of the mix of foods in stock (pantry inventories) and distributed 

(client food bags) by food pantries with client diet quality, and investigated how these relationships 

varied by food security status. Pantry inventories, client food bags, and client diets were scored 

using the HEI-2010. Multiple linear regression models adjusting for confounders determined 

associations between HEI-2010 total and component scores for pantry inventories and client food 

bags (in separate models) and the corresponding scores for client dietary intake. Client food bag 

HEI-2010 scores were positively associated with client diet scores for the total vegetables, total 

fruit, total protein foods, and sodium components, while pantry inventory HEI-2010 scores were 

negatively associated with client diet scores for the total score and for the total fruit and fatty acids 
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component scores. VLFS clients consumed more whole grains from client food bags compared to 

FS clients, and consumed more greens and beans compared to LFS clients from pantry inventories. 

The fourth chapter describes a longitudinal analysis that evaluated intermediate changes in 

adult food security and dietary patterns over the first two years (baseline to midpoint) of a social 

ecological modeled, community-based food pantry intervention‒ VFF. The VFF intervention 

(Clinical Trial Registry: NCT0356609) targeted rural, Midwestern, impoverished communities to 

aid in the implementation of a multi-component toolkit and guide (VFF materials) that contained 

written instructions on forming food policy councils (FPCs) and converting food pantries from a 

traditional distribution model to a guided client choice (GCC) distribution model. In each of six 

Midwestern states, two food pantry communities were identified to receive the intervention and 

matched to a comparison community. All participating communities (intervention and comparison) 

received the VFF materials; however, the intervention group only was assigned a community 

coach, or a field staff modeled after a Cooperative Extension paraprofessional, to support 

communities in the implementation of the VFF materials. Of the 617 participants recruited at 

baseline, 590 completed all assessments and 160 completed these assessments again at midpoint. 

Mixed multiple linear regression models adjusting for confounders determined changes in adult 

food security, dietary quality, and usual intake from baseline to midpoint by treatment group, and 

whether changes in diet differed by food security status. Adult food security score improved in the 

intervention group, while diet quality scores improved in the comparison group, from baseline to 

midpoint. When comparing the change in dietary outcomes over time between the intervention 

and comparison groups, no favorable differences were observed. There was a decrease in the 

greens and beans dietary component score from baseline to midpoint for the intervention group 

compared to the comparison group. Neither usual intake of nutrients nor food groups changed from 

baseline to midpoint for pantry clients in comparison or intervention communities. 

Summary of the chapter findings suggest that although all participants relied on food 

pantries for emergency food assistance, food security status was a strong enough predictor to 

differentiate dietary quality and usual intake among clients at baseline. The nutritional quality of 

client food bags was positively associated with client diet quality, while pantry inventories scores 

were negatively associated with client scores, suggesting potential aversion to utilizing healthier 

foods. Nutritional quality of pantry offerings associated with client diet quality differently for FS, 

LFS, and VLFS pantry clients, with VLFS clients benefitting more than other groups from pantry 
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offerings. This supports the idea that food security subgroups may use pantry resources differently. 

Food pantry interventions have the potential to positively influence food access and dietary intake 

in rural, high-poverty communities. Improvements in food security and/or diet quality occurred in 

both treatment groups in the short term. Evaluation of the final study time point, as well as further 

investigation of the dose-dependent effect of each intervention component and other individual 

community characteristics, may elucidate the relationship between the VFF intervention and client 

dietary outcomes. 
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 INTRODUCTION 

1.1 The Problem of Food Insecurity 

Food security for a household means having access by all members at all times to enough food 

for an active, healthy life (1). Food insecurity, on the other hand, is the limited or uncertain 

availability of nutritionally adequate and safe foods or limited or uncertain ability to acquire 

acceptable foods in socially acceptable ways (1). Food insecurity can be parsed into two subgroups: 

low food security and very low food security. Low food security is characterized by reduced 

quality, variety, and desirability of the diet, but the quantity of food intake and normal eating 

patterns are not substantially disrupted (2). Very low food security is the worst form of food 

insecurity, and is characterized by disruption of eating patterns and reduction of food intake by 

one or more household members at times during the year because of inadequate money and other 

resources for food (2). The current prevalence of food insecurity in the US is 11.8% (3) (Figure 

1-1). 

 

 

 

Figure 1-1 US household by food security status in 2017. Source: USDA, Economic Research 

Service using data from US Department of Commerce, US Census Bureau, 2017 Current 

Population Survey Food Security Supplement. 
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The prevalence of food insecurity peaked following the recession in 2008, and has been 

trending towards a decrease since (3) (Figure 1-2). However, one of the United States Department 

of Agriculture (USDA)’s Healthy People 2020 objectives (a set of nationwide health-promotion 

and disease-prevention goals to be achieved by the year 2020) is to reach a food insecurity 

prevalence of 6%. Thus, substantial improvement is needed. 

 

 

 

Figure 1-2 Prevalence of food insecurity and very low food security in 2017. Source: USDA, 

Economic Research Service using data from US Department of Commerce, US Census Bureau, 

Current Population Survey Food Security Supplement. 

 

 

1.2 Food Insecurity is Prevalent in the Rural Midwest 

Rural, Midwestern communities may be particularly vulnerable to food insecurity. Rates 

of household food insecurity in 2012 were highest in nonmetropolitan (rural) areas, at 15.5% 

(Figure 1-3) (4). The recovery rate from the 2008 recession in rural areas has lagged behind 

metropolitan areas (4), suggesting that rural US communities may face additional barriers to 

accessing healthy foods (4,5). One potential barrier is the consolidation of large grocers, which 

has resulted in a decrease in the number of local stores in favor of large supermarkets, and 

ultimately more distance between stores in rural areas (4). Additional barriers include a lack of 

public transportation and employment opportunities (4).
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Figure 1-3 Percentage of Food Insecure Households by Metropolitan Status. Source: USDA Household Food Security. Annual 

Reports 2008-2012. 

 

 

Food insecurity prevalence has increased in Midwestern US states. Figure 1-4 shows a rise in food insecurity prevalence in the 

Midwest, ranging from an increase of 2.8 to 6.3 percentage points, from 1999-2001 to 2009-11 when studies described in this dissertation 

were conceived (6). 
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Figure 1-4 Changes in food security prevalence from 1999-2001 to 2009-11 across the US 

Source: USDA, Economic Research Service using data from US Department of Commerce, US 

Census Bureau, Current Population Survey Food Security Supplement. 

 

 

1.3 Food Insecurity is associated with Negative Dietary and Health Outcomes in the US 

Food insecurity is a public health concern, as it is associated with negative dietary and health 

outcomes. A recent systematic review documented associations between food insecurity and 

consumption of fewer vegetables, fruits, and dairy and lower intake of vitamin A, calcium, and 

magnesium (4). Furthermore, food insecurity is associated with diet-related chronic diseases 

among low-income Americans (5). In a population-based sample of 5,094 poor adults, food 

insecurity was associated with cardiovascular risk factors, including hypertension and 

hyperlipidemia (5). Other studies have shown associations between food insecurity and obesity 

(6), as well as poorer physical and mental health (7–11), compared to food security. 
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1.4 Food Pantries are a Resource for Food Insecure Americans 

Food pantries are a community resource with reach in many rural communities and may 

be an important point of contact and place to intervene to improve food security and dietary 

outcomes. Food pantries are non-profit organizations that provide food at no cost and with minimal 

restrictions or eligibility requirements directly to those in need. Food pantries often partner with 

other community resources and programs to obtain foods; these include donations from food drives 

and collaborations with local grocery stores and restaurants that donate excess foods or foods 

nearing expiration. Another source of foods is donations from food banks, which are large 

warehouse-like distribution centers that receive food from government programs, like The 

Emergency Food Assistance Program (TEFAP) (7), as well as community resources. Recent cuts 

in federal food assistance programs, such as the Supplementation Nutrition Assistance Program 

(SNAP, previously known as the Food Stamp program), have increased reliance on food pantries 

(8). Historically, the goal of the emergency food system was to provide a high quantity, not quality, 

of food for households in emergency situations. The trend for households to rely on pantry foods 

for dietary staples, rather than emergency foods for short-term situations, press a need to consider 

the quality of foods offered to clients over the long term (9). A recent systematic review of the 

nutritional quality of food provided to clients from food pantries indicated shortcomings in pantries 

providing the amounts and types of foods that were adequate for a balanced diet for the intended 

number of days the food bags were declared to last; food bags were especially low in dairy, vitamin 

A and vitamin C (9). 

1.5 Food Secure, Low Food Secure, and Very Low Food Secure Clients may use Food Pantries 

Differently 

Food pantries are a resource prevalently used by food insecure (FI) households. As shown 

in Figure 1-5, roughly two-thirds of US pantry-users are FI. This leaves a sizeable proportion of 

households who are using pantries but are classified as food secure (FS). Investigation into why 

there is a substantial proportion of pantry clients who consider themselves to be FS reveals a very 

limited body of research that suggests that FS and FI clients may use pantries differently. The first 

investigation that suggested there may be different subgroups within what was previously thought 

to be a homogeneous population of pantry users was by Kicinski in 2012 (10). Kicinski identified 

two distinct groups of pantry users; one group had been using the food pantry for over a decade, 
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and a second group had recently begun using pantry services within the last 24 months. This author 

suggested that the long-term pantry users might be using pantry resources consistently as a 

supplement and buffer to maintain food security, while the short-term pantry users might be using 

pantries in concordance with their original purpose―they were relying on pantry resources due to 

an acute, emergency situation or change in economic status. Although few, additional studies have 

surfaced that support the idea that within the food pantry setting, FS, low food secure (LFS), and 

very low food secure (VLFS) clients may use pantries differently (11), and that dietary intake may 

differ between FS, LFS, and VLFS pantry clients (12). With the recent increase in prevalence of 

chronic food pantry use, it is important to investigate the foods pantries are providing to 

supplement clients’ diets, client dietary quality and intake, and their relationship with food security 

status. These ideas are addressed in the second and third chapters of this dissertation. 

 

 

 

Figure 1-5 Prevalence of food security, low food security, and very low food security among a 

national sample of households who use food pantries. USDA, Economic Research Service using 

data from US Department of Commerce, US Census Bureau, 2017 Current Population Survey 

Food Security Supplement. 

 

 



22 

 

1.6 Evidence Base for Interventions at Food Pantries to Improve Dietary Outcomes 

Evidence supports the use of food pantries as a promising mechanism to improve diet-

related outcomes among clients (13). There have been limited interventions in the food pantry 

setting aimed at improving food security and/or dietary intake prior to the studies presented in the 

second, third, and fourth chapters of this dissertation (14). A study in 2012 implemented a six-

week cooking program including plant-based recipes that utilized extra virgin olive oil (15). The 

main outcomes of fruit and vegetable intake, grocery purchases, food security score, and body 

mass index were evaluated at baseline, after the six-week cooking class, and six months post-

intervention by administering a frequency questionnaire, analyzing grocery receipts, the US 

HFSSM, and recording height and weight, respectively. Pre-post analysis showed an increase in 

the variety of fruit and vegetable intake, a decrease in meat, carbonated beverages, desserts, snacks 

and total groceries purchased, and improvements in food security and BMI from baseline to six-

month follow-up. A study in 2013 evaluated the effects of a nutrition education intervention that 

included the tasting of, and provision of ingredients to prepare, a whole grain pasta dish (16). The 

main outcomes of self-reported whole grain consumption and self-efficacy on choosing/preparing 

whole grain foods were assessed over four weeks using a newly developed questionnaire for low 

literacy populations. Findings showed improvement in whole grain consumption and self-efficacy 

in the intervention group compared to the control group. Another study in 2013 examined the 

impact of a food pantry intervention, Freshplace, that included a client-choice pantry, monthly 

meetings with a project manager to receive motivational interviewing, and targeted referrals to 

community services (17). A control group went to traditional food pantries where they received 

food bags. The main outcomes of food security, self-efficacy, and fruit and vegetable intake were 

evaluated over a 12-month follow-up period using the US HFSSM, the Missouri Community 

Action Family Self-Sufficiency Scale, and the 7-Item Block Food Frequency Screener, 

respectively. Findings showed improved food security, self-efficacy, and fruit and vegetable intake 

over one year compared to the control group. Despite all of these studies using different 

intervention strategies, they have all found improvements in food security and/or diet quality, 

which suggests that the pantry environment may be an effective target setting for interventions to 

improve these outcomes. 
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1.6.1 Gaps in previous literature 

The previous food pantry intervention studies did present some limitations. Firstly, these 

studies had a short follow-up period of one year or less. Secondly, these studies mainly used 

individualized approaches where the intervention tools targeted the pantry clients only (i.e., 

targeted referrals to primary care and community resources, cooking instruction). There is growing 

evidence that an ecological approach that targets not only the individual, but also the surrounding 

food environment, is more effective for changing dietary behaviors (18,19). Thirdly, these prior 

interventions measured dietary intake using different versions of a food frequency questionnaire 

(FFQ).  

There are three main dietary assessment tools that are commonly used to measure dietary 

intake: food records, FFQs, and dietary recalls. They each have their own associated biases. 

Benefits of the FFQ are that this survey asks questions about the usual (long-run average) intake 

of food groups and nutrients that comprise the items specified in the survey, it is associated with 

low respondent burden, and it is inexpensive to administer and process. However, shortcomings 

are that the finite list of foods clients are able to choose from in the FFQ, and the cognitive 

difficulty of estimating the amount of a given food consumed over an extensive time frame,  

introduces error (20). Dietary recalls and food records, on the other hand, capture virtually all of 

the foods consumed by allowing participants to report all foods. However, these tools have 

limitations as well. Food records may introduce reactivity bias. Since the participant diaries their 

foods as they consume them, the dietary assessment process could motivate the participant to 

choose a different food. Food records are also associated with high respondent and investigator 

burden.  

Dietary recalls generally have a reference period of only the last 24 hours, which is less 

burdensome to recall, but captures only a one-day snapshot that may not be representative of what 

a participant usually consumes. Although relatively most costly to administer, they have less 

inherent non-random error and bias. Thus, an alternative method is to use multiple 24-hour dietary 

recalls (meaning, administering several 24-hour recalls over the course of several days or longer). 

Using multiple 24-hour recalls allows within-person variation to be minimized and, paired with 

sophisticated statistical techniques described later, allows more accurate estimation of a 

population’s distribution of the usual intake of nutrients or food groups (20,21).  
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In addition to the limitations of previous food pantry intervention studies, there are gaps in 

the literature regarding the relationship between food (in)security and food pantry use. Although 

evidence supports the use of food pantries as a promising mechanism to improve dietary patterns 

among clients, little is known about the relationship between food security, pantry use, and, by 

extension, whether the efficacy of nutrition interventions in the food pantry setting may differ for 

FS, LFS, or VLFS clients. Thus, a major component of the proposed intervention evaluation was 

to characterize dietary intake, the foods acquired from food pantries, and the effects of a food 

pantry intervention by food security status. 

1.7 The Voices for Food Intervention 

The Voices for Food (VFF) intervention was created to improve upon the gaps described 

above. VFF was a collaboration between Cooperative Extension programs across six states 

(Indiana, Michigan, Missouri, Nebraska, Ohio, South Dakota) in the Midwestern US (Figure 1-6) 

that targeted rural food pantries to improve access to health foods among clients (Clinical Trial 

Registry: NCT0356609). A full description of VFF is published (Appendix A) (22). 

 

 

 

Figure 1-6 Voices for Food intervention: participating states. 
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VFF had a quasi-experimental study design (Figure 1-7). Two pantries in rural, high-

poverty communities in each state were selected to receive an intervention, and were each matched 

with a “comparison” pantry based on several pantry characteristics, including: level of client 

choice, number of households served, receipt of government commodity program assistance, 

infrastructure and capacity (i.e., number of refrigerators and freezers to store foods) and 

predominant racial/ethnic group served at the pantry (22). 

 

 

 

Figure 1-7 Voices for Food intervention: quasi-experimental study design. 

 

 

The VFF intervention was guided by a socio-ecological construct. The VFF toolkit and 

guide (VFF materials) were a written compilation of various strategies supported by the literature 

that aimed to improve dietary outcomes. In designing the VFF materials, strategies were 

incorporated that targeted each level of the social ecological model (SEM) (Figure 1-8). The VFF 

materials provided guidance on how to: 1) create food policy councils (FPCs) comprised of 
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stakeholders within the food system that met regularly to address food insecurity in the community 

(22–24) (community level of the SEM); 2) implement a MyChoice distribution model where food 

pantries were organized into the USDA MyPlate food groups (25), and encouraged clients to “shop” 

through the pantry and select their own foods (22,26) (organizational level of the SEM); 3) 

administer nutrition education (27), food safety (28), and cultural competency (29) training to 

pantry staff, volunteers, clients, and community stakeholders (30,31) (community, organizational, 

and individual levels of the SEM). Additionally, all pantries (intervention and comparison) were 

given the opportunity to apply for $2,500 mini-grants on an annual basis to use towards initiatives 

that were aligned with the goals of VFF. 

 

 

 

Figure 1-8 Voices for Food intervention: social ecological framework. 

 

 

The VFF study was developed by an interdisciplinary group that consisted mainly of 

investigators from Cooperative Extension programs at the partnering universities. Extension 

programs educate, and extend new findings to, the communities surrounding land grant 

universities. With this in mind, since the early 2000s, Extension programs across the US have 

provided Extension staff to guide local change efforts (32). These programs have found that these 
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Extension staff, which they describe as “community coaches,” are effective in sustaining change 

in communities (32). Therefore, VFF investigators hypothesized that providing the VFF materials 

alone may not be as effective in improving outcomes of interest compared to providing a 

community coach in addition to the VFF materials to facilitate the implementation of proposed 

activities. Therefore, the VFF materials were distributed to all communities, while the intervention, 

or distinguishing factor between intervention and comparison communities, was the presence of a 

community coach to aid communities in carrying out the activities described in the VFF materials 

(listed above). 

1.8 Voices for Food Assessments and Analytical Methods 

Main outcomes of the VFF study were client food security scores, dietary quality scores, 

and usual intake of nutrients and food groups. The 2015-2020 Dietary Guidelines for Americans 

(DGA) recommend shifts in eating patterns to promote health and prevent disease among the US 

population. The recommended shifts in eating patterns are designed to increase consumption of 

nutrients that are currently consumed below the Estimated Average Requirement (EAR) or do not 

exceed Adequate Intake (AI) levels; these include potassium, dietary fiber, choline, magnesium, 

calcium, vitamins A, D, E, C and iron (among adolescent girls and women ages 19 to 50 years) 

(19). Of these under-consumed nutrients, calcium, potassium, dietary fiber, and vitamin D are 

considered “nutrients of public health concern” because the prevalently low intakes of these 

nutrients are associated with health consequences. The DGA recommends shifts to eating more 

vegetables, fruits, whole grains, and dairy to increase intake of nutrients of public health concern. 

Because of these recommendations, these nutrients and food groups were selected to include in 

usual intake analyses. 

The VFF intervention was evaluated at three time points: baseline (2014), midpoint (2016), 

and follow-up (2017). However, only the first two time points were addressed to evaluate 

intermediate effects of the intervention in this dissertation (Figure 1-9). The VFF intervention was 

evaluated using various assessments and analytical methodologies that are described in this section. 

Similar to the design of the VFF intervention, assessments were also collected to evaluate findings 

using a SEM approach. On the organizational level of the SEM, nutritional quality of the pantry 

food environment was evaluated by applying the Healthy Eating Index (HEI) to the foods in stock 

at the participating pantries (pantry inventories) and the foods distributed to clients (client food 
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bags). On the individual level, the food security and diet (including quality and usual intake) of 

pantry clients were assessed by administering the US HFSSM (food security), the HEI (dietary 

quality), and the National Cancer Institute (NCI) method (usual intake). In addition to quantifying 

main study outcomes on their respective levels of the SEM, associations between outcomes on 

different levels were investigated to elucidate the relationship between the layers of influence. 

 

 

 

Figure 1-9 Voices for Food intervention: evaluation schematic. 

 

 

1.8.1 Assessments 

1.8.1.1 Food Pantry Characteristics 

Before the start of the VFF study, research staff administered a “site selection” survey to 

pantry directors through open-ended interview questions to identify eligible communities for 

participation (22). Notably, food pantries with the least amount of client choice of the foods 

distributed in client food bags, and pantries that had not established FPCs, were preferred in site 

selection because these were planned components of the intervention. Authors gleaned pantry-

level characteristics from site selection survey responses that were later used to create the 

following variables: average number of households served per month, predominant racial/ethnic 

group served, number of refrigerators, number of freezers, government commodity program 

participation, and guided client choice (GCC) score.  
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GCC was conceptualized as a variable component of the pantry environment that may 

foster or hinder client pantry use (33). The term “GCC” includes choice of the foods clients receive 

from the pantry, but is also used in this study to capture other components of the food acquisition 

process that contribute to clients’ experiences‒ namely, nutrition education and cultural sensitivity 

towards clients. Six questions from the site selection survey were grouped as a rudimentary tool 

to quantify and score GCC by adding the number of negative responses (indicating fewer 

indications of GCC) to “yes or no” questions regarding the food distribution system and staff-

client interactions in the food pantry. A score of zero indicated a high level of GCC, while a score 

of six indicated no GCC. Questions included: 1) “Is there a food distribution system in place where 

clients get a specific number of choices from certain categories (cereals, soups, vegetables, etc.)?”; 

2) “Are clients allowed a limited number of choices from MyPlate food groups, in addition to 

combination and miscellaneous groups?”; 3) “Are clients allowed to physically remove food from 

the shelf and place in their cart or bag?”; 4) “Is there an effort to integrate nutrition education 

within the act of choice (MyPlate posters visible, etc.)?”; 5) “Do volunteers promote nutrition?; 

and 6) Are volunteers trained in cultural competency?” 

1.8.1.2 Pantry Inventory and Client Food Bag Logs 

Research staff recorded an inventory of all food and beverage items available at each food 

pantry on a single day at the start of the client recruitment period (pantry inventories). Staff also 

recorded all food/beverage items that were distributed to clients by the pantry on recruitment day 

(client food bags). Food/beverage item name, brand name, additional description (i.e., “low 

sodium, “sugar free”), weight/volume, food form (fresh, frozen, etc.), and quantity were recorded 

and compiled into a database. 

1.8.1.3 Client Characteristics and Food Security Questionnaire 

Upon recruitment and at each study time point, participants were interviewed at one of the 

participating food pantries (or followed up via phone or email) by trained research staff and 

completed an electronic or paper version of a characteristics and food security questionnaire 

(Appendix B) that elicited information on demographic and pantry use characteristics, including 

age, sex, race, ethnicity, annual household income, education level, employment status, number of 

household members, number of children <18 years in the household, usual mode of transportation, 
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participation in federal food assistance programs, frequency of visits to this pantry in the past year, 

and length of time that food from pantries lasts.  

1.8.1.3.1 US Household Food Security Survey Module 

This survey also contained the 18-item US Household Food Security Survey Module― a 

validated measure of food security in the US (34,35)― to quantify and classify food security. 

Development of the US HFSSM began in 1992 with partnership from the federal government and 

the private sector. These entities were tasked with creating a standard measure of the food 

insecurity and hunger experienced in the US for use at national, state, and local levels (34). After 

its launch in 1995 as a supplement to the Current Population Survey (CPS), this measure was tested 

an analyzed to ultimately create the now broadly used US HFSSM. Further investigation of the 

tool following successive distributions of the CPS has deemed the US HFSSM to be stable and 

robust over time and among major population subgroups (34). 

The US HFSSM contains 18 questions (or items) listed in order of severity that query the 

food situation of the household. The US HFSSM employs a numerical scale and categorical 

measure to describe the situation of food security in US households as a whole, household adults, 

and household children over a specified reference period by summing the number of affirmative 

responses (one point per question) for all 18 items, the 10 items corresponding to the situation for 

adults, or the 8 items corresponding to the situation of children, respectively. Analyses described 

in this dissertation specify a reference period of one year for baseline food security assessment and 

two years for midpoint assessment. Unanswered items of the US HFSSM were imputed for each 

participant according to previously described methods (34). 

1.8.1.3.2 Food Security Classification 

Adult food security was quantified as a main outcome variable for the analyses presented 

in the fourth chapter of this dissertation. The numerical score was categorized and used as a main 

predictor and covariate in the second and third chapters of this dissertation, respectively. Using the 

summation of the 10 items corresponding to household adults, a raw score of zero was assigned as 

“high food security; a raw score of 1-2 was classified as “marginal food security”; a raw score of 

3-5 was classified as “low food security”; a raw score of 6-10 was classified as “very low food 

security” (35). Participants classified into the high and marginal food security groups were 
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combined into one group, “food security”, because of the low proportion of high and marginal 

food secure participants in the prevalently food insecure food pantry client population. The 

classification of food security used in this study was a strength, as limited studies have 

characterized differences between the LFS and VLFS subgroups. 

 

1.8.1.4 Automated Self-Administered 24-Hour Dietary Recall 

In addition to the characteristics and food security questionnaire, participants also 

completed up to three Automated Self-Administered 24-Hour Dietary Recalls (ASA24s), an 

internet-based 24-hour dietary recall (36), with optional staff assistance at each evaluation time 

point (Appendix C). The ASA24 was developed by the National Cancer Institute, under contract 

with Westat, and originally based on an automated, self-administered recall developed by Dr. Tom 

Baranowski of the Baylor College of Medicine (37). The ASA24 uses a modified version of 

USDA’s automated multiple pass method (AMPM), which is a computerized method for collecting 

interviewer-administered recalls that employs five steps designed to ensure complete and accurate 

food recall and reduce respondent burden. The AMPM approach features five main strategies: 1) 

a “Quick List” to collect a list of foods consumed during the previous 24-hour recall period from 

midnight to midnight; 2) a “Forgotten Foods” probe to query any foods forgotten during the Quick 

List; 3) collection of the “Time & Occasion” for each food; 4) a “Detail Cycle” to collect additional 

descriptions and amounts, and to review the 24-hour day; and 5) a “Final Probe” for anything else 

consumed. In addition to these strategies, the ASA24 includes a “Meal Gap Review” that asks if 

anything was eaten during any three-hour gaps between reported eating occasions, and a “Usual 

Intake Question” that asks whether the amount of food and drink consumed in the 24-hour recall 

period was more than usual, usual, or less than usual (37). 

Dietary quality and intake were estimated using analytical methodologies that 

accommodate inclusion of multiple 24-hour recalls to address previously-described gaps in the 

literature. The Healthy Eating Index (HEI) was applied to measure diet quality and the National 

Cancer Institute (NCI) method was applied to estimate usual intake of nutrients and food groups 

and are described in analytical methods below. 
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1.8.2 Analytical Methods 

A large emphasis of the research activities performed for this dissertation was placed on 

the development and adaptation of sophisticated statistical methods to estimate nutritional 

outcomes. This dissertation offers an innovative approach of adapting the Healthy Eating Index 

for application to all foods comprising the pantry food environment, and facilitating direct 

comparison between the nutrition quality of pantry offerings with the dietary quality of individual 

pantry clients. Additionally, this dissertation presents the novel application of the NCI method to 

a primary data collection setting. 

1.8.2.1 Healthy Eating Index as a Measure of Dietary Quality 

The HEI is a density-based score (e.g., amount per 1,000 kcal, ratio of fatty acids) that 

measures alignment with the DGA, allowing examination of overall diet quality in relation to 

federal dietary guidance, as well as patterns in terms of balance among multiple components to 

examine the quality of the mix of foods consumed (38). The 2010 rendition of the HEI (HEI-2010) 

is made up of nine adequacy components: total fruit (max score=5), whole fruit (max score=5), 

total vegetables (max score=5), greens and beans (max score=5), whole grains (max score=10), 

total dairy (max score=10), total protein foods (max score=5), seafood and plant proteins (max 

score=5), and fatty acids (max score=10), and three moderation components: refined grains (max 

score=10), sodium (max score=10), and empty calories [i.e., solid fat, alcohol, and added sugars; 

max score=20]), most of which are expressed relative to energy intake (i.e., as densities) and then 

scored according to standards (38). 

The standards for achieving the maximum and minimum HEI-2010 score for each 

component are as follows using the format “(standard for maximum, standard for minimum)”: total 

fruit (≥ 0.8 cup equiv. / 1,000 kcal, no fruit), whole fruit (≥ 0.4 cup equiv. / 1,000 kcal, no whole 

fruit), total vegetables (≥ 1.1 cup equiv. / 1,000 kcal, no vegetables), greens and beans (≥ 0.2 cup 

equiv. / 1,000 kcal, no dark green vegetables, beans, or peas), whole grains (≥ 1.5 ounce equiv. / 

1,000 kcal, no whole grains), total dairy (1.3 cup equiv. / 1,000 kcal, no dairy), total protein foods 

(≥ 2.5 ounce equiv. / 1,000 kcal, no protein foods), seafood and plant proteins (≥ 0.8 ounce equiv. 

/ 1,000 kcal, no seafood or plant proteins), fatty acids ((polyunsaturated fatty acids + 

monounsaturated fatty acids) / saturated fatty acids > 2.5, (polyunsaturated fatty acids + 

monounsaturated fatty acids) / saturated fatty acids ≤ 1.2), refined grains (≤ 1.8 ounce equiv. / 
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1,000 kcal, ≥ 4.3 ounce equiv. / 1,000 kcal), sodium (≤ 1.1 gram / 1,000 kcal, ≥ 2.0 grams / 1,000 

kcal), and empty calories (≤ 19% of energy, ≥ 50% of energy).  

For the adequacy components, a higher score indicates higher consumption; moderation 

components are reverse-scored, and thus a higher score indicates lower consumption. The 12 

component scores are weighted to yield a HEI-2010 Total Score with maximum value of 100, 

indicating full adherence to the 2010 DGA. Because the data analyzed for this dissertation were 

collected prior to the release of the 2015 DGA and HEI-2015, the HEI-2010 was used for this 

study to reflect the dietary standards and food supply composition at the time of data collection. 

1.8.2.1.1 Application of the HEI in the Context of Community Food Environments 

In addition to individuals’ dietary consumption, a given set of foods on any level of the 

food system (i.e., individual’s diet, food environment, or national food supply) may be a unit of 

analysis to which the HEI may be applied by following three mains steps: 1) identify the set of 

foods under consideration, 2) determine the amount of each relevant dietary constituent in the set 

of foods, and 3) derive the pertinent ratios and score each HEI component using the relevant 

standard (39). However, a documented shortcoming of applying the HEI to higher levels of the 

food system is that there are currently no databases available to convert unprepared foods (such as 

raw meats and untrimmed produce) and processed but not fully prepared foods (such as cake 

mixes) into their appropriate food group and nutrient equivalents (39). Thus, unprepared foods 

must be translated by hand or treated as prepared (i.e., “raw chicken” treated as “cooked chicken”).  

A community food environment, or the places where individuals acquire food in the 

locality, represents one layer of the food system (39). For food pantry clients, the pantry food 

environment, which defines both the foods available at the pantry (pantry inventories) and foods 

distributed to clients (client food bags), represents one such community food environment. A 

previous study by Nanney and colleagues applied the HEI to invoices of foods that were ordered 

by food pantries (40). In this dissertation, a similar method was created to model the application 

of the HEI to both the pantry inventory and client food bags. Specifically, a database was created 

containing all food/beverage item names, brand names, descriptions, weight/volume, and quantity 

for each item. Using these descriptors, each food item was searched in the USDA “What’s in the 

Foods You Eat” online tool (41) to assign the appropriate USDA food code. The assigned food 

code was used to merge each food item with the appropriate databases containing their food group 
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composition (42) and nutrient composition (43). The total weight of each food item was calculated 

by converting each food to units of grams; this required converting non-dry foods using a density 

database (44). Final weight/100g for each food item was multiplied by the weight/100g for all food 

groups and nutrients that comprised the food item. Publicly available Statistical Analysis Software 

(SAS) macros were used to calculate HEI-2010 scores (45).  

1.8.2.2 National Cancer Institute Method for Determining Usual Intake 

The NCI method is optimal for estimating usual intake because it reduces biases associated 

with usual intake determination by: 1) accounting for reported days with non-consumption or 

skewed consumption; 2) distinguishing within-person from between-person variation; 3) allowing 

for the correlation between the probability of consumption and the consumption-day amount; and 

4) relating covariate information to usual intake (46). The NCI method can be used to estimate the 

usual dietary intakes of single dietary components that are consumed daily or episodically. In the 

third and fifth chapters of this dissertation, the NCI method (21,46,47) was used to calculate the 

usual dietary intake of under-consumed nutrients and food groups, to determine cross-sectional 

associations between food security and usual intake, and to compare longitudinal changes in usual 

intake by treatment group and food security status. Up to three ASA24s per participant were 

included in the usual intake analysis. When the percentage of participants who did not consume a 

given food group/nutrient on each recall day was ≤5%, the food group/nutrient was treated as 

ubiquitously consumed (or consumed daily); when the percentage of non-consumption was >5%, 

the food group/nutrient was treated as episodically consumed (23). In this study, all nutrients were 

determined to be ubiquitously consumed, and all food groups episodically consumed. Publicly 

available SAS macros may be used to implement the NCI‘s statistical method for estimating usual 

intake. Descriptions of these macros, along with methodology developed in this dissertation to 

adapt the macros for use in a primary data collection setting, are provided in this section. 

1.8.2.2.1 The NCI MIXTRAN Macro 

The MIXTRAN macro (48) was used to evaluate the effects of individual covariates on 

food or nutrient consumption. The MIXTRAN macro uses the SAS NLMIXED procedure to 

simultaneously fit a two-part statistical model accounting for the probability of consumption and 

consumption-day amount on a given day, while accommodating repeat 24-hr recalls and allowing 
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the random effects for both parts of the model to be correlated. In cross-sectional analyses, the 

main predictor specified in the MIXTRAN macro was food security; in longitudinal analyses, the 

main predictors were time, treatment group, food security, and the two-way and three-way 

interactions between these variables. For ubiquitously consumed nutrients, the macro fits a one-

part (i.e. amount-only) model of the amount consumed, since the probability of consumption is 

assumed to be 1.  

For episodically consumed food groups, the macro fits a two-part model that defines the 

usual intake as the probability of consumption multiplied by the amount consumed on a 

consumption day. One challenge with using the NCI method is that the MIXTRAN macro 

generates estimates for the individual covariate effects on the probability of consumption and 

amount of consumption separately. Therefore, an additional statistical method developed by Dr. 

Janet Tooze (one of the developers of the NCI method) was employed to estimate the combined 

effect of individual covariates on the 𝑝𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑥 𝑎𝑚𝑜𝑢𝑛𝑡 (or, usual intake) (Appendix D) 

(49). This required authors to adapt the MIXTRAN macro to include user-defined estimate 

statements that employed the delta method to compute the ratios of the usual intake between two 

levels of the covariate of interest. For example, in a cross-sectional analysis, the comparison of 

usual intake by food security status was of interest. Thus, this comparison was achieved by 

estimating the ratio of usual intake between food security subgroups in three pairwise comparisons: 

𝑢𝑠𝑢𝑎𝑙 𝑖𝑛𝑡𝑎𝑘𝑒 (𝐹𝑆)

𝑢𝑠𝑢𝑎𝑙 𝑖𝑛𝑡𝑎𝑘𝑒 (𝐿𝐹𝑆)
, 

𝑢𝑠𝑢𝑎𝑙 𝑖𝑛𝑡𝑎𝑘𝑒 (𝐹𝑆)

𝑢𝑠𝑢𝑎𝑙 𝑖𝑛𝑡𝑎𝑘𝑒 (𝑉𝐿𝐹𝑆)
, and 

𝑢𝑠𝑢𝑎𝑙 𝑖𝑛𝑡𝑎𝑘𝑒 (𝐿𝐹𝑆)

𝑢𝑠𝑢𝑎𝑙 𝑖𝑛𝑡𝑎𝑘𝑒 (𝑉𝐿𝐹𝑆)
. In order to capture the range of possible 

effects of covariate(s) of interest on the usual intake of food groups, the ratios of usual intake were 

computed for “low risk” and “high risk” covariate patterns. A low risk covariate pattern assigned 

covariate levels that were associated with higher intake of food groups (i.e., higher income, older 

age), while a high risk covariate pattern reflected poor dietary intake. 

1.8.2.2.2 The NCI DISTRIB macro 

The DISTRIB SAS macro (48) uses parameter estimates and linear predictor values 

generated from the MIXTRAN macro and a Monte Carlo method to estimate the distribution of 

usual intake for the population, including the mean usual intake for a given food group and the 

proportions of participants with intake below a cut point (for example, the Estimate Average 

Requirement). A second challenge with using the NCI method is that DISTRIB does not generate 

a measure of variation (i.e., standard deviation). Therefore, additional calculations were required 
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in order to obtain standard errors and confidence intervals for the percentiles and mean from the 

distribution of usual intake. A SAS program was written to call the macros using the bootstrap 

method. One hundred bootstrap samples of the MIXTRAN and DISTRIB macros were generated 

with a sample size equal to the number of participants in the analysis in order to obtain the standard 

deviation of the mean usual intake for each nutrient and food group. 

The assessments and analytical methods described in this section were implemented via 

the following objectives and hypotheses to investigate the research aims presented in this 

dissertation. 

1.9 Research Aims, Objectives and Hypotheses 

The overarching goal of this dissertation was to investigate differences in dietary intake, 

consumption of food pantry offerings, and intermediate effects of a SEM, community-based food 

pantry intervention on dietary outcomes by food security status. Specific aims, hypotheses and 

objectives are described below: 

 

Aim 1: Characterize cross-sectional differences in dietary quality and usual intake between food 

secure (FS), low food secure (LFS), and very low food secure (VLFS) adult pantry clients in a 

multistate sample of rural, Midwestern food pantries. 

Aim 1 hypothesis: A high proportion of participants overall were expected have intakes below the 

EAR and to not exceed the AI for nutrients (potassium, dietary fiber, choline, magnesium, calcium, 

vitamins A, D, E, C and iron), and below Dietary Guidelines for Americans (DGA) 

recommendations for food groups (total fruits, total vegetables, dark green vegetables, whole 

grains and total dairy). FS clients were expected to consume diets of higher quality and usual intake 

compared to VLFS clients, and to a lesser extent, LFS clients.  

Aim 1 objectives: 

1. Determine food security status among household adults for a multistate sample of rural, 

Midwestern food pantry clients using the 18-item US Household Food Security Survey 

Module. 

2. Determine Healthy Eating Index-2010 (HEI-2010) total and component scores, as a 

measure of dietary quality, for a multistate sample of adult, rural, Midwestern, food pantry 

client participants. 
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3. Determine the usual intake of shortfall nutrients and food groups, as a measure of long-run 

dietary intake, for a multistate sample of adult, rural, Midwestern, food pantry client 

participants. 

4. Determine demographic, household, pantry use, and food assistance program participation 

characteristics for a multistate sample of adult, rural, Midwestern, food pantry client 

participants. 

5. Compare mean dietary quality and usual intake by food security status (i.e., FS vs LFS, FS 

vs VLFS, LFS vs VLFS), controlling for potential confounders. 

6. Determine the proportion of FS, LFS, and VLFS clients who are consuming usual intakes 

below the Estimated Average Requirement or not exceeding the Adequate Intake level for 

selected nutrients, or below DGA recommendations for food groups. 

Aim 2: Explore cross-sectional associations between the quality of the mix of foods, measured by 

applying the Healthy Eating Index 2010 (HEI-2010), of both pantry inventories (food stocked) and 

client food bags (foods distributed) with client diet quality, as well as whether FS, LFS, or VLFS 

status interacts with these associations, in a multistate sample of rural, Midwestern food pantries.  

Aim 2 hypothesis: HEI-2010 total and component scores of client food bags were hypothesized 

to predict corresponding HEI-2010 scores for client diet quality; similarly, HEI-2010 total and 

component scores of food pantry inventories were expected to be associated with corresponding 

client diet quality HEI-2010 scores but to a lesser extent compared to client food bags. Client food 

security status was hypothesized to interact with these associations, indicating differential pantry 

use among FS, LFS, and VLFS clients. 

Aim 2 objectives: 

1. Apply HEI-2010 total and component scores to the foods stocked (pantry inventories) and 

distributed (client food bags) to clients, as a measure of pantry food environment nutritional 

quality, for a multistate sample of rural, Midwestern food pantries. 

2. Determine HEI-2010 total and component scores, as a measure of client individual dietary 

quality, for a multistate sample of adult, rural, Midwestern, food pantry client participants. 

3. Determine food security status among household adults for a multistate sample of rural, 

Midwestern food pantry clients. 
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4. Determine associations between pantry food environment HEI-2010 scores and client 

individual HEI-2010 scores, and the interaction of adult food security status, while 

controlling for potential confounders. 

Aim 3: Evaluate the intermediate effects of the Voices for Food intervention on adult food security, 

diet quality (measured using Healthy Eating Index-2010 total and component scores), and usual 

intake of traditionally under-consumed food groups and related nutrients (estimated using the 

National Cancer Institute method) between treatment groups from baseline (2014) to midpoint 

(2016), and to compare the treatment effect by food security status. 

Aim 3 hypothesis: VFF intervention will improve food security, diet quality, and usual intake of 

potassium, dietary fiber, choline, magnesium, calcium, vitamins A, D, E, C, iron, total fruit, total 

vegetables, dark green vegetables, whole grains, and total dairy among pantry clients and effects 

of the intervention will differ by food security subgroup. 

Aim 3 objectives: 

1. Determine an estimate of baseline dietary quality, usual intake, food security, and 

demographic, household, pantry use, and food assistance program participation 

characteristics, for a multistate sample of rural, Midwestern food pantry clients and 

compare estimates between participants recruited to the intervention group and participants 

recruited to the comparison group. 

2. Determine changes in dietary quality and intake and food security for all participants over 

the first two years of the VFF intervention in a multistate sample of rural, Midwestern food 

pantry clients, controlling for potential confounders at baseline. 

3. Determine changes in dietary quality and intake and food security for participants stratified 

by treatment group over the first two years of the VFF intervention in a multistate sample 

of rural, Midwestern food pantry clients, controlling for potential confounders at baseline. 

4. Compare changes in dietary quality, usual intake, and food security over the two-year 

period in the intervention group ‒ comparison group). 

5. Compare the effect of the VFF intervention on dietary quality and usual intake by food 

security status. 
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1.10 Dissertation Organization 

This dissertation is organized by chapters consisting of manuscripts that have been 

submitted to or prepared for submission to peer-reviewed journals. Each dissertation aim outlined 

in section 1.7 corresponds to the three chapters that follow this section. Chapter 2 addresses Aim 

1 and characterizes differences in dietary quality and intake between FS, LFS and VLFS pantry 

clients in a cross-sectional analysis. Chapter 3 addresses Aim 2 and explores associations between 

the nutritional quality of the food pantry environment (pantry inventories and client food bags) 

and pantry client diet quality by food security status in a cross-sectional analysis. Chapter 4 

addresses Aim 3 and evaluates the intermediate effects of the VFF intervention on food security 

and diet quality and intake among pantry clients and by food security subgroup in a longitudinal 

analysis. 
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2.1 Abstract 

Background: Food insecurity, or uncertain access to adequate foods, characterizes the situation 

of 65% of US food pantry clients. Although clients share the common experience of using food 

pantries, usual dietary intake and quality may differ by food security status. 

Objective: Dietary quality and usual intake of energy, nutrients that are currently under-consumed 

in the US, and related food groups were compared by FS, low food secure (LFS), and very low 

food secure (VLFS) status, and usual intakes were compared to federal guidance and markers of 

adequacy. 

Methods: This study was a cross-sectional, secondary analysis drawn from a multi-state 

intervention (Clinical Trial Registry: NCT0356609). Adult food pantry clients (n=579) from 24 

rural, Midwestern food pantries completed a demographic and food security assessment and up to 

three 24-hour dietary recalls on non-consecutive days including weekdays and weekends. Healthy 

Eating Index-2010 total and component scores and usual intake using the National Cancer Institute 

method were estimated. Proportions of participants’ usual intakes not meeting federal guidance 

and markers of adequacy were described. Multiple linear regression models adjusting for 

confounders determined associations between food security status and both diet quality and usual 

intake (in separate models).  

Results: FS status was associated with a higher whole grains score, as well as a higher mean usual 

intake of whole grains and iron, compared to LFS status. FS status was associated with higher 

mean usual intakes of dark green vegetables and total dairy compared to LFS and VLFS status. 

FS, LFS, and VLFS clients’ usual intakes were below federal guidance for all food groups and 

usual intake of all nutrients except iron were below dietary reference intakes. 

Conclusions: Findings suggest that although all clients were relying on food pantries, food 

security status differentiates dietary quality and intake among clients. However, improvements are 

needed among clients regardless of food security subgroup. 

2.2 Introduction 

Emergency food pantries are non-profit organizations that provide food at no cost and with 

minimal eligibility requirements to a primarily (65%) food insecure (FI) clientele (1). Food 

insecurity, defined as lacking access to the quality and quantity of foods needed for an active, 
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healthy lifestyle (2), can be parsed into two subcategories: low food security (LFS) and very low 

food security (VLFS).  LFS is characterized by reduced quality and desirability, but not quantity 

of foods, while VLFS is additionally characterized by reduced quantity of food and disruption of 

eating patterns (3). FI is associated with consumption of fewer vegetables, fruits, and dairy and 

lower intake of several nutrients, including vitamin A, calcium, and magnesium (4). Furthermore, 

food insecurity is associated with diet-related chronic disease among low-income Americans (5). 

The 2015-2020 Dietary Guidelines for Americans (DGA) recommend shifts in eating 

patterns to promote health and prevent disease among the US population. The recommended shifts 

in eating patterns are designed to increase consumption of nutrients that are currently consumed 

below the Estimated Average Requirement (EAR) or do not exceed Adequate Intake (AI) levels; 

these include potassium, dietary fiber, choline, magnesium, calcium, vitamins A, D, E, C and iron 

(among adolescent girls and women ages 19 to 50 years) (6). Of these under-consumed nutrients, 

calcium, potassium, dietary fiber, and vitamin D are considered “nutrients of public health concern” 

because the prevalently low intakes of these nutrients are associated with health consequences (6). 

The DGA recommends shifts to eat more vegetables, fruits, whole grains, and dairy to increase 

intake of nutrients of public health concern (6). The relationship between FI and diet quality was 

specifically identified in the Scientific Report of the 2015 Dietary Guidelines Advisory Committee 

to have insufficient evidence available (7). Thus, there is a critical need for studies that evaluate 

and specify the relationship between food security and diet. The highly-FI food pantry population 

serves as an opportune setting to evaluate dietary intake and quality. 

Previous research suggests that although food pantry clients share a need for food 

assistance resources, this common experience may not result in similar diet quality or intake 

patterns among all clients (8). Very limited research has documented differences in the diets of FS, 

LFS, and VLFS groups who rely on emergency food assistance (9). Determining dietary pattern 

differences, including dietary quality, food groups and nutrients, by food security status is 

especially important among the pantry client population that may be particularly limited in terms 

of dietary selection. Furthermore, determination of the dietary patterns of FS, LFS, and VLFS food 

pantry clients will critically inform the creation of innovative strategies that are tailored to reach 

FI populations, as encouraged by the DGA (6). Differences among food pantry client dietary 

patterns by FS, LFS, and VLFS may also provide insight to the way that clients use food pantries 

as a resource to enhance food access. 
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The aim of this study was to compare dietary quality and the usual intake of under-

consumed nutrients and related food groups in relation to the DGA among FS, LFS, and VLFS 

adult food pantry clients. Objectives were to 1) compare the diet quality of FS, LFS, and VLFS 

adult pantry clients using the Healthy Eating Index-2010 (HEI-2010), 2) compare the usual intake 

of nutrients and food groups of concern among FS, LFS, and VLFS clients using the National 

Cancer Institute (NCI) method, and 3) determine the proportion of FS, LFS, and VLFS clients who 

are consuming usual intakes below the EAR or not exceeding the AI for selected nutrients  (10,11), 

as well as the proportions of clients consuming below DGA recommendations for selected food 

groups (6,12), in a multistate sample of 24 rural, Midwestern food pantries. FS clients were 

expected to consume diets of higher quality (HEI-2010) and usual intake (NCI method) compared 

to VLFS clients, and to a lesser extent, LFS clients. A high proportion of participants overall were 

expected have intakes below the EAR and to not exceed the AI for nutrients, and below DGA 

recommendations for food groups. 

2.3 Methods 

2.3.1 Study Design 

Data from this cross-sectional, secondary analysis were drawn from the baseline 

assessment of a multi-state intervention study, Voices for Food (VFF), which was carried out in 

24 rural, high poverty counties in Indiana (IN), Michigan (MI), Missouri (MO), Nebraska (NE), 

Ohio (OH), and South Dakota (SD) and aimed to improve food security among rural, Midwestern 

food pantry clients (Clinical Trial Registry: NCT0356609). A full description of VFF methods has 

been published in detail elsewhere (13). 

2.3.2 Food Pantry Selection, Recruitment and Client Participants 

In each state, four rural food pantries were selected according to previously-described 

criteria (13). Briefly, pantries were selected from counties defined as non-metro with poverty rates 

higher than 16% in 2011 (14), with Cooperative Extension presence, and without well-established 

food policy councils. A convenience sample of clients was recruited from the pantries from August 

to November 2014 through flyers that advertised the study during pantry operation hours, and by 

research staff approaching clients while they waited to receive food. Participants, screened by a 

trained interviewer, were English-speaking, adults age ≥18 years (or ≥19 years in Nebraska 
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indicating legal adult status) who used the food pantry at least one time in the previous 12 months, 

and who were receiving foods from the pantry on the day of recruitment. The [Blinded for Review] 

University and [Blinded for Review] University Institutional Review Boards approved research 

activities prior to beginning the study, and participants gave written or verbal consent before 

completing study materials. A total of 613 pantry clients were eligible and recruited; 579 (94%) 

with complete dietary and food security data were included in this analysis. 

2.3.3 Assessments and Measures 

2.3.3.1 Food pantry clients 

Participants were interviewed at one of the participating food pantries by trained research 

staff and completed an electronic or paper version of a questionnaire that elicited information on 

demographic and pantry use characteristics, including age, sex, race, ethnicity, annual household 

income, education level, employment status, number of household members, number of children 

<18 years in the household, usual mode of transportation, participation in federal food assistance 

programs, frequency of visits to this pantry in the past year, and length of time that food from 

pantries lasts. The 18-item US Household Food Security Survey Module (US HFSSM) quantified 

food security status among household adults over the past year (15,16). Participants also completed 

the Automated Self-Administered 24-h Dietary Recall (ASA24™-2014), an internet-based 24-

hour dietary recall (17), with optional staff assistance. Up to two additional dietary recalls were 

self-completed, or completed through an assisted phone interview, within two weeks of the pantry 

visit on non-consecutive days and including a weekend day (18). Participants received $10 as 

compensation in the form of a grocery store gift card upon completion of the initial interview, and 

an additional gift card for each dietary recall completed. 

2.3.4 Statistical Analysis 

2.3.4.1 Characteristics tables 

Variables were classed for analysis as follows: state (IN, MI, MO, NE, OH, SD); age (18-

44, 45-64, ≥65 years); gender (woman, man); race (White, Black, American Indian, Other); 

ethnicity (of Hispanic, Latino or Spanish origin, not of Hispanic, Latino or Spanish origin); annual 

household income (<$10,000, $10,000-15,000, >$15,000); education level (≤high school graduate 

or equivalent, ≥some college/trade school); employment status (employed for ≥6 months of the 
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past year, employed for <6 months of the past year); number of household members (1, 2, ≥3), 

number of children <18 years in the household (≥1, 0); usual mode of transportation used to acquire 

food (drive themselves, other); frequency of visits to this pantry in the past year (<5 times, ≥5 

times); number of different pantries visited in the past year (1, >1); length of time that food from 

pantries lasts (a few days’ worth, 1-2 weeks’ worth, more than half of food for the month); and 

having ≥1 family member participating in the following federal food assistance programs: 

Supplemental Nutrition Assistance Program, Meals on Wheels, Soup Kitchens, the Special 

Supplemental Nutrition Program for Women, Infants, and Children, free or reduced-price school 

meals, and free or reduced-price meals at summer programs (participating in ≥1 program, 

participating in 0 programs). Food security scores were used to create the following categories: 

FS, LFS, and VLFS. Total numbers and prevalence of pantry client demographic characteristics 

were calculated. Characteristics were compared across FS, LFS and VLFS groups using chi-

squared analysis. 

2.3.4.2 Application of the HEI-2010 to quantify client diet quality 

Dietary information from ASA24™-2014 was used to determine HEI-2010 scores for each 

client over all recorded intake days (≤3) using the Simple HEI Scoring Algorithm – Per Person 

(19). The HEI-2010 is a density-based score (e.g., amount per 1,000 kcal, ratio of fatty acids) that 

measures adherence to the DGA, allowing examination of overall diet quality in relation to federal 

dietary guidance, as well as dietary patterns in terms of balance among multiple components to 

examine the quality of the mix of foods. The HEI-2010 is made up of nine adequacy components: 

total fruit (max score=5), whole fruit (max score=5), total vegetables (max score=5), greens and 

beans (max score=5), whole grains (max score=10), total dairy (max score=10), total protein foods 

(max score=5), seafood and plant proteins (max score=5), and fatty acids (max score=10), and 

three moderation components: refined grains (max score=10), sodium (max score=10), and empty 

calories [i.e., solid fat, alcohol, and added sugars; max score=20]), most of which are expressed 

relative to energy intake (i.e., as densities) and then scored according to standards (20). For the 

adequacy components, a higher score indicates higher consumption; moderation components are 

reverse-scored, and thus a higher score indicates lower consumption. The 12 component scores are 

weighted to yield a HEI-2010 Total Score with maximum value of 100 (20). Because the data were 
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collected prior to the release of the 2015 DGA and HEI-2015, the HEI-2010 is appropriate to 

reflect the dietary standards in place at the time of data collection. 

Multiple linear regression models with food security status as the main independent 

variable and total or component HEI-2010 scores (one score per person) as the outcome variables 

compared the mean difference in HEI-2010 score between FS, LFS, and VLFS groups controlling 

for potential confounding by state, age, gender, race, income, participation in federal food 

assistance programs, and frequency of visits to this pantry in the past year. Between-group 

comparisons for HEI-2010 scores were determined using ANOVA with the Least Squares Mean 

statement and Tukey adjustment for multiple comparisons. Statistical significance was determined 

at p < 0.05. 

2.3.4.3 Application of the NCI method to quantify usual intake of nutrients and food groups of 

concern 

The NCI method (21,22) was used to calculate the usual dietary intake of nutrients and 

food groups of public health concern. Up to three ASA24™-2014 recalls per participant were 

included in the analysis. When the percentage of participants who consumed a given food 

group/nutrient on each recall day was ≤5%, the food group/nutrient was treated as ubiquitously-

consumed; when the percentage of non-consumption was >5%, the food group/nutrient was treated 

as episodically consumed (23). In this study, all nutrients were determined to be ubiquitously 

consumed, and all food groups episodically consumed. The NCI method uses a two-part model 

accounting for the probability of consumption and consumption-day amount on a given day, while 

allowing the random effects for both parts of the model to be correlated. 

For the nutrients (ubiquitously-consumed), the probability of daily consumption was 

assumed to be one, and therefore a one-part “amount only” model was used. In this model, a Box-

Cox transformation was applied to ≤3 days of 24-hour recall data and transformed observations 

were modeled using linear mixed effects models, with adjustment for covariates via fixed effects. 

The %MIXTRAN SAS macro (24) compared the pairwise effects of food security status (i.e., FS 

vs LFS, FS vs VLFS, LFS vs VLFS) on usual intake of nutrients. The %DISTRIB SAS macro (24) 

produced the mean usual intake for each food security subgroup and the proportions of participants 

consuming below the EAR (or exceeding the AI for nutrients without established EAR values). 

One hundred bootstrap samples of the %DISTRIB macro were generated with samples of 601 

participants to obtain the standard deviation of the mean usual intake for each nutrient. Nutrients 
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(from foods and beverages only) included calcium (mg), magnesium (mg), potassium (mg), 

vitamin A (μg, RAE), vitamin C (mg), vitamin D (μg), iron (mg), choline (mg), vitamin B12 (μg), 

fiber (g), and vitamin E (mg). The main predictor in the models (separate model for each nutrient) 

for estimating usual intake was food security status. Potential confounders adjusted in the models 

were compressed into two levels to facilitate analysis; variable groupings with the lowest Akaike 

Information Criterion (AIC) were selected to ensure optimal model fit. Potential confounders were 

classed as follows: age (<65, ≥65), gender (woman, man), race (White, Black/American 

Indian/Asian/Hawaiian/Other), annual household income (<$10,000, ≥$10,000), participation in 

food assistance programs (0 programs, ≥1 program), frequency of visits to this pantry over the past 

year (≥5 times, <5 times), state (MI/NE/SD, IN/MO/OH), and day of the week of dietary recall 

(weekday/weekend); interview sequence of the dietary recall (indicating the first 24-hour recall) 

and total energy intake (a continuous variable) were also included as covariates in all models. 

For the food groups (episodically-consumed), the probability of daily consumption was not 

assumed to be one, and therefore the two-part model was used. The first part estimated the 

probability of consuming a food using logistic regression, while the second part was identical to 

the “amount only” model described for nutrients above. Potential confounders adjusted in the 

models were similarly compressed into two levels to facilitate analysis identical to that described 

in the nutrient analysis above. In order to compare the pairwise effects of food security status (i.e., 

FS vs LFS, FS vs VLFS, LFS vs VLFS) on usual intake of food groups, authors adapted the 

%DISTRIB macro to include an estimate statement described here (25). The ratio of means were 

computed for “low risk” and “high risk” covariate patterns, which were assigned using the 

covariate categories explained previously to determine the range of the effect of food security 

status on usual intake. Low risk reflected a pattern associated with higher intake of food groups: 

age ≥65; sex = Male; race = White; annual household income = ≥$10,000; participation in food 

assistance programs = 0 programs; frequency of visits to this pantry over the past year ≥5 times; 

state = IN/MO/OH; day of the week of dietary recall = weekday. All models controlled for mean 

energy intake (1506.86 kilocalories) and a variable representing the interview sequence of the 

dietary recalls (indicating the first 24-hour recall). Effects of food security status on usual intake 

were expressed for high risk and low risk groups separately as ratios (
𝐹𝑆

𝐿𝐹𝑆
 , 

𝐹𝑆

𝑉𝐿𝐹𝑆
 , 

𝐿𝐹𝑆

𝑉𝐿𝐹𝑆
). Means and 

standard deviations of the usual intake and the proportions of clients consuming below the DGA 

recommended intakes for food groups were determined as described above for nutrients. Food 
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groups included total fruit (cup equivalents), total vegetables (cup equivalents), dark green 

vegetables (cup equivalents), whole grain (ounce equivalents), and total dairy (cup equivalents). 

All analyses were performed using SAS version 9.4 (26). 

2.4 Results 

Pantry clients (n=579) were predominantly white (79%), women (72%) between 18-64 

years (81%), who achieved an education level of ‘high school graduate or equivalent’ or below 

(67%), were employed for <6 months over the course of the previous year (76%), participated in 

≥1 federal food assistance program over the course of the previous year (80%), and were classified 

as FI (FI=78%; LFS=30%; VLFS=48%) (Table 1). When participants were compared by food 

security status, significant differences in characteristics were observed for state, age, participation 

in ≥1 federal food assistance program, and the number of times this pantry (where the participant 

was recruited) was visited in the previous 12 months. A lower proportion of VLFS clients (11%) 

reported being >65 years old compared to FS (31%) and LFS (47%) clients. A greater proportion 

of VLFS clients (86%) reported being enrolled in ≥1 federal food assistance program compared to 

FS (73%) and LFS (78%) clients. A greater proportion of LFS (52%) and VLFS (55%) clients 

reported visiting this pantry <5 times in the past year compared to FS (40%) clients. 

Whole grains HEI-2010 score differed between FS and LFS pantry clients (p=0.02), with 

FS clients achieving an average of one point higher compared to LFS clients (Table 2). Mean 

usual intake of iron differed between FS and VLFS clients (p=0.004), with VLFS clients 

consuming an average of 0.7 milligrams less iron daily (Table 3). Over 90% of all clients 

(including FS, LFS and VLFS clients) consumed below the EARs for vitamin D and vitamin E 

and less than 10% of all clients exceeded the AIs for potassium, fiber, and choline (Table 3). Over 

90% of all clients consumed below target recommendations for total fruit, total vegetables, dark 

green vegetables, total grains and total dairy food groups (Table 4). FS status compared to LFS 

status was associated with increased mean usual intakes of whole grains, dark green vegetables, 

and total dairy; increases ranged from 1.49 (for participants with otherwise ‘low risk’ covariate 

patterns, p=0.009) to 1.67 times higher (for subjects with otherwise ‘high risk’ covariate patterns, 

p=0.005) for whole grains, from 2.56 (p=0.0005) to 2.50 (p=0.0009) times higher for dark green 

vegetables, and from 1.28 (p=0.02) to 1.30 (p=0.04) times higher for total dairy (Table 5). FS 

status compared to VLFS status was associated with increased mean usual intakes of dark green 
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vegetables and total dairy; increases ranged from 2.44 (p=0.001) to 2.38 (p=0.002) times higher 

for dark green vegetables and from 1.32 (p=0.007) to 1.41 (p=0.004) times higher for total dairy 

(Table 5). 

2.5 Discussion 

This study represents the first comparison of diet quality (quantified using the HEI-2010) 

and usual intake of under-consumed nutrients and related food groups (quantified using the NCI 

method) among food pantry clients by FS, LFS, and VLFS subgroups. Evaluating these differences 

informs interventions to improve diet among the food pantry population and provides rationale for 

considering differences in food security. FS clients were expected to consume diets of higher 

quality (HEI-2010) and usual intake (NCI method) compared to VLFS clients and, to a lesser 

extent, LFS clients. FS status was associated with a higher whole grains HEI-2010 score, as well 

as a higher mean usual intake of whole grains and iron, compared to LFS status. FS status was 

associated with a higher mean usual intake of dark green vegetables and total dairy compared to 

both LFS and VLFS status. Contrary to the hypothesis, FS status had more associations with 

improved HEI scores and usual intake compared to LFS status, rather than VLFS status. A high 

proportion of clients were expected to have mean usual intakes of nutrients and food groups that 

did not meet dietary recommendations. Consistent with this hypothesis, over 90% of clients had 

intakes below the EAR for vitamin D and E, less than 10% of all clients exceeded the AI for 

potassium, fiber, and choline, and over 90% of all clients consumed below target recommendations 

for total fruit, total vegetables, dark green vegetables, total grains and total dairy food groups. 

Similar to recent studies that evaluated dietary patterns in samples of rural, Midwestern 

food pantry clients, diet quality (measured by HEI-2010 total and component scores) was low 

(8,27). Diet quality in the present study was also low compared to the most recent estimate among 

the US population (HEI-2015 total score: 58.0) (28). HEI-2010 component scores for whole grains, 

greens and beans, whole fruit, and seafood and plant proteins were especially low in the present 

study. As with previous studies (8,27), these findings indicate a need to improve access to these 

dietary components in the food pantry setting. The very high prevalence (78%) of food insecurity 

among study participants in this rural, Midwestern sample was higher than the national prevalence 

of food insecurity among pantry clients (65%) and validates the known dietary quality deficits 

classified by food insecurity (1). This confirms a critical need for interventions to improve food 
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security through access to high quality foods in the extremely vulnerable subpopulation of food 

pantry clients. 

One previous study investigated differences between dietary patterns of FS and FI clients 

in rural, Midwestern food pantries by evaluating changes in dietary patterns before and after pantry 

use by food security status (8). This previous study found more improvements in dietary patterns 

from before to after visiting a food pantry for FI clients compared to FS clients. Although this 

previous study focused on dichotomized food security status (i.e., FS vs FI) rather than the three 

levels of food security investigated in the present study, it laid the foundation for considering food 

security status when examining dietary intake among pantry clients. The present study expands 

upon this notion, providing evidence that, in addition to FS and FI clients consuming different 

quality diets, there are also differences in nutrient and food group intakes and dietary quality 

between FS clients and both the LFS and VLFS subgroups. Regarding dietary quality, FS client 

diets were higher in whole grains relative to calories compared to LFS clients, and were closer to 

DGA recommendations. Improving the access to and availability of whole grains at food pantries 

may ultimately improve client diet quality scores for all clients and for LFS clients in particular. 

In addition to differences in diet quality, the present study established differences in usual 

intake (quantity consumed) among FS, LFS, and VLFS pantry clients. FS clients consumed more 

whole grains over the ≤3 recall days compared to LFS clients, consistent with the finding that FS 

clients’ diets conformed more closely to the DGA regarding whole grain quality compared to LFS 

clients. Thus, FS clients not only consumed a higher proportion of whole grains relative to other 

food groups in their diets, but also consumed a higher quantity of whole grain foods compared to 

LFS clients. FS clients also consumed more iron compared to LFS clients over the recall period. 

Because cereal flours contain whole grains and are a common avenue of iron fortification (29), it 

is not surprising that FS clients had a higher intake of both whole grains and iron compared to LFS 

clients. FS clients consumed a higher mean usual intake of dark green vegetables and total dairy 

food groups compared to both LFS and VLFS clients, but did not have higher HEI-2010 

components scores for total vegetables, greens and beans, and total dairy components. This finding 

suggests that although FS clients consumed a higher amount of dark green vegetables and dairy 

foods, they did not consumed a higher proportion of these foods relative to other food groups in 

their diets compared to LFS and VLFS clients. 
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A recent systematic review documented lower intake of vegetables, fruit, dairy, vitamin A, 

calcium, and magnesium for FI adults compared to FS adults (4). Consistent with these findings, 

FS clients in the present study consumed more dark green vegetables and dairy compared to LFS 

and VLFS clients. Although the present study did not find significant differences in the intake of 

vitamin A, calcium, or magnesium between FS and FI clients (at p < 0.0167 to adjust for the three 

pairwise food security subgroup comparisons using Bonferroni method), p-values were <0.05, 

suggesting a trend toward significance, for these nutrients. The present study did not find 

differences in fruit intake between FS and FI clients suggesting similar limited access among all 

food pantry clients. 

Although the present study provided evidence for differences in diet quality and quantity 

by food security status, usual intake analysis showed that most nutrients and all food groups were 

under-consumed by almost all pantry clients, regardless of food security classification. This is not 

surprising since the nutrients and food groups investigated in this study are documented as under-

consumed for all Americans, yet the overwhelming percentage in this sample not meeting the EAR 

or exceeding the AI was alarming (6). Under-consumption by all food security groups highlights 

the importance of interventions to improve dietary quality for all pantry clients. Discrepancies in 

intake between food security subgroups suggest there are particular foods and nutrients that dietary 

interventions should focus on to improve dietary disparities between clients and may cautiously 

inform other food-insecure population sub-groups. Findings from this study provide novel insights 

into differences in food security status that go beyond the common experiences of pantry clients 

relying on emergency food assistance. 

2.5.1 Strengths 

This study presented the first investigation of both diet quality and usual intake among food 

pantry clients. Both the proportions of food groups consumed relative to federal guidance, as well 

as the actual amounts consumed, were characterized by food security status. Investigation of both 

dietary quality and intake is critical to determining dietary patterns. HEI-2010 measures diet 

quality independent of quantity, specifically, how closely one’s diet adheres to the Dietary 

Guidelines for Americans. Although this measure is meaningful, in low-income communities it is 

also important to consider the quantities of food groups and nutrients consumed. The authors 

responded to this critical need by applying the NCI method to determine usual intake of nutrients 
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and food groups of public health concern in the pantry-user population while also mitigating 

measurement error. The very high prevalence of FI allowed researchers to stratify the study sample 

by LFS and VLFS contributing the first comparison of consumption patterns between FS, LFS, 

and VLFS pantry clients and establishing differences between the dietary patterns of these 

subgroups. Another strength of this study is the collection of up to three 24-hour dietary recalls on 

non-consecutive days. This provided a more representative measure of client dietary intake 

compared to using a single dietary recall. 

2.5.2 Limitations 

Nutrient intake in the present study was compared to EAR and AI values for females 

between 31-50 years. Although the study population was mostly females in this age range, it also 

included a small proportion of males and older adults; federal guidance for markers of adequacy 

for nutrients are generally higher for males, and thus the proportion not meeting requirements may 

have been under-estimated for males in the sample. The 24-hour recalls used to measure diet 

quality and quantity in this study did not account for supplements; resulting estimates do not 

represent total intake. Under-reporting of energy intake when using 24-hour dietary recalls is 

known (30) and could have contributed to bias in this study; however, a recent study reported the 

ASA24 to perform relatively well among women with low incomes (18). Compensation of up to 

$30 in the form of grocery store gift cards could have resulted in higher quality and/or quantity of 

foods being purchased at stores and may have introduced bias to the second and third dietary recalls 

that were collected after the day of recruitment. Food security status was associated with dietary 

quality and intake in this study; however, food security assessment has a reference intake period 

of 12 months while the reference period of dietary assessment was ≤two weeks. Thus, food security 

status did not necessarily reflect the household’s experience during data collection, as households 

might experience episodes of food insecurity throughout the year due to changes in circumstances 

(1). 

2.5.3 Conclusions 

Food security was associated with a higher whole grains HEI-2010 score, as well as a 

higher mean usual intake of whole grains and iron, compared to low food security among food 

pantry clients. Food security was also associated with a higher mean usual intake of dark green 
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vegetables and total dairy compared to both low food security and very low food security among 

food pantry clients. FS, LFS and VLFS pantry clients showed differences in dietary quality and 

usual intake, suggesting that food security status may be associated with dietary patterns, even 

among the vulnerable food pantry client sample. However, all pantry clients, regardless of food 

security status, consumed less than federal guidelines and markers of adequacy for most nutrients 

and food groups evaluated in this study. Further research is needed to characterize differences in 

dietary patterns between the food security subgroups, and whether FS, LFS, and VLFS pantry 

clients use pantry resources differently. 
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2.9 Results Tables 

Table 2-1 Unadjusted sociodemographic characteristics of food pantry clients from rural, 

Midwestern, food pantries in the Voices for Food study by adult food security status (n=579) 

Characteristics All Clients Food 

secure 

Low food 

secure 

Very low 

food secure 

Chi-

squared  

 n (%)a n (%) n (%) n (%) p-value 

Total 579 (100) 131 (23) 172 (30) 276 (48)  

State     0.01* 

Indiana 151 (26) 30 (23) 39 (23) 82 (30)  

Michigan 98 (17) 17 (13) 33 (19) 48 (17)  

Missouri 140 (24) 33 (25) 37 (22) 70 (25)  

Nebraska 50 (9) 10 (8) 24 (14) 16 (6)  

Ohio 78 (13) 20 (15) 18 (10) 40 (14)  

South Dakota 62 (11) 21 (16) 21 (12) 20 (7)  

Gender     0.51 

Men 137 (28) 34 (30) 46 (30) 57 (26)  

Women 350 (72) 79 (70) 105 (70) 166 (74)  

Age, years     0.0002* 

18-44 182 (37) 36 (32) 50 (33) 96 (42)  

45-64 215 (44) 43 (38) 66 (43) 106 (47)  

≥65 96 (19) 35 (31) 36 (47) 25 (11)  

Race     0.40 

White 380 (79) 87 (78) 116 (80) 177 (78)  

Black 40 (8) 12 (11) 12 (8) 16 (7)  

American Indian 38 (8) 10 (9) 12 (8) 16 (7)  

Otherb 25 (5) 3 (3) 5 (3) 17 (8)  

Highest education level     0.60 

≤High school graduate or equivalent 331 (67) 77 (68) 105 (70) 149 (65)  

≥Some college/trade school 162 (33) 37 (32) 45 (30) 80 (35)  

Employment statusc     0.39 
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Characteristics All Clients Food 

secure 

Low food 

secure 

Very low 

food secure 

Chi-

squared  

 n (%)a n (%) n (%) n (%) p-value 

Employed ≥6 months 133 (24) 32 (25) 45 (26) 56 (21)  

Employed <6 months 428 (76) 94 (75) 125 (74) 209 (79)  

Incomed     0.06 

<$10,000 292 (54) 56 (56) 77 (50) 159 (60)  

$10,000 - $15,000 112 (21) 31 (25) 37 (24) 44 (17)  

>$15,000 136 (25) 35 (29) 40 (26) 61 (23)  

Household sizec     0.34 

1 member 173 (30) 41 (32) 57 (33) 75 (27)  

2 members 135 (23) 36 (28) 35 (20) 64 (23)  

≥3 members 268 (47) 53 (41) 79 (46) 136 (49)  

Participation in food assistance programsc,e     0.009* 

≥1 program 466 (80) 96 (73) 134 (78) 236 (86)  

0 programs 113 (20) 35 (27) 38 (22) 40 (14)  

Estimated amount of household foods from all 

pantries in the last month 

    0.12 

A few days’ worth 243 (45) 44 (39) 67 (42) 132 (51)  

1-2 weeks’ worth 187 (35) 40 (35) 61 (38) 86 (33)  

More than half of food for the month 105 (20) 29 (26) 33 (21) 43 (16)  

Number of pantries visitedc     0.16 

1 pantry 265 (48) 67 (55) 79 (47) 119 (45)  

>1 pantry 291 (52) 55 (45) 88 (53) 148 (55)  

Number of times this pantry was visitedc     0.02* 

<5 times 294 (51) 53 (40) 89 (52) 152 (55)  

≥5 times 285 (49) 78 (60) 83 (48) 124 (45)  

a Totals may not add up to total participants due to missing values. 
b Includes Native Hawaiian, Asian, and any combinations of races. 
c Over the past 12 months. 
d Self-reported total combined income of all household members over the past 12 months including income from jobs, 

business, pensions, Social Security or retirement payments, disability payments, and any other money income received. 
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e Includes the Supplemental Nutrition Assistance Program; Meals on Wheels; Soup Kitchens; the Special 

Supplemental Nutrition Program for Women, Infants, and Children; free or reduced-price school meals; and free or 

reduced-priced meals at summer programs. 

* Statistical significance is p<0.05 for chi-squared comparisons between food secure, low food secure and very low 

food secure households. 
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Table 2-2 Associationa of adult food security status and Healthy Eating Index-2010 (HEI-2010) 

scores in a sample of rural, Midwestern, food pantry clients 

HEI-2010 component 

(maximum score) 

Mean ± standard deviationb 

n = 440 

p-values for Mean Differencesb,c 

 Food secure 

(FS) 

Low food 

secure (LFS) 

Very low food 

secure (VLFS) 

FS vs LFS FS vs VLFS LFS vs VLFS 

Total score (100) 45.3 ± 1.5 42.2 ± 1.4 43.2 ± 1.4 0.13 0.36 0.74 

Total vegetables (5) 3.3 ± 0.2 3.4 ± 0.2 3.3 ± 0.2 0.75 0.94 0.89 

Greens and beans (5) 1.4 ± 0.2 1.3 ± 0.2 1.0 ± 0.2 0.81 0.14 0.36 

Total fruit (5) 1.9 ± 0.2 1.8 ± 0.2 1.9 ± 0.2 0.98 1.00 0.96 

Whole fruit (5) 1.6 ± 0.3 1.4 ± 0.2 1.5 ± 0.2 0.79 0.85 0.99 

Whole grains (10) 2.8 ± 0.4 1.8 ± 0.3 2.4 ± 0.3 0.02* 0.51 0.15 

Total dairy (10) 4.4 ± 0.4 3.9 ± 0.4 3.4 ± 0.4 0.47 0.06 0.49 

Total protein foods (5) 4.3 ± 0.2 4.5 ± 0.1 4.4 ± 0.1 0.48 0.88 0.69 

Seafood & plant proteins (5) 1.4 ± 0.2 1.2 ± 0.2 1.0 ± 0.2 0.68 0.20 0.64 

Fatty acids (10) 4.1 ± 0.4 4.3 ± 0.4 4.5 ± 0.4 0.88 0.62 0.89 

Sodium (10) 2.6 ± 0.4 2.7 ± 0.4 2.9 ± 0.4 1.00 0.74 0.75 

Refined grains (10) 6.9 ± 0.5 6.2 ± 0.4 6.8 ± 0.4 0.30 1.00 0.24 

Empty calories (20) 10.6 ± 0.8 9.7 ± 0.7 10.1 ± 0.7 0.49 0.78 0.83 

a Models were structured as follows: HEIclient= client_food_security_status + covariates. All models were evaluated 

for potential confounding presented by the following covariates: state, age, sex, race and income, participation in ≥1 

federal food assistance programs, number of times visited this pantry in the last 12 months. 
b Least Squares Means separation 
c Tukey’s adjustment for multiple comparisons 

* Statistical significance was determined at p < 0.05. 
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Table 2-3 Associationa of adult food security status and usual intake of under-consumed nutrients in rural, Midwestern, food pantry 

clients 

Table 3: Associationa of adult food security status and usual intake of under-consumed nutrients in rural, Midwestern, food pantry clients 

Nutrient (Estimated Average Requirement 

[EAR] or Adequate Intake [AI] level) 

Proportion below EAR or above AI Mean usual intake  ± standard deviation 

by food security status (n = 448) 

p-values for mean 

differences 

 Food 

secure 

(FS) 

Low food 

secure 

(LFS) 

Very low 

food secure 

(VLFS) 

FS LFS VLFS FS vs 

LFS 

FS vs 

VLFS 

LFS 

vs 

VLFS 

Energy, kcal/day - - - 1134 ± 134 1113 ± 127 1065 ± 120 0.50 0.06 0.01 

Potassium, mg/day (4700b) 0.01 0.03 0.01 1407 ± 93 1481 ± 99 1224 ± 84 0.27 0.42 0.68 

Dietary fiber, g/day (25c) 0.02 0.03 0.02 7.9 ± 0.5 8.3 ± 0.5 6.9 ± 0.5 0.10 0.02 0.57 

Choline, mg/day (425b) 0.06 0.08 0.05 184 ± 12 195 ± 13 160 ± 11 0.10 0.08 0.99 

Magnesium, mg/day (265d) 0.89 0.87 0.91 141 ± 9 149 ± 9 123 ± 8 0.03 0.14 0.28 

Calcium, mg/day (800d) 0.84 0.79 0.86 476 ± 34 515 ± 40 433 ± 38 0.19 0.04 0.41 

vitamin A, μg, RAE/day (500d) 0.79 0.74 0.86 342 ± 25 364 ± 30 300 ± 26 0.02 0.02 0.96 

vitamin D, μg/day (10d) 0.98 0.97 0.98 2.4 ± 0.2 2.6 ± 0.2 2.1 ± 0.2 0.34 0.19 0.76 

vitamin E, alpha-tocopherol, mg/day (12d) 0.98 0.96 0.98 3.7 ± 0.3 4.0 ± 0.3 3.3 ± 0.2 0.80 0.14 0.28 

vitamin C, mg/day (60d) 0.78 0.77 0.82 38.1 ± 3.2 40.5 ± 3.7 33.9 ± 3.7 0.96 0.95 0.97 

Iron, mg/day (8.1d) 0.53 0.52 0.63 8.2 ± 0.6 8.9 ± 0.7 7.4 ± 0.6 0.04 0.004* 0.47 

a Model followed guidelines described for calculating usual intake according to the National Cancer Institute method, and were structured as: HEIclient= energy + 

weekday/weekend identifier + 24-hour recall sequence identifier + client food security status + covariates. All models were evaluated for potential confounding 

presented by the following covariates: state, age, sex, race and income, participation in ≥1 federal food assistance programs, number of times visited this pantry in 

the last 12 months. 
b AI for micronutrients – females 31-50 years (11) 
c AI for fiber – females 31-50 years (10) 
d EAR for micronutrients – females 31-50 years (11) 

* Statistical significance was determined at p < 0.0167 to adjust for multiple comparisons using Bonferroni method.  
  



66 

 

Table 2-4 Mean usual intakes of food groups and proportions below target recommendations by 

adult food security status in rural, Midwestern, food pantry clients 

Food group (targeta) Food security status Mean ± standard 

deviation (n = 448) 

Proportion below target 

Total fruit (1.5 cup equiv./day) Food secure 0.53 ± 0.06 0.95 

Low food secure 0.53 ± 0.06 0.94 

Very low food secure 0.45 ± 0.05 0.96 

Total vegetables (2 cup equiv./day) Food secure 1.23 ± 0.09 0.93 

Low food secure 1.33 ± 0.09 0.90 

Very low food secure 1.14 ± 0.08 0.94 

Dark green vegetables (0.2b cup 

equiv./day) 

Food secure 0.06 ± 0.01 0.96 

Low food secure 0.06 ± 0.01 0.96 

Very low food secure 0.05 ± 0.01 0.97 

Whole grains (3 ounce equiv./day) Food secure 0.56 ± 0.06 1.00 

Low food secure 0.58 ± 0.05 0.99 

Very low food secure 0.46 ± 0.06 1.00 

Total dairy (3 cup equiv./day) Food secure 1.10 ± 0.11 0.97 

Low food secure 1.27 ± 0.11 0.95 

Very low food secure 1.06 ± 0.12 0.97 

a Target values based on Healthy US-style Food Patterns recommendations from the 2015-2020 Dietary Guidelines 

for Americans for minimal calorie intake for adults (1600 kcal) because the average calorie intake in the sample was 

1506.86 kcal (12). The study population mean kcal was 1506.86. 
b Dark green vegetables recommendation is 1.5 cup equiv./week. 1.5/7=0.214 cup equiv./day 
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Table 2-5 Associationa of adult food security status and usual intake of food groups for ‘high risk’ and ‘low risk’ covariate patterns in 

rural, Midwestern, food pantry clients 

Food group Covariates (a-h) Ratios of mean usual intake 

between adult food secure (FS), 

low food secure (LFS), and 

very low food secure (VLFS) 

clients 

(p-values) 

 Risk 

Level 

(a) 

Age 

(b) 

Sex 

(c) 

Race 

(d) 

Income 

(e) 

Participation 

(f) 

Frequency 

(g) 

State 

(h) 

Weekday/

Weekend 

𝐹𝑆

𝐿𝐹𝑆
 

𝐹𝑆

𝑉𝐿𝐹𝑆
 

𝐿𝐹𝑆

𝑉𝐿𝐹𝑆
 

Total fruit High <45y F Black, Other <$10,000 ≥1 program <5 times MI, NE, SD Weekend 1.15 

(0.54) 

1.25 

(0.28) 

1.09 

(0.69) 

Low ≥45y M White ≥$10,000 0 programs ≥5 times IN, MO, OH Weekday 1.19 

(0.51) 

1.39 

(0.18) 

1.16 

(0.55) 

Total 

vegetables 

High <45y F Black, Other <$10,000 ≥1 program <5 times MI, NE, SD Weekend 1.05 

(0.58) 

1.02 

(0.84) 

0.97 

(0.70) 

Low ≥45y M White ≥$10,000 0 programs ≥5 times IN, MO, OH Weekday 1.05 

(0.60) 

1.02 

(0.83) 

0.92 

(0.73) 

Dark green 

vegetables 

High <45y F Black, Other <$10,000 ≥1 program <5 times MI, NE, SD Weekend 2.50 

(0.0009*) 

2.38 

(0.002*) 

0.97 

(0.94) 

Low ≥45y M White ≥$10,000 0 programs ≥5 times IN, MO, OH Weekday 2.56 

(0.0005*) 

2.44 

(0.001*) 

0.94 

(0.91) 

Whole 

grains 

High <45y F Black, Other <$10,000 ≥1 program <5 times MI, NE, SD Weekend 1.67 

(0.005*) 

1.37 

(0.11) 

0.82 

(0.42) 
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a Authors adapted the National Cancer Institute method to include estimate statements described by Tooze et al., 2002 that calculated ratios of usual intake by 

food security subgroups (
𝐹𝑆

𝐿𝐹𝑆
 , 

𝐹𝑆

𝑉𝐿𝐹𝑆
 , 

𝐿𝐹𝑆

𝑉𝐿𝐹𝑆
). Energy was set equal to the mean, 1506.86 kilocalories. 

b Interpretation: [numerator of ratio (food security category)] compared to [denominator of ratio (food security category)] is associated with an increased mean 

usual intake of [food group]. The increase ranged from [‘low risk’ ratio] times (for participants with otherwise ‘low risk’ covariate patterns) to [‘high risk’ ratio] 

times (for participants with otherwise ‘high risk’ covariate patterns). Example: “Food secure status compared to low food secure status was associated with 

increased mean usual intake of whole grains. The increase ranged from 1.5 times (for participants with otherwise ‘low risk’ covariate patterns) to 1.7 times (for 

subjects with otherwise ‘high risk’ covariate patterns). 

  

Low ≥45y M White ≥$10,000 0 programs ≥5 times IN, MO, OH Weekday 1.49 

(0.009*) 

1.25 

(0.18) 

0.83 

(0.35) 

Total dairy High <45y F Black, Other <$10,000 ≥1 program <5 times MI, NE, SD Weekend 1.30 

(0.04*) 

1.41 

(0.004*) 

1.09 

(0.53) 

Low ≥45y M White ≥$10,000 0 programs ≥5 times IN, MO, OH Weekday 1.28 

(0.02*) 

1.32 

(0.007) 

1.02 

(0.82) 
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3.1 Abstract 

Background: Food provided by food pantries has the potential to improve the dietary quality of 

food pantry clients. 

Objective: This study evaluated the relationship between the quality of the mix of foods in pantry 

inventories and client food bags (separately) with client diet quality, and how these relationships 

varied by food secure (FS), low food secure (LFS), or very low food secure (VLFS) status. 

Methods: This study was a cross-sectional secondary analysis drawn from a larger multi-state 

intervention (Clinical Trial Registry: NCT0356609). Adult clients (n=618) from 24 rural, 

Midwestern food pantries completed a demographic survey, the US Household Food Security 

Survey Module, and up to three 24-hour dietary recalls. Pantry inventories, client food bags, and 

client diets were scored using the Healthy Eating Index-2010 (HEI-2010). Multiple linear 

regression models determined associations between HEI-2010 total and component scores for 

pantry inventories and client food bags (in separate models) and the corresponding scores for client 

dietary intake. The interaction of client food security status, and several pantry- and client-level 

potential confounders, was considered.  

Results: Client food bag HEI-2010 scores were positively associated with client diet scores for the 

Total Vegetables, Total Fruit, Total Protein Foods, and Sodium components, while pantry 

inventory HEI-2010 scores were negatively associated with client diet scores for the total score 

and for the Total Fruit and Fatty Acids components. Client food bag Whole Grains scores were 

more positively associated with corresponding client diet scores for VLFS clients compared to FS 

clients. Inventory Greens and Beans scores were more positively associated with corresponding 

client scores for VLFS clients compared to LFS clients. (p<0.05 for all results). 

Conclusions: The nutritional quality of client food bags, but not pantry inventories, is positively 

associated with client diet in a sample of rural, Midwestern food pantry clients; associations differ 

by food security status. 

3.2 Introduction 

Food insecurity, or limited or uncertain ability to acquire nutritionally adequate and safe 

foods (1), is a persistent public health concern (2). Food insecurity is associated with  lower intakes 

of fruits, vegetables, and dairy (3), diet-related health conditions, including diabetes, hypertension, 
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and hyperlipidemia (4), and was recently recognized by the Dietary Guidelines for Americans as 

a critical contextual factor to consider to enhance interventions (5). Individuals who are food 

insecure (FI) may seek out assistance from food pantries, which provide food at no cost and with 

minimal eligibility requirements, in an effort to maximize all resources in their environments. 

Although most clients are not completely reliant on pantries for food, food pantries may be 

responsible for up to 25% of the household food supply (6). Food pantries were traditionally a 

short-term solution for acute “emergency” situations like job loss, illness, or natural disasters.  

More recently, prevalence of chronic food pantry use has increased (7). 

The quality of the mix of foods offered by pantries, rather than quantity only, is important 

in this context of long-term food pantry use. A recent systematic review documented that food 

bags distributed to clients at food pantries did not provide adequate amounts and types of food 

necessary for a balanced diet (8). The diets of pantry clients were similarly of low quality, 

particularly low in fruits and vegetables, dairy products, and calcium (9,10). Together, these 

findings suggest there may be a link between client dietary intake and the “pantry food 

environment,” defined here as the mix of foods stocked at the pantry (“pantry inventory”) and the 

mix of foods distributed to clients (“client food bags”). Client food bags are derived from food 

pantry inventory; client diets may be partially derived from client food bags, although they receive 

foods from other sources as well. Understanding the association of both pantry inventory quality 

and client food bag quality with client diet quality can serve to inform future initiates to improve 

food pantry offerings by indicating the potential to improve client dietary quality through 

increasing the quality of the mix of foods available or distributed to clients at pantries. 

Food security status of the food pantry client may mediate links between the pantry food 

environment and client diet quality. Although most US food pantry clients (65%) are FI, a 

substantial proportion (35%) are food secure (FS) (11).  Previous research suggests that FS and FI 

clients may use pantries differently (12–15). FI pantry clients who may be experiencing low food 

security (LFS), which is characterized as having reduced quality, variety, and desirability of diet, 

or very low food security (VLFS), which is additionally characterized by reduced quantity of food 

(16), may generally use pantries short-term in response to a dire situation. FS pantry clients, on 

the other hand, generally use pantries as a long-term buffer to maintain food security (10). Thus, 

the relationship between the quality of the pantry food environment and client diet quality may 

differ based on food security status. 
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The aim of this study was to determine associations of the quality of the mix of foods, 

measured by applying the Healthy Eating Index 2010 (HEI-2010), of both pantry inventories and 

client food bags with client diet quality, as well as whether FS, LFS, or VLFS status interacts with 

these associations. HEI-2010 total and component scores of client food bags were hypothesized to 

predict corresponding HEI-2010 scores for client diet quality; similarly, HEI-2010 total and 

component scores of food pantry inventories were expected to be associated with corresponding 

client diet quality HEI-2010 scores but to a lesser extent compared to client food bags. Client food 

security status was hypothesized to interact with these associations, indicating differential pantry 

use among FS, LFS, and VLFS clients. 

3.3 Methods 

3.3.1 Study Design 

Data for this cross-sectional, secondary analysis were drawn from the baseline assessment 

of a larger multi-state intervention, Voices for Food (VFF), which was conducted in 24 rural, high 

poverty counties in Indiana (IN), Michigan (MI), Missouri (MO), Nebraska (NE), Ohio (OH), and 

South Dakota (SD), and aimed to improve food security among rural, Midwestern food pantry 

clients (Clinical Trial Registry: NCT0356609). A full description of VFF methods has been 

reported (17). 

3.3.2 Pantry Selection, Recruitment and Client Participants 

Four rural food pantries per state were selected in 2013 (24 pantries total); selection criteria 

were described previously (17). A convenience sample of clients were recruited from the pantries 

from August to November 2014 through flyers that advertised the study during pantry operation 

hours and by research staff approaching clients while they waited to receive food. Participants, 

screened by a trained interviewer, were English-speaking, adults age ≥18 years (or ≥19 years in 

Nebraska indicating legal adult status) who had used the food pantry at least one time in the 

previous 12 months prior to the day of recruitment and who were receiving foods from the pantry 

on the day of recruitment. The [Blinded for Review] University and [Blinded for Review] 

University Institutional Review Boards approved research activities prior to beginning the study, 

and participants gave written or verbal consent before completing study materials. A total of 618 
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pantry clients were eligible and recruited; 604 (98%) with complete dietary and food security data 

were included in this analysis. 

3.3.3 Assessments and Measures 

3.3.3.1.1 Pantry food environment 

Research staff recorded an inventory of all food and beverage items available at each food 

pantry on a single day at the start of the client recruitment period. Staff also recorded all 

food/beverage items that were distributed to clients by the pantry on recruitment day (client food 

bags). Food/beverage item name, brand name, additional description (i.e., “low sodium, “sugar 

free”), weight/volume, food form (fresh, frozen, etc.), and quantity were recorded and compiled 

into a database (N=152,408 pantry inventory items; N=17,831 client food bag items). Before the 

start of the VFF study, research staff administered a “site selection” survey to pantry directors 

through open-ended interview questions to identify eligible communities for participation (17). 

Notably, food pantries with the least amount of client choice of the foods distributed in client food 

bags, and pantries that had not established food policy councils, were preferred in site selection 

because these were planned components of the intervention. Authors gleaned pantry-level 

characteristics from site selection survey responses that were later classed into the following 

variable levels: average number of households served per month (<100, ≥100), predominant 

racial/ethnic group served (White, Other), number of refrigerators (<2, ≥2), number of freezers 

(<4, ≥4), government commodity program participation (None, The Emergency Food Assistance 

Program (TEFAP), TEFAP and the Commodity Supplemental Food program), and “guided client 

choice (GCC) score” (<5, ≥5). GCC was conceptualized as a variable component of the pantry 

environment that may foster or hinder client pantry use (18). The term “GCC” includes client 

choice of the foods received from the pantry, but is also used in this study to capture other 

components of the food acquisition process that contribute to clients’ experiences‒ namely, 

nutrition education and cultural sensitivity towards clients. Six questions from the site selection 

survey were grouped as a rudimentary tool to quantify and score GCC by adding the number of 

negative responses (indicating fewer indications of GCC) to “yes or no” questions regarding the 

food distribution system and staff-client interactions in the food pantry. A score of 0 indicated high 

GCC, while a score of 6 indicated no GCC. Questions included: 1) “Is there a food distribution 

system in place where clients get a specific number of choices from certain categories (cereals, 
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soups, vegetables, etc.)?”; 2) “Are clients allowed a limited number of choices from MyPlate food 

groups, in addition to combination and miscellaneous groups?”; 3) “Are clients allowed to 

physically remove food from the shelf and place in their cart or bag?”; 4) “Is there an effort to 

integrate nutrition education within the act of choice (MyPlate posters visible, etc.)?”; 5) “Do 

volunteers promote nutrition?; and 6) Are volunteers trained in cultural competency?” 

3.3.3.1.2 Food pantry clients 

Participants were interviewed at the pantry by trained research staff and completed an 

electronic or paper version of a questionnaire that elicited information on demographic and pantry 

use characteristics via categorical responses that were later classed into the following variable 

levels: state, age (18-44, 45-64, ≥65 years), sex (male, female), race (White, Black, Other), 

ethnicity (of Hispanic, Latino or Spanish origin, not of Hispanic, Latino or Spanish origin), 

household income (<$10,000, $10,000-15,000, >$15,000) over the past year, highest education 

level achieved (≤high school graduate or equivalent, ≥some college/trade school), employment 

status (employed for ≥6 months of the past year, employed for <6 months of the past year), number 

of household members (1, 2, ≥3), number of children <18 years in the household (≥1, 0), usual 

form of transportation used to acquire food (drive themselves, other), participation in the following 

federal food assistance programs: Supplemental Nutrition Assistance Program, Meals on Wheels, 

Soup Kitchens, the Special Supplemental Nutrition Program for Women, Infants, and Children, 

free or reduced-price school meals, and free or reduced-price meals at summer programs 

(participating in ≥1 program, participating in 0 programs), frequency of visits to this pantry in the 

past year (<5 times, ≥5 times), number of different pantries visited in the past year (1, >1), length 

of time that food from pantries lasts (a few days’ worth, 1-2 weeks’ worth, more than half of food 

for the month), and the 18-item US Household Food Security Survey Module (US HFSSM) to 

quantify adult food security status (FS, LFS, VLFS) over the past year (19,20).  Following this 

questionnaire, participants completed the Automated Self-Administered 24-hour Dietary Recall 

(ASA24™-2014), an internet-based 24-hour recall (21), with optional staff assistance. Up to two 

additional dietary recalls were self-completed, or completed through an assisted phone interview, 

within two weeks of the pantry visit on non-consecutive days and including a weekend day (22). 

Participants received $10 as compensation in the form of a grocery store gift card upon completion 

of the initial interview, and an additional gift card for each dietary recall completed. 
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3.3.3.1.3 Application of the HEI-2010 to the pantry food environment and pantry clients’ diets 

Dietary information from ASA24™-2014 was used to determine HEI-2010 scores for each 

client over all recorded intake days (1-3) according to previous direction (23). The HEI-2010 is a 

density-based score (e.g., amount per 1,000 kcal, ratio of fatty acids) that measures alignment of 

the mix of foods with the 2010 DGA, allowing examination of overall diet quality in relation to 

federal dietary guidance, as well as dietary patterns in terms of balance of multiple components to 

examine the quality of the mix of foods. The HEI-2010 is made up of nine adequacy components: 

Total Fruit (max score=5), Whole Fruit (max score=5), Total Vegetables (max score=5), Greens 

and Beans (max score=5), Whole Grains (max score=10), Total Dairy (max score=10), Total 

Protein Foods (max score=5), Seafood and Plant Proteins (max score=5), and Fatty Acids (max 

score=10), and three moderation components: Refined Grains (max score=10), Sodium (max 

score=10), and Empty Calories (i.e., solid fats, alcohol, and added sugars) (max score=20), most 

of which are expressed relative to energy intake (i.e., as densities) and then scored according to 

standards (24). For the adequacy components, a higher score indicates higher consumption; 

moderation components are reverse-scored, and a higher score indicates lower consumption. The 

12 component scores are summed to yield a HEI-2010 Total Score with maximum value of 100 

(24). Because the data were collected prior to the release of the 2015 DGA and HEI-2015, the 

HEI-2010 was used for this study to reflect the dietary guidelines in place at the time of data 

collection. 

The HEI-2010 was applied to each pantry inventory and each client food bag using the 

following steps (25): 1) create database containing food/beverage item names, brand names, 

additional descriptions, weight/volume, food form, and quantity of each item; 2) search each item 

in the United States Department of Agriculture (USDA) ‘What’s in the Foods You Eat’ search tool 

(26) to assign the appropriate USDA food code (utilizing independent dual-coding by trained 

research personnel with discrepancies reconciled by a registered dietitian (RD) or an advanced 

dietetic intern who was eligible for the RD exam; 3) calculate weight totals for each food item by 

converting all units to grams (the FAO/INFOODS Density Database Version 2.0 [2012] was used 

for conversion of volume to weight for liquid foods) (27) and multiplying by the quantity of each 

food item; 4) divide total gram weight of each food item by 100 to convert to units per 100g (to be 

consistent with food composition database units required in subsequent steps); 5) merge the 

database with the Food Patterns Equivalents Database 2013-2014 (FPED) (28) to determine the 
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food group composition, and the Food and Nutrient Database for Dietary Studies 2013-2014 

(FNDDS) (29) to determine the nutrient composition; 6) multiply the total weight/100g for each 

food/beverage item by the weight/100g for all food groups and nutrients provided by the FNDDS 

and FPED databases; 7) use SAS macros to calculate HEI-2010 scores for each item according to 

previous direction (30); 8) calculate and average the HEI-2010 total and component score for each 

pantry inventory and for each client food bag. A known shortcoming of applying this methodology 

to community food environments is the lack of a database that can translate unprepared foods (such 

as raw meats and untrimmed produce) and processed but not fully prepared foods (such as cake 

mixes) into their appropriate food group and nutrient equivalents (31). Since the current databases 

available to translate foods into their components (FPED) and nutrients (FNDDS) contain the 

prepared versions only, in this study, all foods, whether prepared or unprepared, were treated as 

prepared. For example, “raw chicken” was coded as “cooked chicken, not specified as to cooking 

method” and “yellow cake mix” was coded as “yellow cake.” No appropriate UDSA food code 

was identified for certain food/beverage items (e.g., unlabeled/damaged foods and seasonings 

mixes) in pantry inventories (2% of items) and client food bags (11% of items). These items were 

excluded from the analyses. 

3.3.4 Statistical Analysis 

Total numbers and prevalence of characteristics for both food pantries and pantry client 

participants were calculated. Participant characteristics were compared across FS, LFS and VLFS 

groups using chi-squared analysis. General linear mixed models were created for each HEI-2010 

component score for both pantry inventories and client food bags. Main indicators were the pantry 

inventory HEI-2010 score and the client food bag HEI-2010 score, the client food security status, 

and the interaction between pantry inventory/client food bag HEI-2010 score with client food 

security status. The outcome variable for each model was the corresponding client HEI-2010 total 

or component score. All models were evaluated for potential confounding presented by state; 

client-level characteristics, including age, sex, race, and household income; and pantry-level 

characteristics, including the number of households served, number of refrigerators, number of 

freezers, GCC score, and participation in government commodity programs. Final models included 

only significant covariates. Least square means estimates were determined for each food security 

group, and t-tests were used to perform group pairwise comparisons of FS vs LFS, FS vs VLFS, 
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and LFS vs VLFS. The Bonferroni method was specified in models to adjust for the three pairwise 

comparisons of food security groups. Statistical significance was determined at p < 0.05. R version 

2.11.1 (32) was used to download and merge FPED and FNDDS databases. The mean total and 

component HEI-2010 scores for pantry inventories, client food bags, and clients’ diets are found 

in a supplementary table. All analyses were completed using SAS version 9.4 (33). 

3.4 Results 

The majority of pantries participated in at least one government commodity program (67%) 

and served predominantly white clients (83%). Fifty-four percent of pantries scored ≥5 out of 6 

points on the GCC tool, indicating limited client empowerment to choose the foods they received 

from participating food pantries (Table 1). 

Pantry clients (n=603) were predominantly White (78%), not of Hispanic, Latino or 

Spanish origin (97%), female (72%), ≥45 years (63%), had a household income <$10,000 (54%), 

and were employed <6 months out of the previous year (77%) (Table 2). Most lived in a household 

of ≥2 members (70%) and participated in ≥1 federal food assistance program (80%). Most also 

reported that pantries provided less than half of their household food for the month (81%). 

Compared to LFS and VLFS clients, FS pantry clients tended to be older, had higher incomes, 

participated in fewer federal food assistance programs, and visited the participating food pantry 

more frequently. 

Inventory and client food bag HEI-2010 scores were associated with client diet scores. 

Inventory HEI-2010 total score (p=0.008) and Total Fruit (p=0.01) and Fatty Acids (p=0.01) 

component scores were negatively associated with client diet HEI-2010 scores (Table 3). Client 

food bag Total Vegetables (p=0.008), Total Fruit (p=0.006), Total Protein Foods (p=0.03), and 

Sodium (p=0.005) component scores were positively associated with client scores (Table 4). 

Associations between both inventory and client food bag HEI-2010 scores with client diet 

scores differed by food security status. When the inventory Greens and Beans component score 

increased by one point, VLFS clients’ Greens and Beans component score increased by 0.3 times 

the amount of LFS clients (p=0.04) (Table 3). When the client food bag Whole Grains component 

score increased by one point, VLFS clients’ Whole Grains component score increased by 0.3 times 

the amount of FS clients (p=0.009) (Table 4). 
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3.5 Discussion 

This study represents the first application and direct association of the HEI-2010 to the 

foods stocked on the shelves (pantry inventories), foods distributed to clients (client food bags), 

and foods consumed by clients (individual intake) in food pantries. Evaluating the relationships 

between HEI-2010 scores of these different levels quantified the relationship of the more distant 

(i.e., inventory) and more proximal (i.e., food bags) aspects of food environments with client diet 

quality, and distinguished whether the foods stocked at the pantry or the foods clients take home 

were more highly associated with client diet quality. Recent Dietary Guidelines for Americans 

(DGAs) promote the use of a social ecological model (SEM) to explain how layers of influence, 

including both individual factors and the surrounding environment, shape one’s food choices 

(5,34). This idea supports investigation of the nutritional quality of the pantry food environment 

in relation to individual client diet quality. Client food bag nutritional quality was expected to have 

a closer relationship with pantry client dietary quality compared with the pantry inventory. 

Consistent with the hypothesis, client food bag HEI-2010 scores were positively associated with 

client diet quality scores for several components; while contrary to the hypothesis, pantry 

inventory scores were negatively associated with client dietary quality scores. 

There were significant positive cross-sectional associations between food bag scores and 

client scores for Total Vegetables, Total Fruit, Total Protein Foods, and Sodium components. 

These findings suggest that clients consume more foods that comprise the Total Vegetables, Total 

Fruit, Total Protein Foods, and Sodium components relative to other foods that are distributed in 

their food bags. The reason for this is unclear. Perhaps, clients are aware that these are key 

components of a healthy diet and prioritize purchasing these items elsewhere. The 40% of clients 

living in households with ≥1 child under age 18 may generally reserve these items for children in 

the household. Thus, when these components are offered at food pantries and in excess of what 

children need, clients have the opportunity to consume these foods themselves. Alternatively, 

pantry clients may have a higher preference for and acceptance of such foods, or the potential 

monetary value of these particular foods enhances clients’ ability to economize; this may explain 

why their consumption increases with higher food bag quality. 

Contrary to expectation, the pantry inventory HEI-2010 total scores as well as the Total 

Fruit and Fatty Acids component scores were negatively associated with corresponding client diet 

scores. One potential explanation for this surprising finding is that clients may have less familiarity 
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with, or inadequate resources to prepare, “healthier” foods. For example, instant meals and non-

perishable snacks may be less healthy but more appealing to clients who lack resources, such as 

time to cook, adequate kitchen equipment, and who lack of nutrition knowledge (35). This may 

cause food pantries with higher HEI-2010 total scores to be less appealing for clients to visit, as 

these pantries may provide less of the foods that clients are able to prepare. Authors explored this 

hypothesis via a two-sample independent t-test that compared pantry inventory HEI-2010 scores 

by the number of times participants visited the food pantry in the past 12 months (<5 times vs ≥5 

times). Results indicated a significant difference (p=0.009) in the mean HEI-2010 inventory score 

between clients visiting <5 times (inventory HEI-2010 total score = 65) and clients visiting ≥5 

times (inventory HEI-2010 total score = 62). These results suggest that clients of “healthier” 

pantries may visit these pantries less frequently, which could result in lower client diet quality 

because these clients may rely on non-pantry foods that offer lower quality for sustenance. 

Advertising the benefits of higher quality foods, providing clients with nutrition education 

(including recipes and food demonstrations), and identifying and informing donors of additional 

non-food resources that clients need to prepare healthy foods (e.g., utensils, appliances) may 

increase the appeal for high quality foods, frequency of pantry visits, and ultimately client diet 

quality (36,37). An alternative explanation for the negative association between the quality of food 

pantry inventories and the quality of clients’ diets is that other, unidentified characteristics that are 

common among “healthier” pantries may present barriers to clients visiting. 

The positive relationship between the qualities of several components of client food bags, 

but not pantry inventories, with clients’ diets quality suggests that the foods clients take home, and 

not the foods stocked on the shelves at pantries, have a greater influence on clients’ diets. Based 

on the statistically significant effect of GCC in several mixed models to evaluate associations 

between the pantry food environment nutritional quality and client diet quality (data not shown), 

GCC deserves further consideration as an important factor that may moderate the relationship 

between the foods available and the foods consumed. Previous research supports the idea that 

clients’ empowerment to select their own foods from the pantry may indeed be an important factor 

to further investigate through intervention (17,37,38). Not all pantries offer a client choice model 

where clients are able to choose their own foods, and therefore pantry foods provided might be 

discarded/wasted because of dietary restrictions, taste preferences, or lack of resources (e.g., 

recipes, appliances) to prepare these foods. GCC score, representing a preliminary measure of the 
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opportunity and empowerment for clients to choose foods at the pantry, was treated as a potential 

confounder in this study; a more comprehensive tool is under development by the authors. 

Associations between foods distributed to and consumed by clients were expected to differ 

by client food security status. Consistent with this hypothesis, VLFS clients benefited more from 

whole grains provided in food bags compared to FS clients. This suggests that VLFS clients 

consumed more of the whole grain items supplied in their food bags compared to FS clients. One 

potential explanation is that VLFS clients rely on the foods they receive from the pantry more 

compared to FS clients; they may be more limited to consuming the foods they receive in food 

bags, while FS clients may have the financial means to obtain more foods from non-pantry sources. 

Whole grain items, in particular, may be relatively expensive to acquire by purchase, and therefore 

VLFS clients may especially rely on the pantry for these items. VLFS clients also saw a greater 

increase in the Greens and Beans component score compared to LFS clients when pantry inventory 

Greens and Beans score increased, suggesting that VLFS clients utilize the dark green vegetables 

and dried beans and peas provided by food pantries more than LFS clients. 

Since 20% of the foods consumed by participants during the week following 

recruitment/receipt of their food bag were reported to have come from a food pantry (data not 

shown), the foods derived from food pantries may have a substantial impact on clients’ diets. The 

average HEI-2010 score for clients in this study was low at 43 (Supplementary Table 1) 

compared to the estimated HEI-2010 score of 59 for the average US adult (39). A lower HEI-2010 

score is linked to increased risk for diet-related chronic diseases (39). Previous studies of food 

pantry clients, although few, show a high prevalence of obesity and severe obesity (14) and poor 

diabetes management (40). Pantry inventory and client food bag HEI-2010 total scores (62 and 58, 

respectively) were higher relative to the low client diet quality scores found in this study 

(significance not tested)‒a biologically meaningful difference that is associated with a difference 

in risk of disease (41)‒and also higher compared to the US food supply (42). The quality of the 

mix of foods in the pantry food environment determined here was consistent with another study 

where a scoring system similar to the HEI-2010 was applied to food pantry invoices (25). High 

HEI-2010 scores for the pantry food environment were, perhaps, expected since commodity foods 

delivered to food pantries by TEFAP are of very high quality (HEI-2005 total score = 85) (43). 

Chi-square results support the notion that FS and FI clients use pantries differently. FS 

clients visited the pantry more frequently compared to LFS and VLFS clients. This is consistent 
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with the idea that FS clients use pantries as a long-term buffer to maintain food security compared 

to FI clients who may use pantries in short-term, emergency situations (10). However, this does 

not necessarily translate to FS clients consuming more of the foods received from pantries 

compared to LFS or VLFS clients, as evidenced by VLFS clients consuming more whole grains 

from food bags compared to FS clients. 

3.5.1 Strengths and Limitations 

This is the first study, to our knowledge, to have characterized associations between the 

food pantry environment and the diet quality of clients served by these pantries with consideration 

of food security status and controlling for pantry-level and client-level characteristics. Additionally, 

most studies evaluating food security have not parsed food insecurity into the LFS and VLFS to 

explore differences between these subgroups. The very high prevalence of food insecurity found 

here, including high proportions of both low and very low food security, allowed the unique 

determination of differences between FS, LFS, and VLFS in client demographic and pantry use 

characteristics, diet quality, and the relationship of the pantry food environment to client diet. 

A known limitation of the HEI methodology for evaluating the quality of the food 

environment is the application of this scoring system to unprepared foods. Although the recent 

development of a Grocery Purchase Quality Index overcomes the problem of not having a food 

composition database for foods in their as-purchased forms, this index is based on expenditure 

shares and thus is not applicable to items at food pantries that are offered to clients for free rather 

than for purchase (44). In the present study, error is introduced by treating all foods as if they were 

in their as-consumed form. In addition, a small proportion food items were not available in the 

food composition databases and were not included in analysis. Pantries operate on a spectrum of 

monthly to near-daily basis, and inventory may overturn rapidly so pantry inventory may not 

directly reflect the day when clients were recruited. Thus, pantry inventory foods, as measured in 

this study, may not have been an accurate reflection of the inventory that was available to clients 

on the day that they received their food bags. Participants received compensation of up to $30 in 

the form of grocery store gift cards, which could have resulted in higher quality foods being 

purchased at stores, and ultimately introduced bias to the second and third dietary recalls that were 

collected after the day of recruitment. 
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3.5.2 Conclusions 

In this study, client food bag scores were positively associated with client diet scores for 

the Total Vegetables, Total Fruit, Total Protein Foods, and Sodium components of the HEI-2010, 

which suggests that clients are especially relying on pantries for vegetables, fruit, and protein foods. 

Pantry inventory scores were negatively associated with client scores for the HEI-2010 total score 

and for the Total Fruit and Fatty Acids component scores. Associations between pantry inventory 

and client food bag HEI-2010 scores with client scores differed by food security status. Food 

pantries may be an important venue to target interventions that improve overall dietary quality for 

the clients they serve, and reduce dietary disparity between the subgroups of food security. 
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3.9 Results Tables 

Table 3-1 Characteristicsa of rural, Midwestern food pantries participating in the Voices for Food 

study (n=24) 
Characteristics n (%) 

Average number of households served per month at each pantry  

< 100  11 (46) 

≥ 100 13 (54) 

Number of refrigerators to store perishable foods at each pantry  

< 2  10 (42) 

≥ 2  14 (58) 

Number of freezers to store perishable foods at each pantry  

< 4  13 (54) 

≥ 4  11 (46) 

Guided Client Choice scoreb  

< 5 11 (46) 

≥ 5 13 (54) 

Government commodity program participation of each pantry  

None 8 (33) 

The Emergency Food Assistance Program (TEFAP) 11 (46) 

TEFAP and the Commodity Supplemental Food Program 5 (21) 

Predominant racial/ethnic group served at each pantry  

White 20 (83) 

Otherc 4 (17) 

a Food pantry-level characteristics were recorded by research staff through pantry director interview with open-ended 

questions that were later categorized. 
b Guided Client Choice scores were calculated by adding the number of negative responses to six “yes or no” questions, 

which gauged the food distribution system and staff-client interactions in the food pantry (6=low GCC, 0=high GCC). 
c The two responses in the “Other” category included “Native American,” “50% White and 50% Native American,” 

and “50% White and 50% Hispanic.” 
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Table 3-2 Characteristics of food pantry clients in a sample of rural, Midwestern food pantries in 

the Voices for Food (VFF) study by food security status (n=603) 

Characteristics All clients Food 

secure 

Low 

food 

secure 

Very low 

food 

secure 

Chi-

squared 

 n (%)a n (%) n (%) n (%) p-value 

Total 603 

(100%) 

138 (23%) 178 (30) 287 (48%)  

State     0.01* 

Indiana 157 (26) 34 (25) 40 (22) 83 (29)  

Michigan 102 (17) 17 (12) 36 (20) 49 (17)  

Missouri 146 (24) 33 (24) 38 (21) 75 (26)  

Nebraska 50 (8) 10 (7) 24 (13) 16 (6)  

Ohio 81 (13) 21 (15) 18 (10) 42 (15)  

South Dakota 67 (11) 23 (17) 22 (12) 22 (8)  

Sex     0.5 

Male 143 (28) 36 (30) 48 (31) 59 (26)  

Female 364 (72) 83 (70) 109 (69) 172 (74)  

Age     <0.0001* 

18-44 years 189 (37) 38 (32) 53 (34) 98 (42)  

45-64 years 223 (43) 45 (38) 66 (42) 112 (48)  

≥65 years 101 (20) 37 (31) 39 (25) 25 (11)  

Race     0.8 

White 394 (78) 92 (78) 120 (79) 182 (78)  

Black 42 (8) 12 (10) 13 (9) 17 (7)  

Otherb 67 (13) 14 (12) 178 (12) 35 (15)  

Ethnicity      

Of Hispanic, Latino, or Spanish origin 16 (3) 1 (1) 7 (5) 8 (3) 0.2 

Not of Hispanic, Latino, or Spanish origin 478 (97) 113 (99) 144 (95) 221 (97)  

Highest Education Level     0.4 

≤High school graduate or equivalent 345 (67) 81 (68) 111 (71) 153 (65)  

≥Some college/trade school 167 (33) 39 (33) 45 (29) 83 (35)  

Employment statusc     0.3 

Employed ≥6 months 137 (23) 34 (26) 46 (26) 57 (21)  

Employed <6 months 448 (77) 99 (74) 130 (74) 219 (79)  

Incomed     0.04* 

<$10,000 304 (54) 59 (46) 79 (49) 166 (61)  
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Characteristics All clients Food 

secure 

Low 

food 

secure 

Very low 

food 

secure 

Chi-

squared 

 n (%)a n (%) n (%) n (%) p-value 

$10,000 - $15,000 117 (21) 32 (25) 38 (24) 47 (17)  

>$15,000 142 (25) 38 (29) 43 (27) 61 (23)  

Household sizec     0.4 

1 member 180 (30) 43 (31) 58 (33) 79 (28)  

2 members 143 (24) 39 (28) 37 (21) 67 (24)  

≥3 members 275 (46) 55 (40) 82 (46) 138 (49)  

Children (<18 years) in household     0.4 

≥1 child under 18 years 226 (40) 56 (35) 68 (41) 112 (41)  

No children under 18 years 344 (60) 86 (65) 98 (59) 160 (59)  

Usual transportation used to acquire food     0.008* 

Drive themselves 367 (62) 93 (69) 118 (67) 156 (55)  

Other: uses public transportation, someone 

else drives, walks, rides a bicycle 

227 (38) 42 (31) 59 (33) 126 (45)  

Participation in food assistance programsc,e     0.01* 

≥1 program 482 (80) 102 (74) 136 (76) 244 (85)  

0 programs 121 (20) 36 (26) 42 (24) 43 (15)  

Estimated amount of household food from all 

pantries in the last month 

    0.07 

A few days’ worth 254 (46) 47 (39) 68 (41) 139 (51)  

1-2 weeks’ worth 196 (35) 43 (36) 64 (39) 89 (33)  

More than half of all food 107 (19) 30 (25) 34 (20) 43 (16)  

Number of pantries visitedc     0.2 

1 pantry 278 (48) 70 (54) 83 (48) 125 (45)  

>1 pantry 301 (52) 59 (46) 89 (52) 153 (55)  

Number of times this pantry was visitedc     0.01* 

<5 times 309 (51) 56 (41) 94 (53) 159 (55)  

≥5 times 294 (49) 82 (59) 84 (47) 128 (45)  

a Totals may not add up to total participants due to missing values. 
b Includes Native American, Native Hawaiian, Asian, and any combinations of races. 
c Over the past 12 months. 
d Self-reported total combined income of all household members over the past 12 months including income from jobs, 

business, pensions, Social Security or retirement payments, disability payments, and any other money income received. 
e Includes the Supplemental Nutrition Assistance Program, Meals on Wheels, Soup Kitchens, the Special 

Supplemental Nutrition Program for Women, Infants, and Children, free or reduced-price school meals, and free or 

reduced-priced meals at summer programs. 

* Statistical significance is p<0.05 for chi-squared comparisons between food secure, low food secure and very low 

food secure households. 
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Table 3-3 Association of pantry inventory Healthy Eating Index-2010 (HEI-2010) scores and 

client diet HEI-2010 scores in a sample of rural, Midwestern, food pantries and their clients 

a Inventory HEI beta (β) represents the increase in client HEI-2010 score per one-unit increase in pantry inventory 

HEI-2010 score. Models were structured as follows: HEIclient = HEIinventory + Client_Food_Security_Status + 

HEIinventory*Client_Food_Security_Status + Covariates. All models were evaluated for potential confounding 

presented by state, client-level characteristics: age, sex, race and income; and pantry-level characteristics: number of 

households served, number of refrigerators, number of freezers, Guided Client Choice score, and government 

commodity programs; final models included only significant covariates. Least square means estimates were 

determined, and t-tests were used to perform pairwise comparisons of food security groups (i.e. Food Secure vs Low 

Food Secure, Food Secure vs Very Low Food Secure, Low Food Secure vs Very Low Food Secure). The Bonferroni 

method was used to adjust for multiple comparisons. 
b Food secure vs low food secure β represents the magnitude of the increase in food secure client HEI-2010 score 

compared to low food secure client HEI-2010 score per one-unit increase in pantry inventory HEI-2010 score. 
c Food secure vs very low food secure β represents the magnitude of the increase in food secure client HEI-2010 score 

compared to very low food secure client HEI-2010 score per one-unit increase in pantry inventory HEI-2010 score. 
d Low food secure vs very low food secure β represents the magnitude of the increase in low food secure client HEI-

2010 score compared to very low food secure client HEI-2010 score per one-unit increase in pantry inventory HEI-

2010 score. 

* Statistical significance was determined at p < 0.05. 
  

HEI-2010 component Inventory HEI-

2010 

Inventory 

HEI-

2010*client 

food security 

status 

Food secure 

vs low food 

secure 

Food secure 

vs very low 

food secure 

Low food 

secure vs very 

low food 

secure 

 βa p p Δβb p Δβc p Δβd p 

Total Score -0.13 0.008* 0.5 0.14 0.6 0.09 1.0 -0.05 1.0 

Total Vegetables -0.11 0.1 0.7 0.06 1.0 0.08 1.0 0.02 1.0 

Greens and Beans 0.12 0.7 0.04* 0.22 0.3 -0.04 1.0 -0.26 0.04* 

Total Fruit -0.21 0.01* 0.9 -0.02 1.0 0.03 1.0 0.05 1.0 

Whole Fruit -0.14 0.2 0.4 0.13 1.0 0.17 0.5 0.04 1.0 

Whole Grains 0.01 0.9 0.9 0.03 1.0 -0.01 1.0 -0.03 1.0 

Total Dairy 0.14 0.5 0.1 0.15 1.0 -0.20 0.7 -0.35 0.1 

Total Protein Foods -0.002 0.4 0.7 -0.06 1.0 -0.16 1.0 0.09 1.0 

Seafood and Plant Proteins -0.05 0.4 0.8 -0.11 1.0 -0.05 1.0 0.06 1.0 

Fatty Acids -0.13 0.01* 0.8 -0.04 1.0 0.02 1.0 0.06 1.0 

Sodium -0.04 0.3 0.3 0.15 0.4 0.06 1.0 -0.09 1.0 

Refined Grains 0.07 0.4 0.3 0.26 0.5 0.10 1.0 -0.16 0.7 

Empty Calories -0.05 0.1 0.8 0.07 1.0 -0.01 1.0 -0.08 1.0 
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Table 3-4 Association of client food bag Healthy Eating Index-2010 (HEI-2010) scores and 

client diet HEI-2010 scores in a sample of rural, Midwestern, food pantries and their clients 

a Client food bag HEI beta (β) represents the increase in client HEI-2010 score per one-unit increase in pantry client 

food bag HEI-2010 score. Models were structured as follows: HEIclient = HEIfood bags + Client_Food_Security_Status + 

HEIfood bags*Client_Food_Security_Status + Covariates.  

All models were evaluated for potential confounding presented by state, client-level characteristics including age, sex, 

race and income, and pantry-level characteristics including the number of households served, number of refrigerators, 

number of freezers, Guided Client Choice, and government commodity programs; final models included only 

significant covariates. Least square means estimates were determined, and t-tests were used to perform pairwise 

comparisons of food security groups (i.e. Food Secure vs Low Food Secure, Food Secure vs Very Low Food Secure, 

Low Food Secure vs Very Low Food Secure). The Bonferroni method was used to adjust for multiple comparisons. 
b Food secure vs low food secure β represents the magnitude of the increase in food secure client HEI-2010 score 

compared to low food secure client HEI-2010 score per one-unit increase in client food bag HEI-2010 score. 
c Food secure vs very low food secure β represents the magnitude of the increase in food secure client HEI-2010 score 

compared to very low food secure client HEI-2010 score per one-unit increase in client food bag HEI-2010 score. 
d Low food secure vs very low food secure β represents the magnitude of the increase in low food secure client HEI-

2010 score compared to very low food secure client HEI-2010 score per one-unit increase in client food bag HEI-

2010 score. 

* Statistical significance was determined at p < 0.05. 

  

HEI-2010 component 

(maximum score) 

Food bag HEI-

2010 

Food bag 

HEI-

2010*client 

food security 

status 

Food secure 

vs low food 

secure 

Food secure vs 

very low food 

secure 

Low food 

secure vs very 

low food 

secure 

 βa p p Δβb p Δβc p Δβd p 

Total Score (100) 0.08 0.6 0.4 -0.10 1.0 -0.14 0.6 -0.05 1.0 

Total Vegetables (5) 0.15 0.008* 0.2 0.21 0.3 0.08 1.0 -0.12 0.8 

Greens and Beans (5) 0.10 0.2 0.5 0.10 1.0 -0.005 1.0 -0.11 0.8 

Total Fruit (5) 0.08 0.006* 0.4 0.09 1.0 0.16 0.5 0.07 1.0 

Whole Fruit (5) 0.14 0.1 0.8 0.001 1.0 -0.07 1.0 -0.07 1.0 

Whole Grains (10) 0.12 0.9 0.01* -0.13 0.6 -0.25 0.009* -0.12 0.5 

Total Dairy (10) -0.02 0.5 0.9 0.06 1.0 0.006 1.0 -0.06 1.0 

Total Protein Foods (5) 0.06 0.03* 0.5 0.11 0.8 0.11 0.8 -0.002 1.0 

Seafood and Plant Proteins (5) 0.07 0.3 0.4 0.14 0.6 0.02 1.0 -0.12 0.6 

Fatty Acids (10) -0.03 0.3 0.9 0.03 1.0 0.01 1.0 -0.02 1.0 

Sodium (10) 0.05 0.005* 0.4 0.06 1.0 0.13 0.5 0.07 1.0 

Refined Grains (10) 0.03 0.7 0.7 0.13 1.0 0.05 1.0 -0.08 1.0 

Empty Calories (20) 0.08 0.4 0.6 -0.14 1.0 -0.12 1.0 -0.02 1.0 
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Table 3-5 (Supplementary Table 1) Mean Healthy Eating Index-2010 (HEI-2010) scores for 

pantry inventories, client food bags, and client dietary intake in a sample of rural, Midwestern, 

food pantries and their clients 

  

HEI-2010 component 

(maximum score) 

Inventories 

n=24 

Food bags 

n=607 

Clients’ diets 

 

   All clients 

n=614 

Food secure 

n=137 

Low food 

secure 

n=176 

Very low 

food 

secure 

n=283 

 Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean 

(SD) 

Mean 

(SD) 

Total Score (100) 61.5 (15.6) 58.4 (13.8) 42.9 (12.6) 45.7 (14.1) 42.8 (12.0) 41.6 (12.3) 

Total Vegetables (5) 3.3 (1.8) 3.6 (1.6) 3.2 (1.6) 3.3 (1.7) 3.3 (1.6) 3.1 (1.7) 

Greens and Beans (5) 1.8 (1.9) 1.6 (2.1) 1.0 (1.8) 1.3 (1.8) 1.2 (1.9) 0.8 (1.7) 

Total Fruit (5) 3.2 (1.8) 3.3 (2.0) 1.8 (2.0) 1.9 (2.0) 1.9 (2.0) 1.8 (2.0) 

Whole Fruit (5) 3.6 (2.0) 3.0 (2.0) 1.5 (2.0) 1.8 (2.2) 1.5 (2.0) 1.4 (1.9) 

Whole Grains (10) 4.3 (3.8) 3.2 (3.8) 2.2 (2.9) 2.7 (3.2) 2.0 (2.5) 2.1 (3.0) 

Total Dairy (10) 2.3 (2.3) 2.6 (3.5) 5.1 (3.5) 5.7 (3.2) 5.1 (3.3) 4.8 (3.6) 

Total Protein Foods (5) 4.6 (0.8) 4.2 (1.5) 4.3 (1.3) 4.3 (1.3) 4.5 (1.1) 4.2 (1.4) 

Seafood and Plant Proteins (5) 4.3 (1.6) 3.3 (2.2) 1.2 (1.8) 1.5 (1.9) 1.3 (1.9) 1.1 (1.7) 

Fatty Acids (10) 5.6 (4.4) 4.9 (4.4) 3.9 (3.2) 3.8 (2.8) 3.9 (3.4) 3.9 (3.3) 

Sodium (10) 4.3 (4.0) 4.5 (3.9) 2.8 (3.1) 2.6 (3.0) 2.6 (3.0) 2.9 (3.3) 

Refined Grains (10) 8.5 (3.1) 7.8 (3.1) 6.0 (3.4) 6.2 (3.3) 5.9 (3.4) 6.0 (3.6) 

Empty Calories (20) 15.8 (6.0) 16.5 (5.0) 9.8 (6.1) 10.6 (5.7) 9.7 (5.9) 9.4 (6.4) 
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4.1 Abstract 

Background: Food pantries may be an important intervention contact point to improve food 

security and dietary quality in rural, impoverished communities. Voices for Food (VFF; Clinical 
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Trial Registry: NCT0356609) is a socio-ecological modeled (SEM), community-based 

intervention in rural communities and food pantries designed to improve food security and dietary 

intake. 

Objective: The goal of this analysis was to evaluate intermediate changes in client food security 

and dietary outcomes, including diet quality and usual intake, from baseline to the “midpoint” 

assessment of VFF, and also whether food security was implicated in the relationship of VFF on 

dietary outcomes. 

Methods: In each of six Midwestern states, two food pantry communities were selected in 2014 

to receive the intervention and matched to a comparison community. Adult food pantry clients (n 

= 590) completed a demographic survey, the 18-Item US Household Food Security Survey Module, 

and up to three 24-hour dietary recalls at baseline and midpoint (n = 160). Recalls were used to 

calculate Healthy Eating Index-2010 (HEI-2010) scores and to estimate the usual intake of 

nutrients and food groups using the National Cancer Institute method. Linear mixed effect models 

with time, treatment, and their interaction as the main predictors and adult food security score, 

HEI-2010 total and component scores, or usual intake amounts as the main outcome (in separate 

models) determined changes in outcomes from baseline to midpoint by treatment group. The 

intervention effect on diet quality and usual intake was also compared by food security status. 

Results: In intervention group alone, mean adult food security and empty calories scores increased 

whereas HEI-2010 total score, and greens and beans, total protein foods, fatty acids, and empty 

calories component scores increased in the comparison group. There were no improvements in 

dietary outcomes in the intervention group when compared with the comparison group. 

Conclusions: The VFF model may be a promising mechanism for improving dietary outcomes in 

a food pantry setting. 

4.2 Introduction 

Food pantries may be an important setting to carry out interventions to improve dietary 

outcomes among groups experiencing food insecurity, defined as limited or uncertain availability 

or ability to acquire nutritionally adequate and safe foods (1,2). According to United States (US) 

census data, two-thirds of pantry-users are food insecure (3). Food insecurity is associated with 

the consumption of fewer vegetables, fruits, and dairy, and lower intakes of vitamin A, calcium, 

and magnesium in a nationally-representative sample (4), as well as diet-related chronic diseases 
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among low-income Americans (5). Rural, Midwestern communities may be particularly 

vulnerable to food insecurity; Midwestern households experienced an increase in food insecurity 

in 2013 during the conception of the present study (6) suggesting rural US communities may face 

additional barriers to accessing healthy foods relative to other geographical areas in the US (7). 

Food pantries are non-profit organizations with reach in many rural, low-income communities that 

provide food at no cost and with minimal eligibility requirements. Food pantry use and, by 

extension, the use of food pantries as an intervention contact point may differ for food secure (FS) 

and food insecure (including low food secure [LFS] and very low food secure [VLFS]) clients 

(2,8,9). With the recent increase in prevalence of long-term food pantry use (10), it is critical to 

investigate the efficacy of interventions in the food pantry setting to improve food security and 

dietary quality among food insecure subpopulations. 

Various strategies to improve dietary outcomes in food pantry clients have been proposed 

and previously described, but not yet evaluated in a food pantry setting (11): 1. Guided client 

choice (GCC) is a model of food distribution in pantries in which foods are organized into food 

groups according to US Department of Agriculture (USDA) MyPlate, and clients are empowered 

to choose foods based on family size, contrasting with the traditional model where foods are pre-

packaged and distributed to clients (12). The GCC model has the potential to better support the 

nutritional needs of clients while increasing choice and limiting waste (13). 2. The formation of 

food policy councils (FPCs), or diverse networks of food stakeholders from the public, private, 

and non-profit sectors of the food system (i.e., farmers, food retailers, policy makers, food 

assistance programs), may have the potential to improve the nutritional quality of foods available 

in communities (14,15). 3. Community coaching, or the presence of field staff who support 

communities in local change efforts, has been recognized by Cooperative Extension systems as a 

viable approach to sustaining positive community change (16). 

Voices for Food (VFF) is a USDA-funded, three-year, multistate, socio-ecological 

modeled (SEM) (17–19) community-based intervention that supports the implementation or 

strengthening of GCC and FPCs in rural food pantries and their surrounding communities. All 

communities participating in VFF received a Food Council Guide and Food Pantry Toolkit (VFF 

materials), while the communities allocated to the intervention group were also provided an 

additional intervention component ‒ a community coach who supported communities in the 

implementation of the VFF materials. This coaching component of the VFF intervention was 
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hypothesized to improve food security and dietary outcomes, including dietary quality and usual 

intake, among a multistate sample of rural, Midwestern, adult food pantry clients to a greater extent 

compared to provision of the VFF materials alone. The VFF materials alone were expected to 

improve outcomes in comparison communities over time. This intermediate analysis of the 

primary outcomes of VFF aimed to evaluate changes from baseline (2014) to midpoint (2016) 

(final study time point completed in 2017). Objectives were to evaluate changes by treatment group 

in: 1) adult food security scores; 2) Healthy Eating Index-2010 (HEI-2010) scores; and 3) usual 

intake of key food groups (total fruit, total vegetables, dark green vegetables, whole grains and 

total dairy) and nutrients (potassium, dietary fiber, choline, magnesium, calcium, vitamins A, D, 

E, C and iron) recommended to increase according to the most recent Dietary Guidelines for 

Americans (18). The intervention effect on diet quality and usual intake was also compared by 

food security status. 

4.3 Methods 

4.3.1 Study Design 

Voices for Food (VFF) was a quasi-experimental, longitudinal, multistate intervention 

study with a matched intervention and comparison design that is fully described elsewhere (11). 

Briefly, VFF was a collaboration between the Cooperative Extension programs of six land grant 

universities across the Midwestern US, including the following states: Indiana, Michigan, 

Missouri, Nebraska, Ohio, and South Dakota. In each state, four rural food pantries were identified 

in non-metro counties with poverty rates higher than 16% in 2011 (20), with a Cooperative 

Extension presence, without well-established food policy councils or similar organizations, and 

without a full guided client choice model in place at the local food pantry. Two pantries in each 

state were assigned to the intervention group; each “intervention” pantry was matched with a 

“comparison” pantry according to previously-described criteria (11). Intervention communities 

received 1) community coaching by a project staff, and 2) provision of a written Food Council 

Guide and Food Pantry Toolkit (VFF materials) that describes: a) food policy council development 

and/or support, and b) food pantry transition to a MyChoice distribution model. Comparison 

communities received the VFF materials without community coaching. All communities were 

given the opportunity to apply for mini-grant funds on an annual basis. All participants in both 

treatment groups were blinded to the intervention (11). Demographic, food security, and dietary 
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assessments were administered to pantry clients at three time points over the course of VFF (2014, 

2016 and 2017). Data from two time points (2014 and 2016) were examined in this analysis. 

4.3.2 Study Participants and Recruitment 

A convenience sample of clients was recruited from the selected pantries from August to 

November 2014 through flyers that advertised the study during pantry operation hours, and by 

research staff approaching clients while they waited to receive food. Participants, screened by a 

trained interviewer, were English speaking, adults age ≥18 years (or ≥19 years in Nebraska 

indicating legal adult status) who used the food pantry at least one time in the previous 12 months, 

and who were receiving foods from the pantry on the day of recruitment. The [Blinded for Review] 

University and [Blinded for Review] University Institutional Review Boards approved research 

activities prior to beginning the study, and participants gave written or verbal consent before 

completing study materials. Six hundred and seventeen pantry clients were eligible and recruited; 

590 (98%) completed all initial assessments and were included in the baseline analysis (Figure 1). 

Of the baseline participants with complete data, 160 participants completed all midpoint 

assessments in 2016 and were included in this intermediate analysis (73% attrition rate). 

4.3.3 Assessments and Measures 

Participants were interviewed by trained research staff and completed an electronic or 

paper version of a characteristics and food security survey at baseline recruitment in participating 

food pantries. This questionnaire elicited information on demographic and pantry use 

characteristics, including age, sex, race, ethnicity, annual household income, education level, 

employment status, number of household members, participation in federal food assistance 

programs, frequency of visits to this pantry in the past year, number of different pantries visited in 

the last year, and length of time that food from pantries lasts. The 18-item US Household Food 

Security Survey Module (US HFSSM) was administered as part of this questionnaire (21,22). 

Participants also completed the Automated Self-Administered 24-h Dietary Recall (ASA24™-

2014), an internet-based 24-hour dietary recall (23), with optional staff assistance as part of the 

initial interview. Up to two additional dietary recalls were self-completed, or completed through 

an assisted phone interview, within two weeks of the pantry visit on non-consecutive days and 

including a weekend day (24). Participants received $10 as compensation in the form of a grocery 

store gift card upon completion of the initial interview, and an additional $10 gift card for each 
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dietary recall completed. At midpoint, the same participants were reached through phone, email, 

or on-site at the pantry of recruitment to complete assessments and receive compensation similar 

to baseline. 

Questionnaire data were classed to variables for analysis as follows: state (IN, MI, MO, 

NE, OH, SD); age (18-44, 45-64, ≥65 years); gender (woman, man); race (White, Black, American 

Indian, Other); ethnicity (of Hispanic, Latino or Spanish origin, not of Hispanic, Latino or Spanish 

origin); annual household income (<$10,000, $10,000-15,000, >$15,000); education level (≤high 

school graduate or equivalent, ≥some college/trade school); employment status (employed for ≥6 

months of the past year, employed for <6 months of the past year); number of household members 

(1, 2, ≥3), number of children <18 years in the household (≥1, 0); usual mode of transportation 

used to acquire food (drive themselves, other); frequency of visits to this pantry in the past year 

(<5 times, ≥5 times); number of different pantries visited in the past year (1, >1); length of time 

that food from pantries lasts (a few days’ worth, 1-2 weeks’ worth, more than half of food for the 

month); and having ≥1 family member participating in the following federal food assistance 

programs: Supplemental Nutrition Assistance Program, Meals on Wheels, Soup Kitchens, the 

Special Supplemental Nutrition Program for Women, Infants, and Children, free or reduced-price 

school meals, and free or reduced-price meals at summer programs (participating in ≥1 program, 

participating in 0 programs). An independent variable classifying treatment group was structured 

as a simple categorical variable with two levels: comparison group (VFF materials only) or 

intervention group (VFF materials + community coach). 

Adult food security scores were quantified according to previous direction (21,22). A 

survey reference period of 12 months was used for the baseline and a reference period of two years 

was used at midpoint to quantify long-term changes in food security. Previously-described 

imputation methods were used to assign missing values and adult food security scores and 

categories were derived from responses to the 10 appropriate US HFSSM items (21). Participants 

in the high and marginal food security categories were combined into one “food secure” category 

because of the low proportion of participants in each of these categories. 

Dietary information from ASA24™-2014 was used to determine HEI-2010 scores for each 

client over all recorded intake days (≤3) using the Simple HEI Scoring Algorithm – Per Person 

(25). The HEI-2010 is a density-based score that measures adherence to the DGA, allowing 

examination of overall diet quality in relation to federal dietary guidance, as well as dietary patterns 
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in terms of balance among multiple components to examine the quality of the mix of foods. The 

HEI-2010 is made up of nine adequacy components: total fruit, whole fruit, total vegetables, greens 

and beans, whole grains, total dairy, total protein foods, seafood and plant proteins, and fatty acids, 

and three moderation components: refined grains, sodium, and empty calories (i.e., solid fat, 

alcohol, and added sugars), most of which are expressed relative to energy intake (i.e., as densities) 

and then scored according to standards (26). For the adequacy components, a higher score indicates 

higher consumption; moderation components are reverse-scored, and thus a higher score indicates 

lower consumption. The 12 component scores are summed to yield a HEI-2010 total score with 

maximum value of 100 (26). Because the data were collected prior to the release of the 2015 DGA 

and HEI-2015, the HEI-2010 is appropriate to reflect the nutrition standards in place at the time of 

data collection. 

4.3.4 Statistical Analysis 

4.3.4.1 Client Characteristics 

Total numbers and prevalence of pantry client demographic characteristics were calculated. 

Characteristics were compared across treatment groups using chi-squared analysis to determine if 

the intervention and comparison groups differed at baseline. Chi-square tests also compared the 

distributions of baseline characteristics between participants who were retained at midpoint 

compared to those who were not retained. Independent two-sample t tests compared the means of 

HEI-2010 total and component scores, and adult food security scores, between participants who 

were retained at midpoint and those who were not retained.  

4.3.4.2 Comparison of Adult Food Security Scores over Time 

A linear mixed model accommodated treatment group, time (modeled as baseline and 

midpoint), and their interaction as fixed variables, with adult food security score as the main 

dependent variable (one score per person). Two random effects were specified in the model: 1) to 

account for the correlation due to multiple observations made on the same subject, and 2) to 

account for variation within intervention-comparison food pantry matched pairs. All models 

controlled for potential confounding by age, gender, race, and income, as well as potential 

confounders that were distributed differently between treatment groups in the baseline chi-square 

and t tests: household size, estimated amount of household foods from all pantries in the last month, 
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and number of times this pantry was visited in the last year. Changes in scores from baseline to 

midpoint by treatment group, and differences in changes between treatment groups, were estimated 

with the Least Squares Mean (LSM) statement. Statistical significance was determined at p < 0.05.  

4.3.4.3 Comparison of HEI-2010 Scores over Time and by Food Security Status 

Similar to the comparison of adult food security score over time, linear mixed models 

accommodated treatment group, time, and their interaction as fixed variables, with main dependent 

variables of total or component HEI-2010 scores in separate models (one score per person). All 

model characteristics were similar to those described in the “Comparison of adult food security 

scores over time” section. Linear mixed models with food security status, treatment, and their 

interaction as main predictors, and the difference between each HEI-2010 total and component 

score (midpoint – baseline) as main outcome variables, and including the two random effects 

described above, were created to compare the effect of the intervention over time on HEI-2010 

scores by food security subgroup. Differences using the LSM estimate statement and Bonferroni 

adjustment for three pairwise food security subgroup comparisons were structured for the FS-LFS 

comparison as: 

𝐹𝑆 [(𝐼𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛: 𝑇𝑖𝑚𝑒2 − 𝑇𝑖𝑚𝑒1)– (𝐶𝑜𝑚𝑝𝑎𝑟𝑖𝑠𝑜𝑛: 𝑇𝑖𝑚𝑒2 − 𝑇𝑖𝑚𝑒 1)] −

𝐿𝐹𝑆 [(𝐼𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛: 𝑇𝑖𝑚𝑒 2 − 𝑇𝑖𝑚𝑒 1) − (𝐶𝑜𝑚𝑝𝑎𝑟𝑖𝑠𝑜𝑛: 𝑇𝑖𝑚𝑒 2 − 𝑇𝑖𝑚𝑒 1)]  

Similar estimate statements calculated differences between FS-VLFS and LFS-VLFS subgroups. 

4.3.4.3.1 Application of the NCI Method to Quantify Usual Intake of Nutrients and Food Groups 

over Time 

The NCI method (27,28) was used to calculate the usual dietary intake of key food groups 

and nutrients recommended to increase according to the most recent DGAs. Up to three ASA24™-

2014 recalls per participant at each time point were included in the analysis. When the percentage 

of participants who consumed a given food group/nutrient on each recall day was ≤5%, the food 

group/nutrient was treated as ubiquitously-consumed; when the percentage of non-consumption 

was >5%, the food group/nutrient was treated as episodically consumed (29). In this study, all 

nutrients were determined to be ubiquitously consumed, and all food groups episodically 

consumed. The NCI method fits a two-part nonlinear mixed model accounting for the probability 

of consumption and consumption-day amount on a given day, while allowing the random effects 

for both parts of the model to be correlated. 
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Nutrients (from foods and beverages only) included calcium (mg), magnesium (mg), 

potassium (mg), vitamin A (μg, RAE), vitamin C (mg), vitamin D (μg), iron (mg), choline (mg), 

vitamin B12 (μg), fiber (g), and vitamin E (mg). For the nutrients (ubiquitously consumed), the 

probability of daily consumption was assumed to be one, and therefore a one-part “amount only” 

model was used. In this model, a Box-Cox transformation was applied to ≤3 days of 24-hour recall 

data and transformed observations were modeled using linear mixed effects models, with 

adjustment for covariates via fixed effects. The main predictors in the models (separate model for 

each nutrient) for estimating usual intake were time, treatment group, and their interaction. 

Potential confounders adjusted in the models were compressed into two levels to facilitate analysis 

by combining variables levels that yielded the lowest Akaike Information Criterion (AIC) to ensure 

optimal model fit. Potential confounders were classed as follows: age (<65, ≥65), gender (woman, 

man), race (White, Other: Black/American Indian/Asian/Hawaiian), annual household income 

(<$10,000, ≥$10,000), household size (1, >1), estimated amount of household foods from all 

pantries in the last month (<1 week, ≥1 week), frequency of visits to this pantry over the past year 

(≥5 times, <5 times), state (MI/NE/SD, IN/MO/OH), and day of the week of dietary recall 

(weekday/weekend). Interview sequence of the dietary recall (indicating the first 24-hour recall) 

and total energy intake (a continuous variable) were also included as covariates in all models. 

Random unit (participant) effect was incorporated into the model to account for the correlation 

due to multiple observations made on the same subject. The %MIXTRAN SAS macro (30), 

adapted to include an estimate statement, compared changes in usual intake of nutrients from 

baseline to midpoint between the intervention and comparison groups using a difference of 

differences approach. The %DISTRIB SAS macro (30) produced the mean usual intake for each 

treatment group at each time point. One hundred bootstrap samples of the %DISTRIB macro were 

generated with samples of 160 participants to obtain the mean and standard deviation for usual 

intake for each nutrient. 

Food groups included total fruit (cup equivalents), total vegetables (cup equivalents), dark 

green vegetables (cup equivalents), whole grain (ounce equivalents), and total dairy (cup 

equivalents). However, dark green vegetables was not included in the final analysis because of the 

high frequency of zero intake reported (88% of observations). For the food groups (episodically 

consumed), the probability of daily consumption was not assumed to be one, and therefore the 

two-part model was used. The first part estimated the probability of consuming a food using 
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logistic regression, while the second part was identical to the “amount only” model described for 

nutrients above. For both parts of the model, random unit (participant) effects were added to 

account for the correlation due to multiple observations made on the same subject. Random unit 

effects for the probability of consumption and for the amount of consumption were allowed to be 

correlated with each other. This allowed participants with higher probability of consumption to 

also have higher (or lower) mean consumption-day amount (31). Potential confounders adjusted 

in the models were compressed as described in the nutrient analysis above. In order to quantify the 

change from baseline to midpoint for both comparison and intervention groups, authors adapted 

the %MIXTRAN macro to include an estimate statement described by Tooze et al., 2002 (31). 

Briefly, the estimate statement specified in the two-part model computes the ratio of mean amounts 

from baseline to midpoint for each treatment group. In order to capture the range of possible effects 

of the intervention over time on the usual intake of food groups, the ratio of usual intake at 

midpoint compared to baseline for both treatment groups were computed for “low risk” and “high 

risk” covariate patterns. “Low risk” reflected a pattern associated with higher intake of food 

groups: age ≥65; gender = Man; race = White; annual household income = ≥$10,000; household 

size= 1; estimated amount of household foods from all pantries in the last month= ≥1 week; 

frequency of visits to this pantry over the past year ≥5 times; state = IN/MO/OH; day of the week 

of dietary recall = weekday. All models controlled for mean energy intake (1508.60 kilocalories) 

and a variable representing the interview sequence of the dietary recalls (indicating the first 24-

hour recall). Effects of time*treatment on usual intake were expressed for high risk and low risk 

groups separately as ratios ( 𝐼𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛
𝑚𝑒𝑎𝑛 𝑢𝑠𝑢𝑎𝑙 𝑖𝑛𝑡𝑎𝑘𝑒 (2−𝑦 𝑓𝑜𝑙𝑙𝑜𝑤−𝑢𝑝)

𝑚𝑒𝑎𝑛 𝑢𝑠𝑢𝑎𝑙 𝑖𝑛𝑡𝑎𝑘𝑒 (𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒)
 - 

𝐶𝑜𝑚𝑝𝑎𝑟𝑖𝑠𝑜𝑛
2−𝑦 𝑓𝑜𝑙𝑙𝑜𝑤−𝑢𝑝

𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒
). Means and standard deviations of the usual intake for food groups 

were determined by applying the bootstrap technique to the %DISTRIB macro as described above 

for nutrients. 

A nonlinear mixed model was also used to investigate whether food security had an effect 

on the change in usual intake over time. The main predictors in the models (separate model for 

each nutrient/food group) for estimating usual intake were extended to include food security status 

and its two-way and three-way interactions with time and treatment group. For the one-part model, 

estimate statements in the %MIXTRAN macro were used to compare the treatment effect by food 

security status (one estimate statement for each pairwise comparison of food security). Similarly, 

for the two-part model, authors included estimate statements described by Tooze et al., 2002 (31) 
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to compare ratios of changes in usual intake over time by treatment group by food security status. 

In both cases, a test statistic was calculated for testing the difference in the change from baseline 

to midpoint for treatment groups by food security status. All analyses were performed using SAS 

version 9.4 (32). 

4.4 Results 

The following baseline characteristics were significantly differently distributed between 

participants who were retained at midpoint compared to those who were not retained: treatment 

allocation, age, number of times this pantry was visited in the past 12 months, the length of time 

food from this pantry lasts. A greater proportion of participants who completed the midpoint than 

those who did not were allocated to the comparison group, older age, visited the participating food 

pantry more frequently, and reported food from the pantry lasting longer. There were no 

differences in adult food security or HEI-2010 scores between those who completed midpoint 

assessment versus those who did not (data not shown). 

Significant differences were observed between the comparison and intervention groups at 

baseline; the intervention group had a higher proportion of men, larger household size, reported 

visited the participating food pantry more frequently in the past 12 months, and had a higher 

proportion who reported acquiring 1-2 weeks’ worth of food from pantries (Table 1). A significant 

baseline difference was also observed between the comparison and intervention group for dairy 

HEI-2010 score; the comparison group had a higher mean score (data not shown). There were no 

other differences in main outcomes between treatment groups at baseline. 

The primary research question in the study focused on changes in adult food security score, 

HEI-2010 total and component scores, and usual intake of under-consumed nutrients and related 

food groups from baseline to midpoint within each treatment group and comparisons between 

changes in the intervention group and the comparison group. The intervention group showed an 

improvement in adult food security score and empty calories score, and a decrease in total fruit 

score, from baseline to midpoint (p-values <0.05) (Table 2). The comparison group showed an 

increased HEI total score, and greens and beans, total protein foods, fatty acids, and empty calories 

component scores from baseline to midpoint (p-values <0.05). There was no improvement in usual 

intake of nutrients (Table 3) or food groups (Table 5) in either treatment group over time. 
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Determination of whether improvement occurred as a result of the intervention was the 

focus of the hypotheses. There was no improvement with regard to food security and diet quality, 

or usual intake between groups over time. However, there was a significant decrease in the greens 

and beans component score in the intervention group compared to the comparison group at this 

intermediate time point. There were no differences in the treatment effect on HEI-2010 scores or 

usual intake of nutrients or food groups by food security status (Supplementary Tables 1, 2, and 

3). 

4.5 Discussion 

This study presents a midpoint progress report for the first SEM, community-based 

intervention in the food pantry setting aimed at improving food security and dietary outcomes 

among clients. At midpoint, improvements in main outcomes within both treatment groups were 

observed. The intervention group improved adult food security and empty calories scores, but total 

fruit score worsened over time. The comparison group improved HEI-2010 total score, as well as 

greens and beans, total protein foods, fatty acids, and empty calories component scores over time. 

When comparing the change in dietary outcomes over time between the intervention and 

comparison groups, no favorable differences were observed. There was a decrease in the greens 

and beans HEI-2010 component score from baseline to midpoint for the intervention group 

compared to the comparison group. Neither usual intake of nutrients nor food groups changed from 

baseline to midpoint for pantry clients in comparison or intervention communities. However, it 

should be noted there was an overall 73% attrition rate, which differed by treatment group. Thus, 

results should be interpreted with caution. 

Interestingly, HEI-2010 total score and several component scores improved in the 

comparison group from baseline to midpoint. Since both the intervention and comparison 

communities received the VFF materials with instructions to carry out the formation of FPCs and 

conversion to a GCC distribution model, it is possible that receipt of the VFF materials alone was 

effective and improved dietary outcomes. However, if the VFF materials alone were responsible 

for improving dietary outcomes, similar improvement in both treatment groups would be expected, 

as both groups received the VFF materials. Contrarily, similar dietary quality improvements did 

not result in the intervention group. Instead, improvement in the mean adult food security score 

and ambiguous results regarding dietary quality scores in the intervention group resulted. 
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One explanation is that the intervention (community coaching and VFF materials) was 

successful in improving the availability of and access to healthy foods over the short-term, but 

longer follow-up is needed to see consequent changes in dietary intake. This is supported in the 

present study findings by an improvement in adult food security, defined as access to adequate 

food for an active, healthy life, in the intervention group only. There are documented barriers to 

clients utilizing healthy foods at food pantries, which may require a longer follow-up to capture 

acclimation to these new offerings. Previous literature suggests that clients may have less 

familiarity with, or inadequate resources to prepare, “healthier” foods. For example, instant meals 

and non-perishable snacks may be less healthy but more appealing to clients who lack resources, 

such as time to cook, adequate kitchen equipment, and lack of nutrition knowledge (33). This may 

result in food pantries ultimately providing less of the foods that clients are able to prepare and 

consequently less dietary improvement. This idea led authors to investigate the relationship 

between the nutritional quality of foods available at food pantries and the dietary quality of clients 

who use these pantries. Cross-sectionally at baseline, there was a statistically significant inverse 

association between the HEI-2010 total scores of the foods available at food pantries and the HEI-

2010 total score for clients’ diets (unpublished data). Furthermore, a simple comparison of the 

nutritional quality of foods available in the participating food pantries showed a non-significant 

increase in the intervention group from baseline to midpoint, while the comparison group 

decreased (unpublished data). These preliminary findings support the overall idea that the VFF 

materials may be associated with positive changes in the pantry environment, but positive changes 

may take further time to be translated to improved dietary outcomes among clients. 

With this idea in mind, it is possible that a smaller “dose” of VFF materials, likely 

experienced by the comparison group, was advantageous in this short-term scenario. Comparison 

pantries that may have experienced fewer improvements in pantry offerings and some (limited) 

conversion to a GCC model may have had the benefit of retaining most of their desired food pantry 

selections with added capability to choose desired food items. This could have resulted in 

improved dietary intake, but not food security, in the comparison group, which is supported by the 

present study findings. A longer follow-up period and quantification of the dose of VFF materials 

may inform the changes observed here. 

Another explanation is that a potentially higher dose of the intervention may have improved 

the quality and quantity of foods provided at the intervention pantries and in the surrounding 
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community, and thus clients may not have needed to rely on pantry services as often at midpoint. 

Clients may rely less on food assistance resources, such as food pantries, as they become more 

food secure. This begs the question, “what defines success in a food pantry intervention?” In an 

ideal situation, participants would not need to rely on the food assistance provided by food pantries. 

If clients in the intervention group began using pantries less frequently, then they would not gain 

the dietary benefit of the improved pantry foods provided in intervention pantries. This may 

explain why the intervention group did not improve dietary quality despite reporting improved 

food security, which could imply that they are relying on other, less nutritious food sources outside 

of the pantry. The idea that improvement in food security may translate to reduced pantry use was 

supported by the significantly higher attrition rate in the intervention group compared to the 

comparison group. This idea led authors to investigate whether characteristics of pantry use 

changed over time between treatment groups. Findings showed no statistically significant changes, 

but found a non-significant decrease in the number of times the participating pantry was visited 

and a decrease in the amount of household food acquired from food pantries over time in the 

intervention group compared to the comparison group (unpublished data). The findings that clients 

are using pantries less frequently and are acquiring less of their household food supply from 

pantries over time in the intervention group compared to the comparison group support the notion 

that clients may decrease reliance on food assistance through pantries due to the intervention. 

4.5.1 Strengths 

This study used a socio-ecological approach to implement novel intervention components 

(i.e., community coaching, FPCs, GCC) that have previously not been evaluated in a food pantry 

setting. Recent DGAs promote the use of the social ecological model (SEM) to explain how layers 

of influence, including both individual factors and the surrounding environment, shape one’s food 

choices (17,18). Thus, using intervention strategies that influenced all layers of the ecological 

framework regarding food pantries was timely and promising. This study estimated both diet 

quality and usual intake among food pantry clients. Investigation of both dietary quality and intake 

is critical to determining dietary patterns. Although measuring diet quality independent of quantity 

using the HEI-2010 is meaningful, it is also important to consider the quantities of food groups 

and nutrients consumed in low-income communities. The authors measured the quantity of 

nutrients and food groups consumed while also mitigating measurement error by applying current 

gold-standard measures for quantifying dietary intake and estimating dietary outcomes including 
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the NCI method in the pantry-user population. Another strength of this study is the collection of 

up to three 24-hour dietary recalls on non-consecutive days. This provided a more representative 

measure of client dietary intake compared to using a single dietary recall. 

4.5.2 Limitations 

The high attrition rate of 73% was a limitation in determining how the intervention and 

change over time truly affected food pantry clients as the group included in the final sample does 

not represent those who left the study and the sample is less random compared with the group 

recruited at baseline. A greater proportion of participants who completed the midpoint than those 

who did not were allocated to the comparison group, older in age, visited the participating food 

pantry more frequently, and reported acquired food from the pantry lasting longer. Possible 

explanations for these differences are that clients who report visiting the food pantry frequently 

and who report a larger proportion of their household foods coming from food pantries exhibited 

a pattern of using the food pantry as a long-term supplement to their household foods and thus 

were more likely to still be visiting the pantry two years later during the midpoint assessment. The 

food pantry client population is known to be transient, however older clients may more likely be 

settled in their current location and thus easier to reach at midpoint. A greater proportion of 

participants who completed the midpoint assessment was allocated to the comparison group; 

reasons for this are unclear. Final results may not apply as fully to the participants in the 

intervention group, those who use pantries less frequently, those who report a smaller amount of 

their household foods being acquired at pantries, younger participants, and may include other 

endogenous factors which may bias the representativeness of the results presented here. 

Under-reporting of energy intake when using 24-hour dietary recalls is documented (34) 

and could have also contributed to bias in this study; however, a recent study reported the ASA24 

to perform relatively well among women with low incomes (24). The 24-hour recalls used to 

measure diet quality and quantity in this study did not account for supplements; therefore, resulting 

estimates do not represent total intake. Participants received compensation of up to $30 in the form 

of grocery store gift cards, which could have resulted in higher quality foods being purchased at 

stores, and ultimately introduced bias to the second and third dietary recalls that were collected 

after the day of recruitment. 
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4.5.3 Conclusions 

Food pantries are a critical resource to supplement the diets of clients, and thus food pantry 

interventions have the potential to positively influence food access and dietary patterns in rural, 

high-poverty communities. Improvements in food security and/or diet quality occurred in both 

treatment groups in the short term, yet positive short-term intervention changes did not result. 

Evaluation of the final study time point, as well as further investigation of the dose-dependent 

effect of each intervention component and other individual community characteristics, may 

elucidate the relationship between the VFF intervention and client outcomes. 
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4.7 Results Tables and Figures 

 

Figure 4-1 Participant flow chart for assessment completion and loss to follow-up among Voices 

for Food participants during the study period of August 2014 through December 2016.
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Table 4-1 Unadjusted sociodemographic characteristics by treatment group for a multistate 

sample of rural, Midwestern, adult food pantry clients 

Characteristics Baseline Midpoint 

 Comparison 

group 

Intervention 

group 

 Comparison 

group 

Intervention 

group 

 

 n (%)1 n (%) P(χ2) n (%) n (%) P(χ2) 

Total 279 (47) 311 (53)  87 (54) 73 (46)  

Adult food security status   0.41   0.22 

Food secure 59 (21) 74 (24)  30 (34) 28 (38)  

Low food secure 79 (28) 97 (31)  21 (24) 24 (33)  

Very low food secure 141 (51) 140 (45)  36 (41) 21 (29)  

State   0.19   0.47 

Indiana 75 (27) 76 (24)  25 (29) 21 (29)  

Michigan 49 (18) 53 (17)  13 (15) 13 (18)  

Missouri 68 (24) 76 (24)  24 (28) 16 (22)  

Nebraska 30 (11) 20 (6)  12 (14) 7 (10)  

Ohio 34 (12) 45 (14)  3 (3) 8 (11)  

South Dakota 23 (8) 41 (13)  10 (11) 8 (11)  

Gender   0.003   0.17 

Men 50 (22) 89 (34)  18 (21) 22 (30)  

Women 182 (78) 175 (66)  69 (79) 51 (70)  

Age   0.26   0.76 

18-44 90 (38) 95 (36)  13 (15) 13 (19)  

45-64 94 (39) 124 (47)  39 (46) 34 (49)  

≥65 52 (22) 47 (18)  32 (38) 23 (33)  

Race   0.35   0.04 

White 187 (83) 200 (77)  77 (90) 58 (81)  

Black 14 (6) 27 (10)  1 (1) 8 (11)  

American Indian 17 (8) 22 (8)  6 (7) 3 (4)  

Other2 8 (4) 11 (4)  2 (2) 3 (4)  

Highest education level   0.39   0.19 

≤High school graduate 

or equivalent 

163 (69) 175 (66)  64 (75) 48 (66)  

≥Some college/trade 

school 

72 (31) 91 (34)  21 (25) 25 (34)  

Employment status3   0.05   0.60 

Employed ≥6 months 54 (20) 79 (27)  18 (21) 13 (18)  
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Characteristics Baseline Midpoint 

 Comparison 

group 

Intervention 

group 

 Comparison 

group 

Intervention 

group 

 

 n (%)1 n (%) P(χ2) n (%) n (%) P(χ2) 

Employed <6 months 220 (80) 219 (73)  66 (79) 59 (82)  

Income4   0.049   0.15 

<$10,000 143 (55) 156 (54)  41 (50) 37 (51)  

$10,000 - $15,000 63 (24) 50 (17)  22 (27) 11 (15)  

>$15,000 56 (21) 83 (29)  19 (23) 24 (33)  

Household size3   0.03   0.04 

1 member 90 (33) 85 (28)  32 (37) 18 (25)  

2 members 74 (27) 65 (21)  29 (33) 19 (26)  

≥3 members 112 (41) 159 (51)  26 (30) 36 (49)  

Participation in food assistance 

programs3,5 

  0.76   0.27 

≥1 program 226 (95) 247 (94)  64 (94) 55 (89)  

0 programs 13 (5) 16 (6)  4 (6) 7 (11)  

Estimated amount of household 

foods from all pantries in the 

last month 

  0.01   0.78 

A few days’ worth 126 (49) 121 (42)  20 (30) 21 (36)  

1-2 weeks’ worth 75 (29) 117 (41)  30 (45) 25 (42)  

More than half of food 

for the month 

58 (22) 48 (17)  17 (25) 13 (22)  

Number of pantries visited3   0.21   0.27 

1 pantry 120 (45) 151 (50)  15 (18) 8 (12)  

>1 pantry 146 (55) 149 (50)  67 (82) 60 (88)  

Number of times this pantry 

was visited3 

  0.04   0.48 

<5 times 155 (56) 146 (47)  37 (43) 27 (37)  

≥5 times 124 (44) 165 (53)  50 (57) 46 (63)  

1 Totals may not add up to total participants due to missing values. 
2 Includes Native Hawaiian, Asian, and any combinations of races. 
3 Over the past 12 months. 
4 Self-reported total combined income of all household members over the past 12 months including income from jobs, 

business, pensions, Social Security or retirement payments, disability payments, and any other money income received. 
5 Includes the Supplemental Nutrition Assistance Program; Meals on Wheels; Soup Kitchens; the Special 

Supplemental Nutrition Program for Women, Infants, and Children; free or reduced-price school meals; and free or 

reduced-priced meals at summer programs. 

* Statistical significance is p<0.05 for chi-squared comparisons between food secure, low food secure and very low 

food secure households 
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Table 4-2 Mean adult food security and Healthy Eating Index-2010 scores at baseline and midpoint, changes from baseline to midpoint, 

and difference in changes between treatment groups among a multistate sample of rural, Midwestern, adult food pantry clients1 

Score Comparison (n =87)  Intervention (n =73)    

 Baseline Midpoint Change2 P Baseline Midpoint Change2 P Difference 

in 

changes3 

P 

Adult food security 5.3 ± 0.4 4.8 ± 0.5 -0.5 ± 0.4 0.23 4.8 ± 0.4 3.8 ± 0.5 -1.0 ± 0.4 0.01* -0.5± 0.5 0.36 

HEI total score 42.7 ± 1.4 48.6 ± 1.9 5.9 ± 1.5 0.0001* 43.6 ± 1.4 46.0 ± 1.9 2.5 ± 1.5 0.10 -3.4 ± 2.1 0.11 

Total vegetables 3.3 ± 0.2 3.5 ± 0.3 0.2 ± 0.2 0.44 3.3 ± 0.2 3.1 ± 0.3 -0.2 ± 0.2 0.34 -0.4 ± 0.3 0.22 

Greens and beans 1.0 ± 0.2 1.7 ± 0.3 0.7 ± 0.3 0.01* 1.1 ± 0.2 0.9 ± 0.3 -0.1 ± 0.3 0.62 -0.8 ± 0.4 0.02* 

Total fruit 1.7 ± 0.2 1.3 ± 0.3 -0.5 ± 0.3 0.08 2.0 ± 0.2 1.3 ± 0.3 -0.6 ± 0.3 0.02* -0.2 ± 0.4 0.69 

Whole fruit 1.2 ± 0.2 1.0 ± 0.3 -0.1 ± 0.3 0.56 1.5 ± 0.2 1.1 ± 0.3 -0.4 ± 0.3 0.12 -0.3 ± 0.4 0.47 

Whole grains 1.9 ± 0.3 2.2 ± 0.5 0.2 ± 0.4 0.56 2.3 ± 0.3 2.5 ± 0.5 0.2 ± 0.4 0.57 -0.0 ± 0.6 1.00 

Total dairy  4.0 ± 0.4 4.0 ± 0.5 0.1 ± 0.4 0.84 3.3 ± 0.3 4.0 ± 0.5 0.7 ± 0.4 0.09 0.6 ± 0.6 0.29 

Total protein foods 4.4 ± 0.1 4.8 ± 0.2 0.3 ± 0.1 0.04* 4.5 ± 0.1 4.7 ± 0.2 0.2 ± 0.1 0.13 -0.1 ± 0.2 0.69 

Seafood & plant proteins 1.2 ± 0.2 1.6 ± 0.3 0.4 ± 0.3 0.14 1.1 ± 0.3 0.8 ± 0.3 -0.3 ± 0.3 0.33 -0.7 ± 0.4 0.08 

Fatty acids 4.6 ± 0.3 5.6 ± 0.5 1.0 ± 0.4 0.02* 4.8 ± 0.3 5.5 ± 0.5 0.7 ± 0.4 0.10 -0.3 ± 0.6 0.58 

Sodium 2.7 ± 0.3 2.2 ± 0.5 -0.5 ± 0.4 0.20 2.9 ± 0.3 2.5 ± 0.5 -0.4 ± 0.4 0.33 0.1 ± 0.6 0.83 

Refined grains 6.5 ± 0.4 6.8 ± 0.5 0.3 ± 0.4 0.57 6.5 ± 0.4 6.3 ± 0.5 -0.2 ± 0.4 0.58 -0.5 ± 0.6 0.43 

Empty calories 10.2 ± 0.7 14.2 ± 0.7 4.1 ± 0.7 <0.0001* 10.4 ± 0.7 13.2 ± 1.0 2.8 ± 0.7 0.0002* -1.2 ± 1.0 0.24 

1 Values are adjusted least-squares means ± SEMs unless otherwise indicated. Models adjusted for age, gender, race, income, household size, estimated amount of 

household foods from all pantries in the last month, and number of times this pantry was visited in the last year. 
2 Values are the difference between baseline and midpoint adjusted least-squares means ± SEMs.  
3 Values are the difference in changes of adjusted least-squares means ± SEMs between treatment groups from baseline to midpoint. 
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Table 4-3 Mean usual intake of nutrients at baseline and midpoint, changes in β estimates from baseline to midpoint, and difference in 

changes between treatment groups among a multistate sample of rural, Midwestern, adult food pantry clients1 

Nutrient Comparison Intervention Intervention ‒ Comparison 

 Baseline2 Midpoint2 P-value for 

change3 

Baseline2 Midpoint2 P-value for 

change4 

P-value for difference in 

changes5 

Potassium, mg/day 1300 ± 172 1472 ± 175 0.12 1387 ± 193 1509 ± 206 0.48 0.47 

Dietary fiber, g/day 7.7 ± 0.9 7.8 ± 0.9 0.36 8.3 ± 0.9 7.9 ± 1.2 0.49 0.90 

Choline, mg/day 180 ± 19 200 ± 19 0.64 193 ± 19 207 ± 25 0.12 0.39 

Magnesium, mg/day 131 ± 78 138 ± 15 0.09 141 ± 88 169 ± 18 0.05 0.70 

Calcium, mg/day 458 ± 152 562 ± 156 0.05 486 ± 140 558 ± 156 0.02 0.63 

vitamin A, μg, RAE/day 353 ± 65 401 ± 41 0.25 360 ± 52 365 ± 40 0.59 0.22 

vitamin D, μg/day 2.3 ± 0.3 3.0 ± 0.4 0.46 2.4 ± 0.3 3.0 ± 0.4 0.06 0.38 

vitamin E, alpha-tocopherol, mg/day 3.3 ± 0.4 4.0 ± 0.4 0.08 3.5 ± 0.4 4.2 ± 0.6 0.27 0.68 

vitamin C, mg/day 29.4 ± 4.4 26.6 ± 5.0 0.76 31.7 ± 4.6 29.0 ± 6.0 0.30 0.32 

Iron, mg/day 7.8 ± 1.1 8.4 ± 1.0 0.10 8.4 ± 1.0 8.6 ± 1.1 0.69 0.38 

1 Models adjusted for age, gender, race, income, household size, estimated amount of household foods from all pantries in the last month, and number of times this 

pantry was visited in the last year. 
2 Values are bootstrapped means ± standard deviations estimated from %DISTRIB macro.  
3 P-value for testing the difference from baseline to midpoint for the comparison group. This test was run using an estimate statement within the %MIXTRAN 

macro. 
4 P-value for testing the difference from baseline to midpoint for the comparison group. This test was run using an estimate statement within the %MIXTRAN 

macro. 
5 P-value for testing the difference in the change from baseline to midpoint for comparison and treatment groups. This test was run using an estimate statement 

within the %MIXTRAN macro.  

* Statistical significance was determined at p < 0.0167 to adjust for multiple comparisons using Bonferroni method.
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Table 4-4 Mean usual intake of food groups at baseline and midpoint among a multistate sample 

of rural, Midwestern adult food pantry clients1 

Food group Comparison Intervention 

 Baseline2 Midpoint2 Baseline2 Midpoint2 

Total fruit 0.5 ± 0.1 0.4 ± 0.1 0.5 ± 0.1 0.4 ± 0.1 

Total vegetables 1.4 ± 0.2 1.5 ± 0.2 0.3 ± 0.2 0.4 ± 0.2 

Dark green vegetables 0.2 ± 0.8 0.0 ± 0.6 0.1 ± 0.9 0.0 ± 0.6 

Whole grains 0.6 ± 0.1 0.7 ± 0.1 0.5 ± 0.1 0.6 ± 0.1 

Total dairy 1.2 ± 0.2 1.4 ± 0.2 1.1 ± 0.2 0.3 ± 0.1 

1 Models adjusted for age, gender, race, income, household size, estimated amount of household foods from all pantries 

in the last month, and number of times this pantry was visited in the last year. 
2 Values are bootstrapped means ± standard deviations 
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Table 4-5 Ratios of the usual intake of food groups from baseline to midpoint and changes in ratios between treatment groups among a 

multistate sample of rural, Midwestern adult food pantry clients1 

Food 

group 

Covariates (a-i) Ratios of usual intake at baseline and 

midpoint for comparison (com.) and 

intervention (int.) groups 

 Risk 

level 

(a) 

Age 

(b) 

Sex 

(c) 

Race 

(d) 

Income 

(e) 

Household 

size 

(f) 

Household 

food 

(g) 

Frequency 

(h) 

State 

(i) 

Weekday/ 

weekend 

P-value2 P-value3 P-value4 

Total fruit High <45y F Other <$10,000 >1 person <1 week <5 times MI,NE,SD Weekend 0.62 0.54 0.99 

Low ≥45y M White ≥$10,000 1 person ≥1 week ≥5 times IN,MO,OH Weekday 0.57 0.54 0.97 

Total 

vegetables 

High <45y F Other <$10,000 >1 person <1 week <5 times MI,NE,SD Weekend 0.64 0.97 0.76 

Low ≥45y M White ≥$10,000 1 person ≥1 week ≥5 times IN,MO,OH Weekday 0.65 0.84 0.68 

Whole 

grains 

High <45y F Other <$10,000 >1 person <1 week <5 times MI,NE,SD Weekend 0.93 0.09 0.19 

Low ≥45y M White ≥$10,000 1 person ≥1 week ≥5 times IN,MO,OH Weekday 0.63 0.02 0.18 

Total dairy High <45y F Other <$10,000 >1 person <1 week <5 times MI,NE,SD Weekend 0.75 0.22 0.46 

Low ≥45y M White ≥$10,000 1 person ≥1 week ≥5 times IN,MO,OH Weekday 0.69 0.08 0.25 

1 Authors adapted the National Cancer Institute method to include estimate statements described by Tooze et al., 2002 that calculated ratios of changes in usual 

intake over time by treatment group (𝐼𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛
2−𝑦 𝑓𝑜𝑙𝑙𝑜𝑤−𝑢𝑝

𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒
 – 𝐶𝑜𝑚𝑝𝑎𝑟𝑖𝑠𝑜𝑛

2−𝑦 𝑓𝑜𝑙𝑙𝑜𝑤−𝑢𝑝

𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒
). Energy was set equal to the mean, 1508.60 kilocalories. 

2 P-value for testing the difference from baseline to midpoint for the comparison group. This test was run using an estimate statement within the %MIXTRAN 

macro. 
3 P-value for testing the difference from baseline to midpoint for the treatment group. This test was run using an estimate statement within the %MIXTRAN macro.

 

4 P-value for testing the difference in the change from baseline to midpoint for comparison and treatment groups. This test was run using an estimate statement 

within the %MIXTRAN macro. 

* Statistical significance was determined at p < 0.0167 to adjust for multiple comparisons using Bonferroni method.
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Table 4-6 Supplementary Table: Association of food security with the change in Healthy Eating 

Index-2010 scores from baseline to midpoint among a multistate sample of rural, Midwestern, 

adult food pantry clients1 

Response ΔFS-ΔLFS ΔFS-ΔVLFS ΔLFS-ΔVLFS 

Δ = T2-T12 β P β p β p 

Δ  HEI total score 4.5 ± 3.6 0.63 6.4 ± 3.5 0.20 1.8 ± 3.1 1.00 

Δ  Total vegetables 0.8 ± 0.5 0.42 0.5 ± 0.5 0.96 -0.3 ± 0.5 1.00 

Δ  Greens and beans -1.3 ± 0.8 1.00 -0.5 ± 0.7 1.00 0.8 ± 0.6 1.00 

Δ  Total fruit -0.5 ± 0.6 1.00 -1.1 ± 0.6 1.00 -0.6 ± 0.5 1.00 

Δ  Whole fruit -0.9 ± 0.6 1.00 -1.8 ± 0.6 0.60 -0.9 ± 0.5 0.99 

Δ  Whole grains 2.0 ± 1.1 0.93 1.0 ± 1.0 1.00 -1.0 ± 0.9 1.00 

Δ  Total dairy -1.1 ± 1.0 1.00 0.0 ± 1.0 1.00 1.1 ± 0.9 1.00 

Δ  Total protein foods -0.1 ± 0.3 1.00 0.7 ± 0.3 0.79 0.8 ± 0.3 0.61 

Δ  Seafood & plant proteins 1.2 ± 0.8 1.00 1.5 ± 0.7 0.89 0.3 ± 0.6 1.00 

Δ  Fatty acids 4.0 ± 1.0 0.48 3.2 ± 1.0 0.58 -0.8 ± 0.9 1.00 

Δ  Sodium -1.4 ± 1.0 1.00 -0.0 ± 1.0 1.00 1.4 ± 0.8 1.00 

Δ  Refined grains -1.5 ± 1.1 1.00 -1.0 ± 1.0 1.00 0.5 ± 0.9 1.00 

Δ  Empty calories 3.6 ± 1.8 0.90 3.8 ± 1.8 0.83 0.2 ± 1.6 1.00 

1 Values are adjusted least-squares means ± SEMs unless otherwise indicated. Models adjusted for age, gender, race, 

income, household size, estimated amount of household foods from all pantries in the last month, and number of 

times this pantry was visited in the last year. The outcomes variable was the difference in each component from 

baseline to midpoint. The main predictors were time, food security status, and the interaction between these 

predictors. 

2 Values are the difference between baseline and midpoint for FS-LFS, FS-VLFS, and LFS-VLFS subgroups. 
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Table 4-7 Supplementary Table: Association of food security with the change in usual intake of 

nutrients from baseline to midpoint among a multistate sample of rural, Midwestern, adult food 

pantry clients1 

Response FS-LFS:  Δ Int. -  Δ Com. FS-VLFS: Δ Int. -  Δ Com. LFS-VLFS: Δ Int. -  Δ Com. 

Δ = T2-T12 t (141)2 p t (141) p t (141) p 

Potassium 1.02 0.31 1.77 0.08 0.98 0.33 

Dietary fiber -0.18 0.86 0.99 0.32 1.22 0.22 

Choline 0.71 0.48 1.99 0.05 1.33 0.19 

Magnesium 1.44 0.15 1.82 0.07 0.22 0.83 

Calcium 1.08 0.28 1.58 0.12 0.50 0.62 

vitamin A 1.53 0.13 1.52 0.13 -0.11 0.91 

vitamin D 1.30 0.20 0.54 0.59 0.54 0.38 

vitamin E 0.08 0.94 1.50 0.14 1.48 0.14 

vitamin C 0.50 0.62 0.47 0.64 -0.06 0.95 

Iron 1.27 0.21 2.16 0.03* 0.86 0.39 

1 Authors adapted the National Cancer Institute method to include estimate statements within the %MIXTRAN macro 

to compare changes in usual intake over time by treatment group [ 𝐼𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛 (𝑇𝑖𝑚𝑒 2 − 𝑇𝑖𝑚𝑒 1)  – 

𝐶𝑜𝑚𝑝𝑎𝑟𝑖𝑠𝑜𝑛 (𝑇𝑖𝑚𝑒 2 − 𝑇𝑖𝑚𝑒 1)] by food security status. Energy was set equal to the mean, 1508.60 kilocalories. 

Models adjusted for age, gender, race, income, household size, estimated amount of household foods from all pantries 

in the last month, number of times this pantry was visited in the last year, weekend/weekday, and the sequence of 24-

hour recalls. Main predictors were time, treatment, food security status, and the two-way and three-way interactions 

of these predictors. 
2 Test statistic (degrees of freedom) for testing the difference in the change from baseline to midpoint for comparison 

and treatment groups by food security status. 
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Table 4-8 Supplementary Table: Association of food security with the change in usual intake of nutrients from baseline to midpoint 

among a multistate sample of rural, Midwestern, adult food pantry clients1 

Food 

group 

Covariates (a-i) Differences in ratios of usual intake by 

food security status at baseline and 

midpoint for comparison and intervention 

groups 

 Risk 

level 

(a) 

Age 

(b) 

Sex 

(c) 

Race 

(d) 

Income 

(e) 

Household 

size 

(f) 

Household 

food 

(g) 

Frequency 

(h) 

State 

(i) 

Weekday/ 

weekend 

FS-LFS:  

t (141)2 (p) 

FS-VLFS:  

t (141) (p) 

LFS-

VLFS:  

t (141) (p) 

Total fruit High <45y F Other <$10,000 >1 person <1 week <5 times MI,NE,SD Weekend 0.87 (0.38) -0.32 (0.75) -0.97 (0.34) 

Low ≥45y M White ≥$10,000 1 person ≥1 week ≥5 times IN,MO,OH Weekday 0.86 (0.39) -0.06 (0.95) -0.87 (0.39) 

Total 

vegetables 

High <45y F Other <$10,000 >1 person <1 week <5 times MI,NE,SD Weekend 0.73 (0.47) 1.88 (0.06) 1.14 (0.25) 

Low ≥45y M White ≥$10,000 1 person ≥1 week ≥5 times IN,MO,OH Weekday 0.64 (0.53) 1.83 (0.07) 1.16 (0.25) 

Whole 

grains 

High <45y F Other <$10,000 >1 person <1 week <5 times MI,NE,SD Weekend 0.45 (0.66) -0.29 (0.77) -0.62 (0.54) 

Low ≥45y M White ≥$10,000 1 person ≥1 week ≥5 times IN,MO,OH Weekday 0.72 (0.47) 0.13 (0.90) -0.62 (0.53) 

Total 

dairy 

High <45y F Other <$10,000 >1 person <1 week <5 times MI,NE,SD Weekend 0.07 (0.94) 1.07 (0.29) 1.03 (0.30) 

Low ≥45y M White ≥$10,000 1 person ≥1 week ≥5 times IN,MO,OH Weekday 0.23 (0.81) 0.28 (0.78) 0.03 (0.98) 

1 Authors adapted the National Cancer Institute method to include estimate statements described by Tooze et al., 2002 to compare ratios of changes in usual intake over 

time by treatment group (𝐼𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛
2−𝑦 𝑓𝑜𝑙𝑙𝑜𝑤−𝑢𝑝

𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒
 – 𝐶𝑜𝑚𝑝𝑎𝑟𝑖𝑠𝑜𝑛

2−𝑦 𝑓𝑜𝑙𝑙𝑜𝑤−𝑢𝑝

𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒
) by food security status. Energy was set equal to the mean, 1508.60 kilocalories. 

Models adjusted for age, gender, race, income, household size, estimated amount of household foods from all pantries in the last month, number of times this pantry was 

visited in the last year, weekend/weekday, and the sequence of 24-hour recalls. Main predictors were time, treatment, food security status, and the two-way and three-

way interactions of these predictors. 
2 Test statistic (degrees of freedom) for testing the difference in the change from baseline to midpoint for comparison and treatment groups by food security status. This 

test was run using an estimate statement within the %MIXTRAN macro. 
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 CONCLUSIONS 

5.1 Summary of Aims 

The overarching goal of this dissertation was to investigate differences in dietary patterns, 

consumption of food pantry offerings, and intermediate effects of a food pantry intervention on 

dietary outcomes by food security status. The specific aims were to 1) characterize differences in 

dietary quality and intake between food secure (FS), low food secure (LFS) and very low food 

secure (VLFS) pantry clients in a cross-sectional analysis; 2) explore associations between the 

nutritional quality of the food pantry environment (foods stocked and distributed by foods pantries) 

and pantry client diet quality by food security status in a cross-sectional analysis; and 3) evaluate 

the intermediate effects of a SEM, community-based intervention to improve dietary outcomes 

among pantry clients by food security subgroup in a longitudinal analysis.  

The first aim was addressed in the second chapter by quantifying food security and 

estimating dietary quality and usual intake in a multistate sample of food pantry clients. A cross-

sectional, mixed multiple linear regression analysis showed differences between FS, LFS and 

VLFS pantry clients in dietary quality and usual intake, suggesting that food security status may 

be associated with dietary patterns, even among the vulnerable food pantry client population. Food 

security was associated with a higher whole grains HEI-2010 score, as well as a higher mean usual 

intake of whole grains and iron, compared to low food security among food pantry clients. Food 

security was also associated with a higher mean usual intake of dark green vegetables and total 

dairy compared to both low food security and very low food security among food pantry clients. 

However, all pantry clients, regardless of food security status, consumed less than federal 

guidelines and markers of adequacy for all nutrients and food groups evaluated. 

The second aim was addressed in the third chapter by scoring the nutritional quality of the 

pantry food environment (pantry inventories and client food bags) and the dietary quality of pantry 

clients using a comparable scoring system. A cross-sectional, multiple linear regression analysis 

showed positive associations between client food bag nutritional quality scores and client diet 

quality scores for total vegetables, total fruit, and total protein foods, which suggests that clients 

are especially relying on pantries for these food groups. Negative associations between pantry 

inventory scores and client scores suggests that encouraging higher quality foods may present 
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barriers for clients. VLFS clients benefitted more from food pantry offerings compared to FS and 

LFS clients, which supports the notion that FS, LFS, and VLFS may rely on pantry resources 

differently. Broder implications of these findings remain ambiguous; further investigation of 

pantry client perceptions of pantry offerings and reasons for visiting food pantries may aid in 

elucidating the relationship between pantry inventories, client food bags, and clients’ diets and 

food security status. 

The third aim was addressed in the fourth chapter by evaluating the short-term effects of 

the VFF intervention on dietary outcomes from baseline to midpoint. A longitudinal, mixed 

multiple linear regression analysis with repeated measures showed improvement in food security 

in the intervention group and improvements in diet quality in the comparison group. Although the 

intervention did not positively impact the dietary outcomes of pantry clients differently between 

treatment groups, unforeseen factors, such as attrition and other mechanisms, may have introduced 

bias contributing to these results. The VFF materials promoting formation of FPCs and a GCC 

food pantry distribution model may be promising for long-term improvement in dietary outcomes, 

but further investigation of the dose-dependent effect of each intervention component, as well as 

changes in other pantry environment characteristics over the study period, are needed to elucidate 

the relationship between the VFF intervention and clients dietary outcomes. 

Interestingly, the findings of the second and third aims both imply that a healthier food 

pantry environment may be associated with reduced pantry use among clients. The second aim 

found an inverse cross-sectional association between the nutritional quality of food pantry 

inventories and the diet quality of clients who visit that pantry, suggesting barriers to clients 

consuming the healthier foods provided. Similarly, findings from the third aim suggest that the 

VFF intervention led to a decrease in client dietary intake of greens and beans in the first two years. 

Although there were improvements in several dietary component scores in the comparison group, 

in the intervention group, which was hypothesized to have greater improvement in dietary 

outcomes due to facilitation of the VFF materials by a community coach, an improvement in food 

security but not diet quality was observed. Taken together, these findings suggest that greater 

access to healthy foods does not necessarily translate to intake. In fact, as shown in this dissertation, 

it could potentially have a negative effect in the short term and may require a period of acclimation 

to new food offerings; clients may need additional knowledge and other resources in order to 

utilize healthier foods that are introduced to the food pantry setting. 
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5.2 Future Work 

Food pantries are a critical resource to supplement the diets of clients, and food security 

status may characterize differences in the dietary patterns and use of pantry offerings for clients. 

Future work is important to better understand how the dietary needs of FS, LFS, and VLFS clients 

may differ, and how these differences may be incorporated into future initiatives to improve dietary 

outcomes in the food pantry setting. 

Although a community coaching intervention did not positively associate with changes in 

the food security and dietary patterns of pantry clients over a short-term two-year follow-up period 

differently compared to a comparison group, each treatment group improved either food security 

(intervention group) or dietary quality (comparison group). Since VFF materials promoting 

formation of food policy councils and conversion to a guided client choice food pantry distribution 

model was delivered to both intervention and comparison communities, it is possible that the VFF 

materials alone (without facilitation from a community coach) may improve dietary outcomes in 

the short term. Community coaching is hypothesized to sustain long-term change, and thus longer 

follow-up is needed to evaluate the long-term effect of the community coaching intervention on 

dietary outcomes. Future evaluations of the individual components of the VFF materials over time, 

as well as quantification of “doses” of each component, are needed to identify the source of dietary 

improvement in both treatment groups.  

The social ecological modeled intervention approach was used in this analysis, where 

changes on community, organizational, and individual levels were hypothesized to influence each 

other. With this is mind, it is critical to investigate changes in the nutritional quality of the pantry 

food environment in order to further elucidate the mechanism for dietary improvement from 

baseline to midpoint among both treatment groups. Determining the mediating effect of changes 

in the food pantry environment would help determine the extent and breadth of influence between 

SEM levels, and explain how implementation of select components of the VFF materials may 

effect change at the individual pantry client level. 

Previous interventions in pantry settings have been effective in improving diet quality and 

food security among clients in follow-up periods of less than one year. Future work may consider 

integrating the successful components of the present intervention with effective components of 

other interventions; these may include cooking classes to increase knowledge and utilization of 



124 

 

healthy foods, or leveraging the food pantry infrastructure to connect clients with other non-food 

resources and services. 

In conclusion, food pantries do not comprise a homogeneous population of clients. Pantry 

clients have different quality diets and rely on pantries to acquire different types of foods 

depending on their food security status. Food pantries may be an important venue to target 

interventions that improve dietary quality, with consideration for the complex interplay between 

food security status, the pantry food environment and characteristics of food pantry use.
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APPENDIX A: Stluka, S., Moore, L., Eicher-Miller, HA., Franzen-Castle, L., 

Henne, B., Mehrle, D., Remley, D., Mccormack, L. Voices For Food: 

Methodologies for Implementing a Multi-State Community-Based 

Intervention in Rural, High Poverty Communities (2018) 
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APPENDIX B: Voices for Food Baseline Characteristics Survey 
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APPENDIX C: Automated Self-Administered 24-Hour Dietary Recall 

https://epi.grants.cancer.gov/asa24/ 

 

 

Images: http://innerstate.org/project/asa24 

https://epi.grants.cancer.gov/asa24/
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APPENDIX D: Tooze, JA., Grunwald, GK., Jones, RH. Analysis of Repeated 

Measures Data with Clumping at Zero (2002) 
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