
1 

 

Food insecurity and the consumption of plant-centered meals and high sodium foods 1 

among students at three large state universities  2 

Janae Chatmon1,2,3 3 

Tony Kuo4,5,6 4 

Scott W. Plunkett7 5 

Annette Besnilian8 6 

Brenda Robles9-11* 7 

Affiliations: 8 

1  Department of Health Policy and Management, University of California, Los Angeles (UCLA) 9 

Fielding School of Public Health, Box 951772, Los Angeles, CA 90095, USA 10 

2  Medical Education Program, David Geffen School of Medicine at UCLA, 10833 Le Conte 11 

Ave, Los Angeles, CA 90095, USA 12 

3  College of Medicine, Charles R. Drew University of Medicine and Science, 1731 E 120th St, 13 

Los Angeles, CA 90059, USA 14 

4  Department of Epidemiology, UCLA Fielding School of Public Health, Box 951772, Los 15 

Angeles, CA 90095, USA; ORCID ID: 0000-0002-4120-8559 16 

5  Department of Family Medicine, David Geffen School of Medicine at UCLA, 10880 Wilshire 17 

Blvd, Suite 1800, Los Angeles, CA 90024, USA 18 

6  Population Health Program, UCLA Clinical and Translational Science Institute, BE-144 Center 19 

of Health Sciences, Los Angeles, CA 90095, USA 20 

7  Department of Psychology, California State University, Northridge, 18111 Nordhoff St, 21 

Northridge, CA 91330, USA; ORCID ID: 0000-0002-3952-312X 22 



2 

 

8  Department of Family and Consumer Sciences, Marilyn Magaram Center for Food Science, 23 

Nutrition, and Dietetics, California State University, Northridge, 18111 Nordhoff St, Northridge, 24 

CA 91330, USA; ORCID ID: 0000-0002-9786-0781 25 

9 Department of Economics, University of Rovira i Virgili, Reus, Catalonia, Spain; ORCID ID: 26 

0000-0001-6023-7809 27 

10 Centro de Investigación Biomédica en Red de Epidemiología y Salud Pública (CIBERESP), 28 

Instituto de Salud Carlos III, Madrid, Spain 29 

11 Research Group on Statistics, Econometrics and Health (GRECS), University of Girona, Carrer 30 

de la Universitat de Girona 10, Campus de Montilivi, 17003 Girona, Spain 31 

 32 

Running head: Food insecurity and plant/high sodium foods 33 

 34 

Word count (structured abstract): 150 words (max: 150 words) 35 

Text (not including tables/figures, references): 5,178 (max: 4,000-6,000 words) 36 

Table(s)/figure(s): 2 tables; 2 figures   37 

References: 73 references  38 

Journal: Journal of American College Health 39 

Category: Research Article 40 

 41 

* Corresponding author: 42 

Brenda Robles, PhD, MPH 43 



3 

 

Department of Economics, University of Rovira i Virgili, Reus, Catalonia, Spain (note: formerly 44 

affiliated with the Division of Chronic Disease and Injury Prevention at the Los Angeles County 45 

Department of Public Health).  46 

E-mail: brenda.robles@urv.cat  47 

 48 

Funding: This project was supported in part by funding from a Centers for Disease Control and 49 

Prevention cooperative agreement (U58DP000020), awarded to the Los Angeles County 50 

Department of Public Health’s Division of Chronic Disease and Injury Prevention. 51 

 52 

Disclosure statement: The authors have no competing interests to declare. 53 

 54 

Data availability: De-identified data are available upon request if the request is reasonable and 55 

adheres to the study’s human subjects protection standards. All data inquiries can be submitted to 56 

the corresponding author. 57 

 58 

 59 

 60 

 61 

 62 

 63 

 64 

 65 

 66 

mailto:brenda.robles@urv.cat


4 

 

Abstract 67 

Objective: To examine the associations between food insecurity and plant-centered meal 68 

consumption and other sodium-related dietary behaviors among university students. 69 

Methods: A web-based survey of three California State University students was conducted 70 

between August 2018 to May 2019. Multivariable logistic regressions examined the associations 71 

between food insecurity and four sodium-related dietary behaviors. Interaction terms were 72 

introduced to assess if race/ethnicity moderated these associations. 73 

Results: High food insecurity was associated with increased odds of reporting ‘likely to order’ 74 

plant-centered meals (AOR=1.55, 95% CI=1.16-2.05). Moderate food insecurity was associated 75 

with increased odds of frequently eating processed foods (AOR=1.40, 95% CI=1.13-1.74). No 76 

moderation effects were found for race/ethnicity.  77 

Conclusions: University students with high food insecurity appeared receptive to ordering plant-78 

centered meals, whereas those with moderate food insecurity consumed more processed foods. 79 

State universities should encourage and offer more low-sodium, plant-centered meal options in 80 

their food venues, on- and off-campus, to promote student health. 81 

 82 

Keywords: Food insecurity, sodium-related dietary behaviors, plant-centered meals, university 83 

students, student health 84 

 85 

 86 

 87 

 88 

 89 
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Introduction 90 

 Diet, especially limiting salt or sodium consumption, plays a key role in preventing and 91 

controlling hypertension and other cardiovascular diseases.1 As such, various public health 92 

efforts have sought to curb Americans’ consumption of high salt/sodium foods in recent decades. 93 

They include reformulating food products to contain less salt/sodium, consumer education, and 94 

front-of-package labeling.2 Other popular approaches include nutrition standards and other 95 

healthy food procurement practices that limit sodium, changes in the food environment, and use 96 

of behavioral economics in public/private institutional food settings.3,4 Unfortunately, successful 97 

execution of these sodium reduction interventions is often more difficult than anticipated.5,6 This, 98 

along with other operational challenges, may, in part, help explain why hypertension continues to 99 

be a growing public health problem in the United States (U.S.). An analysis of the National 100 

Health and Nutrition Examination Survey (NHANES) found that there was an upward trend in 101 

the age-adjusted prevalence of hypertension beginning in 2015.7 Another study found that 102 

residents in the U.S. were increasingly at risk for cardiovascular morbidity and mortality.8 Local 103 

trends, such as those in Los Angeles County, mirror these national findings.9  104 

Policy, nutrition standards, and food procurement levers at the broader community and 105 

jurisdictional level can be leveraged to improve cardiovascular health outcomes. Yet, these 106 

levers are not typically a “one size fits all” solution, as other avenues that help individuals reduce 107 

sodium consumption are needed and should be considered. These include strategies that leverage 108 

individuals’ volition when given access to healthier options (e.g., lower sodium meals) through 109 

public encouragement and/or expanding institutional offerings. Promoting and facilitating the 110 

consumption of plant-centered meals represents one such promising approach in this class of 111 

interventions. In this article, we define plant-centered meals as those that emphasize plant-112 
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derived foods (i.e., fruits, vegetables, legumes, and similar which are naturally lower in sodium) 113 

and that minimally include foods derived from animals such as meat, dairy, and eggs. Although 114 

consumption of plant-centered meals aligns with federal recommendations on what Americans 115 

should eat and drink to maintain good health (e.g., nutrient-dense foods such as vegetables, 116 

fruits, and whole grains),10 encouraging and helping people to consume these meal options 117 

remain difficult, in part because U.S. public health efforts have not explicitly focused on 118 

promoting this type of dietary behavior as a population health strategy for improving 119 

cardiovascular health. 120 

Consumption of plant-centered foods may be particularly effective among young adults, a 121 

group whose risk for cardiovascular morbidity and mortality has steadily increased in recent 122 

decades.11 For instance, shifting towards a diet characterized by plants in young to middle 123 

adulthood is associated with reduced risk of chronic conditions such as diabetes and weight 124 

gain.12 Such shift in diet likely lowers a person’s chronic disease risk by replacing the intake of 125 

calorie-dense alternatives, which are generally higher in sodium, sugar, and/or saturated fat, with 126 

plant-based options. However, it is important to consider that the nutritional value of plant-127 

centered foods/meals can vary and that they are not always healthy. For instance, it has been 128 

documented that such foods/meals are often ultra-processed and high in sodium.13 Nonetheless, 129 

promotion of a plant-centered diet can lead to better cardiovascular health outcomes if it 130 

emphasizes choosing naturally occurring plant foods (e.g., fresh fruits and vegetables, legumes, 131 

whole grains, etc.) that are inherently low in salt/sodium. 132 

Helping young adults shift towards a plant-centered diet also makes planetary sense and 133 

may resonate with several values common in this age group. For example, there is growing 134 

evidence that younger populations in the U.S. and around the world have greater awareness and 135 
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anxiety about climate change and may feel a greater social responsibility to reduce their carbon 136 

footprint.14 Compared to plant-derived foods, animal-derived counterparts (e.g., meat, dairy, 137 

eggs, fish) and/or those that are more processed are known to contribute to global warming.15,16 138 

Given this sensibility towards the environment, postsecondary schools, which primarily serve 139 

young adults,17 represent an important setting where plant-centered options can be introduced 140 

and promoted in an eco-friendly way.18 It also appears that the COVID-19 pandemic ironically 141 

played indirect roles in facilitating young adults’ interest in plant-centered meals. This global 142 

public health emergency and its resulting stay-at-home restrictions led to an increase in 143 

online/hybrid learning and extra time not spent on travel.19 A number of studies have found that 144 

the pandemic afforded students an opportunity to better manage their time20, including more 145 

leisure time to engage in activities such as healthy cooking.21  146 

 Food insecurity, defined as a lack of or inability to obtain nutritious foods in a safe and 147 

socially acceptable way,22 is another factor that may have contributed to the etiology of 148 

cardiovascular disease at the population level. For example, a recent study found that food 149 

insecurity was associated with higher salt/sodium intake among low-income groups during the 150 

pandemic.23 Studies from before the COVID-19 public health emergency had found that people 151 

who rely on food pantries and other emergency meal services frequently consumed excess 152 

sodium.24,25 These results, however, were not surprising, as foods offered in these settings are 153 

often highly processed and/or are shelf-stable items high in salt/sodium.26,27  154 

It is also important to recognize that the burden of food insecurity is unequally distributed 155 

and has been found to vary by race/ethnicity and by different population characteristics.28–30 156 

University students, especially those from communities of color, are a group at relatively high 157 

risk for moderate/high food insecurity because of these differences.31,32 158 
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 Collectively, emerging research underscores how the interactions between food insecurity 159 

and diet can affect various groups differently. This is especially the case for groups that have 160 

historically been overlooked or excluded in food and nutrition research and practice. University 161 

students represent one such group; it was only about a decade ago that researchers and public 162 

health professionals began to recognize that university students may be at risk for food 163 

insecurity. The first study identifying them as being food insecure or at risk for hunger was 164 

published in 2009.33 Since then, other studies have provided corroborating evidence highlighting 165 

inadequate access to nutritious food among this population; some have shown that this public 166 

health problem is growing.34 The COVID-19 pandemic certainly has not helped, exacerbating 167 

food insecurity across all age groups.35,36  168 

To date, only a few studies have investigated the associations between food insecurity 169 

and diet quality among university students.37,38 None have examined the relationships between 170 

food insecurity and sodium-related dietary behaviors, especially as they relate to promoting 171 

sodium reduction and planetary health together. Another gap in research and public health 172 

practice is the dearth of data on how race/ethnicity moderates these behavioral relationships or 173 

associations. Addressing these and other gaps in knowledge and practice related to the university 174 

setting could help guide or increase stakeholder and decision-maker receptivity to ways in which 175 

sodium reduction and planetary health can be promoted together to improve diet16,18,39–41 and to 176 

assure food security,41 especially among university students who are most vulnerable to hunger 177 

and to developing poor health because of diet-related conditions.18,40 178 

The present study sought to address these gaps in scientific knowledge and practice by 179 

examining survey responses obtained from students at three large state universities in California. 180 

Through snowball recruitment, we examined the associations between food insecurity and four 181 
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sodium-related dietary behaviors: 1) ordering plant-centered meals; 2) consumption of packaged 182 

foods; 3) adding salt when preparing food; and 4) frequently eating processed foods. We 183 

hypothesized that food insecurity is associated with lower ordering of plant-centered meals, and 184 

conversely with higher consumption of packaged foods, higher frequency of adding salt when 185 

preparing foods, and higher frequency of eating processed foods. A secondary study goal was to 186 

assess whether race/ethnicity moderated these potential associations. We hypothesized that there 187 

would be racial/ethnic differences in the associations between food insecurity and the four 188 

sodium-related dietary behavioral outcomes.  189 

Although our data were collected before the COVID-19 pandemic, they represent an 190 

important source of information on university students’ nutrition status and food selection 191 

behaviors, information that was not previously available in the literature.  192 

 193 

Methods 194 

Study Design  195 

The Los Angeles County Department of Public Health (DPH) collaborated with the 196 

California State University, Northridge (CSUN) to administer the California State University 197 

(CSU) Sodium Reduction Initiative survey, a web-based survey at three large state universities in 198 

Southern California. The survey took place during Fall 2018 (beginning of August 2018) to 199 

Spring 2019 (ending in May 2019) semesters. The English-language survey collected 200 

information on sodium-related knowledge and attitudes, sodium-related dietary behaviors, health 201 

status, the financial situation of the survey participants and their family, food insecurity 202 

(nutrition security status), and sociodemographics. The survey was initially conceptualized by 203 

DPH based on the state university system’s internal programmatic needs, a review of existing 204 
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literature related to determinants of cardiovascular disease risk,42 and sodium consumption,43 as 205 

well as previously validated surveys including the Food Insecurity Experience Scale.44  Some of 206 

the survey questions, such as those that asked about plant-centered meals and other behaviors 207 

related to sodium, were internally developed due to their novelty. However, to the extent 208 

possible, these questions were the same or similar to those asked in previous DPH studies.45–48 209 

CSUN researchers and faculty (including trained nutritionists and nutrition researchers) provided 210 

iterative feedback on the survey based on their expertise and knowledge of school-wide needs. 211 

The survey was initially programmed into the Qualtrics online survey software (Qualtrics Labs, 212 

Inc, Provo, Utah) and then pilot-tested with 15 California state university students (9 213 

undergraduate students, 6 graduate students) before field administration. Minor changes to the 214 

formatting, instructions, and question wording were made to the survey based on these students’ 215 

input to increase readability and comprehension. On average, the survey during this pilot phase 216 

took approximately 25 minutes to complete (range=20-35 minutes). All survey protocols and 217 

materials were reviewed and approved by Institutional Review Boards at DPH and at each of the 218 

three California state universities.  219 

 220 

Survey Procedures 221 

Administration 222 

A snowball sampling approach was used to recruit survey participants from the three 223 

state universities. First, targeted emails were sent by a member of the research team to available 224 

deans, department chairs, faculty/administrators, and student organizations at each of the three 225 

universities asking them to disseminate the survey through their existing channels (e.g., via 226 

existing listservs, etc.). The initial emails sent to key university personnel and organizations 227 
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included a short description of the web-based survey, the Qualtrics link to the web-based 228 

questionnaire (including the consent form), and a request to forward the survey invitation, 229 

consent form, and questionnaire to students, faculty, and/or staff who they had emails for. This 230 

survey invitation email was then forwarded by university leadership/organizations to students, 231 

faculty, and/or staff with the email subject line “CSU SRI survey: Get a $5 Starbucks gift card by 232 

completing a Sodium Reduction Initiative Survey.” Prospective survey participants who received 233 

the forwarded email and subsequently clicked on the Qualtrics survey link were presented with a 234 

consent form. Only those who consented to participate in the survey and had a university-235 

affiliated email address were eligible to enroll/participate. The median number of minutes that it 236 

took participants to complete the ~65-item, multiple choice/response option/skip pattern web-237 

based questionnaire was 16 minutes. All participants who completed the survey had the option of 238 

receiving a $5 electronic gift card if they wanted it. 239 

 240 

Data Cleaning 241 

Across the three state universities, 4,151 people who were eligible to participate in the 242 

survey (i.e., met the criteria for participation) and who received the snowball sampling email to 243 

complete the survey clicked on the link. After the data collection period ended, research staff 244 

from CSUN downloaded Qualtrics survey responses from each of the three schools into the 245 

SPSS software; the data from the three schools were then merged. Duplicate surveys, which were 246 

identified by comparing the IP addresses from the duplicate email addresses, were deleted. Many 247 

of the surveys were eliminated if the participants marked the same number on all questions or 248 

completed it in less than 5 minutes. In the present analyses, the final sample (n = 3,133, 75% of 249 
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the total eligible pool) was generated by including only those who reported being a student and 250 

had responses for the variables of interest. 251 

 252 

Measures 253 

Dependent Variables 254 

Likelihood of Ordering Meal Options Centered Around Plants (Plant-Centered Meals). 255 

Due to the novelty of the study topic, the sodium-related question corresponding to this outcome 256 

variable was internally developed by project personnel working on implementing and evaluating 257 

local sodium reduction interventions based on input from trained nutritionists and nutrition 258 

researchers. Participants were asked, “How likely or unlikely would you be to order a meal 259 

option centered around plants (e.g., vegetables, whole grains, nuts, seeds, legumes, fruits, has 260 

few or no animal products [e.g., meat] and excludes or minimizes highly refined foods [e.g., 261 

bleached flour, sugar, and oil])?” Response options included “very unlikely,” “unlikely,” 262 

“likely,” and “very likely." They were dichotomized as 0=not likely (i.e., participants reported 263 

“very unlikely” or “unlikely”) and 1=most likely (i.e., if participants reported “likely” or “very 264 

likely”). 265 

 Consumption of Packaged Foods. This question was also internally developed by 266 

program personnel knowledgeable with implementation of local sodium reduction interventions, 267 

based on input from trained nutritionists and nutrition researchers involved in the project. 268 

Participants were given examples of packaged foods such as chips, candy bars, and 269 

microwavable meals and then asked, “Do you try to avoid or limit consuming packaged foods?” 270 

Participants had the option of answering “yes” or “no.” “Yes” responses were categorized as 271 
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0=limits consumption of packaged foods, whereas “no” responses were categorized as 1=does 272 

not limit consumption of packaged foods.  273 

 Adds Salt to Food when Cooking/Preparing Foods. This internally developed question 274 

was adapted from a question used in previous DPH studies.46,47 Participants were asked, “Do you 275 

add salt when cooking or preparing foods in your household?” Response options included 276 

“never,” “rarely,” “sometimes,” “often,” and “always.” The responses were dichotomized as 277 

0=not frequently (i.e., participants reported “never” or “rarely”) and 1=frequently (i.e., 278 

participants reported “sometimes,” “often,” or “always”).  279 

 Frequency of Eating Processed Foods High in Salt (High Sodium Content). This question 280 

was also internally developed by project personnel working on implementing local sodium 281 

reduction interventions and vetted by trained nutritionists and nutrition researchers. Participants 282 

were asked “Do you eat processed food high in salt, including (but not limited to): snack foods 283 

(e.g., chips, crackers), soups (e.g., instant soups, ramen), baked goods (e.g., cookies, bread, 284 

buns), pizza (e.g., frozen pizza), processed cheeses, lunch meats, bacon, and sausage?” These 285 

foods were selected because they are food categories that are typically considered to be high in 286 

sodium.49 Response options included “never,” “rarely,” “sometimes,” “often,” and “always.” The 287 

responses were dichotomized as 0=not frequently (i.e., participants reported “never” or “rarely”) 288 

and 1=frequently (i.e., participants reported “sometimes,” “often,” or “always”). 289 

 290 

Independent Variable 291 

 Food insecurity was assessed by asking participants eight questions from the validated 292 

Food Insecurity Experience Scale (FIES).44 The questions in this scale were: 1) “You were 293 

worried you would run out of food because of a lack of money or other resources?”; 2) “You 294 
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were unable to eat healthy and nutritious food because of a lack of money or other resources?”; 295 

3) “You ate only a few kinds of foods because of a lack of money or other resources?”; 4) “You 296 

had to skip a meal because there was not enough money or other resources to get food?”; 5) 297 

“You ate less than you thought you should because of a lack of money or other resources?”; 6) 298 

“Your household ran out of food because of a lack of money or other resources?”; 7) “You were 299 

hungry but did not eat because there was not enough money or other resources for food?”; and 8) 300 

“You went without eating for a whole day because of a lack of money or other resources?” 301 

Response options were “Yes,” “No,” and “Don’t Know.” Responses were coded as 1=yes and 302 

0=no/don’t know. The responses were summed to create a composite score ranging from 0 to 8, 303 

with a higher score indicating a higher level of food insecurity. For analytic purposes, scores of 304 

0-3 were categorized as ‘low food insecurity,’ scores of 4-6 as ‘moderate food insecurity,’ and 305 

scores of 7-8 as ‘high food insecurity.’ These cut points align with those described in a previous 306 

study.50 The FIES is a validated tool developed by the United Nations Food and Agriculture 307 

Organization; it is based on the United States Department of Agriculture’s food insecurity 308 

screener and is currently used by 146 countries to assess food insecurity status among 309 

households.51 310 

 311 

Control Variables 312 

Control variables included the sociodemographic variables sex (0=male, 1=female), age 313 

(continuous), race/ethnicity (responses were open-ended and then categorized as 0=White, 314 

1=Black, 2=Hispanic, 3=Asian/Native Hawaiian/other Pacific Islander [ANHOPI], 4=Middle 315 

Eastern/Armenian, 5=other/mixed race), primary language family speaks at home (0=not 316 

English, 1=English or English+other language), and nativity status (0=not USA born, 1=USA 317 
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born). Other control variables included personal financial situation (1=less than peers, 2=same as 318 

peers, 3=more than peers), general health status (0= terrible/poor/average, 1=good/excellent), 319 

and accurate knowledge of daily recommended milligrams (mg) of sodium (0=inaccurate 320 

knowledge, 1=accurate knowledge). Questions corresponding to these variables were the same or 321 

adapted from previous DPH studies.45–48 322 

 323 

Data Analyses 324 

A conceptual framework guided study analyses (Figure 1). It was informed by existing 325 

research42,43 and univariate, bivariate, correlation, and factor analyses. The variance inflation 326 

factor (VIF) for these variables was examined to mitigate potential multicollinearity. A VIF 327 

cutoff value of above 10 typically indicates the presence of multicollinearity.52 In the study, the 328 

VIF was less than 2, indicating a negligible presence of this issue among the variables. The final 329 

analytic sample (n=3,133) excluded sparse data, outliers, and missing responses for the selected 330 

variables. The sequence of analyses was organized around three study parts, as described below. 331 

All data were analyzed using the statistical software STATA version 14.1 (StataCorp LLC, 332 

College Station, Texas).  333 

 334 

Descriptive analyses 335 

Frequencies and percentages were generated for all participant characteristics, food insecurity 336 

levels, and sodium-related dietary behaviors in the full sample. 337 

 338 

Multivariable logistic regressions  339 



16 

 

Multivariable logistic regression (analyses) models were constructed to examine the associations 340 

between food insecurity and the four dietary behaviors of interest: 1) likelihood of ordering 341 

plant-centered meals; 2) consumes packaged foods; 3) adds salt when cooking/preparing foods; 342 

and 4) high frequency of eating processed foods high in salt. Adjusted odds ratios (AOR) and 343 

corresponding 95% confidence intervals (CIs) were generated for each of these models.  344 

 345 

Moderation analysis 346 

To assess the extent to which race/ethnicity influenced the associations between food insecurity 347 

and the four sodium-related dietary behaviors, a multi-degree of freedom test (omnibus test) was 348 

performed to test interactions between food insecurity and race/ethnicity for each of the sodium-349 

related dietary behaviors. Corresponding test statistics and p-values were generated to identify 350 

statistically significant interactions (threshold: p < .05).  351 

 352 

Results 353 

Descriptive analyses 354 

Table 1 shows the sociodemographics of the survey participants. Many were female (76.2%), 355 

Hispanic (46.9%), and had families that primarily spoke English or English with another 356 

language at home (54.1%). The mean age was about 23 years. Most were born in the U.S. 357 

(83.5%) and perceived their general health status as average/poor/terrible (66.7%). About 44.2% 358 

reported they had less money to spend than other individuals their age. Only 10.9% were able to 359 

accurately identify the recommended daily sodium consumption limit for an adult (i.e., < 2,300 360 

mg). About a quarter (25.0%) had moderate or high levels of food insecurity. For the four 361 

sodium-related dietary behaviors (dependent variables), most reported they were very likely or 362 
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likely to order plant-centered meals (69.6%), avoid or limit consuming packaged foods (58.7%), 363 

often/always add salt when cooking or preparing foods (50.2%), and sometimes or rarely eat 364 

processed foods high in salt (61.6%).  365 

 366 

Multivariable logistic regressions 367 

Results from the multivariable logistic regression models are presented in Table 2. Compared to 368 

participants who had low food insecurity (food secure), participants with high food insecurity 369 

had higher odds of reporting ‘likely to order’ plant-centered meals (AOR = 1.55, 95% CI = 1.16-370 

2.05). Those with moderate food insecurity, as compared to those with low food insecurity, had 371 

higher odds of frequently eating processed foods high in salt (AOR = 1.40, 95% CI = 1.13-1.74).  372 

 373 

Moderation by race/ethnicity 374 

In the moderation analysis, race/ethnicity did not significantly moderate the associations between 375 

food insecurity and the four dietary behaviors of interest (data not shown).  376 

 377 

Discussion 378 

To the best of our knowledge, this study is among the first to describe the potential connections 379 

between food insecurity and four sodium-related dietary behaviors that can protect or increase 380 

university students’ risk of developing hypertension and diet-related cardiovascular disease later 381 

in life. Although data collection was completed between 2018 and 2019, our findings remain 382 

relevant to this day, as both food insecurity and poor diet quality in this defined population have 383 

increased during the post-pandemic recovery period. Presently, there is no consensus or post-384 

crisis data to guide health interventions that can address these growing public health issues. For 385 
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university researchers, program implementers, and student health clinicians alike, there may be 386 

value in spotlighting these gaps or areas for improvement in student health and health promotion, 387 

even as the world strive to return to pre-COVID-19 normalcy. Framing messaging from a 388 

physical and planetary health perspective, for example, could be one approach to reaching this 389 

younger population. Promoting consumption of low-sodium plant-centered meals not only 390 

encourage healthier and lower sodium intake, but it also protects the planet indirectly.53 In real-391 

world practice, these types of strategies are frequently overlooked as viable options for 392 

addressing health. In the present study, we discuss several notable findings within this context. 393 

 First, students that experience high food insecurity had higher odds of ordering more 394 

plant-centered meals, as compared to peers who had low food insecurity. This finding did not 395 

support our hypothesis that food insecurity would be associated with lower ordering of plant-396 

centered meals. In prior studies, food insecurity has been found to be inversely related to fresh 397 

fruit and vegetable intake.54–56 However, many of these studies were conducted among general 398 

populations of adults and/or children in the U.S.54,56  or outside of it,55 and not exclusively among 399 

university students as a target population. 400 

Second, students that experience moderate food insecurity, as compared to students who 401 

experience low food insecurity, had higher odds of frequently eating processed foods that are 402 

(typically) higher in salt/sodium. This finding partially supports our hypothesis that food 403 

insecurity would be associated with higher frequency of eating processed foods. The other (null) 404 

finding, high food insecurity was not associated with frequently eating processed foods, 405 

however, was somewhat surprising. Yet, not entirely unfounded, as there is evidence showing 406 

that adults and children with severe food insecurity generally have a significantly higher mean 407 

percentage of energy intake from ultra-processed foods than their more food secure 408 



19 

 

counterparts.57 In the present study, it is plausible that highly food insecure students who order 409 

plant-centered meals chose plant-centered options that were still highly processed and high in 410 

salt/sodium because they are cheaper than fresh produce.  411 

A work project at the NOVA School of Business and Economics found that plant 412 

alternatives to foods like meat options were often higher in sodium than the meat options they 413 

were meant to replace.13 Emerging research also suggests that a potential consequence of 414 

transitioning from an animal- to a plant-based diet is increased sodium intake.58 Moreover, some 415 

studies have unveiled similar counterintuitive results: vegetarians frequently consume more 416 

salt/sodium than non-vegetarians,59 plant-based diets can be unhealthy and may even increase 417 

chronic disease risk,60 and not all plant-based diets are equal.61  418 

In general, plant-centered meals that are available on university campuses may be high in 419 

sodium, marketed with processed foods, and/or priced differently depending on the type of venue 420 

selling them, the location of the venue, and/or the season in which they are sold. It is also 421 

possible that university students with high food insecurity are cost conscious, leading them to 422 

consume lower nutritional quality plant-centered options that are less expensive. This latter 423 

possibility is supported by recent data highlighting how processed foods are becoming more 424 

economical than healthy alternatives for many groups, including students.62,63 More research is 425 

clearly needed to disentangle why moderate food insecurity is associated with increased odds of 426 

frequently eating processed foods while high food insecurity is associated with higher likelihood 427 

of ordering more plant-centered meals. 428 

 Third, race/ethnicity did not significantly moderate the associations found between food 429 

insecurity and the four sodium-related dietary behaviors (study outcomes). This finding is 430 

contrary to our study hypothesis, indicating that, at least for salt/sodium consumption, 431 
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race/ethnicity made no difference. While more research is needed to better understand this 432 

absence of significant moderating effects, a plausible explanation could be that engaging in 433 

desirable sodium-related dietary behaviors is much more challenging to achieve than originally 434 

thought and is universal among all Americans alike, posing a steep challenge not only for 435 

university students but also for low-income households and communities of color. Emerging data 436 

supports this interpretation—a high percentage of U.S. adults fail to adhere consistently to 437 

recommended daily sodium intake levels. A study using NHANES data, for instance, found that, 438 

between 1999 and 2016, African Americans, Caucasians, and Hispanics all consumed about 439 

3,278 to 3,027 milligrams of sodium per day.64 These high sodium consumption trends were 440 

attributed to these groups’ non-adherence to sodium standards/recommendations, principally as a 441 

result of limited individual knowledge about sodium’s harmful effects and/or a lack of broader 442 

support for sodium reduction in the food system.65–67 443 

 444 

Limitations 445 

As with survey studies of this kind, our investigation is subject to several limitations. 446 

First, it is not possible to draw causal inferences about relationships between food insecurity and 447 

the four sodium-related dietary behaviors given that the survey data are cross-sectional. As a 448 

result, findings should be interpreted carefully without overreaching. Second, there are 449 

alternative ways to code many of the variables included in the multivariable logistic regression 450 

models. For example, the expressed accuracy of the recommended milligrams (mg) of sodium 451 

per day for the sodium knowledge variable was based on a general cut-off of less than 2,300 452 

mg/day. This cut-off, however, could also be defined using a tiered framework, given that the 453 

2020-2025 Dietary Guidelines for Americans recommends sodium consumption levels based on 454 
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the absence or presence of chronic conditions. That is, the tiered levels could be: (i) consumption 455 

of less than 2,300 mg of sodium daily only for individuals over the age of two years who are 456 

without hypertension, chronic kidney disease, diabetes, or other specific disease risk factors10; or 457 

(ii) consumption of no more than 1,500 mg of sodium daily for those with these conditions. 458 

Third, some of the study variables were based on internally developed questions that were not 459 

worded optimally, likely influencing the way participants interpreted or responded to them. 460 

Albeit, during their development, efforts were made to minimize potential bias by iteratively 461 

refining the questions’ wording and obtaining feedback from trained nutritionists and nutrition 462 

researchers. The questionnaire was also pretested with university students prior to field 463 

implementation. Nevertheless, for future surveys, many of these questions could and should be 464 

reworded to improve their quality and comprehension. Fourth, while exercise and sedentary 465 

behaviors can greatly impact cardiovascular health,68 this area of research and health promotion 466 

was outside the scope of our study due to the funder’s emphasis on sodium reduction and 467 

nutrition-based interventions—our funder’s focus was on diet quality as it relates to sodium 468 

consumption. This lack of funding support limited the study’s ability to fully assess 469 

exercise/sedentary lifestyles among the survey participants. If we had been able to collect these 470 

data, we could have generated further insights regarding the contributions of exercise and 471 

sedentary behaviors to student health. Fifth, the data collected from the three universities were 472 

gathered via a web-based format and analyzed without accounting for campus or school 473 

differences; these differences by institutional location could have influenced the way students 474 

responded to the questions. Sixth, the data were collected during 2018-2019, before the COVID-475 

19 pandemic, which may have introduced temporal validity bias to study analyses. Finally, there 476 

may have been self-reported and social desirability biases that affected the way students 477 
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interpreted and responded to the survey. Many students may have answered the questions based 478 

on what they thought was correct/socially acceptable rather than expressed their true feelings or 479 

opinions about these topics.  480 

Despite these limitations, the present study also had notable strengths, such as capturing 481 

data on a student population with diverse sociodemographic characteristics uniquely 482 

representative of the era prior to and during the COVID-19 pandemic. It also explores the 483 

associations between food insecurity and the consumption of plant-centered meals, a novel 484 

research topic that has become even more important given the growing burden of food insecurity 485 

and climate change.69 For example, a recent review of various studies found that food insecurity 486 

had increased from about 10% among all U.S. households before the COVID-19 pandemic to 487 

about 25-30% during the pandemic,70 levels which appear to have remained more pronounced 488 

among university students similar to our study sample. Specifically, the California Student Aid 489 

Commission’s 2023 Food and Housing Survey (which includes the three California State 490 

University schools in the 2018-19 CSU Sodium Reduction Initiative Survey) found that over 491 

two-thirds of CSU students (66%) were food insecure during the 2022-2023 academic school 492 

year, a nearly 70% increase from 2018-19 (Figure 2).71 If a comparable and expected rise is 493 

assumed for the same timeframe, about 42% of the students in the CSU Sodium Reduction 494 

Initiative Survey would have reported being food insecure in 2023.   495 

 496 

Conclusions 497 

While not yet widespread, diets centered around plant-based foods, such as vegan and 498 

vegetarian diets, are gaining traction among Americans, including young adults.72 Meanwhile, 499 

meat consumption in the U.S. is slowing or showing signs of decline.73 Taken together, these two 500 
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divergent trends indicate an opportunity for health interventions to promote plant-based or plant-501 

centered diets as an alternative way to strategically promote health, beyond the typical promotion 502 

of fruit and vegetable consumption alone. Achieving sodium reduction and better health through 503 

this approach, however, may require further investments in research, program development, and 504 

business/expert know-hows, especially given the paucity of real-world interventions that are 505 

currently ready to scale and promote sodium reduction in this way.  506 

The present study adds to gaps in the literature by providing rich insights and empiric 507 

evidence in support of implementing more plant-centered meal/food interventions in universities. 508 

In most U.S. state universities, campus life can have enormous influence on students’ lifestyle 509 

and decision-making. Thus, they could and should be leveraged to improve student health by 510 

offering more plant-centered meals or food options that are low in salt/sodium via on-campus 511 

food pantries, dining halls, restaurants, and vending machines. To reduce students’ 512 

cardiovascular risk, increasing access to affordable, low-sodium plant-centered options will be 513 

key. This prospective goal could be achieved in a variety of ways, ranging from implementation 514 

of healthy nutrition standards for on-campus food venues (e.g., cafeterias/restaurants, vending 515 

machines, etc.) to increasing access to free/low-cost food closets which stock fresh plant-based 516 

foods (e.g., fruits, vegetables, etc.). In tandem, on- and off-campus promotional campaigns 517 

should be undertaken to help educate students about sodium reduction and the benefits of 518 

choosing plant-based foods, not only for the primary prevention of cardiovascular disease later in 519 

life, but also for the preservation of planetary health. Collectively, these mutually reinforcing 520 

interventions could create the desirable university conditions required to drive students toward 521 

healthier food selection/consumption and to provide them with the skills and resources they need 522 

to achieve optimal health, presently and throughout the course of their lifetime. 523 
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Figure 1. Conceptual framework used to guide study analyses of a web-based survey of three California State University schools, 
Academic Year 2018-2019. 
 
This framework posits that the associations between food insecurity and sodium-related dietary behaviors are moderated by 
race/ethnicity, controlling for other individual-level factors. Solid blue lines depict the relationships examined in the present study. 
Dotted black lines depict potential relationships between other individual-level factors that were not examined in the present study.
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Table 1. Characteristics, food insecurity levels, and sodium-related dietary behaviors among 
student participants of the 2018-2019 California State University Sodium Reduction Initiative 
Survey.  
 

 
n (%)†  or mean 

[SD] 
 3,133 (100) 
Characteristics  
Sex  

Female 2,388 (76.2) 
Male 745 (23.8) 

Age 23.3 [5.6] 
Race/ethnicity  

White 467 (14.9) 
Black 116 (3.7) 
Hispanic 1,468 (46.9) 
ANHOPI‡ 763 (24.4) 
Middle Eastern / Armenian 142 (4.5) 
Other/mixed 177 (5.7) 

Family language spoken at home  
Non-English 1,439 (45.9) 
English or English and other language 1,694 (54.1) 

Nativity status  
Not born in the USA 516 (16.5) 
Born in the USA 2,617 (83.5) 

Personal financial situation  
Less than peers 1,384 (44.2) 
Same amount as peers  979 (31.3) 
More than peers 770 (24.6) 

Perceived general health status  
Average/Poor/Terrible 2,088 (66.7) 
Excellent/Good 1,045 (33.4) 

Accuracy of reporting mg of sodium  
Inaccurate knowledge 2,793 (89.2) 
Accurate knowledge 340 (10.9) 

Food insecurity  
Food insecurity levels  
     Low 2,353 (75.1) 
     Moderate 462 (14.8) 
     High 318 (10.2) 
Sodium-related behaviors  
Likelihood of ordering plant-centered 
meals  

Not likely 954 (30.5) 
Most likely 2,179 (69.6) 

Typically limits consuming packaged 
foods  

Does not limit packaged foods 1,295 (41.3) 
Limits packaged foods 1,838 (58.7) 
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Frequency of adding salt when 
cooking/preparing foods  

Adds frequently 1,572 (50.2) 
Does not add frequently 1,561 (49.8) 

Frequency of eating processed foods high 
in salt  

Eats frequently 1,203 (38.4) 
Does not eats frequently 1,930 (61.6) 

† Percentages may not add up to 100% due to rounding; 
‡ANHOPI, Asian, Native Hawaiian or Other Pacific Islander. 
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Table 2. Multivariable logistic regression analyses describing the associations between food insecurity and four sodium-related 
dietary behaviors among students from three California State University schools, Academic Year 2018-2019 (n=3,133). 
 Behavior 1 Behavior 2 Behavior 3 Behavior 4 

 
Likely to order plant-

centered meals  
Consumes  

packaged foods  
Adds salt when 

cooking/preparing foods 

High frequency of 
eating processed foods 

high in salt 
 AOR† (95% CI) AOR†  (95% CI) AOR†  (95% CI) AOR†  (95% CI) 
Independent Variable     
Food insecurity (ref=low food insecurity)     

Moderate food insecurity 1.24 (0.98-1.57) 1.18 (0.95-1.46) 1.17 (0.95-1.45) 1.40 (1.13-1.74)** 
High food insecurity 1.55 (1.16-2.05)** 1.01 (0.79-1.30) 1.00 (0.78-1.28) 1.01 (0.78-1.30) 

Covariates     
Sex (ref=male)     

Female 2.24 (1.87-2.67)*** 0.83 (0.70-0.99)* 1.34 (1.13-1.59)** 1.20 (1.01-1.44)* 
Age  1.04 (1.02-1.06)*** 0.97 (0.96-0.99)*** 1.00 (0.98-1.01) 0.98 (0.96-0.99)** 
Race/ethnicity (ref=White)     

Black 0.77 (0.49-1.21) 1.03 (0.67-1.57) 1.33 (0.89-2.01) 0.87 (0.56-1.34) 
Hispanic 0.97 (0.75-1.26) 0.78 (0.62-1.00)* 0.99 (0.78-1.25) 0.95 (0.74-1.21) 
ANHOPI‡ 0.68 (0.52-0.90)** 1.21 (0.93-1.56) 1.40 (1.09-1.80)** 0.94 (0.72-1.23) 
Middle Eastern / Armenian 0.70 (0.45-1.08) 1.17 (0.77-1.76) 1.75 (1.17-2.62)** 1.28 (0.84-1.95) 
Other/mixed 1.11 (0.75-1.66) 0.99 (0.69-1.41) 1.33 (0.94-1.88) 1.25 (0.87-1.79) 

Family language at home (ref=non-English)     
English / English and other 0.69 (0.57-0.83)*** 1.25 (1.05-1.48)* 0.93 (0.79-1.11) 1.13 (0.95-1.35) 

Nativity status (ref = Not USA born)     
Born in the USA 0.87 (0.69-1.10) 1.37 (1.10-1.71)** 0.77 (0.62-0.94)* 1.54 (1.23-1.93)*** 

Personal financial situation (ref = more than peers)     
Less than peers 0.83 (0.68-1.03) 1.05 (0.86-1.28) 1.21 (0.99-1.46) 0.98 (0.80-1.19) 
Same amount as peers  0.98 (0.79-1.21) 1.07 (0.88-1.30) 1.02 (0.84-1.23) 0.81 (0.66-0.99)* 

Perceived general health status 
(ref=Average/poor/terrible)     

Excellent/good 1.28 (1.07-1.52)** 0.54 (0.46-0.63)*** 0.80 (0.68-0.93)** 0.47 (0.40-0.56)*** 
Accuracy reporting mg of sodium (ref=Unacceptable 
range)     

Acceptable range 1.95 (1.46-2.59)*** 0.74 (0.58-0.94)* 0.92 (0.73-1.16) 0.78 (0.61-1.00)* 
†AOR = Adjusted Odds Ratio; ‡ANHOPI, Asian, Native Hawaiian or Other Pacific Islander; *p < .05. **p < .01. ***p < .001. 
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Figure 2. Increase in the number of students who are food insecure at all California State 
University schools from 2018-19 to 2022-23a, compared with a projected increase at three large 
California State University schools in Southern California for the same timeframe.b 
 

 
 
a Data source: California Student Aid Commission. The 2022-23 data (n=23,687) were obtained from the 
2023 Food and Housing Survey, a supplement to the triannual Student Expenses and Resources Survey 
(SEARS). The most recent rounds of SEARS was in 2018-19 and 2021-22. Nearly half of the student 
participants in the 2022-23 survey were Hispanic (48%), nearly two-third (65%) were female, and 62% to 
73% were experiencing basic needs (housing, food) insecurity arising from personal financial situation. 
Eighteen California State University schools (All CSUs, n=4,728), including the three schools in the CSU 
Sodium Reduction Initiative Survey, were included in the 2022-23 Food and Housing Survey. 
https://www.csac.ca.gov/food-and-housing-survey    
  
b Data source: The Los Angeles County Department of Public Health and the California State University 
(CSU) system in Southern California. The 2018-19 data (n=3,133) were obtained from the CSU Sodium 
Reduction Initiative Survey conducted at three large CSU schools. Nearly half of the student participants 
in this survey were Hispanic (47%), over two-third (76%) were female, and about 75% indicated their 
personal financial situation    
were the same or less than that of their peers. 
 
Note: Although both data sources utilized the U.S. Department of Agriculture’s (USDA’s) food insecurity 
measure to determine who was ‘food insecure’, the 2023 Food and Housing Survey and the SEARS used 
the USDA Six-Item Short Form while the CSU Sodium Reduction Initiative Survey used the Food 
Insecurity Experience Scale. The 2022-23 data point for the three CSUs in Southern California were 
estimated based on the rate of change for all CSUs in the 2023 Food and Housing Survey.   
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