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leading to malnutrition, extreme chronic stress, poor mental 
and physical health, and a myriad of chronic diseases [2–4].

Rural populations are especially vulnerable to food inse-
curity. While the national food insecurity rate dropped to 
its lowest in decades to 10.8% in 2018, the food insecurity 
rates of rural populations remained above the national aver-
age at 12.7% [5]. Economic instability, low healthy food 
access, transportation barriers, and financial insecurity pose 
barriers to individuals living in rural communities, mak-
ing it more difficult for them to maintain food security and 
live healthy lifestyles. The COVID-19 pandemic intensified 
food insecurity throughout the rural United States and intro-
duced or reinforced stressors experienced at the household 
level. Many people who have been most impacted by the 
pandemic were food insecure or at risk of food insecurity 
before COVID-19 and have since faced greater hardship, 
resulting in food insecurity rates that doubled nationwide 
and tripled among households with children [6,  7, 8].

Sufficient access to sustaining, nutritious food is a basic 
physiological need, and yet millions of individuals in the 
United States are not able to meet this basic need. Food 
insecurity is defined as the limited or uncertain availability 
of nutritionally adequate and safe foods, or “limited ability 
to acquire acceptable foods in socially acceptable ways” [1]. 
Lack of food security poses significant challenges over time, 
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Abstract
Food insecurity is linked with poor physical and mental health outcomes, including anxiety, depression and stress. Rural 
residents in particular face unique challenges obtaining healthy food; the COVID-19 pandemic exacerbated the relation-
ship between food insecurity and mental health outcomes. This study examines the relationship between food insecurity 
and stress, and the moderating influence of household characteristics, neighborhood social environment and food environ-
ment on this relationship, using a sample of 630 rural South Carolina (SC) residents during COVID-19. Two measures of 
stress were used in this study: current levels of stress and changes in stress since COVID-19. Results showed a gradient 
pattern between food insecurity and stress: rural residents with high food insecurity were 6.1 times more likely and those 
with moderate food insecurity were 3.4 times more likely to report higher level of general stress than those with low food 
insecurity; rural residents with high food insecurity were 3.3 times more likely and those with moderate food insecurity 
were 2.0 times more likely to report greater increase in stress after COVID-19 than those with low food insecurity. Neigh-
borhood social environment and food environment provided a buffering effect on the relationship between food insecurity 
and stress. A stronger social environment after COVID-19 and higher levels of easiness in food access mitigated the 
negative impacts of food insecurity on stress. Efforts to ameliorate food insecurity should address these broader contextual 
variables, involving community-level factors.
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According to stress process theory, negative life events 
are major stressors that motivate efforts to cope with behav-
ioral demands and with the emotional reactions evoked by 
them [9, 10]. Arguably, the burden of high or marginal food 
insecurity is a major stressor as it is a type of deprivation of 
basic human needs. The literature suggests a clear relation-
ship between food insecurity and stress, especially for rural 
populations [11–15]. Further, Liu et al. (2014) determine 
that mental distress acts as a mediator in the relationship 
between housing/food insecurity and sleep insufficiency. 
Therefore, food insecurity has been found to not only indi-
rectly lead to stress, but stress can in turn moderate the 
relationship(s) between food insecurity and biological fac-
tors such as weight gain and sleep quality.

In accordance with stress process theory, the buffering 
hypothesis suggests that psychosocial resources can miti-
gate the negative impact of stressors on psychological well-
being [18, 19]. Household factors, including marital status, 
presence of children in the home, and household income, 
influence the risk of stress among adults caused by food 
security status [17, 20, 21]. Marriage has been consistently 
identified as a protective factor for health and well-being, 
including greater emotional and financial support [22, 23]. 
In families with children, adults may experience challenges 
associated with accessing and managing food that generate 
higher levels of stress, psychological distress, and emo-
tional responses, and ultimately impact parenting practices 
and child development, compared to those who do not expe-
rience such challenges [24–27]. Those living in low-income 
households may experience greater challenges meeting the 
basic needs of housing, food, and transportation, work-fam-
ily conflict, job control, and inequity in responsibility for 
domestic work for women, leading to increased vulnerabil-
ity to feelings of distress [16, 20, 21].

Much research on food insecurity focuses on individual 
and household determinants of food insecurity; however, 
it is important to also consider community-level variables 
that provide context related to the physical and social com-
munity environments [28–30]. This approach aligns with 
the social determinants of health (SDOH) perspective that 
addresses “the conditions in which people are born, grow, 
live, work and age” [31]. SDOH include community-level 
factors such as community stress, food supply, food access, 
social cohesion, trust in one’s neighbors and the presence of 
informal networks and formal social support mechanisms, 
each of which helps to reduce the impact of food insecurity 
on families [30, 32–37].

Several studies have examined the impact of the COVID-
19 pandemic on the relationship between food security 
and stress. From the early stages of the COVID-19 pan-
demic, food insecure adults—including those who worried 
about food accessibility—were more likely to experience 

depression, anxiety, stress and suicidal thoughts or feelings, 
compared to those who were food secure [38–40]. Mental 
health issues are particularly challenging for rural residents. 
Research suggests that nearly one-fifth of rural residents in 
the U.S. have a mental illness, yet these individuals have 
less access to necessary medical care compared to urban 
counterparts [41]. However, research on how food insecu-
rity contributes to mental health disparity during the COVID 
pandemic among rural residents is limited.

This study investigates the relationship between food 
insecurity, household and community environments, and 
levels of stress among residents in nine counties in rural 
South Carolina during COVID-19 by investigating two 
research questions: (1) whether food insecurity is positively 
associated with current stress level and increase in stress 
after COVID-19 among rural adults; and (2) whether the 
association of food insecurity with stress and increase in 
stress is buffered by the absence of minor children in the 
household, marriage, higher income, and stronger neighbor-
hood social environment and food environment. This study 
extends previous research by differentiating marginal and 
high food insecurity and by investigating what factors mod-
erate the effects of food insecurity on stress for rural resi-
dents during the pandemic. Both current level of stress and 
change in stress after the onset of the COVID-19 pandemic 
are examined in order to provide new information on the 
pandemic’s impact on people’s psychological well-being.

Methods

Data Collection

The survey examined food access, physical activity, and 
neighborhood environments across nine rural counties in 
South Carolina. Counties were deemed rural if the county 
population was less than 50,000 or the county was in a mic-
ropolitan core based statistical area. Eligible participants 
were ≥ 18 years old and current resident of the included 
counties. Data collection occurred in two phases, using 
two modalities. Telephone interviews were conducted from 
August 2020 to March 2021 and in-person surveys were 
administered in July 2021. Community partners helped to 
publicize the study throughout the partner communities. 
Trained university students administered the survey, ver-
bally obtained consent, read survey items, and recorded 
responses using Qualtrics software™. Upon survey com-
pletion, respondents were mailed a $10 incentive card 
and printed informed consent form. Institutional Review 
Board approval was obtained from BLINDED INSTITU-
TION (IRB # 2020 − 188). Across the nine counties, 1,115 
potential survey respondents were contacted, of whom 713 
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completed the survey, for a 64% response rate. In sum, 580 
surveys were completed via telephone and 133 were com-
pleted in person. After list-wise deletion of missing cases, 
this study included 630 respondents.

Measures

Overall Stress

The overall stress level was measured with a question devel-
oped by the team based on existing literature [14]. Respon-
dents were asked “Thinking about the amount of stress in 
your life, would you say that most days are…,” choosing 
from a 5-point scale, ranging from “not at all stressful” to 
“very stressful.”

Change in Stress

Following the inquiry about the amount of overall stress 
in the respondent’s life, respondents were asked to com-
pare their level of stress before the COVID-19 pandemic 
to their stress level at the time of the survey. Respondents 
were asked “How was your stress level before the COVID-
19 pandemic as compared to now?” and the 5-point ordi-
nal response scale ranged from “much less stressful now 
than before COVID-19” to “much more stressful now than 
before COVID-19.”

Food Insecurity

The following items from the USDA’s (2012) U.S. House-
hold Food Security Survey were used to assess food security 
status in the three months prior to the survey:

1. The food that I bought just didn’t last and I didn’t have 
money to get more. (Affirmative response = Sometimes 
or often true)

2. I couldn’t afford to eat balanced meals. (Affirmative 
response = Sometimes or often true)

3. Did you ever cut the size of your meals or skip meals 
because there wasn’t enough money for food? (Affirma-
tive response = Yes)

4. How often did this happen? (Affirmative 
response = almost every day or 2–3 days)

5. In the last three months, did you ever eat less than you 
felt you should because there wasn’t enough money for 
food? (Affirmative response = Yes).

Based on the sum of affirmative responses to these five 
items, households were classified as experiencing low (0 
or 1 affirmative response), moderate (2, 3 or 4 affirmative 
responses) or high food insecurity (5 affirmative responses). 

This approach to categorizing various levels of food insecu-
rity is similar to that used in the USDA’s abbreviated mea-
sure of food insecurity [43].

Household Characteristics

The survey included the following household characteris-
tics, which were used in the current study: marital status 
(married/partnered, widowed, divorced/separated, and 
never married), whether children under age 18 were living 
in the household, and household income (less than $20k, 
$20k-$35k, $35k-$50k, $50k-$75k, more than $75k and a 
missing income category for respondents who did not report 
household income).

Neighborhood Social Environment

The measure of neighborhood social environment, as a sub-
set of broader SDOH, was created by combining respon-
dents’ answers to the following three survey items, modeled 
after Sampson et al.’s (1997) research on sense of belong-
ing, social cohesion, and collective efficacy:

 ● Sense of belonging: How would you describe your sense 
of belonging to your local community? With possible 
responses ranging on a 4-point scale from “very weak” 
to “very strong.”

 ● Social cohesion: How strongly would you agree or dis-
agree (on a 4-point scale ranging from “strongly dis-
agree” to “strongly agree”) that: (1) people around here 
are willing to help their neighbors; (2) this is a close-knit 
neighborhood; (3) people in this neighborhood can be 
trusted; (4) people in this neighborhood generally don’t 
get along with one another; (5) people in this neighbor-
hood do not share the same values.

 ● Collective efficacy: How likely would you say (on a 
4-point scale ranging from “very unlikely” to “very 
likely”) it is that neighbors know each other well enough 
that they can be counted on to intervene in various ways 
if: (1) children were skipping school and hanging out 
on a street corner; (2) children were spray-painting graf-
fiti on a local building; (3) children were showing dis-
respect to an adult; (4) a fight broke out in front of their 
house; (5) the fire station or other community resource, 
such as park or community center, closest to their home 
was being threatened with budget cuts.

Although these items may be somewhat conceptually differ-
ent measures of community, they were highly correlated with 
one another. Therefore, similar to Sampson et al. (1997), the 
measures were combined into one measure of the neighbor-
hood social environment by averaging scores on these items 
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the COVID-19 were ordinal variables, an ordinal logistic 
regression was used to examine the effects of food secu-
rity status on individuals’ overall stress level and change in 
stress level since COVID-19. For each stress outcome, we 
first estimated a model which included household charac-
teristics, neighborhood social environment and its change 
since COVID-19, food environment and its change since 
COVID-19, demographic covariates, and food insecurity 
to examine whether food insecurity was associated with 
each stress outcome after other individual, household and 
community characteristics were controlled for. Then, the 
interaction effects of food insecurity with household char-
acteristics and with neighborhood social environment and 
food environment measures were tested. For clarity and 
ease of interpretation, these interaction terms were entered 
separately. We also estimated a model with all these interac-
tion terms included in one model which produced similar 
results. All statistical analyses in this study were performed 
using Stata 14 [45].

Results

Descriptive statistics are represented in Table 1. The respon-
dents were mostly female (84%). More than half of the 
respondents were Black (56%) and about 40% were white. 
About 45% were married, 32% had children under 18 in 
the household, 44% were employed, and 58% had a family 
income less than $35,000. Regarding food insecurity status, 
69% of respondents were categorized as experiencing low 
food insecurity, 20% experienced moderate food insecu-
rity, and 11% experienced high food insecurity. On a scale 
from 1 to 5, the average overall stress level was 2.83 and the 
average change in stress since COVID-19 was 3.44, demon-
strating a trend toward experiencing more stress during the 
pandemic than before the pandemic. On a scale from 1 to 
4, the average neighborhood social environment score was 
2.99 and on a scale from 1 to 5, the average change in neigh-
borhood social environment was 3.08. On a scale from 1 to 
3, the average ease of food access was 2.21, and on a scale 
from 1 (very different) to 4 (exactly the same), the average 
score on change in food access since COVID-19 was 2.79.

In looking at the differences by level of food insecurity, 
the three food insecurity groups varied significantly in over-
all stress level, change in stress since COVID-19, neighbor-
hood social environment, ease of food access, and similarity 
in access to fresh food before and after COVID-19. Com-
pared to those with low food insecurity, respondents with 
high food insecurity reported higher levels of overall stress, 
increased stress since COVID-19 onset, weaker neighbor-
hood social environment, more difficult food access, and 
a greater change in access to fresh food since COVID-19 

after reverse-coding the negatively worded questions; the 
scores ranged from 1 to 4 with higher values associated with 
perceptions of a stronger neighborhood social environment. 
The value for Cronbach’s Alpha was 0.85.

Respondents were also asked how likely people in their 
neighborhood were to (1) help their neighbors and (2) inter-
vene when necessary before the COVID-19 pandemic com-
pared to now, with responses ranging (on a 5-point scale) 
from “much less likely now than before COVID-19” to 
“much more likely now than before COVID-19.” Responses 
to these two items were averaged to create an index mea-
suring change in neighborhood social environment after 
the onset of COVID-19 ranging from 1 to 5 with higher 
values indicating perceptions of a stronger neighborhood 
social environment since the COVID-19 onset (Cronbach’s 
alpha = 0.74).

Food Environment

Respondents were asked how easy it was to access (pur-
chase or get) each of the following items in their local 
community: fresh fruits and vegetables; locally grown or 
home-made food items; food support services; farmers’ 
market or produce stands; and affordable food. The 3-point 
response options to each item included not easy, some-
what easy, and very easy. Because factor analysis showed 
that answers to these five items loaded on one single factor 
which explains 44% of the variances, the scores on these 
items were averaged to create an index on ease of food 
access which ranged 1 to 3 with higher scores indicating 
easier access. Respondents were also asked how their access 
to fresh, locally grown food in their community was differ-
ent before the COVID-19 pandemic compared to now, and 
the 4-point response scale ranged from 1 “very different” to 
4 “exactly the same.”

Covariates

Demographic variables included gender (male, female), 
age (18–44, 45–64, and 65+), race (White, Black, and other 
races), and employment status (employed, unemployed, 
retired, and unable to work).

Analytic Procedures

Descriptive statistics for all variables were calculated first 
for all respondents and then for respondents in the three 
food insecurity categories separately. Chi-square tests for 
categorical variables and ANOVA tests for continuous vari-
ables were used to examine whether distributions of these 
variables significant differ by levels of food insecurity. 
Because overall stress and change in stress before and after 
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sociodemographic characteristics, household characteris-
tics, neighborhood social environment, change in neighbor-
hood social environment since the onset of COVID-19, and 
ease of food access, food insecurity status measures were 
significantly associated with overall stress level (Model 
1). Respondents with moderate food insecurity were 3.36 
times as likely and high food insecurity were 6.09 times as 
likely to report higher overall stress compared to low food 
insecurity respondents. Among household and community 
characteristics, the results show that widowed (OR = 0.55) 
and divorced/separated (OR = 0.52) respondents had lower 

onset. Additionally, the three food insecurity groups sig-
nificantly differed on all sociodemographic characteristics 
except gender; those with higher food insecurity levels 
tended to be younger, Black, unmarried and unemployed or 
not able to work and to have minor children in the house-
hold and to have a lower family income.

Food Insecurity and Overall Stress

Results from ordered logistic regression on overall 
stress level are presented in Table 2. After controlling for 

Table 1 Descriptive statistics
Food insecurity status

All (N = 630) Low (N = 435) Moderate 
(N = 128)

High 
(N = 67)

p

Food insecurity status
Low insecure 69.1
Moderate insecure 20.3
High insecure 10.6
Current stress level (1–5) 2.83 (1.19) 2.57 (1.11) 3.24 (1.15) 3.6 (1.1) ***
Change in stress before and after Covid (1–5) 3.44 (1.03) 3.32 (0.94) 3.63 (1.14) 3.87 (1.15) ***
Female 84.1 83.5 82.0 92.5
Age **
18–44 28.4 27.4 24.2 43.3
45–64 38.1 35.4 48.4 35.8
65+ 33.5 37.2 27.3 20.9
Race *
White 39.7 43.5 28.1 37.3
Black 56.0 52.9 64.8 59.7
Other 4.3 3.7 7.0 3.0
Employment status ***
Employed 43.8 46.4 38.3 37.3
Unemployed 11.9 10.1 14.8 17.9
Retired 32.4 35.6 29.7 16.4
Unable to work 11.9 7.8 17.2 28.4
Marital status **
Married/partnered 45.1 49.0 39.8 29.9
Widowed 13.7 12.2 13.3 23.9
Divorced/separated 17.9 17.5 22.7 11.9
Never married 23.3 21.4 24.2 34.3
Children under 18 in household 32.1 26.4 40.6 52.2 ***
Family income ***
Under $20K 35.7 26.7 52.3 62.7
$20K-under $35K 22.4 22.3 24.2 19.4
$35K-under $50K 10.3 12.2 4.7 9.0
$50K-under $75K 9.4 12.0 3.9 3.0
>=$75K 11.3 15.2 3.1 1.5
Refused 11.0 11.7 11.7 4.5
Neighborhood social environment (1–4) 2.99 (0.55) 3.04 (0.53) 2.91 (0.54) 2.77 (0.65) ***
Change in neighborhood social environment before and after 
Covid (1–5)

3.08 (0.70) 3.11 (0.62) 3.01 (0.87) 3.04 (0.88)

Ease of food access (1–3) 2.21 (0.50) 2.29 (0.48) 2.07 (0.51) 2.01 (0.48) ***
Similarity in access to fresh food before and after Covid (1–4) 2.79 (0.88) 2.92 (0.83) 2.60 (0.87) 2.36 (1.04) ***
Numbers are percentage or mean(standard deviation)
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VARIABLES (1) (2) (3) (4) (5)
Female 1.55* 1.55* 1.55* 1.56* 1.59*

(2.09) (2.09) (2.09) (2.15) (2.20)
Age (ref = 18–44)
45–64 0.73 0.75 0.73 0.73 0.72

(1.52) (1.42) (1.51) (1.53) (1.59)
65+ 1.38 1.41 1.38 1.50 1.39

(0.99) (1.06) (0.99) (1.24) (1.00)
Race (ref = White)
Black 0.46** 0.47** 0.46** 0.46** 0.46**

(4.54) (4.34) (4.53) (4.50) (4.50)
Other 0.86 0.90 0.85 0.77 0.85

(0.42) (0.27) (0.42) (0.69) (0.43)
Employment status (ref = Employed)
Unemployed 0.85 0.87 0.85 0.83 0.83

(0.67) (0.58) (0.67) (0.78) (0.77)
Retired 0.41** 0.41** 0.41** 0.37** 0.40**

(3.29) (3.27) (3.29) (3.59) (3.35)
Unable to work 1.25 1.21 1.25 1.20 1.19

(0.81) (0.69) (0.81) (0.65) (0.62)
Marital status (ref = Married/partnered)
Widowed 0.55* 0.53* 0.55* 0.56* 0.55*

(2.30) (2.40) (2.30) (2.25) (2.32)
Divorced/separated 0.52** 0.53** 0.52** 0.51** 0.51**

(3.02) (2.93) (3.00) (3.15) (3.13)
Never married 0.80 0.81 0.80 0.78 0.78

(1.11) (1.02) (1.10) (1.18) (1.23)
Children under 18 in household 1.31 1.48+ 1.31 1.35+ 1.27

(1.50) (1.77) (1.48) (1.65) (1.31)
Family income (ref = Under $20K)
$20K-under $35K 1.12 1.15 1.12 1.11 1.11

(0.54) (0.67) (0.54) (0.48) (0.51)
$35K-under $50K 0.95 0.98 0.95 0.94 0.98

(0.20) (0.07) (0.19) (0.22) (0.08)
$50K-under $75K 1.30 1.34 1.30 1.26 1.31

(0.89) (0.98) (0.89) (0.79) (0.91)
>=$75K 1.49 1.53 1.50 1.46 1.48

(1.35) (1.43) (1.35) (1.28) (1.31)
Refused 0.60+ 0.59* 0.60+ 0.61+ 0.61+

(1.94) (1.97) (1.94) (1.86) (1.83)
Neighborhood social environment a 0.55** 0.54** 0.55** 0.54** 0.55**

(4.00) (4.08) (3.29) (4.15) (4.03)
Change in neighborhood social environment before and after Covid a 1.17 1.17 1.18 1.55** 1.18

(1.45) (1.39) (1.45) (2.94) (1.45)
Ease of food access a 0.66** 0.65** 0.66** 0.68* 0.65*

(2.63) (2.72) (2.63) (2.49) (2.27)
Food insecurity status (ref = Low insecure)
Moderate insecure 3.36** 3.21** 3.36** 3.36** 3.65**

(5.89) (4.50) (5.88) (5.90) (6.08)
High insecure 6.09** 10.58** 6.05** 5.97** 5.18**

(6.41) (6.06) (6.25) (6.29) (5.60)
Interaction terms
Moderate insecure X Children under 18 in HH 1.05

(0.13)

Table 2 Odds ratios from ordinal logistic regression of current level of stress
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after COVID-19. Model 5 shows a marginally significant 
negative interaction between high level of food insecurity 
and ease of food access (OR = 0.38); there was less differ-
ence in stress level between those with high food insecurity 
and those with low food insecurity with increasing easiness 
in food access.

Food Insecurity and Change in Stress Since 
COVID-19

Results from ordered logistic regression on change in stress 
level after the onset of COVID-19 are presented in Table 3. 
After controlling for sociodemographic characteristics, 
household characteristics, neighborhood social environ-
ment, change in neighborhood social environment since 
COVID-19, ease of food access, and change in easiness of 
food access since COVID-19, food insecurity status mea-
sures were significantly associated with change in stress 
level since COVID-19 (Model 1). Respondents with mod-
erate food insecurity were 1.97 times as likely and those 
with high level of food insecurity were 3.27 times as likely 
to report greater increase in stress since COVID-19, com-
pared to those with low level of food insecurity. Among 
household and community characteristics, the results show 
that widowed respondents were less likely to have greater 

levels of overall stress than those who were married. Neigh-
borhood social environment (OR = 0.55) and ease of food 
access (OR = 0.66) were negatively associated with overall 
stress level. As for individual sociodemographic variables, 
female respondents had higher levels of overall stress than 
male respondents while Blacks and retired respondents 
had lower levels of overall stress than white and employed 
respondents.

Models 2 to 5 report the interaction effects of food inse-
curity with presence of minor children in the household 
and neighborhood social environment and food environ-
ment measures on overall stress. There was a significant 
negative interaction between high level of food insecurity 
and presence of minor children in the household (Model 2, 
OR = 0.35); there was less difference in stress level between 
those with high food insecurity and those with low food inse-
curity if there were minor children in the household. Model 3 
shows that there was no significant interaction between food 
insecurity and neighborhood social environment. However, 
Model 4 shows a significant negative interaction between 
moderate level of food insecurity and change in neighbor-
hood social environment after COVID-19 (OR = 0.5); there 
was less difference in stress level between those with mod-
erate food insecurity and those with low food insecurity 
when neighborhood social environment became stronger 

VARIABLES (1) (2) (3) (4) (5)
High insecure X Children under 18 in HH 0.35*

(2.05)
Moderate insecure X Neighborhood social environment 1.02

(0.07)
High insecure X Neighborhood social environment 0.96

(0.09)
Moderate insecure X Change in neighborhood social environment before and after Covid 0.50**

(2.80)
High insecure X Change in neighborhood social environment before and after Covid 0.63

(1.44)
Moderate insecure X Ease of food access 1.52

(1.11)
High insecure X Easiness of food access 0.38+

(1.72)
Constant cut1 0.14** 0.15** 0.14** 0.14** 0.14**

(5.82) (5.52) (5.81) (5.86) (5.85)
Constant cut2 0.47* 0.51* 0.47* 0.47* 0.47*

(2.30) (2.01) (2.29) (2.32) (2.34)
Constant cut3 3.41** 3.74** 3.41** 3.43** 3.38**

(3.71) (3.92) (3.71) (3.72) (3.68)
Constant cut4 12.62** 13.96** 12.64** 12.79** 12.70**

(7.30) (7.47) (7.30) (7.32) (7.30)
Chi-square 189.3 193.8 189.3 197.7 194.3
Df 22 24 24 24 24
N = 630; z-statistics in parentheses; ** p < 0.01, * p < 0.05, + p < 0.1; a These variables were centered at mean.
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VARIABLES (1) (2) (3) (4) (5) (6)
Female 0.95 0.94 0.94 0.92 0.96 0.95

(0.25) (0.32) (0.30) (0.43) (0.18) (0.23)
Age (ref = 18–44)
45–64 0.83 0.85 0.84 0.83 0.82 0.84

(0.87) (0.79) (0.85) (0.86) (0.93) (0.81)
65+ 1.13 1.16 1.13 1.18 1.14 1.14

(0.38) (0.46) (0.37) (0.51) (0.41) (0.41)
Race (ref = White)
Black 0.73+ 0.72+ 0.73+ 0.74+ 0.75+ 0.72*

(1.83) (1.92) (1.82) (1.75) (1.72) (1.96)
Other 0.64 0.61 0.62 0.60 0.64 0.64

(1.12) (1.22) (1.19) (1.27) (1.11) (1.12)
Employment status (ref = Employed)
Unemployed 0.89 0.88 0.90 0.92 0.89 0.87

(0.45) (0.53) (0.40) (0.35) (0.47) (0.54)
Retired 0.74 0.73 0.74 0.72 0.73 0.74

(1.15) (1.20) (1.13) (1.26) (1.22) (1.12)
Unable to work 0.82 0.83 0.82 0.78 0.79 0.83

(0.69) (0.68) (0.71) (0.86) (0.84) (0.66)
Marital status (ref = Married/partnered)
Widowed 0.65+ 0.67 0.65+ 0.67 0.64+ 0.65+

(1.73) (1.55) (1.70) (1.56) (1.73) (1.70)
Divorced/separated 1.17 1.18 1.17 1.16 1.15 1.19

(0.73) (0.79) (0.73) (0.71) (0.67) (0.82)
Never married 1.08 1.10 1.08 1.07 1.06 1.08

(0.37) (0.44) (0.36) (0.32) (0.26) (0.36)
Children under 18 in household 0.90 0.99 0.90 0.92 0.88 0.90

(0.58) (0.04) (0.57) (0.46) (0.67) (0.59)
Family income (ref = Under $20K)
$20K-under $35K 1.07 1.06 1.07 1.04 1.05 1.06

(0.33) (0.28) (0.32) (0.20) (0.23) (0.29)
$35K-under $50K 1.23 1.21 1.25 1.23 1.24 1.25

(0.72) (0.68) (0.77) (0.72) (0.75) (0.78)
$50K-under $75K 1.59 1.56 1.58 1.57 1.57 1.57

(1.57) (1.51) (1.55) (1.53) (1.53) (1.53)
>=$75K 1.49 1.47 1.47 1.44 1.47 1.46

(1.31) (1.25) (1.25) (1.20) (1.26) (1.24)
Refused 0.95 0.97 0.95 0.96 0.97 0.95

(0.19) (0.13) (0.21) (0.17) (0.13) (0.21)
Neighborhood social environment a 1.03 1.05 1.11 1.04 1.03 1.02

(0.19) (0.35) (0.57) (0.28) (0.22) (0.16)
Change in neighborhood social environment before and after Covid a 0.91 0.91 0.92 1.21 0.92 0.92

(0.81) (0.79) (0.76) (1.25) (0.75) (0.67)
Ease of food access a 0.56** 0.57** 0.56** 0.56** 0.61** 0.56**

(3.56) (3.48) (3.54) (3.50) (2.63) (3.61)
Similarity in access to fresh food before and after Covid a 0.77** 0.76** 0.77** 0.77** 0.77** 0.86

(2.87) (2.96) (2.91) (2.82) (2.79) (1.40)
Food insecurity status (ref = Low insecure)
Moderate insecure 1.97** 2.49** 1.97** 1.95** 2.01** 1.91**

(3.29) (3.57) (3.30) (3.24) (3.34) (3.13)
High insecure 3.27** 2.62* 3.14** 3.17** 2.89** 3.26**

(4.29) (2.54) (4.08) (4.18) (3.68) (4.14)
Interaction terms

Table 3 Odds ratios from ordinal logistic regression of change in stress after Covid
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and the interactions of high food insecurity with change in 
neighborhood social environment (Model 4, OR = 0.37) and 
with easiness of food access (Model 5, OR = 0.40). More 
specifically, there was less difference in stress level change 
after COVID-19 between those with moderate or high food 
insecurity and those with low food insecurity when the 
strength of neighborhood social environment after COVID-
19 increased more. There was less difference in stress level 
change after COVID-19 between those with high food inse-
curity and those with low food insecurity with increasing 
easiness of food access. There was less difference in stress 
level change after COVID-19 between those with moderate 
food insecurity and those with low food insecurity if there 
was less change in easiness of food access before and after 
COVID-19.

For both current overall stress level and change in stress 
since COVID-19, the interactions between food insecu-
rity and other household characteristics were estimated, 

increase in stress after COVID-19. Easiness in food access 
(OR = 0.56) and similarity in access to fresh food before and 
after COVID-19 (OR = 0.77) were negatively associated 
with increase in stress after COVID-19. As for individual 
demographic characteristics, Black respondents had lower 
increases in stress after COVID-19 than white respondents 
(OR = 0.73).

Models 2 to 6 estimated the interaction effects of food 
insecurity with presence of minor children in the household 
and neighborhood social environment and food environ-
ment measures on change in stress after COVID-19. While 
there was no significant interaction effect of food insecurity 
with presence of minor children in the household and neigh-
borhood social environment, four interaction terms were 
significant or marginally significant and negative, including 
the interactions of moderate food insecurity with change in 
neighborhood social environment (Model 4, OR = 0.73) and 
with change in easiness of food access (Model 6, OR = 0.67) 

VARIABLES (1) (2) (3) (4) (5) (6)
Moderate insecure X Children under 18 in HH 0.55

(1.47)
High insecure X Children under 18 in HH 1.44

(0.71)
Moderate insecure X Neighborhood social environment 0.88

(0.34)
High insecure X Neighborhood social environment 0.71

(0.86)
Moderate insecure X Change in neighborhood social environment before and after Covid 0.62+

(1.86)
High insecure X Change in neighborhood social environment before and after Covid 0.37**

(2.97)
Moderate insecure X Ease of food access 0.98

(0.07)
High insecure X Ease of food access 0.40+

(1.65)
Moderate insecure X Similarity in access to fresh food before and after Covid 0.67+

(1.78)
High insecure X Similarity in access to fresh food before and after Covid 0.84

(0.67)
Constant cut1 0.04** 0.04** 0.04** 0.04** 0.04** 0.04**

(8.70) (8.57) (8.68) (8.79) (8.69) (8.66)
Constant cut2 0.12** 0.13** 0.12** 0.12** 0.12** 0.13**

(6.15) (6.03) (6.14) (6.26) (6.14) (6.11)
Constant cut3 1.07 1.08 1.06 1.04 1.07 1.08

(0.20) (0.24) (0.19) (0.12) (0.20) (0.23)
Constant cut4 5.22** 5.34** 5.22** 5.22** 5.25** 5.33**

(4.93) (4.93) (4.92) (4.93) (4.94) (4.98)
Observations 630 630 630 630 630 630
Chi-square 74.82 78 75.60 85.14 77.64 78.09
df 23 25 25 25 25 25
z-statistics in parentheses; ** p < 0.01, * p < 0.05, + p < 0.1; a These variables were centered at mean.
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When assessing the relationship between food insecu-
rity and stress, it is also essential to consider how fami-
lies obtain food, especially during COVID-19 when many 
families have struggled to access healthy foods [35]. Fed-
eral food assistance programs, local support, and informal 
subsistence sources improved families’ access to nutri-
tional, affordable food and to resources that alleviate stress 
[36, 49]. In the height of the pandemic, schools across the 
country provided food assistance among families at risk of 
experiencing food insecurity to offset increased vulnerabili-
ties associated with long-term COVID-19 related school 
closures [50–54]. When considering the study results, it is 
possible that families with children in the home may have 
experienced greater food access through the schools during 
COVID-19, compared to before the pandemic. The school-
based support provided during this time may have buffered 
the impact of long-term school closures on food insecurity 
among families in vulnerable situations, emphasizing the 
significance of social programs and policies to support these 
families.

Contrary to expectations and previous literature [22, 55], 
no interaction effect was found between family income or 
marital status and food insecurity on stress. Instead, individ-
uals who indicated they were widowed or divorced reported 
less stress than those who were married. Regarding changes 
in stress levels, widowed respondents were less likely to 
experience a greater increase in stress after COVID-19, as 
compared to married respondents. The findings may suggest 
that individuals who are widowed are less likely to have 
children in the home and may be less stressed about the bur-
den of feeding additional people. In addition, if these find-
ings are gendered, women who are widowed may be less 
stressed due to the reduced burden of household labor that 
exists in a larger family [21]. Further, older adults, specifi-
cally retirees, are better able to isolate themselves, are more 
cautious of health risks, and have demonstrated resiliency 
related to potential mental health effects of COVID-19 [56, 
57]. More research is needed in the future to determine 
whether these unexpected relationships between marital 
status and stress hold true beyond the pandemic period and 
beyond a rural sample.

The results indicated some buffering effects of the social 
and food environments on the relationship between food 
insecurity and stress. A stronger social environment after 
COVID-19 and higher levels of easiness in food access 
mitigated the negative impacts of food insecurity on stress. 
This supports the buffering hypothesis regarding the protec-
tive effect of psychosocial resources for those experiencing 
negative life events [18, 19]. However, this buffering effect 
is not always stronger for the high food insecure group in 
comparison to this effect for the moderate insecure group. 
This may be because the negative impacts of food insecurity 

including marital status and household income, and these 
interactions were not significant for either current stress 
level or change in stress (not shown). Access to fresh food 
before and after COVID-19 was not a significant predictor 
of overall stress level and the interaction terms between this 
variable and food insecurity measures were also not signifi-
cant, and thus it was not included in the models for overall 
stress presented in Table 2.

Discussion

The first research goal aimed to determine whether food 
insecurity is positively associated with current stress level 
and change in stress after COVID-19 among adults living 
in rural counties and this study found strong support for this 
relationship. The data show that rural residents with high 
food insecurity reported the highest level of general stress 
and the greatest increase in stress after COVID-19 and those 
with low food insecurity reported the lowest levels on both 
measures of stress.

Our second goal was to examine the moderating effects 
of household, community and food access variables on the 
relationship between food insecurity and stress. The evi-
dence for the moderating effect of household characteristics 
is mixed. While several measures of social and food envi-
ronments were in the expected direction, the effect of chil-
dren on the relationship between food insecurity and general 
stress was unexpected, and the results show no moderating 
effects of marital status and family income. The finding that 
the relationship between food insecurity and general stress 
was not intensified when children are present in the home is 
inconsistent with the literature that parents in food insecure 
households—including those who are marginally food inse-
cure—experience significantly higher levels of stress and 
associated emotions of shame, guilt, stigma, and sadness, 
compared to parents of food secure households [25, 26 27, 
42, 48]. This may be because parents included in this study 
had already reached a threshold of significant stress accord-
ing to the stress measure used, or because the sample was 
skewed towards households with children. It is also possible 
that the influence of children on the relationship between 
food insecurity and stress may have been somewhat altered 
during the pandemic in new ways. For instance, many fami-
lies were provided with meals for their children in ways that 
went far beyond prior food provisioning programs for chil-
dren. Regarding the insignificant interaction effect between 
food access and household income, it is possible that fac-
tors beyond finances drove food access and associated stress 
during COVID-19. Further research is needed to understand 
the intricate relationship between stress levels and food 
insecurity among rural households with children.
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contextual variables, involving community-level contex-
tual factors. Further research should also continue exploring 
the relationship between food insecurity and mental health 
concerns, particularly beyond the COVID-19 pandemic. As 
stress is a critical indicator for overall mental and physical 
health, results from this study enhance understanding of the 
broader impacts of food insecurity on stress and other mea-
sures of well-being. The results add to the growing body of 
literature related to food insecurity and stress among rural 
populations, inform future research in these regions, and 
provide insights for developing and implementing effective 
policy and systemic interventions to promote community 
resources and increase the impact of healthy food assistance 
and related programs.
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