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Abstract 

Background: Food insecurity (FI) is a dynamic phenomenon. Experiences of daily FI may impact dietary outcomes 
differently within a given month, across seasons, and before or during the COVID‑19 pandemic.

Objectives: The aims of this study were to investigate the association of short‑term FI with dietary quality and 
energy 1) over six weeks in two seasonal months and 2) before and during the COVID‑19 pandemic.

Methods: Using an ecological momentary assessment framework on smartphones, this study tracked daily FI via 
the 6‑item U.S. Adult Food Security Survey Module and dietary intake via food diaries in 29 low‑income adults. A total 
of 324 person‑days of data were collected during two three‑week long waves in fall and winter months. Generalized 
Estimating Equation models were applied to estimate the daily FI‑diet relationship, accounting for intrapersonal varia‑
tion and covariates.

Results: A one‑unit increase in daily FI score was associated with a 7.10‑point (95%CI:‑11.04,‑3.15) and 3.80‑point 
(95%CI: ‑6.08,‑1.53) decrease in the Healthy Eating Index‑2015 (HEI‑2015) score in winter and during COVID‑19, respec‑
tively. In winter months, a greater daily FI score was associated with less consumption of total fruit (‑0.17 cups, 95% CI: 
‑0.32,‑0.02), whole fruit (‑0.18 cups, 95%CI: ‑0.30,‑0.05), whole grains (‑0.57 oz, 95%CI: ‑0.99,‑0.16) and higher consump‑
tion of refined grains (1.05 oz, 95%CI: 0.52,1.59). During COVID‑19, elevated daily FI scores were associated with less 
intake of whole grains (‑0.49 oz, 95% CI: ‑0.88,‑0.09), and higher intake of salt (0.34 g, 95%CI: 0.15,0.54). No association 
was observed in fall nor during the pre‑COVID‑19 months. No association was found between daily FI and energy 
intake in either season, pre‑COVID 19, or during‑COVID‑19 months.

Conclusion: Daily FI is associated with compromised dietary quality in low‑income adults in winter months and dur‑
ing the COVID‑19 period. Future research should delve into the underlying factors of these observed relationships.
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Introduction
Food insecurity (FI) is defined as unreliable access to 
adequate food because of a lack of money or resources 
[1]. As of 2019, an estimated 10.5% of households in the 
United States were FI [2]. Due to the novel coronavirus 
2019 (COVID-19) pandemic, however, rates of FI have 
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almost tripled to 28.3% in U.S. households [3]. In low-
income households, the prevalence of FI reached 44%, 
according to a national survey [4]. Low-income adults 
bore the brunt of the economic crisis; it forced individu-
als to maneuver flaws in the U.S. food system and existing 
economic disparities, thus likely increasing their risk to 
have FI [5].

A poor diet has been associated with chronic FI and 
has been thought to contribute to the pathology of 
numerous noncommunicable diseases such as diabetes, 
coronary heart disease, and obesity [6–9]. An aspect of 
FI that is not well represented in the literature, however, 
is the cyclical nature of unreliable food access and its 
relation to diet quality. Food security is a dynamic rather 
than a static phenomenon within a given month [10] and 
across seasons [11]. Other short-term shocks, such as 
changes in employment and the COVID-19 pandemic, 
have been found to influence the likelihood of FI [4, 12]. 
In addition, many studies investigating the association of 
short-term FI with dietary outcomes have been carried 
out [13], where seasonal, short-term shocks in food sup-
ply, access, and utilization are common [14, 15]. Though 
the literature has noted temporal shifts in food security 
[11, 16], day-to-day FI experiences and their potential 
consequences on dietary intake within a given month, 
as well as comparisons across different time periods of 
the year of potentially different risk of FI (e.g. by season, 
before and during COVID-19 pandemic), have been gen-
erally understudied.

This study aimed to fill the following research gaps 1) 
to investigate how daily FI is associated with daily dietary 
quality and daily calorie intake in low-income adults in 
Central Pennsylvania; and 2) to investigate the relation-
ships between daily FI and daily dietary intake by sea-
son and by pandemic status (i.e. before and during the 
COVID-19 pandemic).

Methodology
Subjects and study design
Data for this study were collected as part of the Food ‘N 
Mood Study, a pilot study carried out in Central Pennsyl-
vania from September 2019 to March 2021 that aimed to 
examine the impact of daily FI on diet, mood and heart 
rate variability. Participants were recruited from selected 
locations serving low-income populations, such as the 
office for the Special Supplemental Program for Women, 
Infants and Children (WIC), the county assistance 
office, food banks, and Head-Start childcare services, in 
rural areas within Centre, Clearfield, Clinton, Blair, Elk, 
Bradford-Tioga, Huntingdon, and Snyder-Union-Mifflin 
counties. Healthy adults aged 20 to 50 years with a house-
hold income that fell below 185% of the Federal Poverty 
Line (FPL) were eligible to be enrolled. Exclusion criteria 

included adults who were non-English speakers, who 
had physical, mental or emotional disabilities, who used 
medications or experienced medical conditions known to 
affect heart rate variability, or who had disabled people 
as part of their household. Females who were pregnant 
or who had reached menopause were also excluded from 
the study.

An ecological momentary assessment (EMA) model on 
smartphones was used to collect daily FI and dietary data. 
Participants completed their data collection over two 
3-week-long waves (from the 2nd to the 4th week of the 
month), covering one month in the fall season (Septem-
ber, October, or November) in 2019 or 2020, and another 
month in the winter season (February or March) in 2020 
or 2021. On their devices, participants filled out a daily 
evening survey that asked about FI experiences in the 
past twenty-four hours. On Sunday, Monday, and Tues-
day of the study weeks, participants were asked to report 
dietary intake on a food record module. The study pro-
tocol was approved by The Pennsylvania State University 
Institutional Review Board, University Park, Pennsylva-
nia and the National Center for Advancing Translational 
Sciences (NCATS).

Assessment of daily FI
Daily FI status was measured using an adapted 6-item 
U.S. Adult Food Security Survey Module [17]. Each day, 
participants were asked about the food situations that 
they encountered in the past twenty-four hours. The food 
situations included: due to a lack of money, the partici-
pant ‘was worried about food running out,’ ‘did not eat a 
balanced meal,’ ‘cut meal size or skipped a meal,’ ‘ate less,’ 
‘was hungry but did not eat,’ and ‘did not eat for a whole 
day.’ A daily FI score was calculated as the sum of the 
six survey answers, yielding a total score ranging from 0 
(experiencing no food insecure situations) to 6 (experi-
encing all food insecure situations).

Assessment of dietary intake
Food records were collected on three days (Sunday, Mon-
day, and Tuesday) per week for three weeks in both fall 
and winter seasons using the provided smartphones. 
Built-in notifications at the end of each survey module 
were used to remind participants to complete their food 
diary. Participants were encouraged to record their food 
intake at the moment when they were eating or right after 
they ate. The application queried information on food 
items, food amount, food preparation, and timing and 
location of the food intake. Participants recorded dietary 
intake using free-text entries, and a trained research 
dietitian from the Diet Assessment Center at Penn State 
downloaded the dietary intake data from the research 
portal and re-entered into Nutrition Data System for 
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Research software (NDSR, versions 2019 and 2020, the 
Nutrition Coordinating Center (NCC), University of 
Minnesota, Minneapolis, MN). To improve the accu-
racy of the dietary data, this trained research dietitian 
reviewed the NDSR-entered food record with the partici-
pant over the phone to confirm portion sizes and foods 
consumed on the day following the date of dietary data 
entry (i.e. a follow-up phone call was made on Monday 
to verify dietary intake information entered on Sunday). 
This interview verification process is known as ‘record-
assisted recall’ and has been validated in a previous study 
[18]. Dietary intake data were analyzed using NDSR. The 
NDSR time-related database updates analytic data while 
maintaining nutrient profiles true to the version used for 
data collection.

Diet quality was assessed using the Healthy Eating 
Index 2015 (HEI-2015) using the simple HEI scoring 
algorithm method [19–22]. The index contains 13 com-
ponents, including total fruits, whole fruits, total vegeta-
bles, greens and beans, total protein foods, seafood and 
plant proteins, whole grains, dairy, fatty acids, refined 
grains, sodium, added sugars, and saturated fats. Scores 
are calculated proportionately according to the intakes 
between the minimum and maximum standards, aligning 
with the 2015–2020 Dietary Guidelines for Americans. 
The maximum possible HEI-2015 score is 100 [19–21].

Assessment of demographic and socioeconomic 
characteristics
At baseline, a background survey was administered to 
collect demographic, socioeconomic, and health char-
acteristics, including age, gender, race/ethnicity, height, 
weight, education, employment status, marital status, 
household size, number of children under 18  years in 
the household, total annual household income, enroll-
ment in food assistance programs, and chronic house-
hold FI in the past 12  months. Body mass index (BMI) 
was calculated based on self-reported weight and height 
by weight (kg) /  height2 (m). Chronic FI status in the past 
12  months was measured using the 10-item U.S. Adult 
Food Security Survey Module [23]. According to the 
Department of Health and Human Services’ definition, 
poverty status was categorized as < 130% FPL or >  = 130% 
and < 185% FPL considering the total household income 
and household size [24, 25].

Statistical analysis
All statistical analyses were performed in R (Version 
4.0.5; R Foundation for Statistical Computing, Vienna, 
Austria). To summarize the characteristics of partici-
pants, means and standard deviations were reported 
for age, household size, the number of children under 
18 in the household, BMI, HEI scores, and total energy. 

Proportions were reported for gender, race/ethnicity, 
education, employment, marital status, poverty sta-
tus, and enrollment in food assistance programs. The 
differences in HEI scores and total energy intake were 
tested using the Wilcoxon Mann–Whitney nonpara-
metric test because of their skewed distribution. Instead 
of analyzing FI status and dietary intake for each par-
ticipant, we used person-days of information to exam-
ine the day-to-day associations between FI and dietary 
intake. Specifically, our study included completed per-
son-days of information on daily FI and dietary intake 
three days per week (Sunday, Monday, and Tuesday) in 
the study months. The Generalized estimating equa-
tion (GEE) models were used to explore the associa-
tions between FI and total calorie intake, diet quality, 
and food groups intake in 1) fall and winter seasons, 
and 2) in pre-COVID-19 (September, October, and 
November in 2019, and February in 2020) and dur-
ing-COVID-19  months (March in 2020, October and 
November in 2020, and February in 2021). Covari-
ates, including gender [26, 27], race/ethnicity [28, 29], 
employment [30, 31], poverty status [32, 33], weekdays 
[34, 35], study weeks [10, 36], seasons [11, 37], and 
COVID-19  months [4, 38] were adjusted in the analy-
sis, given their known associations with both FI and die-
tary intake. Seasons were adjusted in models examining 
the FI-diet associations by COVID-19  months, and 
COVID-19 months were adjusted in models by seasons. 
Total calorie intake was further adjusted in these mod-
els when estimating the associations between FI and 
the intake of individual food groups. The autoregressive 
correlation structure “AR1” was applied with GEE mod-
els accounting for within-person correlation in dietary 
intake [39]. Because our study included 86.2% female 
participants, we also conducted sensitivity analysis to 
compare the FI-diet associations between all partici-
pants and female participants.

Results
Overall, 28 participants were recruited in fall 2019/2020 
and 25 participants were followed up in winter 
2020/2021. One participant was recruited in winter 
2020/2021. Sample characteristics are presented in 
Table 1. The mean age of participants was 36.3 years. The 
majority (86.2%) of participants were female, had a col-
lege degree or above (82.8%), were employed (72.4%), and 
over half of participants were White (69.0%). About half 
of the sample (48.3%) was married.

Across fall and winter, a total of 330 person-days 
(response rate 67.9%), or an average of 11.3 days per par-
ticipant of information on daily FI and dietary records 
were collected. One hundred and eighty-one (response 
rate 69.3%) or an average of 6.5  days per participant 
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of dietary records were collected in the fall, and 149 
(response rate 63.6%) or an average of 5.7 days per par-
ticipant of dietary records were collected in the win-
ter. After excluding dietary records with daily calorie 
intake less than 500  kcal or greater than 4000  kcal (n 
of person-days = 6) as suggested by Willett et  al. [40], a 

total of 324 person-days of dietary information were 
included in our analysis. The distribution of HEI scores 
and total energy intake are presented in Table 2. Out of 
the 100 possible points, the mean (SD) HEI score over 
study days (ranges from 1–9) was 44.8 (13.7) in the fall 
months and 45.9 (13.3) in the winter months. The mean 
(SD) HEI score was 46.6 (14.7) and 42.8 (10.6) before and 
during COVID-19, respectively. Mean (SD) energy was 
1663.1 kcal (676.5) and 1532.4 kcal (585.2) in the fall and 
winter months, respectively. The mean (SD) energy was 
1637.3  kcal (618.0) before COVID-19 and 1539.8  kcal 
(677.3) during COVID-19. Higher total energy intake 
and HEI scores were observed before COVID-19 as 
compared to those during COVID-19. There was no sig-
nificant differences in total energy or HEI scores between 
the fall and the winter month.

Table  3 summarizes the association between daily FI 
and dietary outcomes. In the overall sample, we found 
daily FI was significantly associated with decreased 
HEI-2015 score (beta-coefficient = -2.40, 95% CI: 
(-4.80, -0.01), P = 0.05), intake of total fruit (beta-coef-
ficient = -0.10 cups, 95% CI: (-0.19, -0.01), P = 0.02), 
greens and beans (beta-coefficient = -0.05 cups, 95% CI: 
(-0.11, -0.01), P = 0.05), and whole grains (beta-coeffi-
cient = -0.30 oz, 95% CI: (-0.51, -0.09), P < 0.004), as well 
as increased intake of dairy (beta-coefficient = 0.31 cups, 
95% CI: (0.11, 0.51), P < 0.002) and refined grains (beta-
coefficient = 0.44 cups, 95% CI: (0.14, 0.74), P < 0.004). 
There was no association between daily FI and energy 
intake. Across seasons, a one unit increase in the daily 
FI score was associated with a decrease in the HEI-2015 
score by 7.10 points (95% CI: -11.04, -3.15) in the win-
ter (P < 0.001). Specifically, whole fruit intake decreased 
by 0.17 cups (95% CI: (-0.32, -0.02), P = 0.03), total fruit 
decreased by 0.18 cups (95% CI: (-0.30, -0.05), P < 0.007), 
and whole grain intake decreased by 0.57  oz (95% CI: 
(-0.99, -0.16), P < 0.007). Daily FI was also associated 
with increased intake of refined grains, as every one 
unit increase in the daily FI score was associated with 
an increase in 1.05  oz (95% CI: (0.52, 1.59), P < 0.001) 
higher intake of refined grains. In the fall, however, daily 
FI was not associated with overall diet quality, quantified 

Table 1 Characteristics of the low‑income participants (< 185% 
of FPL) enrolled in the Food ‘N Mood  Studya,b

a Abbreviation: BMI body mass index, FPL federal poverty line, SNAP 
Supplemental Nutrition Assistance Program, HEI, healthy eating index
b Mean (SD) were reported for continuous variables including age, household 
size, number of children under 18 years in the household, and BMI. N (%) were 
reported for categorical variables including gender, race/ethnicity, education, 
employment, marital status, poverty status, and participation in food assistance 
programs

All 
participants 
(n = 29)

Age 36.3 (7.1)

Female 25 (86.2%)

Race / ethnicity
 White or Caucasian 20 (69.0%)

 Black or African American, Asian, and Other 9 (31.0%)

Education
 Less than high school, high school/GED, OR some 
college

5 (17.2%)

 College and above 24 (82.8%)

Employment
 Employed 21 (72.4%)

 Unemployed 8 (27.6%)

Marital Status
 Married, with partner 14 (48.3%)

 Single, divorced, widowed 15 (51.7%)

Household Size 4.0 (1.7)

Number of children under 18 years in the household 2.2 (1.7)

Poverty status
≥ 130% FPL and < 185% FPL 13 (44.8%)

< 130% FPL 16 (55.2%)

Food assistance programs, SNAP / Food Stamps 8 (27.6%)

BMI, kg/m2 (N = 22) 27.8 (8.4)

Chronic FI 13 (44.8%)

Table 2 Distribution (mean (SD)) of HEI‑2015 scores and total energy across fall and winter seasons, and pre‑ and during COVID‑19 
 pandemica

a Between-group differences in HEI score and total energy intake were tested by Wilcoxon Mann–Whitney nonparametric test because they were not normally 
distributed

All By season By COVID period

Fall Winter P-value Before Covid-19 During Covid-19 P-value

N of person-days 324 178 146 214 110

Total energy, kcal 1604.2 (639.4) 1663.1 (676.5) 1532.4 (585.2) 0.09 1637.3 (618.0) 1539.8 (677.3) 0.05
HEI, score 45.3 (13.5) 44.8 (13.7) 45.9 (13.3) 0.35 46.6 (14.7) 42.8 (10.6) 0.01
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through HEI-2015 score, although a slight decrease in 
greens and beans intake (beta-coefficient = -0.05 cups, 
95% CI: (-0.10, -0.01), P = 0.05), total protein (beta-coef-
ficient = -0.61  oz, 95% CI: (-1.09, -0.14), P = 0.01) and 
increase in dairy intake (beta-coefficient = 0.44 cups, 95% 
CI: (0.14, 0.73), P < 0.004) were observed. Daily FI was not 
significantly associated with changes in energy intake in 
either the fall or the winter seasons.

When stratifying data by COVID-19 months, we found 
that daily FI was not associated with energy intake before 
or during COVID-19. FI was associated with decreased 
HEI-2015 score during (beta-coefficient = -3.80, 95% CI: 
(-6.08, -1.53), P < 0.001), but not before the COVID-19 
pandemic (beta-coefficient = -2.45, 95% CI: (-6.21, 1.31), 
P = 0.20). During COVID, daily FI was associated with 
lower intake of whole grains by 0.49 oz (95% CI: (-0.88, 
-0.09), P = 0.02), and higher intake of salt by 0.34 g (95% 
CI: 0.15, 0.54), P < 0.001). Before COVID, there were a 
few individual food groups that were found associated 
with daily FI, including decreased intake of total fruit 
(beta-coefficient = -0.20 cups, 95% CI: (-0.32, -0.07), 
P < 0.003), whole fruit (beta-coefficient = -0.16 cups, 95% 
CI: (-0.28, -0.04), P < 0.009), greens and bean (beta-coef-
ficient = -0.07 cups, 95% CI: (-0.13, -0.02), P = 0.01), and 
whole grains (beta-coefficient = -0.29 oz, 95% CI: (-0.57, 
-0.01), P = 0.04), and increased intake of dairy (beta-coef-
ficient = 0.31 cups, 95% CI: (0.04, 0.58), P = 0.02).

By excluding person-days of information on FI and 
dietary intake from male participants, the sensitivity 
analysis showed the robust associations between daily 
FI and HEI-2015 scores in winter and during COVID-19 
compared to the main findings (Supplemental Table  1). 
Specifically, a one-unit increase in daily FI score was 
associated with 6.18 (95% CI: (-10.26, -2.10), P < 0.003) 
and 3.87 (95% CI: (-6.19, -1.55), P < 0.001) points decrease 
in HEI-2015 scores in winter and during COVID-19, 
respectively. The findings regarding the daily FI—food 
group associations were largely consistent as well. The 
only exception was in the female-only sample, where 
we additionally observed a significant increase in dairy 
consumption related to daily FI during the COVID-19 
period (beta-coefficient: 0.24 cups, 95% CI: (0.08, 0.41), 
P < 0.003). This association was insignificant in the origi-
nal analysis (beta-coefficient = 0.18 cups, 95% CI: (-0.03, 
0.39), P = 0.10).

Discussion
This study sought to explore the relationship between 
daily FI and day-to-day diet in low-income adults. 
We analyzed the longitudinal, intrapersonal FI and 
diet data collected through an EMA framework using 
smartphones. Though overall mean HEI was slightly 
higher in the winter than fall, we found a lower overall 

diet quality score associated with the number of daily 
FI experiences in the winter and during the COVID-
19 months. Changes in the consumption of a few food 
groups seem to drive the compromised dietary qual-
ity during these vulnerable periods of the year, includ-
ing the decreased intake of whole fruit, total fruit, and 
whole grains in the winter season, and decreased intake 
of whole grains and total proteins and increased intake 
of salt during the COVID-19  months. We did not see 
a statistically significant association between daily FI 
and energy intake in the overall sample or in stratified 
analyses. Our empirical data from this study showed 
that daily FI experienced during particular times of the 
year, such as in the winter and in pandemic months, is 
associated with poorer day-to-day dietary quality, but 
not energy intake, in low-income adults.

After adjusting for total energy intake and other socio-
demographic covariates, our results display a worsened 
dietary pattern in winter than fall season, and during 
COVID-19 than pre-pandemic. The mean HEI-2015 
scores in our sample were 44.8 (SD) in the fall and 45.9 
(SD) in the winter, which were even lower than the 
57-point average for Americans living under 131% FPL 
and the 57-point average for Americans living between 
131 and 350% FPL [41]. The recommended daily intake 
for fruit and whole grains for adult women is 1.5 to 2 cups 
and 5 to 7  oz respectively [42, 43]. For every additional 
FI experience in the winter, participants’ daily fruit intake 
fell 9.0–12.0 percentage points (0.18 cups) from the ideal 
dietary pattern, and daily whole grains intake fell 8.1–11.4 
percentage points (0.57 oz) from the ideal dietary pattern. 
For every one unit increase in FI in COVID-19 months, 
participants’ daily intake of whole grains fell 7.0–9.8 per-
centage points (0.49  oz) from the ideal dietary pattern, 
respectively. Mild to severe cases of FI thus may compro-
mise the nutrient density of an individual’s diet and con-
tribute to diet-related diseases and deficiencies.

The low HEI-2015 scores observed in our sample 
reflect poor dietary quality. We found that participants 
who experienced greater daily FI had the lowest diet 
quality, probably due to decreased available income for 
food [44]. Additionally, areas where FI rates are high 
tend to have less access to nutrient-dense foods while 
simultaneously having readily accessible processed, 
low-cost foods [45, 46]. Single day energy intakes were 
well below the national average for individuals of the 
same age, sex, and income, and these differences in 
energy could have accounted for some of the differ-
ences in HEI-2015 in this study compared to national 
data. Rating lower on food procurement, preparation 
skills, and self-efficacy related to healthy eating can 
partially explain lower diet quality among individuals 
with FI, though this mostly applies to populations with 
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lower education levels than those of the current sample 
[47, 48]. FI is thus related to lower diet quality at multi-
ple levels and is a complex issue to tackle.

One of the main findings revealed in this study was 
the differential FI-diet quality association conditioned 
on the time of the year. Seasonal differences in FI risk 
and dietary outcomes have been discussed in prior 
research. Among low-income individuals, changes in 
heating and cooling costs can force economic trade-
offs between food expenses and other basic necessities, 
what was documented as a “heat or eat” effect by Bhat-
tacharya et  al. [11, 49]. As such, low-income families 
may turn to low-nutrient density diets that have a lower 
cost and higher energy per serving than nutrient-dense 
foods, such as fruit and whole grains [50]. Additionally, 
coping strategies for FI include drawing on alternate 
food sources, such as food pantries, federal food assis-
tance, and social support, but these may be inhibited by 
winter weather conditions [51]. Some market research 
indicates that weather may affect shoppers’ frequency 
and basket size [52, 53]. People’s positive feelings on 
good weather may motivate their shopping behaviors. 
Severe weather event, such as rain and snow decrease 
both the shopping trip and basket size. Low-income 
individuals living in central Pennsylvania, for example, 
may thus experience lower access to a diverse, health-
ful diet due to the above-mentioned winter-related 
barriers.

We found that daily FI was related to poorer overall 
diet quality during the months of, but not before, the 
COVID-19 pandemic. Findings in the literature may 
underlie this observed relationship. Due to mass quar-
antine, the food system was disrupted at several lev-
els which impacted food availability and food prices in 
many communities [54, 55]. Not only was food produc-
tion and transportation impacted, but “panic buying” 
could have limited food supply for consumers [54]. Loss 
of employment due to the pandemic could have reduced 
the affordability of healthy food for many people [56]. 
Mass quarantine also reduced social contact to a massive 
extent, which may have led to limited access to alternate 
food sources and social support, and fear of COVID-19 
infection could have restricted individuals’ willingness 
to obtain food [56]. The COVID-19 pandemic may have 
impacted the participants of this study in a similar man-
ner to what has been observed in the literature. As to 
why the associations were only observed during, but not 
before, the pandemic, we compared the food insecurity 
experience (pre-pandemic vs pandemic) and found more 
participants worried about running out of food before 
the pandemic (3.3% vs 0%); however, during the pan-
demic, more people reported eating unbalanced meals 
(36.9% vs 46.4%), skipping meals (2.3% vs 7.3%), eating 

less (0.9% vs 8.2%), and suffering from hunger (0.5% vs 
3.6%). It seems that more participants suffered from 
decreased food quality and reduced food quantity during 
the COVID period, which may explain why significant 
associations were only seen in the pandemic subsample.

Though diet quality differed across different times of 
the year in this sample of low-income individuals, food 
energy did not fluctuate. It is possible that underreport-
ing of food intake by participants or, in some cases, miss-
ing or incomplete data could have impacted the study 
results. Nevertheless, previous research has found no dif-
ferences in calorie intake among individuals with chronic 
FI and food secure individuals, ostensibly attributed to 
a higher per-meal energy, increased snack energy, fre-
quent consumption of energy-dense foods, and a higher 
fat intake among individuals with FI [57–59]. Due to eco-
nomic constraints, individuals with FI may turn to pur-
chasing the cheapest calories possible, thus meeting or 
approaching energy requirements, though not overcon-
suming food since it is a scarce resource (36). Our study 
suggested that FI experienced on a daily basis by low-
income adults mostly reflected experiences of mild to 
moderate, rather than severe, FI which is associated with 
reduced quality, but not energy content of diet.

There are some limitations of the study to note. While 
our study found the differences in the association of daily 
FI and diet quality by seasons and over the pandemic, 
the pilot data may not allow us to further explain the dif-
ferences. Future large cohort studies with daily FI and 
dietary intake data are needed to further explore the dif-
ferences observed in this pilot study. This study cannot 
establish a causal relationship between FI and diet qual-
ity. Participants may have underreported their dietary 
intake in our study, that has been observed in previous 
studies among adults [60]. However, the underreported 
dietary intake may not have any impacts on the study 
findings given the commonality of the issue as well as the 
follow-up calls by a trained dietitian providing a more 
complete dietary intake. There remains a question about 
the representativeness of the study sample given that it is 
majority female, White, employed, and college-educated. 
Individuals with FI who have higher levels of education 
may score higher on dimensions of food literacy (knowl-
edge of nutrition, budgeting, and food selection) so the 
effects of FI may differ among differently educated pop-
ulations [47]. When we excluded male participants, our 
sensitivity analysis found consistent FI-total-energy and 
FI-HEI associations (Supplemental Table 1). Future stud-
ies are warranted to verify if findings can be replicated in 
males. Additionally, the response rate of 67.9% for both 
FI and dietary measures is moderate, and therefore may 
not entirely capture the variables and relationships of 
interest. This is a pilot study with a small, highly educated 
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sample, and replication in larger representative samples 
is necessary for generalization.

Several strengths of this study are also to be recognized. 
For example, the intensive longitudinal data being col-
lected over 3 weeks in 2 seasons that allowed for investi-
gating the dynamics of FI-diet relationships over time. 
Additional strengths include the use of smartphones for 
timely gathering of daily FI and dietary data, and the col-
lection of missing dietary details not gathered from the 
smartphone application through a follow-up phone call 
by a trained dietitian. This pilot study achieved the goal of 
tracking daily FI and diet in the real-world living environ-
ment of a sample of low-income adults.

Conclusion and future directions
This longitudinal pilot study utilized a novel EMA frame-
work on smartphones to collect daily FI and diet data 
across two different seasons and before and during the 
COVID-19 pandemic. We identified two periods of 
time, in the winter and during the initial months of the 
COVID-19 pandemic, as the most vulnerable time peri-
ods where dietary quality, but not caloric intake, was 
significantly reduced in relation to daily FI. This study 
provides some preliminary evidence of external valid-
ity when we associate daily FI measures with diet quality 
and potentially identifies critical points of intervention 
to improve the overall well-being of individuals with FI. 
Future research is expected to verify the study findings, 
investigate the factors underlying observed differences in 
the FI-diet quality relationship by season and by COVID-
19 pandemic status, as well as expand on the observed 
relationship between daily FI and energy intake in larger 
etiological studies.
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