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Abstract 

Background  This study aims to examine how the presence of chronic conditions or positive COVID-19 infection (as 
exposures) is related to food insecurity (as an outcome) in the older population and whether there is a dose–response 
relationship between the number of chronic conditions and the severity of food insecurity.

Methods  Cross-sectional data of 17,977 older adults (≥ 65 years) from the 2020–2021 National Health Interview 
Survey were analyzed. Chronic conditions included physical health conditions (i.e., arthritis, coronary heart diseases, 
hypertension, stroke, prediabetes, diabetes, asthma, chronic obstructive pulmonary disease, and disability) and mental 
health conditions (i.e., anxiety and depression disorder). COVID-19 infection status was determined by a self-reported 
diagnosis of COVID-19. Household food insecurity was measured using the 10-item US Department of Agriculture 
(USDA) Food Security Survey Module with a 30-day look-back window. Multinomial logistic regression models were 
used to examine the association between health conditions and food insecurity controlling for socio-demographic 
factors.

Results  Our results indicated that 4.0% of the older adults lived in food-insecure households. The presence of chronic 
conditions was significantly associated with higher odds of being food insecure independent of socio-demographic 
factors (AOR ranged from 1.17 to 3.58, all p < 0.0001). Compared with participants with 0–1 chronic condition, the 
odds of being (low or very low) food insecure was 1.09 to 4.07 times higher for those with 2, or ≥ 3 chronic conditions 
(all p < 0.0001). The severity of food insecurity significantly increased as the number of chronic conditions increased 
(p for trend < 0.0001). Besides, COVID-infected participants were 82% more likely to be very low food secure than the 
non-infected participants (AOR = 1.82, 95% CI: 1.80, 1.84).

Conclusions  The presence of chronic conditions or positive COVID-infection is independently associated with 
household food insecurity. Clinical health professionals may help identify and assist individuals at risk of food inse-
curity. Management and improvement of health conditions may help reduce the prevalence and severity of food 
insecurity in the older population.
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Introduction
Food insecurity is characterized by limited or uncertain 
access to adequate food [1]. Based on the US Depart-
ment of Agriculture (USDA) report, 13.8 million house-
holds (10.5%) of all US households were food insecure in 
2020 [2]. Statistics from Feeding America indicated that 
5.2 million (6.8%) adults aged 60  years and older in the 
U.S. lived in food-insecure households in 2020 and 2.0 
million (2.6%) older adults lived in households with very 
low food security [3]. Compared to 2001, the prevalence 
of food insecurity and very low food security for older US 
adults (≥ 60 years) in 2020 has increased by 29% and 84%, 
respectively [3]. The prevalence of food insecurity for 
older people (≥ 65 years) living alone has also increased 
from 8.3% in 2020 to 9.5% in 2021 [4]. Given that the pro-
portion of the older population is expected to be 21.6% 
by 2040 in the U.S., the food insecurity issue among this 
community is concerning [5].

Although previous studies have suggested socio-
economic factors such as education level, household 
income, household sizes (such as the number of adults 
or children in the household), and employment status 
were significantly associated with food insecurity [6, 
7], there is limited evidence on how health conditions 
may affect food insecurity. The presence of chronic 
conditions may likely increase the vulnerability of food 
insecurity by limiting individuals’ work ability and 
employment status and adding household financial bur-
dens due to additional healthcare expenditures. Com-
pared to healthy populations, individuals with chronic 
conditions (such as diabetes, musculoskeletal condi-
tions, respiratory, digestive, and psychological con-
ditions) were 32% more likely to be unemployed and 
11% more likely to retire early [8]. Reduced income 
due to unemployment or early retirement could fur-
ther increase the risks of food insecurity [9, 10]. Poorer 
health conditions may also take up finances that would 
otherwise be used on food. The presence of chronic 
medical conditions increased the total healthcare 
expenditure by 35% to 40% [11] and the costs increased 
as the number of treated chronic conditions increased 
[12]. Compared with individuals without hyperten-
sion, those with hypertension had $1,920 higher annual 
healthcare expenditures, 2.5 times higher inpatient 
costs, double outpatient costs, and over 3 times higher 
prescription medication expenditures [13]. Considering 
the financial burden of chronic conditions and the fact 
that more than 80% of older US adults (≥ 65 years) live 

with multiple chronic conditions [14], it is necessary to 
identify whether the presence of those chronic condi-
tions in the older community may render their house-
holds more vulnerable to food insecurity.

The coronavirus disease 2019 (COVID-19) pan-
demic that began in 2020 in the U.S. has significantly 
affected food systems and contributed to increased 
food insecurity in the early days of the pandemic [15]. 
The National Food Access and COVID Research Team 
(NFACT) reported a 34.7% increase in food insecurity 
in a state-representative sample at the beginning of 
the pandemic [16]. Pandemic-induced unemployment 
and strict quarantine or stay-at-home order increased 
difficulty in accessing food resources for both the gen-
eral population and the COVID-19-infected popula-
tion, while a 3% higher prevalence of food insecurity 
was observed in the COVID-infected population than 
the non-infected population after adjusting for age, sex, 
and employment [17]. One possible explanation is that 
COVID-19 infection and post-COVID-19 conditions 
(such as fatigue, chest tightness, myalgia, and mental 
disorder) may add additional financial burdens related 
to healthcare expenditures, thus increasing the vulner-
ability of household food insecurity [18]. Total health 
care cost was $3,706 (for the commercial cohort) to 
$10,595 (for the Medicare cohort) significantly higher 
for COVID-19 patients than for the non-infected 
populations [19]. However, it is still unclear whether 
COVID-19 infection is independently associated with 
an increased likelihood of food insecurity after control-
ling for socioeconomic factors such as education level, 
household sizes, and poverty, especially for older adults 
who are one of the most vulnerable groups to COVID-
19 infection [20].

Using the nationally representative data from the 
2020 and 2021 National Health Interview Survey 
(NHIS), we conducted a cross-sectional study to fill in 
those research gaps. In this study, we aimed to exam-
ine 1) the association between individual chronic con-
ditions (including physical and mental conditions) and 
food insecurity in older adults (≥ 65 years); 2) the asso-
ciation between the number of chronic conditions and 
food insecurity, and whether there is a dose–response 
relationship between the number of chronic condi-
tions and severity of food insecurity; 3) the associa-
tion between COVID-19 infection and food insecurity. 
Specifically, we considered physical health conditions 
including arthritis, coronary heart disease (CHD), 
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hypertension, stroke, prediabetes, diabetes, asthma, 
chronic obstructive pulmonary disease, disability, and 
mental health conditions including anxiety and depres-
sion disorder. Identifying how the presence of those 
chronic conditions or COVID-19 infection is related 
to food insecurity may add new insights into factors 
associated with food insecurity beyond the traditionally 
well-established socioeconomic characteristics.

Methods
Study sample and participants
Data used in this study were derived from 2020 and 
2021 NHIS, an ongoing cross-sectional and nationally 
representative survey which aims to monitor the trends 
in health, illness, and disability in the U.S. civilian non-
institutionalized population [21]. With stratified cluster-
ing sampling, NHIS randomly selected roughly 30,000 
households from the randomly selected clusters within 
1,689 originally defined geographic areas. Sample adults 
were then selected from each household [21]. For each 
cycle, NHIS continuously collected data from January to 
December throughout the year on both the household 
level (such as household demographics and food insecu-
rity) and the individual level (such as health conditions 
and behaviors, health care access and utilization, func-
tioning and disability, and COVID-related data). Due to 
the impact of the pandemic, the 2020 and 2021 NHIS 

predominantly collected data using telephone interviews 
rather than regular in-person visits, which accounted for 
relatively low response rates during this time (response 
rates: 50.7% for sampled households and 48.9% for sam-
pled adults in 2020 NHIS and 52.8% for sampled house-
holds and 50.9% for sampled adults in 2021 NHIS) when 
compared to the rates in 2019 before the COVID-19 
pandemic (response rates: 61.1% for sampled households 
and 59.4% for sampled adults in 2019 NHIS) [21]. Qual-
ity controls were conducted through monthly checks on 
response rates, item response times or non-response, tel-
ephone usage rates, and other data quality indicators.

A total of 61,050 participants (≥ 18  years) completed 
the survey. In this study, we restricted our sample to 
participants who were 65  years or older (n = 19,058) 
and excluded those with missing data on chronic condi-
tions (n = 258), food insecurity (n = 694), and covariates 
adjusted in the statistical regression models (n = 129). 
This resulted in a final unweighted sample of 17,977 
older adults (≥ 65  years). Considering that 22.3% of the 
older adults (n = 4,009) had unavailable data on self-
reported COVID-19 infection, we examined the asso-
ciation between COVID-19 infection and food insecurity 
only in the subgroup with available COVID-related data 
(n = 13,968). The inclusion and exclusion flow chart is 
shown in Fig.  1. Socio-demographic characteristics of 
participants were compared between those included and 

NHIS (2020-2021) older participants 
( 65 years) (n=19,058)

Final participants
(n=17,977)

COVID-19 subgroup 
(n=13,968)

Exclusion criteria: 

• Age<65 (years) 
(n=41,992) 

• Missing data on chronic conditions 
(n=258), food insecurity (n=694), 
and covariates (n=129)

• Missing data on self-reported 
COVID-19 infection  (n=4,009)

Associations between 
COVID-19 infection and food 
insecurity 

Associations between 
chronic conditions and food 
insecurity 

NHIS (2020 and 2021) 
(n=61,050)

Fig. 1  Inclusion and exclusion flow chart, 2020–2021 NHIS Sample Notes. NHIS, National Health Interview Survey; COVID-19, coronavirus disease 
2019
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excluded from the COVID-19 subgroup to assess pos-
sible selection bias (Appendix Table 1). In the statistical 
analysis, the final sample was weighted by the two-year 
sampling weight (two-year weight = annual sampling 
weights/2) to account for complex survey design and 
pooled data. Sampling weight for each NHIS cycle was 
provided by the NHIS analysis program and was cali-
brated to U.S. Census Bureau population projections and 
American Community Survey (ACS) one-year estimates 
for age, sex, race, education, Census division, and Met-
ropolitan Statistical Area status [21]. IRB review was not 
required since the study relied on a publicly available 
dataset. Analyses were conducted in 2022. More details 
about the survey design, dataset, and sampling weights 
were available on the NHIS website: https://​www.​cdc.​
gov/​nchs/​nhis/​2020n​his.​htm.

Measures of chronic conditions and COVID‑19 infection
Chronic conditions measured in NHIS were selected 
mostly from the list of 20 chronic conditions identified 
by the U.S. Department of Health and Human Services 
to foster a standard classification scheme for chronic 
conditions [22]. In this study, we included physical and 
mental conditions. Physical health conditions considered: 
1) conditions in musculoskeletal and connective tissue 
including arthritis (arthritis, rheumatoid arthritis, gout, 
lupus, and fibromyalgia); 2) conditions in the circula-
tory system including CHD, hypertension, and stroke; 3) 
endocrine, nutritional, and metabolic diseases including 
prediabetes and diabetes; 4) conditions in the respiratory 
system including asthma and chronic obstructive pulmo-
nary disease (COPD); 5) functioning and disabilities [23]. 
Mental health conditions included clinically diagnosed 
anxiety or depression disorder. Participants were asked if 
they had ever been told by a doctor or other health pro-
fessionals that they had any above chronic condition (yes, 
no). Functioning and disability were measured using the 
Washington Group Short Set on Functioning (WG-SS) 
questions [24]. Details of the WG-SS survey questions 
are provided in Appendix Table 2. Self-reported COVID-
19 infection status based on diagnosis from doctors or 
health professionals was measured by asking whether a 
doctor or other health professional ever told the partici-
pants that they had or likely had coronavirus or COVID-
19 (yes, no). Those who answered “yes” were considered 
as COVID-19 infected population [21].

Measures of food insecurity
The 10-item USDA Food Security Survey Module with 
a 30-day look-back window was used to measure house-
hold food insecurity [21, 25]. Participants were asked to 
answer questions such as “In the past 30  days, did you 
or others in your family ever cut the size of the meals 

or skip meals because there was not enough money for 
food ?” and “In the past 30 days, did you or other adults 
in your family worry that the food would run out before 
you got money to buy more ?”. A full list of the 10 items 
in the module is provided in Appendix Table  3. Based 
on the number of affirmative answers, food security 
was categorized into three levels: high or marginal food 
security (0–2 items affirmed), low food security (3–5 
items affirmed), and very low food security (6–10 items 
affirmed) [25].

Covariates
Socio-demographic factors which may confound the 
association between health conditions and food inse-
curity were selected as covariates in the statistical mod-
els. Demographic variables included age (65–74  years, 
75–84  years, and ≥ 85  years), sex (male, female), race/
ethnicity (Hispanic, non-Hispanic White, non-Hispanic 
Black, non-Hispanic Asian, others), region (Northeast, 
Midwest, South, West), and marital status (married, 
unmarried, widowed, divorced/separated). Socioeco-
nomic factors considered education (≤ high school, some 
college, ≥ college), poverty level indicated by the ratio 
of family income to poverty threshold (0.00–0.49, 0.50–
0.99, 1.00–1.99, 2.00–2.99, ≥ 3.00), health insurance (yes, 
no), employment (yes, no), and participation in the food-
related program (i.e., Supplemental Nutrition Assistance 
Program (SNAP)). SNAP participants were those who 
received food stamps in the past 12 months [21].

Statistical analysis
Baseline characteristics of participants by food insecu-
rity were examined using Pearson’s chi-square tests for 
categorical variables and ANOVA tests for continuous 
variables. The prevalence of food insecurity was com-
pared between participants with and without chronic 
conditions, and between participants with positive and 
negative COVID-19 infection using Pearson’s chi-square 
tests. Weighted multinomial logistic regression models 
were used to determine the association between the indi-
vidual chronic conditions and food insecurity adjusting 
for socio-demographic factors. Considering that pres-
ence of chronic conditions may affect COVID-19 infec-
tion status [26], we also adjusted for the presence of any 
chronic condition in the association between COVID-19 
infection and food insecurity, in addition to socio-demo-
graphic factors. Adjusted OR (AORs) with 95% confi-
dence intervals (95% CIs) were reported. Participants 
without chronic conditions or with negative self-reported 
COVID-19 infection were set as the reference group 
(AOR = 1).

In addition to the individual chronic conditions, we 
examined the association between the number of chronic 

https://www.cdc.gov/nchs/nhis/2020nhis.htm
https://www.cdc.gov/nchs/nhis/2020nhis.htm
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conditions and food insecurity using weighted multino-
mial logistic regression models controlling for socio-
demographic factors. Besides, the Jonckheere-Terpstra 
trend test, a non-parametric trend test, was employed to 
assess whether the severity of food insecurity increased 
as the number of chronic conditions increased (ordinally 
categorized as 0–1 condition, 2 conditions, and ≥ 3 con-
ditions). Participants with 0–1 chronic condition were set 
as reference groups (AOR = 1). Additionally, we reported 
the estimates from the unweighted sample as sensitivity 
analyses to test the robustness of the results in the sup-
plementary materials (Appendix Table 5 and Table 6). All 
analyses were conducted using SAS 9.4 software (version 
9.4; SAS Institute Inc., Cary, North Carolina). The statis-
tical significance was defined as two-tailed p < 0.05.

Results
In the current study, 17,977 older adults (≥ 65  years) 
were included. In the weighted sample (45.1% males 
and 54.9% females), 2.7% of the older adults lived in low 
food-secure households and 1.3% lived in very low food-
secure households. Table 1 shows the socio-demographic 
characteristics of participants by food security status. 
Results of univariate analyses showed that age, sex, race/
ethnicity, marital status, region, education, employment, 
federal poverty level, health insurance, and SNAP partici-
pation were significantly associated with food insecurity 
(all p < 0.0001). We also reported the adjusted association 
between each socio-demographic factor and food inse-
curity controlling for the other socio-demographic fac-
tors in Appendix Table 4. Results based on the weighted 
sample indicated that younger age, female sex, Hispanic/
non-Hispanic Black/non-Hispanic Asian/other races, 
unmarried, widowed, divorced/separated status, living 
in the Northeast or South region, lower education level, 
unemployment, poverty, having no health insurance, 
and SNAP participation were significantly associated 
with food insecurity (AOR ranged from 1.02 to 8.57, all 
p < 0.0001).

Table  2 presents the prevalence of food insecurity 
among participants with or without chronic conditions 
and COVID-19 infection. The results showed that 86.1% 
of the older participants had at least one chronic condi-
tion. The most prevalent chronic conditions identified in 
older adults were hypertension (60.9%), arthritis (47.0%), 
prediabetes (24.6%), and diabetes (19.8%). Compared 
with participants without any chronic condition, the 
prevalence of low or very low food security was signifi-
cantly higher in those with at least one chronic condition 
(low food security: 1.4% in participants without chronic 
conditions vs. 2.9% in participants with chronic condi-
tions; very low food security: 0.5% in participants without 
chronic conditions vs. 1.4% in participants with chronic 

conditions; p < 0.0001). Similar trends were observed for 
all physical and mental health conditions (all p < 0.0001).

A total of 13,968 participants had available data on self-
reported COVID-19 infection. Socio-demographic char-
acteristics of participants excluded from the COVID-19 
subgroup (n = 4,009) were not significantly different 
from those included (all p > 0.05) (Appendix Table 1). In 
the COVID-19 subgroup, 6.1% of the older participants 
reported a positive diagnosis of COVID-19 infection. 
Prevalence of low or very low food security was signifi-
cantly higher in the COVID-19 infected group than the 
non-infected group (low food security: 2.6% in the nega-
tive group vs. 3.0% in the positive group; very low food 
security: 1.0% in the negative group vs. 1.8% in the posi-
tive group; p < 0.0001) (Table 2).

The association between chronic conditions, COVID-
19 infection, and food insecurity is shown in Table  3. 
After adjusting for socio-demographic factors, all physi-
cal and mental health conditions were significantly 
associated with low or very low food security (AOR 
ranged from 1.17 to 3.58, all p < 0.0001). The magnitude 
of the association increased with the increased sever-
ity of food insecurity. For example, compared with par-
ticipants without diabetes, the odds of being low food 
secure was 49% higher for those with diabetes (95% CI: 
1.49, 1.50), while the odds of being very low food secure 
was 74% higher for diabetic participants (95% CI: 1.73, 
1.76). Similarly, significant associations between chronic 
conditions and food insecurity were also observed with 
the unweighted sample (Appendix Table 5). Besides, the 
COVID-infected participants had 3% higher odds of 
being low food secure (95% CI: 1.01, 1.04) and 82% higher 
odds of being very low food secure (95% CI: 1.80, 1.84) 
compared with the non-infected participants controlling 
for socio-demographic factors. However, the results from 
the unweighted sample did not suggest any significant 
association between COVID-19 infection and food inse-
curity (Appendix Table 5).

In addition to the individual condition, we further 
examined the association between the number of chronic 
conditions and food insecurity and tested if there was a 
trend that the severity of food insecurity would increase 
as the number of chronic conditions increased. Figure 2 
displays the prevalence of food insecurity by the number 
of chronic conditions. As the number of chronic condi-
tions increased, the prevalence of low or very low food 
security also increased. Similar trends were observed for 
physical and mental conditions. Table 4 shows the asso-
ciation between the number of chronic conditions and 
food insecurity. Compared with participants with 0–1 
chronic condition, the odds of being low food secure was 
1.09 (95% CI: 1.09, 1.10) or 1.89 (95% CI: 1.88, 1.90) times 
higher for participants with 2 or ≥ 3 chronic conditions, 
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Table 1  Socio-demographic characteristics of participants by food security status, 2020–2021 NHIS Sample

Notes. NHIS National Health Interview Survey, NH Non-Hispanic, SNAP Supplemental Nutrition Assistance Program
a Values were expressed as % (n). The number of participants (n) was calculated based on the unweighted sample, and all percentages (%) were based on the 
weighted sample. p-value comparisons across food security categories were calculated using Pearson’s chi-square tests
b Federal poverty level was determined by the ratio of family income to the poverty threshold

Variables Totala (n = 17,977) High or marginal food 
security (n = 17,329)

Low food security 
(n = 430)

Very low food 
security (n = 218)

p-value

Age (years)  < 0.0001

  65–74 59.5 (10,166) 59.1 (9712) 69.8 (292) 73.3 (162)

  75–84 30.1 (5662) 30.3 (5509) 23.5 (105) 23.0 (48)

   ≥ 85 10.4 (2149) 10.6 (2108) 6.7 (33) 3.7 (8)  < 0.0001

Sex  < 0.0001

  Male 45.1 (7627) 45.4 (7411) 35.4 (137) 43.6 (79)

  Female 54.9 (10,350) 54.6 (9918) 64.6 (293) 56.4 (139)

Race/ethnicity  < 0.0001

  Hispanic 8.7 (1170) 8.2 (1062) 22.8 (84) 12.6 (24)

  NH-White 76.0 (14,383) 77.4 (14,047) 38.8 (210) 52.9 (126)

  NH-Black 9.1 (1535) 8.4 (1387) 25.0 (92) 28.6 (56)

  NH-Asian 4.6 (590) 4.5 (555) 10.4 (28) 4.2 (7)

  Others 1.6 (299) 1.5 (278) 3.0 (16) 1.7 (5)

Marital status  < 0.0001

  Married 57.9 (8218) 58.7 (8051) 41.4 (126) 28.1 (41)

  Unmarried 7.7 (1602) 7.5 (1519) 13.9 (57) 16.8 (26)

  Widowed 21.3 (4953) 21.3 (4778) 20.6 (107) 26.3 (68)

  Divorced/separated 13.1 (3204) 12.5 (2981) 24.1 (140) 28.8 (83)

Region  < 0.0001

  Northeast 18.3 (3140) 18.3 (3040) 21.5 (77) 10.9 (23)

  Midwest 21.0 (4018) 21.2 (3916) 12.9 (62) 17.5 (40)

  South 39.0 (6588) 38.7 (6300) 42.8 (183) 51.4 (105)

  West 21.7 (4231) 21.8 (4073) 22.8 (108) 20.2 (50)

Education  < 0.0001

   ≤ High school 42.8 (6568) 41.8 (6181) 68.1 (270) 62.6 (117)

  Some college 27.0 (5146) 27.2 (4970) 20.8 (108) 23.4 (68)

   ≥ College 30.2 (6263) 31.0 (6178) 11.1 (52) 14.0 (33)

Employment  < 0.0001

  Yes 18.4 (3185) 18.7 (3116) 13.8 (47) 11.1 (22)

  No 81.6 (14,792) 81.3 (14,213) 86.2 (383) 88.9 (196)

Federal poverty levelb  < 0.0001

  0.00–0.49 1.2 (207) 1.1 (176) 4.3 (21) 3.4 (10)

  0.50–0.99 6.3 (1153) 5.5 (979) 24.8 (112) 25.8 (62)

  1.00–1.99 20.3 (3648) 19.2 (3353) 44.6 (198) 46.9 (97)

  2.00–2.99 18.2 (3271) 18.4 (3182) 13.7 (56) 16 (33)

   ≥ 3.00 54.1 (9698) 55.9 (9639) 12.7 (43) 8 (16)

Health insurance  < 0.0001

  Yes 98.9 (17,802) 99.0 (17,176) 95.3 (412) 97.7 (214)

  No 1.1 (175) 1.0 (153) 4.7 (18) 2.3 (4)

SNAP participation  < 0.0001

  Yes 8.3 (1383) 7.1 (1143) 35.5 (157) 39.3 (83)

  No 91.7 (16,594) 92.9 (16,186) 64.5 (273) 60.7 (135)
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Table 2  Prevalence of food insecurity in older adults (≥ 65  years) by chronic conditions and COVID-19 infection status, 2020–2021 
NHIS sample

Notes. NHIS National Health Interview Survey, COVID-19 coronavirus disease 2019, CHD coronary heart disease, COPD chronic obstructive pulmonary disease
a Values were expressed as % (n). All percentages (%) were based on the weighted sample and the number of participants (n) was calculated based on the unweighted 
sample
b The prevalence of food insecurity by COVID-19 infection status was calculated within participants with available data on COVID-19

Totala (n = 17,977) High or marginal food 
security (n = 17,329)

Low food 
security(n = 430)

Very low food 
security (n = 218)

p-value

Any chronic conditions  < 0.0001

  No 13.9 (2421) 98.0 (2378) 1.4 (32) 0.5 (11)

  Yes 86.1 (15,556) 95.7 (14,951) 2.9 (398) 1.4 (207)

Physical health conditions
Arthritis  < 0.0001

  No 53.0 (9313) 96.7 (9058) 2.5 (175) 0.9 (80)

  Yes 47.0 (8664) 95.2 (8271) 3.0 (255) 1.8 (138)

CHD  < 0.0001

  No 85.6 (15,408) 96.3 (14,898) 2.6 (352) 1.1 (158)

  Yes 14.4 (2569) 94.2 (2431) 3.4 (78) 2.4 (60)

Hypertension  < 0.0001

  No 39.1 (6990) 97.1 (6808) 2.0 (126) 0.8 (56)

  Yes 60.9 (10,987) 95.3 (10,521) 3.2 (304) 1.6 (162)

Stroke  < 0.0001

  No 92.8 (16,691) 96.2 (16,134) 2.6 (375) 1.2 (182)

  Yes 7.2 (1286) 92.8 (1195) 4.2 (55) 3.0 (36)

Prediabetes  < 0.0001

  No 75.4 (13,706) 96.5 (13,285) 2.4 (284) 1.1 (137)

  Yes 24.6 (4271) 94.3 (4044) 3.8 (146) 1.9 (81)

Diabetes  < 0.0001

  No 80.2 (14,647) 96.7 (14,212) 2.3 (293) 1.0 (142)

  Yes 19.8 (3330) 93.0 (3117) 4.6 (137) 2.4 (76)

Asthma  < 0.0001

No 88.7 (15,867) 96.2 (15,353) 2.6 (346) 1.2 (168)

  Yes 11.3 (2110) 94.2 (1976) 3.7 (84) 2.1 (50)

COPD  < 0.0001

  No 89.4 (16,061) 96.3 (15,550) 2.6 (346) 1.1 (165)

  Yes 10.6 (1916) 93.1 (1779) 4.1 (84) 2.8 (53)

Disability  < 0.0001

  No 82.1 (14,811) 97.0 (14,426) 2.2 (271) 0.8 (114)

  Yes 17.9 (3166) 91.4 (2903) 5.0 (159) 3.6 (104)

Mental health conditions
Anxiety disorder  < 0.0001

  No 88.5 (15,817) 96.6 (15,351) 2.4 (316) 1.1 (150)

  Yes 11.5 (2160) 91.5 (1978) 5.5 (114) 2.9 (68)

Depression disorder  < 0.0001

  No 85.3 (15,160) 96.7 (14,735) 2.3 (291) 1.0 (134)

  Yes 14.7 (2817) 91.7 (2594) 5.2 (139) 3.1 (84)

COVID-19 infectionb  < 0.0001

  Negative 93.9 (13,252) 95.2 (12,816) 2.6 (297) 1.0 (139)

  Positive 6.1 (716) 96.3 (687) 3.0 (19) 1.8 (10)
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Table 3  The Association between chronic conditions or COVID-19 infection and food insecurity in the older adults (≥ 65 years), 2020–
2021 NHIS sample

Notes. NHIS National Health Interview Survey, COVID-19 coronavirus disease 2019, CHD coronary heart disease, COPD chronic obstructive pulmonary disease, AOR 
adjusted odds ratio, CI confidence interval
a AORs with 95% CIs were calculated based on the weighted sample. Age, sex, race/ethnicity, marital status, region, education, employment, federal poverty level, 
health insurance, and SNAP participation were adjusted in the weighted logistic regression models. Participants without chronic conditions or with negative COVID-
19 infection were set as the reference group (AORs = 1). All the significant associations were significant at p < 0.0001
b The association between COVID-19 infection and food insecurity was also adjusted for the presence of any chronic conditions, in addition to socio-demographic 
variables above

Low food security vs. high or marginal food security Very low food security 
vs. high or marginal food 
security

AOR (95% CI)a AOR (95% CI)

Physical health conditions
  Arthritis 1.19 (1.18, 1.20) 1.81 (1.79, 1.82)

  CHD 1.59 (1.58, 1.59) 2.40 (2.38, 2.41)

  Hypertension 1.28 (1.27, 1.28) 1.41 (1.40, 1.42)

  Stroke 1.37 (1.36, 1.38) 2.05 (2.03, 2.06)

  Prediabetes 1.35 (1.34, 1.35) 1.51 (1.51, 1.52)

  Diabetes 1.49 (1.49, 1.50) 1.74 (1.73, 1.76)

  Asthma 1.17 (1.16, 1.18) 1.45 (1.43, 1.46)

  COPD 1.42 (1.41, 1.42) 1.76 (1.75, 1.77)

  Disability 1.81 (1.80, 1.82) 3.58 (3.56, 3.60)

Mental health conditions
  Anxiety disorder 2.28 (2.27, 2.29) 2.43 (2.42, 2.45)

  Depression disorder 2.19 (2.18, 2.21) 2.83 (2.82, 2.85)

COVID-19 infectionb 1.03 (1.01, 1.04) 1.82 (1.80, 1.84)

Table 4  The association between the number of chronic conditions and food insecurity in the older adults (≥ 65 years), 2020–2021 
NHIS sample

Notes. NHIS National Health Interview Survey, AOR adjusted odds ratio, CI confidence interval, Ref reference group
a Values were expressed as % (n). All percentages (%) were based on the weighted sample and the number of participants (n) for each group was calculated based on 
the unweighted sample
b AORs with 95% CIs were calculated based on the weighted sample. Age, sex, race/ethnicity, marital status, region, education, employment, federal poverty level, 
health insurance, and SNAP participation were adjusted in the weighted logistic regression models. Participants with 0–1 chronic condition, 0–1 physical condition, or 
0–1 mental condition were set as the reference group (AORs = 1). All significant associations were significant at p < 0.0001
c Jonckheere-Terpstra test, a non-parametric trend test, was used to assess whether the severity of food insecurity increased as the number of chronic conditions 
increased

% (n)a Low food security vs. high or marginal 
food security

Very low food security vs. high or 
marginal food security

p-valuetrend
c

AOR (95% CI)b AOR (95% CI)

Number of chronic conditions
  0–1 36.1 (6410) Ref Ref  < 0.0001

  2 22.2 (3982) 1.09 (1.09, 1.10) 1.27 (1.26, 1.28)

   ≥ 3 41.7 (7585) 1.89 (1.88, 1.90) 4.07 (4.04, 4.10)

Number of physical health conditions
  0–1 39.7 (7124) Ref Ref  < 0.0001

  2 24.0 (4342) 1.38 (1.38, 1.39) 1.62 (1.60, 1.63)

   ≥ 3 36.3 (6511) 1.77 (1.76, 1.78) 3.68 (3.66, 3.71)

Number of mental health conditions
  0–1 93.0 (16,630) Ref Ref  < 0.0001

  2 7.0 (1347) 2.15 (2.14, 2.16) 2.73 (2.72, 2.75)
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respectively. The odds of being very low food secure was 
also significantly higher for participants with 2 or ≥ 3 
chronic conditions than for those with 0–1 chronic con-
dition (2 conditions: AOR = 1.27, 95% CI: 1.26, 1.28; ≥ 3 
conditions: AOR = 3.68, 95% CI: 3.66, 3.71). Results from 
the trend tests indicated that the severity of food inse-
curity increased as the number of chronic conditions 
increased (p trend < 0.0001). Similar results were observed 
for physical and mental conditions. Estimates from the 
unweighted sample were also reported in Appendix 
Table  6. A significant association between the number 
of chronic conditions and food insecurity was observed 
in the unweighted sample comparing those with 0–1 
chronic condition to those with ≥ 3 chronic conditions. 
However, we did not observe significant association 
when comparing those with 0–1 chronic condition to 
those with 2 chronic conditions.

Discussion
Overall, 4.0% of the older participants of the 2020–2021 
NHIS lived in food-insecure households. After control-
ling for socio-demographic factors, the odds of being 
food insecure was significantly higher for participants 
with chronic conditions or positive COVID-19 infection 
than for those without. A dose–response relationship 

was evident between the number of chronic conditions 
and the severity of food insecurity.

Data from the 2020 Current Population Survey (CPS) 
showed that 6.8% of the older adults (≥ 60  years) lived 
in food-insecure households and 2.6% lived in very low 
food-secure households, which was slightly higher than 
the estimates in our study [3]. Different survey time 
frames (January 2020 to December 2021 in our study vs. 
December 2020 in CPS), age cutoffs (≥ 60  years in our 
study vs. ≥ 65 years in CPS), and measures of food inse-
curity (10-item module in our study vs. 18-item module 
in CPS) may account for the different prevalence of food 
insecurity between NHIS and CPS participants. Despite 
the relatively lower prevalence of food insecurity in older 
adults (when compared to the general population) and 
decreasing trend since 2015 [3], the burden of food inse-
curity was still heavy in this community considering the 
large absolute number which affected millions of older 
adults.

The presence of chronic conditions was significantly 
associated with food insecurity. Our results were consist-
ent with a cross-sectional study with 77,053 Canadian 
adults which reported that participants with chronic con-
ditions (e.g., asthma, diabetes, back problems, migraines, 
stomach or intestinal ulcers) had significantly higher 

Fig. 2  Prevalence of food insecurity by the number of chronic conditions in the older adults (≥ 65 years), 2020–2021 NHIS sample. Notes. NHIS, 
National Health Interview Survey. The prevalence of food insecurity was calculated based on the weighted sample
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odds of being food insecure than those without chronic 
conditions (AOR ranged from 1.27 to 1.53, p < 0.05) [27]. 
Though the dose–response relationship between the 
number of chronic conditions and severity of food inse-
curity was rarely examined, a cross-sectional study with 
3,552 low-income US adults identified similar associa-
tions between multiple chronic conditions (2–4 condi-
tions and ≥ 5 conditions) and food insecurity (AOR 
ranged from 2.12 to 3.64, p < 0.05) [28]. Besides, our 
results indicated that poorer mental health was related 
to food insecurity, which was in line with evidence from 
other populations such as Puerto Rican adults and Medi-
care enrollees [29, 30]. A longitudinal study with a 5-year 
follow-up identified baseline depressive symptoms and 
perceived stress could significantly increase risks of food 
insecurity in 517 Puerto Rican adults (45–75 years) [29].

Additionally, we observed a significant association 
between COVID-19 infection and food insecurity. A 
similar association was observed in Health and Retire-
ment Study (HRS) in June 2020 with a random sample of 
3,212 older participants (≥ 50  years) (AOR = 1.73, 95% 
CI: 1.03, 2.90) [31]. Considering that most of our partici-
pants (81.6%) were not employed and may have already 
retired, the explanation that the presence of chronic con-
ditions could increase the vulnerability of food insecurity 
by limiting individuals’ workability and affecting house-
hold income may not be established. One possible expla-
nation is that ill health may add additional economic 
burden and bring an “eat or treat” tradeoff between food 
and healthcare costs, especially for households with lim-
ited budgets. 66% of the respondents in the Hunger in 
America Study reported choosing between paying for 
food and medicine or medical care [32]. 1 in 3 chronically 
ill adults was unable to afford food, medications, or both 
[33]. Based on the Medication Access report, 43% of the 
participants cut off expenses on basic needs including 
food to obtain vital medications in 2020 [34]. Although 
costs of medication or medical healthcare could be fully 
or partly covered by health insurance, 8.6% of adults of 
all ages and 0.7% of older adults (≥ 65  years) were still 
uninsured in the U.S. in 2020 [35]. Among adults cov-
ered by health insurance, those with one or more chronic 
conditions had 18% to 173% higher odds of having higher 
amounts of out-of-pocket costs or medical debt than 
those without any chronic conditions (AOR ranged from 
1.18 to 2.73, all p < 0.05) [36]. Those additional health 
costs may force adults with poorer health conditions to 
choose between food and needed medication or medical 
treatment, thus rendering their households more vulner-
able to food insecurity than those not suffering from ill 
health. Besides, individuals with poorer health conditions 
may also be more likely to seek healthier foods which 
may be expensive compared with healthy individuals, 

thus making those with ill health more vulnerable to food 
insecurity.

Though we have argued that chronic conditions or 
positive COVID-19 infection were associated with food 
insecurity, reverse causation could not be excluded due 
to the cross-sectional nation of this study. Though food 
insecurity was measured within a 30-day look-back win-
dow at the time of the survey, specific dates of diagnosis 
of COVID-19 infection or chronic conditions were not 
collected in NHIS. Therefore, the temporal relationship 
between health conditions and food insecurity could 
not be determined. The association between adverse 
health conditions and food insecurity is likely to be bi-
directional. Adverse chronic conditions of older adults 
may exert an additional financial burden for households 
with limited budgets, thus increasing the likelihood 
of food insecurity. Food insecurity could alternatively 
increase the risks of adverse health conditions such as 
diabetes [37], hypertension [38], and mental problems 
such as stress, anxiety, and depression [39, 40]. Besides, 
food-insecure individuals may also be more vulnerable 
to COVID-19 infection due to poorer diet quality [41], 
insufficient nutrients [42], less practicing social distanc-
ing in public, or less engagement in COVID-19 protec-
tive behaviors (such as stocking up on essentials, filling 
prescriptions, and avoiding crowds or larger gathering) 
[43]. More longitudinal data are needed to fully under-
stand how adverse health conditions may affect food 
insecurity and whether there is a bi-directional relation-
ship between food insecurity and health status.

Our study was strengthened by using a nationally 
representative sample of older adults from the NHIS. 
There were a few limitations of this study. First, cau-
sality and the long-term effects of adverse health con-
ditions on food insecurity could not be inferred using 
the cross-sectional study. Second, measures of chronic 
conditions and COVID-19 infection were self-reported, 
therefore differential measurement bias may exist 
because the status of health conditions may affect accu-
rate reports of food insecurity. Third, lower response 
rates in 2020 and 2021 NHIS compared to those before 
the COVID-19 pandemic (2019 NHIS) may underes-
timate the prevalence of food insecurity in the older 
population. Fourth, chronic conditions measured in 
NHIS were limited and did not include chronic con-
ditions such as chronic kidney diseases and cancer. 
Detailed information on COVID-19 infection (such as 
variants, specific symptoms, and severity) was not pro-
vided in NHIS and could not be controlled for when 
examining the association between health conditions 
and food insecurity. Specific employment status (i.e., 
main job types) was also not adjusted for due to miss-
ing data (38.1% (n = 12,022) and 38.6% (n = 11,391) 
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missing values for main job types in 2020 and 2021 
NHIS) [21]. Though participants excluded from the 
COVID-19 subgroup were not significantly differ-
ent from those included and the sampling weight has 
been applied to account for non-response bias, the 
reduced sample size of the COVID-19 subgroup may 
still attenuate the statistical power when examining 
the association between COVID-19 infection and food 
insecurity in this group. Last, positive COVID-19 infec-
tion may pose health challenges for older adults. Failure 
to adjust for COVID-19 infection due to unavailable 
COVID-19 infection data (i.e., 22.3% (n = 4,009) of the 
participants in the full sample did not have data on 
COVID-19 infection status) may overestimate the asso-
ciation between chronic conditions and food insecurity. 
Unmeasured factors associated with health conditions 
and food insecurity could still exist and confound the 
association.

Public health implications
The presence of chronic conditions or positive COVID-
19 infection is associated with food insecurity independ-
ent of socio-demographic factors. Health professionals 
may help identify those at risk and assist them access 
essential food and financial resources. Allocations of food 
benefits are necessary for older adults with undesired 
health conditions. Chronic disease control and manage-
ment may also help reduce the prevalence and severity of 
food insecurity in the older community.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12889-​023-​15061-8.

Additional file 1: Appendix Table 1. Comparison of characteristics 
between participants included and participants excluded from the 
COVID-19 subgroup, 2020-2021 NHIS sample. Appendix Table 2. Meas-
ures of Disability in Washington Group Short Set on Functioning (WG-SS). 
Appendix Table 3. Measures of Food Insecurity in NHIS: U.S. Adult Food 
Security Survey Module (10-Item). Appendix Table 4. Socio-demographic 
characteristics associated with food insecurity in the older adults (≥65 
years), 2020-2021 NHIS Sample. Appendix Table 5. The Association 
between chronic conditions or COVID-19 infection and food insecurity 
in the older adults (≥65 years), 2020-2021 NHIS unweighted sample. 
Appendix Table 6. The association between the number of chronic 
conditions and food insecurity in the older adults (≥65 years), 2020-2021 
NHIS unweighted sample.

Acknowledgements
We would like to thank all the NHIS participants.

Authors’ contributions
JC conceived of the study, conducted the statistical analyses, wrote the paper, 
and had primary responsibility for the final content. AB conceived of the study, 
edited, and reviewed the writing. The author(s) read and approved the final 
manuscript.

Funding
No funding was received for the design of the study and collection, analysis 
and interpretation of data and in writing the manuscript.

Availability of data and materials
Data described in the manuscript were publicly available at CDC website: 
https://​www.​cdc.​gov/​nchs/​nhis/​data-​quest​ionna​ires-​docum​entat​ion.​htm.

Declarations

Ethics approval and consent to participate
Institutional Review Board (IRB) review was not required since the study relied 
on publicly available dataset.

Consent for publication
Not applicable.

Competing interests
The authors declared no potential conflicts of interest with respect to the 
research, authorship, and/or publication of this article.

Author details
1 Department of Epidemiology and Biostatistics, Indiana University Blooming-
ton, Bloomington, IN, USA. 

Received: 21 September 2022   Accepted: 16 January 2023

References
	1.	 Bickel G, Nord M, Price C, Hamilton W, Cook J. Guide to measuring house-

hold food security. Available from https://​naldc.​nal.​usda.​gov/​downl​oad/​
38369/​PDF. Accessed July 2022.

	2.	 Coleman-Jensen A, Rabbitt M, Gregory C, Singh A. Household Food Secu-
rity in the United States in 2020. https://​www.​ers.​usda.​gov/​publi​catio​ns/​
pub-​detai​ls/?​pubid=​102075. Accessed July 2022.

	3.	 Ziliak JP, Gundersen C. The state of senior hunger in 2020. https://​www.​
feedi​ngame​rica.​org/​sites/​defau​lt/​files/​2022-​05/​The%​20Sta​te%​20of%​
20Sen​ior%​20Hun​ger%​20in%​202020_​Full%​20Rep​ort%​20w%​20Cov​er.​pdf. 
Accessed Sept 2022.

	4.	 Coleman-Jensen A, Rabbitt M, Gregory C, Singh A. Household Food 
Security in the United States in 2021. https://​www.​ers.​usda.​gov/​webdo​
cs/​publi​catio​ns/​104656/​err-​309.​pdf. Accessed November 2022.

	5.	 United States Department of Health and Human Services. 2020 Profile of 
Older Americans. 2021. https://​acl.​gov/​sites/​defau​lt/​files/​Aging%​20and%​
20Dis​abili​ty%​20in%​20Ame​rica/​2020P​rofil​eOlde​rAmer​icans.​Final_.​pdf. 
Accessed Sept 2022.

	6.	 Nagata JM, Ganson KT, Whittle HJ. Food Insufficiency and Mental 
Health in the U.S. during the COVID-19 Pandemic. Am J Prev Med. 
2021;60(4):453–61. https://​doi.​org/​10.​1016/j.​amepre.​2020.​12.​004.

	7.	 Saha S, Behnke A, Oldewage-Theron W, Mubtasim N, Miller M. preva-
lence and factors associated with food insecurity among older adults 
in Sub-Saharan Africa: a systematic review. J Nutr Gerontol Geriatr. 
2021;40(4):171–96. https://​doi.​org/​10.​1080/​21551​197.​2021.​19880​27.

	8.	 Leijten FR, de Wind A, van den Heuvel SG, Ybema JF, van der Beek AJ, 
Robroek SJ, et al. The influence of chronic health problems and work-
related factors on loss of paid employment among older workers. J 
Epidemiol Community Health. 2015;69(11):1058–65. https://​doi.​org/​10.​
1136/​jech-​2015-​205719.

	9.	 Raifman J, Bor J, Venkataramani A. Unemployment insurance and food 
insecurity among people who lost employment in the wake of COVID-19. 
2021;4(1): e2035884. doi: https://​doi.​org/​10.​1101/​2020.​07.​28.​20163​618.

	10.	 Niles MT, Bertmann F, Belarmino EH, Wentworth T, Biehl E, Neff R. The 
early food insecurity impacts of COVID-19. Nutrients. 2020;12(7):2096. 
https://​doi.​org/​10.​3390/​nu120​72096.

	11.	 Tyagi S, Ganesan G, Subramaniam M, Abdin E, Vaingankar JA, Chua BY, 
et al. A prospective observational study exploring the association of 
comorbid chronic health conditions with total healthcare expenditure in 

https://doi.org/10.1186/s12889-023-15061-8
https://doi.org/10.1186/s12889-023-15061-8
https://www.cdc.gov/nchs/nhis/data-questionnaires-documentation.htm
https://naldc.nal.usda.gov/download/38369/PDF
https://naldc.nal.usda.gov/download/38369/PDF
https://www.ers.usda.gov/publications/pub-details/?pubid=102075
https://www.ers.usda.gov/publications/pub-details/?pubid=102075
https://www.feedingamerica.org/sites/default/files/2022-05/The%20State%20of%20Senior%20Hunger%20in%202020_Full%20Report%20w%20Cover.pdf
https://www.feedingamerica.org/sites/default/files/2022-05/The%20State%20of%20Senior%20Hunger%20in%202020_Full%20Report%20w%20Cover.pdf
https://www.feedingamerica.org/sites/default/files/2022-05/The%20State%20of%20Senior%20Hunger%20in%202020_Full%20Report%20w%20Cover.pdf
https://www.ers.usda.gov/webdocs/publications/104656/err-309.pdf
https://www.ers.usda.gov/webdocs/publications/104656/err-309.pdf
https://acl.gov/sites/default/files/Aging%20and%20Disability%20in%20America/2020ProfileOlderAmericans.Final_.pdf
https://acl.gov/sites/default/files/Aging%20and%20Disability%20in%20America/2020ProfileOlderAmericans.Final_.pdf
https://doi.org/10.1016/j.amepre.2020.12.004
https://doi.org/10.1080/21551197.2021.1988027
https://doi.org/10.1136/jech-2015-205719
https://doi.org/10.1136/jech-2015-205719
https://doi.org/10.1101/2020.07.28.20163618
https://doi.org/10.3390/nu12072096


Page 12 of 12Cai and Bidulescu ﻿BMC Public Health          (2023) 23:179 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

people with mental health conditions in an Asian setting. BMC Psychiatry. 
2022;22(1):203. https://​doi.​org/​10.​1186/​s12888-​022-​03827-0.

	12.	 Machlin SR, Soni A. Health care expenditures for adults with multiple 
treated chronic conditions: estimates from the Medical Expenditure Panel 
Survey, 2009. Prev Chronic Dis. 2013;10:E63. https://​doi.​org/​10.​5888/​
pcd10.​120172.

	13.	 Kirkland EB, Heincelman M, Bishu KG, Schumann SO, Schreiner A, Axon 
RN, Mauldin PD, Moran WP. Trends in healthcare expenditures among 
US adults with hypertension: National Estimates, 2003–2014. J Am Heart 
Assoc. 2018;7(11):e008731.

	14.	 Buttorff C, Ruder T, Bauman M. Multiple chronic conditions in the United 
States. https://​www.​rand.​org/​conte​nt/​dam/​rand/​pubs/​tools/​TL200/​
TL221/​RAND_​TL221.​pdf?%​3E. Accessed July 2022.

	15.	 Chenarides L, Manfredo M, Richards TJ. COVID-19 and food supply chains. 
Appl Econ Perspect Policy. 2021;43(1):270–9. https://​doi.​org/​10.​1002/​
aepp.​13085.

	16.	 Niles MT, Beavers AW, Clay LA, Dougan MM, Pignotti GA, Rogus S, et al. 
A multi-site analysis of the prevalence of food insecurity in the United 
States, before and during the COVID-19 Pandemic. Curr Dev Nutr. 
2021;5(12):nzab135. https://​doi.​org/​10.​1093/​cdn/​nzab1​35.

	17.	 Kalantari N, Eini-Zinab H, Ezzeddin N, Miri N. Household food insecurity 
scores are higher among adults infected with COVID-19: a cross-sectional 
online study among an iranian population. Int J Environ Sustain Dev. 
2021;6(4):1449–58.

	18.	 Zhang X, Wang F, Shen Y, Zhang X, Cen Y, Wang B, et al. Symptoms 
and health outcomes among survivors of COVID-19 infection 1 year 
after discharge from hospitals in Wuhan, China. JAMA Netw Open. 
2021;4(9):e2127403.

	19.	 DeMartino JK, Swallow E, Goldschmidt D, Yang K, Viola M, Radtke T, Kirson 
N. Direct health care costs associated with COVID-19 in the United States. 
J Manag Care Spec Pharm. 2022;28(9):936–47. https://​doi.​org/​10.​18553/​
jmcp.​2022.​22050.

	20.	 O’Driscoll M, Ribeiro Dos Santos G, Wang L, Cummings DAT, Azman AS, 
Paireau J, Fontanet A, Cauchemez S, Salje H. Age-specific mortality and 
immunity patterns of SARS-CoV-2. Nature. 2021;590(7844):140–5.

	21.	 2020 National Health Interview Survey (NHIS) Survey Description. 
National Center for Health Statistics. https://​ftp.​cdc.​gov/​pub/​Health_​
Stati​stics/​NCHS/​Datas​et_​Docum​entat​ion/​NHIS/​2020/​srvyd​esc-​508.​pdf. 
Accessed July 2022.

	22.	 Goodman RA, Posner SF, Huang ES, Parekh AK, Koh HK. Defining and 
measuring chronic conditions: imperatives for research, policy, program, 
and practice. Prev Chronic Dis. 2013;10:E66. https://​doi.​org/​10.​5888/​
pcd10.​120239.

	23.	 Boersma P, Black LI, Ward BW. Prevalence of Multiple Chronic Conditions 
Among US Adults, 2018. Prev Chronic Dis. 2020;17:E106. https://​doi.​org/​
10.​5888/​pcd17.​200130.

	24.	 Washington Group on Disability Statistics. Washington Group Short-Set 
on Functioning (WG-SS). https://​www.​washi​ngton​group-​disab​ility.​com/​
filea​dmin/​uploa​ds/​wg/​Docum​ents/​Quest​ions/​Washi​ngton_​Group_​
Quest​ionna​ire__​1_-_​WG_​Short_​Set_​on_​Funct​ioning.​pdf. Accessed 
July 2022.

	25.	 Keenan DP, Olson C, Hersey JC, Parmer SM. Measures of food insecurity/
security. J Nutr Educ. 2001;33(Suppl 1):S49–58. https://​doi.​org/​10.​1016/​
s1499-​4046(06)​60069-9.

	26.	 Singh AK, Gillies CL, Singh R, et al. Prevalence of co-morbidities and their 
association with mortality in patients with COVID-19: a systematic review 
and meta-analysis. Diabetes Obes Metab. 2020;22(10):1915–24. https://​
doi.​org/​10.​1111/​dom.​14124.

	27.	 Tarasuk V, Mitchell A, McLaren L, McIntyre L. Chronic physical and mental 
health conditions among adults may increase vulnerability to household 
food insecurity. J Nutr. 2013;143(11):1785–93. https://​doi.​org/​10.​3945/​jn.​
113.​178483.

	28.	 Jih J, Stijacic-Cenzer I, Seligman HK, Boscardin WJ, Nguyen TT, Ritchie CS. 
Chronic disease burden predicts food insecurity among older adults. 
Public Health Nutr. 2018;21(9):1737–42. https://​doi.​org/​10.​1017/​S1368​
98001​70040​62.

	29.	 Dou N, Xie D, Gao X, Palacios N, Falcon LM, Tucker KL, Na M. psychosocial 
risk factors for food insecurity in Puerto Ricans Living in the USA from 
baseline to 5-year follow-up. J Nutr. 2020;150(8):2199–203. https://​doi.​
org/​10.​1093/​jn/​nxaa1​77.

	30.	 Madden JM, Shetty PS, Zhang F, Briesacher BA, Ross-Degnan D, Soumerai 
SB, Galbraith AA. Risk factors associated with food insecurity in the medi-
care population. JAMA Intern Med. 2020;180(1):144–7. https://​doi.​org/​10.​
1001/​jamai​ntern​med.​2019.​3900.

	31.	 Choi SL, Men F. Food insecurity associated with higher COVID-19 infec-
tion in households with older adults. Public Health. 2021;200:7–14. 
https://​doi.​org/​10.​1016/j.​puhe.​2021.​09.​002.

	32.	 Feeding American. Hunger in America 2014. https://​www.​feedi​ngame​
rica.​org/​sites/​defau​lt/​files/​resea​rch/​hunger-​in-​ameri​ca/​hia-​2014-​execu​
tive-​summa​ry.​pdf. Accessed Sept 2022.

	33.	 Berkowitz SA, Seligman HK, Choudhry NK. Treat or eat: food insecu-
rity, cost-related medication underuse, and unmet needs. Am J Med. 
2014;127(4):303-310.e3. https://​doi.​org/​10.​1016/j.​amjmed.​2014.​01.​002.

	34.	 2021 Medication Access Report. https://​assets.​ctfas​sets.​net/​70w6f​tfzv4​je/​
5slQI​bN5Jq​uiQpu​BvRA7​yA/​f8b16​f6a0f​f1d57​591f5​0cc63​d0079​23/​CMM_​
77721_​Medic​ation​Acces​sRepo​rt21_​FINAL__​1_.​pdf. Accessed Sept 2022.

	35.	 Health Insurance Coverage in the United States: 2020. https://​www.​
census.​gov/​libra​ry/​publi​catio​ns/​2021/​demo/​p60-​274.​html. Accessed 
Sept 2022.

	36.	 Richard P, Walker R, Alexandre P. The burden of out of pocket costs and 
medical debt faced by households with chronic health conditions in the 
United States. PLoS One. 2018;13(6):e0199598.

	37.	 Te Vazquez J, Feng SN, Orr CJ, Berkowitz SA. Food insecurity and 
cardiometabolic conditions: a review of recent research. Curr Nutr Rep. 
2021;10(4):243–54. https://​doi.​org/​10.​1007/​s13668-​021-​00364-2.

	38.	 Beltrán S, Arenas DJ, Pharel M, Montgomery C, Lopez-Hinojosa I, DeLisser 
HM. Food insecurity, type 2 diabetes, and hyperglycaemia: a systematic 
review and meta-analysis. Endocrinol Diabetes Metab. 2022;5(1):e00315.

	39.	 Fang D, Thomsen MR, Nayga RM Jr. The association between food 
insecurity and mental health during the COVID-19 pandemic. BMC Public 
Health. 2021;21(1):607. https://​doi.​org/​10.​1186/​s12889-​021-​10631-0.

	40.	 Selvamani Y, Arokiasamy P. Association between food insecurity and 
perceived stress among older adults (50+) in six low- and middle-income 
countries. Aging Ment Health. 2021;26(12):1–9. https://​doi.​org/​10.​1080/​
13607​863.​2021.​19859​65.

	41.	 Leung CW, Wolfson JA. Food insecurity among older adults: 10-year 
national trends and associations with diet quality. J Am Geriatr Soc. 
2021;69(4):964–71. https://​doi.​org/​10.​1111/​jgs.​16971.

	42.	 Christian VJ, Miller KR, Martindale RG. Food insecurity, malnutrition, and 
the microbiome. Curr Nutr Rep. 2020;9(4):356–60. https://​doi.​org/​10.​
1007/​s13668-​020-​00342-0.

	43.	 Men F, Tarasuk V. Food insecurity amid the COVID-19 Pandemic: food 
charity, government assistance, and employment. Can Public Policy. 
2021;47(2):202–30. https://​doi.​org/​10.​3138/​cpp.​2021-​001.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1186/s12888-022-03827-0
https://doi.org/10.5888/pcd10.120172
https://doi.org/10.5888/pcd10.120172
https://www.rand.org/content/dam/rand/pubs/tools/TL200/TL221/RAND_TL221.pdf?%3E
https://www.rand.org/content/dam/rand/pubs/tools/TL200/TL221/RAND_TL221.pdf?%3E
https://doi.org/10.1002/aepp.13085
https://doi.org/10.1002/aepp.13085
https://doi.org/10.1093/cdn/nzab135
https://doi.org/10.18553/jmcp.2022.22050
https://doi.org/10.18553/jmcp.2022.22050
https://ftp.cdc.gov/pub/Health_Statistics/NCHS/Dataset_Documentation/NHIS/2020/srvydesc-508.pdf
https://ftp.cdc.gov/pub/Health_Statistics/NCHS/Dataset_Documentation/NHIS/2020/srvydesc-508.pdf
https://doi.org/10.5888/pcd10.120239
https://doi.org/10.5888/pcd10.120239
https://doi.org/10.5888/pcd17.200130
https://doi.org/10.5888/pcd17.200130
https://www.washingtongroup-disability.com/fileadmin/uploads/wg/Documents/Questions/Washington_Group_Questionnaire__1_-_WG_Short_Set_on_Functioning.pdf
https://www.washingtongroup-disability.com/fileadmin/uploads/wg/Documents/Questions/Washington_Group_Questionnaire__1_-_WG_Short_Set_on_Functioning.pdf
https://www.washingtongroup-disability.com/fileadmin/uploads/wg/Documents/Questions/Washington_Group_Questionnaire__1_-_WG_Short_Set_on_Functioning.pdf
https://doi.org/10.1016/s1499-4046(06)60069-9
https://doi.org/10.1016/s1499-4046(06)60069-9
https://doi.org/10.1111/dom.14124
https://doi.org/10.1111/dom.14124
https://doi.org/10.3945/jn.113.178483
https://doi.org/10.3945/jn.113.178483
https://doi.org/10.1017/S1368980017004062
https://doi.org/10.1017/S1368980017004062
https://doi.org/10.1093/jn/nxaa177
https://doi.org/10.1093/jn/nxaa177
https://doi.org/10.1001/jamainternmed.2019.3900
https://doi.org/10.1001/jamainternmed.2019.3900
https://doi.org/10.1016/j.puhe.2021.09.002
https://www.feedingamerica.org/sites/default/files/research/hunger-in-america/hia-2014-executive-summary.pdf
https://www.feedingamerica.org/sites/default/files/research/hunger-in-america/hia-2014-executive-summary.pdf
https://www.feedingamerica.org/sites/default/files/research/hunger-in-america/hia-2014-executive-summary.pdf
https://doi.org/10.1016/j.amjmed.2014.01.002
https://assets.ctfassets.net/70w6ftfzv4je/5slQIbN5JquiQpuBvRA7yA/f8b16f6a0ff1d57591f50cc63d007923/CMM_77721_MedicationAccessReport21_FINAL__1_.pdf
https://assets.ctfassets.net/70w6ftfzv4je/5slQIbN5JquiQpuBvRA7yA/f8b16f6a0ff1d57591f50cc63d007923/CMM_77721_MedicationAccessReport21_FINAL__1_.pdf
https://assets.ctfassets.net/70w6ftfzv4je/5slQIbN5JquiQpuBvRA7yA/f8b16f6a0ff1d57591f50cc63d007923/CMM_77721_MedicationAccessReport21_FINAL__1_.pdf
https://www.census.gov/library/publications/2021/demo/p60-274.html
https://www.census.gov/library/publications/2021/demo/p60-274.html
https://doi.org/10.1007/s13668-021-00364-2
https://doi.org/10.1186/s12889-021-10631-0
https://doi.org/10.1080/13607863.2021.1985965
https://doi.org/10.1080/13607863.2021.1985965
https://doi.org/10.1111/jgs.16971
https://doi.org/10.1007/s13668-020-00342-0
https://doi.org/10.1007/s13668-020-00342-0
https://doi.org/10.3138/cpp.2021-001

	The association between chronic conditions, COVID-19 infection, and food insecurity among the older US adults: findings from the 2020–2021 National Health Interview Survey
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Study sample and participants
	Measures of chronic conditions and COVID-19 infection
	Measures of food insecurity
	Covariates
	Statistical analysis

	Results
	Discussion
	Public health implications

	Acknowledgements
	References


