
 

 
 

BMJ Open is committed to open peer review. As part of this commitment we make the peer review 
history of every article we publish publicly available.  
 
When an article is published we post the peer reviewers’ comments and the authors’ responses online. 
We also post the versions of the paper that were used during peer review. These are the versions that 
the peer review comments apply to.  
 
The versions of the paper that follow are the versions that were submitted during the peer review 
process. They are not the versions of record or the final published versions. They should not be cited or 
distributed as the published version of this manuscript.  
 
BMJ Open is an open access journal and the full, final, typeset and author-corrected version of record of 
the manuscript is available on our site with no access controls, subscription charges or pay-per-view fees 
(http://bmjopen.bmj.com).  
 
If you have any questions on BMJ Open’s open peer review process please email 

info.bmjopen@bmj.com 

 on M
arch 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-054162 on 9 June 2022. D

ow
nloaded from

 

http://bmjopen.bmj.com/
info.bmjopen@bmj.com
http://bmjopen.bmj.com/


For peer review only
Association of food security with cardiometabolic health 
during young adulthood: Cross-sectional comparison of 
American Indian adults with other racial/ethnic groups

Journal: BMJ Open

Manuscript ID bmjopen-2021-054162

Article Type: Original research

Date Submitted by the 
Author: 08-Jun-2021

Complete List of Authors: Nikolaus, Cassandra; Washington State University - Spokane, Institute 
for Research and Education to Advance Community Health
Zamora-Kapoor, Anna; Washington State University
Hebert, Luciana; Washington State University - Spokane, Institute for 
Research and Education to Advance Community Health
Sinclair, Ka'imi; Washington State University - Spokane, Nursing

Keywords: General diabetes < DIABETES & ENDOCRINOLOGY, EPIDEMIOLOGY, 
NUTRITION & DIETETICS, PREVENTIVE MEDICINE, PUBLIC HEALTH

 

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open
 on M

arch 20, 2024 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2021-054162 on 9 June 2022. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only
I, the Submitting Author has the right to grant and does grant on behalf of all authors of the Work (as defined 
in the below author licence), an exclusive licence and/or a non-exclusive licence for contributions from authors 
who are: i) UK Crown employees; ii) where BMJ has agreed a CC-BY licence shall apply, and/or iii) in accordance 
with the terms applicable for US Federal Government officers or employees acting as part of their official 
duties; on a worldwide, perpetual, irrevocable, royalty-free basis to BMJ Publishing Group Ltd (“BMJ”) its 
licensees and where the relevant Journal is co-owned by BMJ to the co-owners of the Journal, to publish the 
Work in this journal and any other BMJ products and to exploit all rights, as set out in our licence.

The Submitting Author accepts and understands that any supply made under these terms is made by BMJ to 
the Submitting Author unless you are acting as an employee on behalf of your employer or a postgraduate 
student of an affiliated institution which is paying any applicable article publishing charge (“APC”) for Open 
Access articles. Where the Submitting Author wishes to make the Work available on an Open Access basis (and 
intends to pay the relevant APC), the terms of reuse of such Open Access shall be governed by a Creative 
Commons licence – details of these licences and which Creative Commons licence will apply to this Work are set 
out in our licence referred to above. 

Other than as permitted in any relevant BMJ Author’s Self Archiving Policies, I confirm this Work has not been 
accepted for publication elsewhere, is not being considered for publication elsewhere and does not duplicate 
material already published. I confirm all authors consent to publication of this Work and authorise the granting 
of this licence. 

Page 1 of 27

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on M
arch 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-054162 on 9 June 2022. D

ow
nloaded from

 

https://authors.bmj.com/wp-content/uploads/2018/11/BMJ_Journals_Combined_Author_Licence_2018.pdf
http://creativecommons.org/
http://bmjopen.bmj.com/


For peer review only

1

TITLE

Association of food security with cardiometabolic health during young adulthood: Cross-

sectional comparison of American Indian adults with other racial/ethnic groups

AUTHORS

Cassandra J. Nikolaus, PhD; Anna Zamora-Kapoor, PhD; Luciana E. Hebert, PhD; Ka`imi 

Sinclair, PhD, MPH

AFFILIATIONS

Institute for Research and Education to Advance Community Health, Washington State 

University (CJN, AZ-K, LEH, KS) 

Elson S Floyd College of Medicine, Washington State University (AZ-K, LEH) 

Department of Sociology, Washington State University (AZ-K, LEH)

College of Nursing, Washington State University (KS)

CORRESPONDING AUTHOR

Cassandra Nikolaus; Cassandra.Nikolaus@wsu.edu; 206-708-8621

FUNDING SUPPORT

This work was directly supported by the Center for American Indian and Alaska Native 

Diabetes Translation Research, through a grant from the National Institute of Diabetes and 

Digestive and Kidney Diseases (P30DK092923). This research uses data from Add Health, a 

program project designed by J. Richard Udry, Peter S. Bearman, and Kathleen Mullan Harris, 

and funded by a grant P01-HD31921 from the Eunice Kennedy Shriver National Institute of 

Page 2 of 27

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on M
arch 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-054162 on 9 June 2022. D

ow
nloaded from

 

mailto:Cassandra.Nikolaus@wsu.edu
http://bmjopen.bmj.com/


For peer review only

2

Child Health and Human Development, with cooperative funding from 17 other agencies. No 

direct support was received from grant P01-HD31921 for this analysis. 

DATA SHARING STATEMENT

Data described in the manuscript, code book, and analytic code will not be made available 

because of relevant restrictions in the research staff’s data use contract with the Carolina 

Population Center at the University of North Carolina. 

WORD COUNT

3,804 / 4000

Page 3 of 27

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on M
arch 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-054162 on 9 June 2022. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only

3

1 ABSTRACT

2 Objectives. Our aim was to assess the cross-sectional associations between food insecurity and 

3 cardiometabolic health indicators in American Indian young adults compared to non-Hispanic 

4 white, Black, Asian or Pacific Islander, and Hispanic young adults.

5 Design. Data from the fourth wave of the National Longitudinal Study of Adolescent to Adult 

6 Health (Add Health) were used. Variables included a self-assessed measure of risk of food 

7 insecurity, indicators of cardiometabolic health (body mass index, hemoglobin A1c, blood 

8 pressure), and sociodemographic characteristics. Multivariable regression models were used to 

9 assess the association of risk of food insecurity with cardiometabolic health, while controlling for 

10 sociodemographic variables. All analyses were weighted and accounted for complex survey 

11 design.

12 Participants. The analytical sample of n=12,799 included mostly non-Hispanic white 

13 respondents (n=7,900), followed by n=2,666 Black, n=442 American Indian, n=848 Asian or 

14 Pacific Islander, and n=943 Hispanic.

15 Results. Risk of food insecurity was more common among respondents who were female, Black, 

16 American Indian, had lower educational attainment, and were classified as having obesity or 

17 diabetes. In unadjusted models, risk of food insecurity was significantly associated with greater 

18 odds of obesity (OR=1.39; 95% CI=1.20, 1.60) and diabetes (OR=1.61; 95% CI=1.23, 2.11). 

19 After adjusting for sociodemographic factors, only the association between risk of food 

20 insecurity and obesity remained (OR=1.19; 95% CI=1.03, 1.38). Relationships among risk of 

21 food insecurity, sociodemographic characteristics, and obesity or diabetes varied across models 

22 stratified by race and ethnicity.
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23 Conclusions. Results suggest that elevated risk of food insecurity is present in young American 

24 Indian adults, but its relationship with cardiometabolic health is unclear. Future work should 

25 capitalize on longitudinal data and the United States Department of Agriculture’s Food Security 

26 Survey Modules.

27 ABSTRACT WORD COUNT

28 272 / 300

29 KEYWORDS

30 Native American; American Indian; Alaska Native; African American; Black; Hispanic; chronic 

31 disease; health disparities; Add Health

32

33 ARTICLE SUMMARY

34 Strengths and limitations of this study

35 - The current study is the first to characterize food insecurity in American Indian young adults

36 - The analyses are strengthened by the use of objective measures with anthropometric and blood 

37 assessments to characterize cardiometabolic health

38 - The single item measure of food insecurity required a cautious interpretation of respondents’ as 

39 being at risk of food insecurity

40 - The analyses rely on one cross-sectional wave of data collection from the Add Health study, so 

41 causality cannot be inferred 
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42 BACKGROUND

43 Diet-sensitive cardiometabolic diseases are some of the leading causes of morbidity and 

44 mortality in the U.S., with heart disease and diabetes accounting for over 25% of deaths in 2017 

45 (1). Annual healthcare costs incurred by patients to treat and manage heart disease and diabetes 

46 are substantial (2, 3). Further, both diseases are associated with an average loss of over 10 

47 quality-adjusted life years (4). Though heart disease and diabetes are a consequence of 

48 physiological and metabolic changes in the body, racial and ethnic disparities in the burden of 

49 these diseases (5, 6) are a product of structural and intermediary social determinants of health 

50 (7).

51 Social determinants of health comprise the “complex circumstances in which individuals 

52 are born and live that impact their health” (8). One such determinant is food insecurity, defined 

53 as insufficient financial resources to access enough nutritious foods for all members of a 

54 household (9). In 2019, an estimated 11% of U.S. households experienced food insecurity (9). 

55 The COVID-19 pandemic has exacerbated food insecurity in the U.S. (10), which rose to 15% 

56 prevalence in 2020 (11). It is theorized that food insecurity has a cyclic relationship with chronic 

57 diseases, wherein coping responses and stress experienced as a result of food insecurity increase 

58 chronic disease risk. Subsequent disease treatment costs then perpetuate financial hardships, 

59 further amplifying food insecurity risk (12). Empirical evidence supports the relationship of food 

60 insecurity to chronic disease development (13), poor disease self-management (14), greater 

61 healthcare costs (15, 16), and premature mortality (17, 18). 

62 Disparities in food insecurity across racial and ethnic groups are not well characterized. 

63 Although the annual report on U.S. food security consistently indicates that food insecurity is 

64 more prevalent in households led by Hispanic or Black, non-Hispanic adults when compared to 
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65 households led by White, non-Hispanic adults (9), this report lacks detailed racial or ethnic 

66 disparities data, as American Indian, Alaska Native, Native Hawaiian, Pacific Islander, and 

67 Asian respondents are grouped together under a single “Other, non-Hispanic” category.

68 American Indian people face unique historic and sociocultural influences that impact 

69 their lived experiences and community prevalence of social determinants of health (19, 20). As 

70 an example, forced relocation away from traditional lands and reliance on highly processed 

71 government food commodity programs have had irreversible ramifications on American Indian 

72 food systems (21). Yet, data that captures how these forces might impact contemporary food 

73 insecurity is sparse. American Indian people continue to be regularly omitted or misclassified in 

74 federal, state, and local data collection and reports (22). A handful of independent researchers 

75 have characterized food insecurity prevalence among American Indian or Alaska Native-led 

76 households (23-26). An even smaller subset of studies have assessed the relationship of food 

77 insecurity to chronic diseases in samples of American Indian respondents, with mixed findings 

78 on the associations of food insecurity with obesity, diabetes, and hypertension (27-29). However, 

79 these studies often rely on small regional samples and self-report of physician diagnoses, which 

80 can introduce biases related to healthcare access and healthcare utilization, as well as recall. To 

81 date, no study has characterized food insecurity in American Indian young adults or examined 

82 the associations between food insecurity and cardiometabolic health outcomes in this age group 

83 by racial and ethnic classification.

84 The objective of the current study was to assess the cross-sectional relationships between 

85 food insecurity and diet-sensitive cardiometabolic risk factors in American Indian young adults 

86 in comparison with non-Hispanic white, Black, Asian or Pacific Islander, and Hispanic 

87 participants. The authors hypothesized that risk of food insecurity would be associated with 
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88 poorer cardiometabolic health and that this association would vary by race and ethnicity of 

89 respondents. The present analyses use data from The National Longitudinal Study of Adolescent 

90 to Adult Health (Add Health), which has previously been employed to assess food insecurity and 

91 obesity, stratified by sex but not by race (30). 

92 METHODS

93 Data Source

94 Add Health is a nationally representative cohort study conducted by the Carolina 

95 Population Center at the University of North Carolina-Chapel Hill (31). Respondents were 

96 recruited as adolescents in grades 7-12 (n=20,745) at 80 schools during the 1994-1995 academic 

97 year. To date, respondents have completed five waves of longitudinal data collection to explore 

98 various determinants of health, health-related behaviors, and health outcomes. During each wave 

99 of data collection, respondents complete different biometric and survey assessments. More 

100 details about Add Health and its methodology can be found elsewhere (32).

101 The current study relied primarily on information from the Wave 4 data collection in 

102 2008-2009, when cohort members were 24-32 years old, as this is the only wave that included a 

103 measure of food insecurity. Over 80% of the original sample (n=15,701) participated in Wave 4 

104 (33). Data collection included a 90-minute computer-based survey and a 30-minute home-based 

105 assessment of anthropometric, blood pressure, and blood spot biomarker measurements collected 

106 by trained field staff. Sociodemographic survey data collected during Wave 1 data collection in 

107 1994-1995 supplemented the Wave 4 data.

108 Measures

109 Food insecurity
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110 Food insecurity was based on respondent answers to the following question: “In the past 

111 12 months, was there a time when you were (your household was) worried whether food would 

112 run out before you would get money to buy more?” Responses of “yes” were considered at risk 

113 of food insecurity and responses of “no” were considered not at risk of food insecurity. This item 

114 is derived from similar, lengthier, more sensitive, and more specific items in the United States 

115 Department of Agriculture’s Food Security Survey Module (34). Interpretation of the responses 

116 to signify “risk of food insecurity” in lieu of a more definitive metric of food insecurity aligns 

117 with other abbreviated food insecurity screening tools, such as the 2-item screener that is 

118 recommended for use in healthcare settings (35). 

119 Cardiometabolic health

120 Trained field staff collected measures of cardiometabolic health, including a) Body Mass 

121 Index (BMI), b) glucose homeostasis, and c) blood pressure (36, 37). Respondents’ body weight 

122 was measured to the nearest 0.1 kg. Height was assessed to the nearest 0.5 cm. BMI was 

123 calculated based on weight (kg) divided by height (m) squared. BMI values were classified as 

124 underweight (<18.5 kg/m2), normal weight (18.5 to <25 kg/m2), overweight (25 to <30 kg/m2), 

125 and obese (≥30 kg/m2). For analyses, these classifications were collapsed to obese or not obese. 

126 Glucose homeostasis was evaluated based on blood glucose (mg/dL) and hemoglobin A1c (%), 

127 determined from assays of dried blood spots. These measures were then used to classify 

128 participants as having no diabetes, pre-diabetes, or diabetes. Participants were classified as 

129 having prediabetes if their hemoglobin A1c levels were 5.7-6.4% or a their fasting blood glucose 

130 level was 100-125 mg/dL, but they did not meet the criteria for having diabetes. Participants 

131 were classified as having diabetes if they had hemoglobin A1c ≥6.5%, fasting glucose >125 

132 mg/dL, a self-reported history of diabetes, or self-reported use of diabetes medication. 
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133 Three blood pressure readings were acquired for each participant. Measures of systolic 

134 and diastolic blood pressure (mmHg) were derived by averaging the second and third readings, 

135 or the first was used if only one reading was completed. Systolic and diastolic values were used 

136 to classify each participant’s blood pressure as normal (<120 mmHg systolic and <80 mmHg 

137 diastolic), pre-hypertensive (120-139 mmHg systolic or 80-89 mmHg diastolic), or hypertensive 

138 (≥140 mmHg systolic or ≥90 mmHg diastolic). 

139  Sociodemographic characteristics

140 Participants’ sociodemographic characteristics were derived from survey questions 

141 administered in Wave 1 and Wave 4 data collection periods. Wave 1 items included an 

142 assessment of biological sex (female or male), race (white; Black or African American; 

143 American Indian or Native American; Asian or Pacific Islander; and other) and ethnicity (yes/no 

144 response regarding Hispanic or Latino origin). If participants selected more than one race, they 

145 were assigned to a single racial and ethnic category in the following order: American Indian, 

146 Black, Asian or Pacific Islander, Hispanic, and non-Hispanic white. The intent was to maximize 

147 the representation of racial and ethnic minorities (38). Age of participants was calculated in years 

148 by taking the difference between the month and year of birth recorded during Wave 1 and the 

149 month and year of the Wave 4 survey administration. Wave 4 surveys included assessments of 

150 household size (number of people living with the participant), education (less than high school; 

151 completion of high school or a GED; some college; or a Bachelor’s degree or more), 

152 employment (yes/no response to working 10 or more hours per week for pay), household annual 

153 income (less than $15,000; $15,000 to $29,999; $30,000 to $50,999; $50,000 to $74,999; 

154 $75,0000 or more; missing), tobacco smoking (yes/no response to smoking cigarette(s) during 
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155 any of the past 30 days), and alcohol use (yes/no response to consuming one or more alcoholic 

156 beverage(s) during any of the past 30 days). 

157 Statistical Analyses

158 Descriptive statistics were calculated for risk of food insecurity, cardiometabolic health 

159 indicators, and sociodemographic characteristics using frequencies and proportions for 

160 categorical variables and means and standard deviations for continuous variables. Logistic 

161 multivariable regression models were used to estimate the associations between cardiometabolic 

162 health indicators and risk of food insecurity. Two models were created for each cardiometabolic 

163 health indicator. The unadjusted model included the cardiometabolic health indicator as the 

164 dependent variable and risk of food insecurity as the only independent variable. The adjusted 

165 model additionally included sociodemographic characteristics. Both models were fit in the full 

166 sample and then stratified by race for participants with no missing data on variables of interest. 

167 Given that cardiometabolic health indicators are highly correlated, no multiple comparisons 

168 adjustments were made (39). All statistical analyses accounted for the complex sampling strategy 

169 and were conducted in Stata/MP (version 15.0, StataCorp, College Station, Texas, 2016), with 

170 the significance level set at alpha=0.05. The protocols described were deemed as not human 

171 subject research by the Washington State University Institutional Review Board, given that there 

172 was no interaction by researchers with identifiable data.

173 Patient and Public Involvement 

174 No patient involved.

175 RESULTS

176 Of the 15,701 respondents who participated in Wave 4 data collection, 2,902 

177 observations were removed from the sample because they lacked survey weights (n=901) or 
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178 were missing values for cardiometabolic health indicators (n=1,290 A1c; n=346 blood pressure; 

179 n=121 BMI) or sociodemographic characteristics (n=104 race or ethnicity; n=103 tobacco 

180 smoking; n=22 alcohol use; n=7 household size; n=4 employment; n=3 risk of food insecurity; 

181 n=1 education). The result was a final analytical sample of n=12,799. The sample included 

182 approximately equal representations of sexes (female=50%). Most respondents were non-

183 Hispanic white (n=7,900), with n=2,666 Black, n=442 American Indian, n=848 Asian or Pacific 

184 Islander, and n=943 Hispanic. Across all participants, prehypertension was the most common 

185 indicator of poor cardiometabolic health (48%), followed by obesity (37%), overweight (30%), 

186 prediabetes (30%), hypertension (19%), and diabetes (6%). Risk of food insecurity was reported 

187 by 11% of participants and was related to differences across many sociodemographic and 

188 cardiometabolic health variables, including sex, race or ethnicity, education, income, 

189 employment, tobacco/alcohol use, weight, and glucose outcomes (not shown). Risk of food 

190 insecurity was not significantly associated with prediabetes (p=0.54), prehypertension (p=0.45), 

191 or hypertension (p=0.52) in bivariate comparisons, so was not further assessed in multivariable 

192 models. Further, almost 10% of income data was missing so this variable was not included in 

193 multivariable models.

194 Characteristics related to risk of food insecurity and/or cardiometabolic health indicators 

195 were descriptively compared across racial and ethnic groups (Table 1). Educational attainment 

196 varied across groups with almost half of Asian or Pacific Islander respondents attaining a 

197 bachelor’s degree or more, in contrast with a sixth of Hispanic respondents. Tobacco and alcohol 

198 use in the prior 30 days also varied across racial and ethnic groups, with the highest prevalence 

199 of tobacco use occurring among American Indian respondents (46%) and highest prevalence of 

200 alcohol use occurring among non-Hispanic white respondents (65%). Obesity was the most 
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201 prevalent among Black respondents (45%) and least common among Asian or Pacific Islander 

202 respondents (26%). Diabetes was the most prevalent among Black respondents (15%), followed 

203 by American Indian respondents (12%) and Hispanic respondents (9%). 

204 Table 2 shows the results of logistic regression models predicting obesity by risk of food 

205 insecurity in unadjusted and adjusted models among all participants and stratified by racial and 

206 ethnic groups. In unadjusted models, risk of food insecurity was associated with significantly 

207 greater odds of obesity in all participants (OR=1.39; 95% CI=1.20, 1.60), as well as in models 

208 restricted to non-Hispanic white (OR=1.35; 95% CI=1.12, 1.63) and Asian or Pacific Islander 

209 (OR=3.20; 95% CI=1.11, 9.22) respondents. After adjusting for sociodemographic 

210 characteristics, risk of food insecurity was only significantly associated with increased odds of 

211 obesity in the model including all respondents (OR=1.19; 95% CI=1.03, 1.38). In contrast, risk 

212 of food insecurity was not significantly associated with obesity in models restricted to a single 

213 racial or ethnic group after adjustment for sociodemographic characteristics. Sociodemographic 

214 characteristics, including race or ethnicity, were significantly related to increased odds of obesity 

215 in the model including all respondents. The relationships between sociodemographic 

216 characteristics and odds of obesity varied across models restricted to a single racial or ethnic 

217 group; for example, female respondents had significantly greater odds of obesity (OR=2.07; 95% 

218 CI=1.64, 2.61) in the model restricted to Black respondents. 

219 Table 3 shows the results of logistic regression models estimating the association 

220 between diabetes and risk of food insecurity in unadjusted and adjusted models among all 

221 participants and stratified by racial or ethnic groups. In unadjusted models, risk of food 

222 insecurity was significantly associated with increased odds of diabetes in the model including all 

223 participants (OR=1.61; 95% CI=1.23, 2.11) and in the model restricted to non-Hispanic white 
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224 respondents (OR=2.13; 95% CI=1.45, 3.13). When adjusting for sociodemographic 

225 characteristics, risk of food insecurity remained significantly associated with greater odds of 

226 diabetes only in the model restricted to non-Hispanic white respondents (OR=1.90; 95% 

227 CI=1.29, 2.80). Similar to models of obesity, models of diabetes showed a significant 

228 relationship between sociodemographic characteristics, including race and ethnicity, and odds of 

229 diabetes in the model including all respondents. Likewise, relationships between 

230 sociodemographic characteristics and odds of diabetes varied across models stratified by race 

231 and ethnicity. As an example, age was significantly related to greater odds of diabetes (OR=1.30; 

232 95% CI=1.11, 1.53) in the model restricted to Asian or Pacific Islander respondents.

233  DISCUSSION

234 The aim of this study was to assess the relationship of food insecurity to cardiometabolic 

235 health indicators in young adults and to compare these relationships among American Indian 

236 respondents with other racial and ethnic groups. In support of the hypothesis that risk of food 

237 insecurity would be associated with poorer cardiometabolic health, both obesity and diabetes 

238 were observed to be associated with risk of food insecurity. Further, we characterized variation 

239 across racial and ethnic groups in the prevalence of risk of food insecurity and indicators of poor 

240 cardiometabolic health as well as differences in identifiable relationships between risk of food 

241 insecurity and health indicators. Broadly, the results align with the evidence that the expected 

242 dietary changes that food insecure individuals or households enact to cope with insufficent 

243 resources are related to phsyical health differences (12, 40-42), and provide new detail about 

244 how this relationship manifests across racially and ethnically diverse young adults.

245 Data collected during Wave 4 of Add Health assessments provide a glimpse of food 

246 insecurity risk and cardiometabolic health issues already present during young adulthood. Eleven 
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247 percent of young adults reported being at risk of food insecurity in the present sample, which is 

248 lower than the prevalence of food insecurity (15-16%) in households led by adults 21-30 years 

249 old assessed in the 2011-2015 Current Population Survey (43). This difference in prevalence is 

250 unexpected, given that Wave 4 of Add Health occurred during the Great Recession and the 

251 elevated prevalence of food insecurity among the general population during that same time 

252 period (9). Therefore, the sample may differ in unobserved ways from the general young adult 

253 population in the U.S. The characterization of risk of food insecurity concurred with prior 

254 findings with respect to its relationships with sociodemographic characteristics, including 

255 income, education, employment, race or ethnicity, and tobacco use (9, 44, 45). However, in 

256 contrast to prior research, alcohol use was less prevalent among young adults at risk of food 

257 insecurity in the present sample (44, 46). The descriptive analyses of cardiometabolic health 

258 indicators revealed that indicators of poor cardiometabolic health are prevalent in young 

259 adulthood, with overweight or obesity impacting over two-thirds of respondents and 

260 prehypertension or hypertension prevalent among over half of the sample. However, these 

261 indicators varied by race or ethnicity, with Black and American Indian participants most likely to 

262 report obesity and/or diabetes. These disparities may be related to differences in the distribution 

263 of sociodemographic characteristics across racial and ethnic groups in the present study or in 

264 behavioral pattern differences reported in other analyses of Add Health’s Wave 4 data (47, 48). 

265 In both unadjusted and adjusted models, risk of food insecurity was significantly 

266 associated with obesity among respondents. Prior findings have also identified this relationship 

267 between food insecurity and weight, but predominantly among women (30, 42, 49). In studies 

268 similarly focused on young adults but did not rely on Add Health data, analyses of this 

269 relationship have largely yielded non-significant results (50-52). However, this may be due to the 
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270 exclusive use of samples of college students in several studies (50, 51). When analyses were 

271 stratified by race in the present work, obesity was predicted by risk of food insecurity only in 

272 models restricted to non-Hispanic white and Asian or Pacific Islander respondents. However, the 

273 estimates in Asian or Pacific Islander respondents had a wide confidence interval ranging from 

274 one to over a nine-fold odds increase, which may reflect the heterogenous sociocultural and 

275 ethnic backgrounds within this group (53). Further, the findings of a relationship between obesity 

276 and risk of food insecurity stratified by race did not persist after adjusting for sociodemographic 

277 characteristics, indicating this relationship may have served as a proxy for other variables, such 

278 as education, household size, or tobacco and alcohol use. 

279 Our examination of the relationship between risk of food insecurity and diabetes found 

280 the two factors to be related in unadjusted models. However, after adjusting for 

281 sociodemographic variables, race or ethnicity, age, education, and substance use predicted 

282 diabetes in the full sample while risk of food insecurity did not. Research has previously 

283 identified age and gender as two important factors impacting the relationship of food insecurity 

284 to diabetes (54). In models stratified by race or ethnicity in the present study, risk of food 

285 insecurity was related to greater odds of diabetes, even after controlling for sociodemographic 

286 characteristics, only among non-Hispanic white respondents. Low prevalence of diabetes in the 

287 overall sample paired with limited sample sizes for racial and ethnic groups other than non-

288 Hispanic white respondents may explain the lack of identified relationships between risk of food 

289 insecurity and diabetes.

290 In adjusted models stratified by race and ethnicity, risk of food insecurity did not predict 

291 obesity or diabetes for most groups in the present study, including American Indian respondents, 

292 who were the primary group of interest. There are a number of reasons that may explain the 
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293 absence of findings for specific racial or ethnic groups in models controlling for 

294 sociodemographic factors. First, race or ethnicity may not interact with the relationship between 

295 risk of food insecurity and cardiometabolic health outcomes. Alternatively, however, there may 

296 be an interaction, but the effect may be small. The limited sample sizes for some groups, such as 

297 the less than 500 American Indian respondents, may have provided insufficient power to detect 

298 small effects. Further, some sociodemographic characteristics such as education exhibit limited 

299 variation, and thus small cell counts, within racial and ethnic groups. In addition, because all 

300 respondents were young adults, even though they exhibited many indicators of poor 

301 cardiometabolic health, the prevalence was relatively low compared to what would be expected 

302 in older adults. A final factor that may have limited our power to observe relationships between 

303 risk of food insecurity and cardiometabolic health outcomes is the reliance on a single question 

304 to identify risk of food insecurity. Though evidence suggests this single item has 93% sensitivity 

305 and 85% specificity when compared with the full 18-item Food Security Survey Module, validity 

306 evidence was not established for many of the racial and ethnic groups of interest in the present 

307 study (34, 35). Scholars have noted potential concerns with the use of established food insecurity 

308 questions among American Indian or Alaska Native respondents (21, 28, 55). 

309 Despite an absence of identified relationships between risk food insecurity and obesity or 

310 diabetes in most stratified models in the present study, our results showed variation in 

311 relationships between sociodemographic factors and cardiometabolic health outcomes across 

312 racial or ethnic groups. For example, sex was a significant predictor of obesity only among Black 

313 respondents whereas tobacco smoking was associated with lower odds of obesity among 

314 American Indian respondents and with higher odds of obesity among Asian or Pacific Islander 
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315 respondents. These findings warrant additional study to replicate and investigate directionality of 

316 relationships with additional longitudinal data. 

317 The present study is not without limitations. The analyses rely on one cross-sectional 

318 wave of data collection from the Add Health study, so causality cannot be inferred. In addition, 

319 as previously noted, assessment of food insecurity was based on a one-item measure. Though 

320 evidence supports this measure’s comparability with full surveys of food insecurity, it is possible 

321 that households may have been misclassified with respect to food insecurity. Thus, affirmative 

322 responses to the one-item measure must be interpreted with caution as indicative of risk of food 

323 insecurity. This interpretation does not afford the nuance that can be provided by data from the 

324 10- or 18-item Food Security Survey Modules, which can classify a household into one of four 

325 distinct food security categories (34). An additional concern related to categorization involves 

326 potential racial or ethnic misclassification, as Asian or Pacific Islander respondents were 

327 identified under a single aggregate term, precluding unique identification of Native Hawaiians or 

328 Pacific Islanders. Researchers have noted unique socioeconomic and cultural characteristics that 

329 warrant disaggregation of this data (53), and estimates of statistics in the present study for the 

330 group aggregated as Asian or Pacific Islanders often produced wide confidence interval ranges. 

331 Finally, almost 10% of income data was missing in the present sample and this factor was not 

332 included in multivariable models. Despite these limitations, this study has made a contribution to 

333 the literature on food insecurity and American Indian health by characterizing risk of food 

334 insecurity during young adulthood and comparing the relationships between risk of food 

335 insecurity and cardiometabolic health indicators by race and ethnicity.

336 Conclusion
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337 Findings from this study contribute to the larger literature suggesting that food insecurity 

338 is related to physical health. The present data further extend the research by providing evidence 

339 of these relationships in early adulthood. Further, results highlight inequities experienced across 

340 racial and ethnic groups in prevalence of risk of food insecurity, household sociodemographic 

341 characteristics, and indicators of poor cardiometabolic health. American Indian young adults 

342 exhibited elevated prevalence of risk of food insecurity and poor cardiometabolic health, but it is 

343 unclear how these experiences may be related. Future studies should replicate these analyses 

344 with longitudinal data and/or utilize the full 10- or 18-item Food Security Survey Modules. 

345 Generating additional evidence about how food insecurity and impaired cardiometabolic health 

346 manifest in various racial and ethnic groups will be important to inform relevant food and health-

347 related policies and programs. 

348

349 ACKNOWLEDGMENTS 

350 This research uses data from Add Health, a program project designed by J. Richard Udry, 

351 Peter S. Bearman, and Kathleen Mullan Harris, and funded by a grant P01-HD31921 from the 

352 Eunice Kennedy Shriver National Institute of Child Health and Human Development, with 

353 cooperative funding from 17 other agencies. Special acknowledgment is due Ronald R. Rindfuss 

354 and Barbara Entwisle for assistance in the original design. Persons interested in obtaining Data 

355 Files from Add Health should contact Add Health, The University of North Carolina at Chapel 

356 Hill, Carolina Population Center, Carolina Square, Suite 210, 123 W. Franklin Street, Chapel 

357 Hill, NC 27516 (addhealth_contracts@unc.edu). No direct support was received from grant P01-

358 HD31921 for this analysis. 

Page 19 of 27

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on M
arch 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-054162 on 9 June 2022. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only

19

359 This work was directly supported by the Center for American Indian and Alaska Native 

360 Diabetes Translation Research, through a grant from the National Institute of Diabetes and 

361 Digestive and Kidney Diseases (P30DK092923). The content of this manuscript is solely the 

362 responsibility of the authors and does not necessarily represent the official views of the National 

363 Institutes of Health.

364 None of the authors declare conflicts of interest or financial benefit from the results of 

365 this study. CJN, AZ-K and KS designed research; CJN and LH analyzed data; CJN wrote paper. 

366 All authors read and approved the final manuscript.

Page 20 of 27

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on M
arch 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-054162 on 9 June 2022. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only

20

Table 1. Sociodemographic characteristics of participants in the study sample by race or ethnicity group

Non-Hispanic 
White Black American Indian Asian or Pacific 

Islander Hispanic

Characteristic (n=7,900) (n=2,666) (n=442) (n=848) (n=943)
Age, years, mean (SE) 28.78 (0.13) 29.06 (0.21) 28.64 (0.19) 28.96 (0.29) 28.94 (0.24)
Sex
   Female, % (95% CI) 49.89 (48.28, 51.50) 52.50 (49.29, 55.70) 50.58 (44.35, 56.79) 49.43 (43.53, 55.34) 48.81 (43.87, 53.77)
Education level

Less than high school 
degree, % (95% CI) 7.77 (6.55, 9.19) 11.89 (9.32, 15.06) 16.64 (11.57, 23.36) 2.31 (1.28, 4.15) 15.28 (11.60, 19.86)

High school degree, % 
(95% CI) 20.09 (18.07, 22.27) 25.40 (21.08, 30.26) 24.50 (16.52, 34.73) 13.75 (7.97, 22.69) 24.61 (19.95, 29.94)

Some college, % (95% CI) 39.99 (37.98, 42.03) 41.58 (37.98, 45.27) 39.37 (33.4, 45.67) 35.31 (29.68, 41.38) 44.19 (38.17, 50.39)
Bachelor's degree or more, 
% (95% CI) 32.16 (28.58, 35.96) 21.13 (16.43, 26.74) 19.48 (13.57, 27.17) 48.63 (38.53, 58.84) 15.92 (12.78, 19.66)

Household size, individuals, 
mean (SE) 3.07 (0.04) 3.71 (0.13) 3.48 (0.8) 3.61 (0.21) 3.77 (0.12)

Smokes tobacco
   Yes, % (95% CI) 41.16 (39.05, 43.30) 33.16 (29.11, 37.48) 46.10 (38.45, 53.94) 29.55 (23.95, 35.84) 34.22 (29.23, 39.59)
Drinks alcohol
   Yes, % (95% CI) 64.95 (62.62, 67.20) 49.99 (46.60, 53.39) 63.79 (58.40, 68.86) 57.66 (51.56, 63.54) 53.91 (48.20, 59.51)
Health outcomes

Obese, % (95% CI) 35.34 (33.50, 37.22) 45.27 (42.43, 48.15) 42.58 (34.68, 50.88) 25.97 (18.39, 35.32) 43.83 (38.79, 49.01)
Diabetes, % (95% CI) 4.48 (3.88, 5.16) 14.93 (13.02, 17.07) 12.23 (8.20, 17.85) 4.85 (2.52, 9.15) 8.77 (6.34, 12.00)
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Table 2. Association of obesity with risk of food insecurity, in unadjusted and multivariable logistic regression models

All Participants Non-Hispanic 
White Black American Indian Asian or Pacific 

Islander Hispanic

(n=12,799)A (n=7,900) (n=2,666) (n=442) (n=848) (n=943)
Risk of food insecurity, 
unadjusted 1.39 (1.20, 1.60)*** 1.35 (1.12, 1.63)** 1.16 (0.88, 1.53) 0.94 (0.50, 1.78) 3.20 (1.11, 9.22)* 1.85 (0.96, 3.58)

Risk of food insecurity 1.19 (1.03, 1.38)* 1.19 (0.98, 1.45) 1.06 (0.82, 1.39) 0.99 (0.47, 2.07) 2.09 (0.61, 7.16) 1.71 (0.89, 3.28)
Age 1.03 (1.00, 1.06) 1.04 (1.00, 1.08)* 0.96 (0.91, 1.03) 1.02 (0.88, 1.19) 1.25 (1.05, 1.48)* 1.06 (0.92, 1.22)
Sex:A Female 1.08 (0.96, 1.21) 0.97 (0.85, 1.09) 2.07 (1.64, 2.61)*** 0.89 (0.47, 1.68) 0.74 (0.38, 1.44) 1.04 (0.64, 1.69)
Education:B High school 1.07 (0.88, 1.31) 1.12 (0.88, 1.44) 1.08 (0.67, 1.74) 1.59 (0.51, 4.97) 0.24 (0.07, 0.84)* 0.74 (0.44, 1.25)
Education: Some college 1.11 (0.92, 1.33) 1.21 (0.97, 1.51) 1.00 (0.63, 1.58) 0.93 (0.33, 2.65) 0.21 (0.06, 0.71)* 0.78 (0.41, 1.51)
Education: Bachelor's 
degree or more 0.61 (0.50, 0.75)*** 0.59 (0.47, 0.75)*** 0.88 (0.58, 1.35) 0.72 (0.22, 2.44) 0.18 (0.04, 0.73)* 0.48 (0.20, 1.17)
Household size 1.07 (1.03, 1.11)** 1.08 (1.03, 1.13)** 1.01 (0.92, 1.10) 1.14 (0.97, 1.33) 1.21 (1.09, 1.34)*** 1.03 (0.91, 1.15)
Tobacco Smoking: Yes 0.73 (0.66, 0.82)*** 0.70 (0.62, 0.80)*** 0.84 (0.65, 1.07) 0.42 (0.23, 0.78)** 1.73 (1.04, 2.88)* 0.96 (0.63, 1.46)
Alcohol Intake: Yes 0.76 (0.68, 0.85)*** 0.72 (0.62, 0.83)*** 0.87 (0.66, 1.14) 0.75 (0.40, 1.40) 1.19 (0.69, 2.08) 0.92 (0.63, 1.33)
Race or Ethnicity:C Black 1.29 (1.14, 1.45)*** -- -- -- -- --
Race or Ethnicity: 
American Indian 1.23 (0.89, 1.70) -- -- -- -- --

Race or Ethnicity: Asian 
or Pacific Islander 0.63 (0.42, 0.94)* -- -- -- -- --

Race or Ethnicity: 
Hispanic 1.20 (0.96, 1.49) -- -- -- -- --

Note. Abbreviations include OR: Odds Ratio, and CI: Confidence Interval. All estimates are shown for risk of obesity relative to all other weight categories. P-
values are denoted as * for <0.05, ** for <0.01, and *** for <0.001. A Relative to Male. B Relative to Less than High School. C Relative to Non-Hispanic white.
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Table 3. Association of diabetes with risk of food insecurity, in unadjusted and multivariable logistic regression models

All Participants Non-Hispanic 
White Black American Indian Asian or Pacific 

Islander Hispanic

(n=12,799)A (n=7,900) (n=2,666) (n=442) (n=848) (n=943)
Risk of food insecurity, 
unadjusted 1.61 (1.23, 2.11)** 2.13 (1.45, 3.13)*** 0.99 (0.63, 1.57) 0.33 (0.07, 1.50) 2.35 (0.96, 5.73) 0.60 (0.23, 1.54)

Risk of food insecurity 1.26 (0.94, 1.69) 1.90 (1.29, 2.80)** 0.99 (0.62, 1.57) 0.27 (0.05, 1.40) 2.46 (0.77, 7.84) 0.53 (0.19, 1.45)
Age 1.06 (1.01, 1.12)* 1.10 (1.01, 1.19)* 1.03 (0.94, 1.13) 0.96 (0.70, 1.31) 1.30 (1.11, 1.53)** 1.03 (0.87, 1.21)
Sex:A Female 0.96 (0.78, 1.17) 1.04 (0.79, 1.38) 0.83 (0.67, 1.04) 0.91 (0.39, 2.15) 0.87 (0.36, 2.07) 1.00 (0.49, 2.06)
Education:B High school 1.04 (0.73, 1.49) 1.33 (0.80, 2.20) 0.77 (0.44, 1.34) 1.04 (0.27, 4.04) 0.63 (0.08, 4.92) 1.26 (0.36, 4.39)
Education: Some college 0.75 (0.55, 1.02) 0.90 (0.55, 1.45) 0.58 (0.40, 0.84)** 0.42 (0.10, 1.75) 0.20 (0.01, 3.10) 1.77 (0.55, 5.70)
Education: Bachelor's 
degree or more 0.52 (0.36, 0.74)*** 0.57 (0.33, 0.99)* 0.53 (0.34, 0.84)** 0.26 (0.05, 1.43) 0.20 (0.03, 1.54) 0.62 (0.16, 2.47)
Household size 0.97 (0.92, 1.03) 1.00 (0.93, 1.09) 0.93 (0.82, 1.06) 1.09 (0.92, 1.28) 0.64 (0.50, 0.83)** 1.02 (0.79, 1.32)
Tobacco Smoking: Yes 0.79 (0.64, 0.97)* 0.76 (0.57, 1.03) 0.73 (0.47, 1.14) 0.77 (0.35, 1.70) 0.51 (0.20, 1.30) 1.07 (0.46, 2.51)
Alcohol Intake: Yes 0.82 (0.67, 0.99)* 0.78 (0.60, 1.02) 0.87 (0.63, 1.22) 0.85 (0.37, 1.93) 1.05 (0.30, 3.65) 0.71 (0.35, 1.44)
Race or Ethnicity:C 
Black 3.28 (2.62, 4.12)*** -- -- -- -- --

Race or Ethnicity: 
American Indian 2.80 (1.76, 4.46)*** -- -- -- -- --

Race or Ethnicity: Asian 
or Pacific Islander 1.18 (0.60, 2.29) -- -- -- -- --

Race or Ethnicity: 
Hispanic 1.82 (1.25, 2.66)** -- -- -- -- --

Note. Abbreviations include OR: Odds Ratio, and CI: Confidence Interval. All estimates are shown for risk of obesity relative to all other weight categories. 
P-values are denoted as * for <0.05, ** for <0.01, and *** for <0.001. A Relative to Male. B Relative to Less than High School. C Relative to Non-Hispanic 
white.
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1 ABSTRACT

2 Objectives. Our aim was to assess the cross-sectional associations between food insecurity and 

3 cardiometabolic health indicators in American Indian young adults compared to non-Hispanic 

4 white, Black, Asian or Pacific Islander, and Hispanic young adults.

5 Design. Data from the fourth wave of the National Longitudinal Study of Adolescent to Adult 

6 Health (Add Health) were used. Variables included a self-assessed measure of risk of food 

7 insecurity, indicators of cardiometabolic health (body mass index, hemoglobin A1c, blood 

8 pressure), and sociodemographic characteristics. Multivariable regression models were used to 

9 assess the association of risk of food insecurity with cardiometabolic health, while controlling for 

10 sociodemographic variables. All analyses were weighted and accounted for complex survey 

11 design.

12 Participants. The analytical sample of n=12,799 included mostly non-Hispanic white 

13 respondents (n=7,900), followed by n=2,666 Black, n=442 American Indian, n=848 Asian or 

14 Pacific Islander, and n=943 Hispanic.

15 Results. Risk of food insecurity was more common among respondents who were female, Black, 

16 American Indian, had lower educational attainment, and were classified as having obesity or 

17 diabetes. In unadjusted models, risk of food insecurity was significantly associated with greater 

18 odds of obesity (OR=1.39; 95% CI=1.20, 1.60) and diabetes (OR=1.61; 95% CI=1.23, 2.11). 

19 After adjusting for sociodemographic factors [age, sex, education, income, household size, 

20 tobacco smoking, alcohol intake, and race/ethnicity], only the association between risk of food 

21 insecurity and obesity remained (OR=1.19; 95% CI=1.03, 1.38). Relationships among risk of 
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22 food insecurity, sociodemographic characteristics, and obesity or diabetes varied across models 

23 stratified by race and ethnicity.

24 Conclusions. Results suggest that elevated risk of food insecurity is present in young American 

25 Indian adults, but its relationship with cardiometabolic health is unclear. Future work should 

26 capitalize on longitudinal data and the United States Department of Agriculture’s Food Security 

27 Survey Modules.

28 ABSTRACT WORD COUNT

29 284 / 300

30 KEYWORDS

31 Native American; American Indian; Alaska Native; African American; Black; Hispanic; chronic 

32 disease; health disparities; Add Health

33

34 ARTICLE SUMMARY

35 Strengths and limitations of this study

36 - The current study is the first to characterize food insecurity in American Indian young adults

37 - The analyses are strengthened by the use of objective measures with anthropometric and blood 

38 assessments to characterize cardiometabolic health

39 - The single item measure of food insecurity required a cautious interpretation of respondents’ as 

40 being at risk of food insecurity
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41 - The analyses rely on one cross-sectional wave of data collection from the Add Health study, so 

42 causality cannot be inferred 
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43 BACKGROUND

44 Diet-sensitive cardiometabolic diseases are some of the leading causes of morbidity and 

45 mortality in the U.S., with heart disease and diabetes accounting for over 25% of deaths in 2017 

46 (1). Annual healthcare costs incurred by patients to treat and manage heart disease and diabetes 

47 are substantial (2, 3). Further, both diseases are associated with an average loss of over 10 

48 quality-adjusted life years (4). Though heart disease and diabetes are a consequence of 

49 physiological and metabolic changes in the body, racial and ethnic disparities in the burden of 

50 these diseases (5, 6) are a product of structural and intermediary social determinants of health 

51 (7).

52 Social determinants of health comprise the “complex circumstances in which individuals 

53 are born and live that impact their health” (8). One such determinant is food insecurity, defined 

54 as insufficient financial resources to access enough nutritious foods for all members of a 

55 household (9). In 2019, an estimated 11% of U.S. households experienced food insecurity (9). 

56 The COVID-19 pandemic has exacerbated food insecurity in the U.S. (10), which rose to 15% 

57 prevalence in 2020 (11). It is theorized that food insecurity has a cyclic relationship with chronic 

58 diseases, wherein coping responses and stress experienced as a result of food insecurity increase 

59 chronic disease risk. Subsequent disease treatment costs then perpetuate financial hardships, 

60 further amplifying food insecurity risk (12). Empirical evidence supports the relationship of food 

61 insecurity to chronic disease development (13), poor disease self-management (14), greater 

62 healthcare costs (15, 16), and premature mortality (17, 18). 

63 Disparities in food insecurity across racial and ethnic groups are not well characterized. 

64 Although the annual report on U.S. food security consistently indicates that food insecurity is 

65 more prevalent in households led by Hispanic or Black, non-Hispanic adults when compared to 
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66 households led by White, non-Hispanic adults (9), this report lacks detailed racial or ethnic 

67 disparities data, as American Indian, Alaska Native, Native Hawaiian, Pacific Islander, and 

68 Asian respondents are grouped together under a single “Other, non-Hispanic” category. 

69 Moreover, recent research reports that known risk factors for cardiometabolic health, such as 

70 overweight and obesity, have different effects across racial/ethnic groups. Asian adults have been 

71 found to have a higher likelihood of disease and early death with lower levels of overweight and 

72 obesity than non-Hispanic White and non-Hispanic Black adults (19, 20). Similarly, non-

73 Hispanic Blacks are more likely to become hypertensive than their non-Hispanic White and 

74 Hispanic counterparts, even after adjusting for current and birth weight (21). This research 

75 program stresses the need to continue examining risk factors for cardiometabolic health using 

76 race-stratified models. 

77 American Indian people face unique historic and sociocultural influences that impact 

78 their lived experiences and community prevalence of social determinants of health (22, 23). As 

79 an example, forced relocation away from traditional lands and reliance on highly processed 

80 government food commodity programs have had irreversible ramifications on American Indian 

81 food systems (24). Yet, data that captures how these forces might impact contemporary food 

82 insecurity is sparse. American Indian people continue to be regularly omitted or misclassified in 

83 federal, state, and local data collection and reports (25). A handful of independent researchers 

84 have characterized food insecurity prevalence among American Indian or Alaska Native-led 

85 households (26-29). An even smaller subset of studies have assessed the relationship of food 

86 insecurity to chronic diseases in samples of American Indian respondents (30-32). In a sample of 

87 American Indian adults in rural Oklahoma, adults reporting experiences of food insecurity were 

88 more likely to report height and weight values considered obese as well as that they had been 
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89 told by a doctor, nurse, or other health professional that they had diabetes or high blood pressure 

90 (31). However, food insecurity was not related to obesity when assessed among American Indian 

91 or Alaska Native adults in the California Health Interview Survey (30) or related to being told by 

92 a healthcare provider that they had high blood pressure or diabetes in a sample of American 

93 Indian adults recruited in the Midwest (32). However, these studies often rely on small regional 

94 samples and self-report among respondents that they were provided diagnoses by healthcare 

95 providers, which can introduce biases related to healthcare access and healthcare utilization, as 

96 well as recall. To date, no study has characterized food insecurity in American Indian young 

97 adults or examined the associations between food insecurity and cardiometabolic health 

98 outcomes in this age group by racial and ethnic classification.

99 The objective of the current study was to assess the cross-sectional relationships between 

100 food insecurity and diet-sensitive cardiometabolic risk factors in American Indian young adults 

101 in comparison with non-Hispanic white, Black, Asian or Pacific Islander, and Hispanic 

102 participants. The authors hypothesized that risk of food insecurity would be associated with 

103 poorer cardiometabolic health and that this association would vary by race and ethnicity of 

104 respondents. The present analyses use data from The National Longitudinal Study of Adolescent 

105 to Adult Health (Add Health), which has previously been employed to assess food insecurity and 

106 obesity, stratified by sex but not by race (33). 

107 METHODS

108 Data Source

109 Add Health is a nationally representative cohort study conducted by the Carolina 

110 Population Center at the University of North Carolina-Chapel Hill (34). Respondents were 

111 recruited as adolescents in grades 7-12 (n=20,745) at 80 schools during the 1994-1995 academic 
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112 year. To date, respondents have completed five waves of longitudinal data collection to explore 

113 various determinants of health, health-related behaviors, and health outcomes. During each wave 

114 of data collection, respondents complete different biometric and survey assessments. Written 

115 informed consent was collected at each wave of data collection. Ethical review and approval of 

116 these protocols was provided by the Institutional Review Board (IRB) on Research Involving 

117 Human Subjects at the University of North Carolina at Chapel Hill. More details about Add 

118 Health and its methodology can be found elsewhere (35).

119 The current study relied primarily on information from the Wave 4 data collection in 

120 2008-2009, when cohort members were 24-32 years old, as this is the only wave that included a 

121 measure of food insecurity. Over 80% of the original sample (n=15,701) participated in Wave 4 

122 (36). Data collection included a 90-minute computer-based survey and a 30-minute home-based 

123 assessment of anthropometric, blood pressure, and blood spot biomarker measurements collected 

124 by trained field staff. Sociodemographic survey data collected during Wave 1 data collection in 

125 1994-1995 supplemented the Wave 4 data.

126 Measures

127 Food insecurity

128 Food insecurity was based on respondent answers to the following question: “In the past 

129 12 months, was there a time when you were (your household was) worried whether food would 

130 run out before you would get money to buy more?” Responses of “yes” were considered at risk 

131 of food insecurity and responses of “no” were considered not at risk of food insecurity. This item 

132 is derived from similar, lengthier, more sensitive, and more specific items in the United States 

133 Department of Agriculture’s Food Security Survey Module (37). Interpretation of the responses 

134 to signify “risk of food insecurity” in lieu of a more definitive metric of food insecurity aligns 
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135 with other abbreviated food insecurity screening tools, such as the 2-item screener that is 

136 recommended for use in healthcare settings (38). 

137 Cardiometabolic health

138 Trained field staff collected measures of cardiometabolic health, including a) Body Mass 

139 Index (BMI), b) glucose homeostasis, and c) blood pressure (39, 40). Respondents’ body weight 

140 was measured to the nearest 0.1 kg. Height was assessed to the nearest 0.5 cm. BMI was 

141 calculated based on weight (kg) divided by height (m) squared. BMI values were classified as 

142 underweight (<18.5 kg/m2), normal weight (18.5 to <25 kg/m2), overweight (25 to <30 kg/m2), 

143 and obese (≥30 kg/m2). For analyses, these classifications were collapsed to obese or not obese. 

144 Glucose homeostasis was evaluated based on blood glucose (mg/dL) and hemoglobin A1c (%), 

145 determined from assays of dried blood spots. These measures were then used to classify 

146 participants as having no diabetes, pre-diabetes, or diabetes. Participants were classified as 

147 having prediabetes if their hemoglobin A1c levels were 5.7-6.4% or a their fasting blood glucose 

148 level was 100-125 mg/dL, but they did not meet the criteria for having diabetes. Participants 

149 were classified as having diabetes if they had hemoglobin A1c ≥6.5%, fasting glucose >125 

150 mg/dL, a self-reported history of diabetes, or self-reported use of diabetes medication. 

151 Three blood pressure readings were acquired for each participant. Measures of systolic 

152 and diastolic blood pressure (mmHg) were derived by averaging the second and third readings, 

153 or the first was used if only one reading was completed. Systolic and diastolic values were used 

154 to classify each participant’s blood pressure as normal (<120 mmHg systolic and <80 mmHg 

155 diastolic), pre-hypertensive (120-139 mmHg systolic or 80-89 mmHg diastolic), or hypertensive 

156 (≥140 mmHg systolic or ≥90 mmHg diastolic). 

157  Sociodemographic characteristics
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158 Participants’ sociodemographic characteristics were derived from survey questions 

159 administered in Wave 1 and Wave 4 data collection periods. Wave 1 items included an 

160 assessment of biological sex (female or male), race (white; Black or African American; 

161 American Indian or Native American; Asian or Pacific Islander; and other) and ethnicity (yes/no 

162 response regarding Hispanic or Latino origin). If participants selected more than one race, they 

163 were assigned to a single racial and ethnic category in the following order: American Indian, 

164 Black, Asian or Pacific Islander, Hispanic, and non-Hispanic white. The intent was to maximize 

165 the representation of racial and ethnic minorities (41). Age of participants was calculated in years 

166 by taking the difference between the month and year of birth recorded during Wave 1 and the 

167 month and year of the Wave 4 survey administration. Wave 4 surveys included assessments of 

168 household size (number of people living with the participant), education (less than high school; 

169 completion of high school or a GED; some college; or a Bachelor’s degree or more), 

170 employment (yes/no response to working 10 or more hours per week for pay), household annual 

171 income (less than $15,000; $15,000 to $29,999; $30,000 to $50,999; $50,000 to $74,999; 

172 $75,0000 or more; missing), tobacco smoking (yes/no response to smoking cigarette(s) during 

173 any of the past 30 days), and alcohol use (yes/no response to consuming one or more alcoholic 

174 beverage(s) during any of the past 30 days). 

175 Statistical Analyses

176 Descriptive statistics were calculated for risk of food insecurity, cardiometabolic health 

177 indicators, and sociodemographic characteristics using frequencies and proportions for 

178 categorical variables and means and standard deviations for continuous variables. Logistic 

179 multivariable regression models were used to estimate the associations between cardiometabolic 

180 health indicators and risk of food insecurity. All cardiometabolic health indicators were treated 
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181 as binary with obesity compared to all other weight categories, diabetes compared to no diabetes, 

182 and hypertension compared to no hypertension. For the full sample, two models were created for 

183 each cardiometabolic health indicator. The unadjusted model included the cardiometabolic health 

184 indicator as the dependent variable and risk of food insecurity as the only independent variable. 

185 The adjusted model additionally included sociodemographic characteristics [age, sex, education, 

186 household size, tobacco smoking, alcohol intake, and race/ethnicity] and an interaction term for 

187 race and food insecurity. If this interaction term indicated that the relationship of food insecurity 

188 with the cardiometabolic health indicator varied by race, adjusted models stratified by race were 

189 built for participants with no missing data on variables of interest. Given that cardiometabolic 

190 health indicators are highly correlated, no multiple comparisons adjustments were made (42). All 

191 statistical analyses accounted for the complex sampling strategy by incorporating sampling 

192 weights for the Wave 4 data collection and identifying the primary sampling units and strata to 

193 adjust for stratification and oversampling of underrepresented groups. All analyses were 

194 conducted in Stata/MP (version 15.0, StataCorp, College Station, Texas, 2016), with the 

195 significance level set at alpha=0.05. The protocols described were deemed as not human subject 

196 research by the Washington State University Institutional Review Board, given that there was no 

197 interaction by researchers with identifiable data.

198 Patient and Public Involvement 

199 No patient involved.

200 RESULTS

201 Of the 15,701 respondents who participated in Wave 4 data collection, 2,902 

202 observations were removed from the sample because they lacked survey weights (n=901) or 

203 were missing values for cardiometabolic health indicators (n=1,290 A1c; n=346 blood pressure; 
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204 n=121 BMI) or sociodemographic characteristics (n=104 race or ethnicity; n=103 tobacco 

205 smoking; n=22 alcohol use; n=7 household size; n=4 employment; n=3 risk of food insecurity; 

206 n=1 education). The result was a final analytical sample of n=12,799. The sample included 

207 approximately equal representations of sexes (female=50%). Most respondents were non-

208 Hispanic white (n=7,900), followed by n=2,666 Black, n=943 Hispanic, n=848 Asian or Pacific 

209 Islander, and n=442 American Indian. Across all participants, prehypertension was the most 

210 common indicator of poor cardiometabolic health (48%), followed by obesity (37%), overweight 

211 (30%), prediabetes (30%), hypertension (19%), and diabetes (6%). Risk of food insecurity was 

212 reported by 11% of participants and was related to differences across many sociodemographic 

213 and cardiometabolic health variables, including sex, race or ethnicity, education, income, 

214 employment, tobacco/alcohol use, weight, and glucose outcomes (not shown). Risk of food 

215 insecurity was not significantly associated with prediabetes (p=0.54), prehypertension (p=0.45), 

216 or hypertension (p=0.52) in bivariate comparisons, so was not further assessed in multivariable 

217 models. 

218 Characteristics related to risk of food insecurity and/or cardiometabolic health indicators 

219 were descriptively compared across racial and ethnic groups (Table 1). Educational attainment 

220 varied across groups with almost half of Asian or Pacific Islander respondents attaining a 

221 bachelor’s degree or more, in contrast with a sixth of Hispanic respondents. Tobacco and alcohol 

222 use in the prior 30 days also varied across racial and ethnic groups, with the highest prevalence 

223 of tobacco use occurring among American Indian respondents (46%) and highest prevalence of 

224 alcohol use occurring among non-Hispanic white respondents (65%). Obesity was the most 

225 prevalent among Black respondents (45%) and least common among Asian or Pacific Islander 
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226 respondents (26%). Diabetes was the most prevalent among Black respondents (15%), followed 

227 by American Indian respondents (12%) and Hispanic respondents (9%). 

228 Table 2 shows the results of logistic regression models predicting obesity by risk of food 

229 insecurity in unadjusted and adjusted models among all participants. In unadjusted models, risk 

230 of food insecurity was associated with significantly greater odds of obesity in all participants 

231 (OR=1.39; 95% CI=1.20, 1.60). After adjusting for sociodemographic characteristics [age, sex, 

232 education, income, household size, tobacco smoking, alcohol intake, and race/ethnicity], risk of 

233 food insecurity was no longer significantly associated with increased odds of obesity (OR=1.15; 

234 95% CI=0.96, 1.39). Black respondents had significantly greater odds (OR=1.29; 95% CI=1.13, 

235 1.48) and Asian or Pacific Islander respondents had significantly lower odds (OR=0.59; 95% 

236 CI=0.38, 0.93) of obesity when compared to Non-Hispanic white respondents in the adjusted 

237 model. However, the interaction term of food insecurity and race/ethnicity in the adjusted model 

238 predicting obesity was not significant, so stratified models for each race/ethnicity were not 

239 analyzed. 

240 Table 3 shows the results of logistic regression models estimating the association 

241 between diabetes and risk of food insecurity in unadjusted and adjusted models among all 

242 participants. In unadjusted models, risk of food insecurity was significantly associated with 

243 increased odds of diabetes in the model including all participants (OR=1.61; 95% CI=1.23, 

244 2.11). When adjusting for sociodemographic characteristics [age, sex, education, income, 

245 household size, tobacco smoking, alcohol intake, and race/ethnicity], risk of food insecurity 

246 remained significantly associated with greater odds of diabetes (OR=1.89; 95% CI=1.28, 2.79). 

247 Race and ethnicity were also significantly associated with diabetes in the adjusted model, with 

248 Black (OR=3.63; 95% CI=2.87, 4.58), American Indian (OR=3.77; 95% CI=2.37, 5.98), and 
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249 Hispanic (OR=2.13; 95% CI=1.40, 3.23) respondents at greater odds of diabetes when compared 

250 to non-Hispanic white respondents. The interaction term between risk of food insecurity and race 

251 or ethnicity was also significant, with Black (OR=0.47; 95% CI=0.25, 0.90), American Indian 

252 (OR=0.16; 95% CI=0.03, 0.73), and Hispanic (OR=0.28; 95% CI=0.09, 0.82) respondents who 

253 reported risk of food insecurity at lower odds of diabetes when compared to Non-Hispanic white 

254 respondents who did not report risk of food insecurity. Table 4 shows the results of logistic 

255 regression models estimating the association between diabetes and risk of food insecurity in 

256 unadjusted and adjusted models stratified by race and/or ethnicity. Risk of food insecurity was 

257 significantly related to odds of diabetes only in the models restricted to non-Hispanic white 

258 respondents (unadjusted OR=2.13; 95% CI=1.45, 3.13 and adjusted OR=1.82; 95% CI=1.19, 

259 2.76). 

260  DISCUSSION

261 The aim of this study was to assess the relationship of food insecurity to cardiometabolic 

262 health indicators in young adults and to compare these relationships among American Indian 

263 respondents with other racial and ethnic groups. In support of the hypothesis that risk of food 

264 insecurity would be associated with poorer cardiometabolic health, diabetes was observed to be 

265 associated with risk of food insecurity even after adjusting for sex, age, race/ethnicity, household 

266 size, education, income, tobacco use, and alcohol use. Further, we characterized variation across 

267 racial and ethnic groups in the prevalence of risk of food insecurity and indicators of poor 

268 cardiometabolic health and found differences in identifiable relationships between risk of food 

269 insecurity and diabetes during young adulthood. Broadly, the results align with the evidence that 

270 the expected dietary changes that food insecure individuals or households enact to cope with 

271 insufficent resources are related to physical health differences (12, 43-45), and provide new 
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272 indications about how this relationship manifests across racially and ethnically diverse young 

273 adults.

274 Data collected during Wave 4 of Add Health assessments provide a glimpse of food 

275 insecurity risk and cardiometabolic health issues already present during young adulthood. Eleven 

276 percent of young adults reported being at risk of food insecurity in the present sample, which is 

277 lower than the prevalence of food insecurity (15-16%) in households led by adults 21-30 years 

278 old assessed in the 2011-2015 Current Population Survey (46). This difference in prevalence is 

279 unexpected, given that Wave 4 of Add Health occurred during the Great Recession and the 

280 elevated prevalence of food insecurity among the general population during that same time 

281 period (9). Therefore, the sample may differ in unobserved ways from the general young adult 

282 population in the U.S. The characterization of risk of food insecurity concurred with prior 

283 findings with respect to its relationships with sociodemographic characteristics, including 

284 income, education, employment, race or ethnicity, and tobacco use (9, 47, 48). However, in 

285 contrast to prior research, alcohol use was less prevalent among young adults at risk of food 

286 insecurity in the present sample (47, 49). The descriptive analyses of cardiometabolic health 

287 indicators revealed that indicators of poor cardiometabolic health are prevalent in young 

288 adulthood, with overweight or obesity impacting over two-thirds of respondents and 

289 prehypertension or hypertension prevalent among over half of the sample. However, these 

290 indicators varied by race or ethnicity, with Black and American Indian participants most likely to 

291 report obesity and/or diabetes. These disparities may be related to differences in the distribution 

292 of sociodemographic characteristics across racial and ethnic groups in the present study or in 

293 behavioral pattern differences reported in other analyses of Add Health’s Wave 4 data (50, 51). 
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294 Risk of food insecurity was significantly associated with obesity among respondents, but 

295 this relationship did not hold after adjusting for sociodemographic characteristics. Prior studies 

296 have also found that food insecurity is related to greater odds of being overweight and/or obese, 

297 but similarly to the current study, this relationship either dissipates when adjusted for other 

298 characteristics or is retained only for female respondents (33, 45, 52). One exception to this was 

299 a study focused on older adults, which found food insecurity was related to overweight or obesity 

300 even after controlling for related characteristics (53). Few prior studies assessing the relationship 

301 of food insecurity and obesity have focused on young adults. In a prior analysis of the Add 

302 Health data, food insecurity was associated with greater BMI values among female young adults 

303 even after adjusting for sociodemographic characteristics (33). Differences in prior findings and 

304 the current results may have resulted from the prediction of obesity instead of continuous BMI 

305 values, but when models were stratified by sex with continuous BMI as the outcomes no 

306 differences in significant results were identified (not shown). Thus, differences may have 

307 resulted from different sociodemographic control variables and/or inclusion criteria. Notably, in 

308 studies similarly focused on young adults but did not rely on Add Health data, analyses of this 

309 relationship have largely yielded non-significant results (54-56). However, these studies often 

310 exclusively recruit college students (54, 55). The current results largely align with prior studies 

311 of food insecurity and obesity among young adults, but the population sampled, inclusion 

312 criteria, and sociodemographic variables used as controls may lead to variation in results. 

313 Our examination of the relationship between risk of food insecurity and diabetes found 

314 they were related when the overall sample was assessed, but findings were not consistent in 

315 models stratified by race/ethnicity. Counterintuitively, interaction terms in the model also 

316 indicated that respondents reporting risk of food insecurity and race/ethnicity of Black, American 
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317 Indian, or Hispanic were less likely to report diabetes in comparison to those who were both non-

318 Hispanic white and reported no risk of food insecurity. This interaction term and the lack of 

319 relationships between risk of food insecurity and diabetes among American Indian, Hispanic, and 

320 Black respondents was counter to expectations. Prior literature has demonstrated elevated 

321 prevalence of both food insecurity and diabetes in many of these racial/ethnic groups (57) and 

322 studies restricted to Hispanic (58) and American Indian (31) respondents have indicated diabetes 

323 is related to food insecurity. These differences may have been driven by prior studies including 

324 predominantly middle-aged and/or older adults or measurement errors and sample size biases, 

325 which are discussed further below. In the present analyses’ stratified models, risk of food 

326 insecurity was related to greater odds of diabetes only among non-Hispanic white respondents. 

327 However, these findings align with the trends in the literature on food insecurity and diabetes 

328 which support a relationship between prevalence of diabetes as well as poorer glycemic control, 

329 but prior studies rely on samples that are predominantly non-Hispanic white or do not 

330 disaggregate findings by racial/ethnic groups (14). 

331 There are a number of reasons that may explain the counterintuitive interaction and 

332 subsequent absence of findings for specific racial or ethnic groups. The limited sample sizes for 

333 racial/ethnic groups other than non-Hispanic white may have provided insufficient power to 

334 detect small effects. Further, some characteristics exhibited limited variation, and thus small cell 

335 counts, within racial/ethnic groups. In addition, because all respondents were young adults, even 

336 though they exhibited many indicators of poor cardiometabolic health, the prevalence was 

337 relatively low compared to what would be expected in older adults. For example, when 

338 restricting the sample to only American Indian, Asian or Pacific Islander, or Hispanic 

339 respondents, the number of individuals reporting both risk of food insecurity and diabetes was 
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340 <20 for each group. In models adjusting for various sociodemographic characteristics, 

341 parameters are estimated using limited datasets and may identify relationships, or lack thereof, 

342 based on restricted samples which may not reflect their larger populations. A final factor that 

343 may have limited our power to observe relationships between risk of food insecurity and 

344 cardiometabolic health outcomes is potential measurement error resulting from the reliance on a 

345 single question to identify risk of food insecurity. Though evidence suggests this single item has 

346 93% sensitivity and 85% specificity when compared with the full 18-item Food Security Survey 

347 Module, validity evidence was not established for many of the racial and ethnic groups of 

348 interest in the present study (37, 38). Scholars have noted potential concerns with the use of 

349 established food insecurity questions among American Indian or Alaska Native respondents (24, 

350 31, 59). However, the estimates in Asian or Pacific Islander respondents had wide confidence 

351 intervals, which may reflect the heterogenous sociocultural and ethnic backgrounds within this 

352 group (60). It is also possible that findings are not a result of measurement errors or sampling 

353 issues. It is possible that the interaction of food insecurity with race/ethnicity indicates 

354 underlying differences in how food insecurity is experienced, and coping responses enacted by 

355 various racial/ethnic groups in the U.S., which warrants additional study to extend these analyses 

356 and investigate directionality of relationships with additional longitudinal data. 

357 The present study is not without limitations. The analyses rely on one cross-sectional 

358 wave of data collection from the Add Health study, so causality cannot be inferred. In addition, 

359 as previously noted, assessment of food insecurity was based on a one-item measure. Though 

360 evidence supports this measure’s comparability with full surveys of food insecurity, it is possible 

361 that households may have been misclassified with respect to food insecurity. Thus, affirmative 

362 responses to the one-item measure must be interpreted with caution as indicative of risk of food 
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363 insecurity. This interpretation does not afford the nuance that can be provided by data from the 

364 10- or 18-item Food Security Survey Modules, which can classify a household into one of four 

365 distinct food security categories (37). An additional concern related to categorization involves 

366 potential racial or ethnic misclassification, as Asian or Pacific Islander respondents were 

367 identified under a single aggregate term, precluding unique identification of Native Hawaiians or 

368 Pacific Islanders. Researchers have noted unique socioeconomic and cultural characteristics that 

369 warrant disaggregation of this data (60), and estimates of statistics in the present study for the 

370 group aggregated as Asian or Pacific Islanders often produced wide confidence interval ranges. 

371 Finally, almost 10% of income data was missing in the present sample. However, in lieu of 

372 listwise deletion of exclusion of this factor from multivariable models, missing values were 

373 treated as a response category for income. Despite these limitations, this study has made a 

374 contribution to the literature on food insecurity and American Indian health by characterizing 

375 risk of food insecurity during young adulthood and comparing the relationships between risk of 

376 food insecurity and cardiometabolic health indicators by race and ethnicity.

377 Conclusion

378 Findings from this study contribute to the larger literature suggesting that food insecurity 

379 is related to cardiometabolic health, specifically diabetes. The present data further extend the 

380 research by providing evidence of these relationships in early adulthood. Further, results 

381 highlight inequities experienced across racial and ethnic groups in prevalence of risk of food 

382 insecurity and indicators of poor cardiometabolic health. American Indian young adults exhibited 

383 elevated prevalence of risk of food insecurity and poor cardiometabolic health. However, but 

384 interaction analyses and stratified regression models did elucidate clear relationships between 

385 risk of food insecurity and cardiometabolic outcomes among individual racial or ethnic groups. 
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386 Future studies should replicate these analyses with longitudinal data and/or utilize the full 10- or 

387 18-item Food Security Survey Modules. Generating additional evidence about how food 

388 insecurity and impaired cardiometabolic health manifest in various racial and ethnic groups will 

389 be important to inform relevant food and health-related policies and programs. 

390
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Table 1. Sociodemographic characteristics of participants in the study sample by race or ethnicity group

All Non-Hispanic 
White Black American Indian Asian or Pacific 

Islander Hispanic

Characteristic (n=14,800) (n=7,900) (n=2,666) (n=442) (n=848) (n=943)
Age, years, mean (SE) 28.83 (0.12) 28.78 (0.13) 29.06 (0.21) 28.64 (0.19) 28.96 (0.29) 28.94 (0.24)
Sex
   Female, % (95% CI) 50.22 (48.92, 51.53) 49.89 (48.28, 51.50) 52.50 (49.29, 55.70) 50.58 (44.35, 56.79) 49.43 (43.53, 55.34) 48.81 (43.87, 53.77)
Education level

Less than high school degree, % 
(95% CI) 8.93 (7.69, 10.34) 7.77 (6.55, 9.19) 11.89 (9.32, 15.06) 16.64 (11.57, 23.36) 2.31 (1.28, 4.15) 15.28 (11.60, 19.86)

High school degree, % (95% 
CI) 21.07 (19.19, 23.08) 20.09 (18.07, 22.27) 25.40 (21.08, 30.26) 24.50 (16.52, 34.73) 13.75 (7.97, 22.69) 24.61 (19.95, 29.94)

Some college, % (95% CI) 40.29 (38.75, 41.86) 39.99 (37.98, 42.03) 41.58 (37.98, 45.27) 39.37 (33.4, 45.67) 35.31 (29.68, 41.38) 44.19 (38.17, 50.39)
Bachelor's degree or more, % 
(95% CI) 29.71 (26.64, 32.97) 32.16 (28.58, 35.96) 21.13 (16.43, 26.74) 19.48 (13.57, 27.17) 48.63 (38.53, 58.84) 15.92 (12.78, 19.66)

Household income, annual
Less than $15k, % (95% CI) 8.18 (7.20, 9.29) 6.34 (5.45, 7.35) 19.56 (16.85, 22.59) 8.14 (5.69, 11.51) 3.52 (2.08, 5.91) 4.79 (2.99, 7.58)
$15 to 29.9k, % (95% CI) 12.84 (11.89, 13.86) 11.69 (10.66, 12.80) 18.36 (16.02, 20.96) 17.56 (12.54, 24.03) 9.76 (5.70, 16.21) 12.29 (9.54, 15.69)
$30 to 49.9k, % (95% CI) 21.77 (20.64, 22.94) 21.95 (20.57, 23.39) 21.38 (19.54, 23.34) 21.45 (16.37, 27.60) 14.28 (10.37, 19.34) 25.20 (20.28, 30.85)
$50 to 74.9k, % (95% CI) 22.73 (21.44, 24.06) 24.26 (22.83, 25.74) 17.26 (14.98, 19.80) 17.66 (13.56, 22.68) 21.53 (16.85, 27.09) 21.34 (17.02, 26.40)
$75k or more, % (95% CI) 27.60 (25.62, 29.67) 29.98 (27.83, 32.22) 14.35 (11.59, 17.65) 26.49 (20.97, 32.87) 43.25 (36.87, 49.85) 23.31 (18.97, 28.30)
Missing, % (95% CI) 6.88 (5.71, 8.28) 5.79 (4.75, 7.05) 9.09 (7.14, 11.51) 8.70 (5.07, 14.52) 7.68 (5.23, 11.13) 13.07 (7.33, 22.25)

Household size, individuals, mean 
(SE) 3.22 (0.04) 3.07 (0.04) 3.71 (0.13) 3.48 (0.8) 3.61 (0.21) 3.77 (0.12)

Smokes tobacco
   Yes, % (95% CI) 39.29 (37.33, 41.29) 41.16 (39.05, 43.30) 33.16 (29.11, 37.48) 46.10 (38.45, 53.94) 29.55 (23.95, 35.84) 34.22 (29.23, 39.59)
Drinks alcohol
   Yes, % (95% CI) 61.75 (59.62, 63.84) 64.95 (62.62, 67.20) 49.99 (46.60, 53.39) 63.79 (58.40, 68.86) 57.66 (51.56, 63.54) 53.91 (48.20, 59.51)
At risk of food insecurity
   Yes, % (95% CI) 12.13 (11.10, 13.24) 10.72 (9.71, 11.81) 19.45 (16.94, 22.23) 20.36 (15.43, 26.37) 6.21 (0.363, 10.42) 9.94 (7.04, 13.86)
Health outcomes

Obese, % (95% CI) 37.24 (35.52, 38.99) 35.34 (33.50, 37.22) 45.27 (42.43, 48.15) 42.58 (34.68, 50.88) 25.97 (18.39, 35.32) 43.83 (38.79, 49.01)
Diabetes, % (95% CI) 6.56 (5.78, 7.44) 4.48 (3.88, 5.16) 14.93 (13.02, 17.07) 12.23 (8.20, 17.85) 4.85 (2.52, 9.15) 8.77 (6.34, 12.00)
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Table 2. Association of obesity with risk of food insecurity, in unadjusted and multivariable 
logistic regression models

All Participants

(n=12,799)
Risk of food insecurity, unadjusted 1.39 (1.20, 1.60)***
Risk of food insecurity 1.15 (0.96, 1.39)
Age 1.03 (1.00, 1.07)
Sex:A Female 1.07 (0.96, 1.20)
Education:B High school 1.06 (0.87, 1.30)
Education: Some college 1.11 (0.92, 1.33)
Education: Bachelor's degree or more 0.63 (0.51, 0.78)***
Household income: C $15 to 29.9k 1.06 (0.83, 1.36)
Household income: $30 to 49.9k 1.13 (0.91, 1.41)
Household income: $50 to 74.9k 1.02 (0.80, 1.30)
Household income: $75k or more 0.89 (0.70, 1.12)
Household income: Missing 0.92 (0.66, 1.28)
Household size 1.08 (1.03, 1.12)**
Tobacco Smoking: Yes 0.73 (0.65, 0.81)***
Alcohol Intake: Yes 0.77 (0.69, 0.86)***
Race or Ethnicity:D Black 1.29 (1.13, 1.48)***
Race or Ethnicity: American Indian 1.31 (0.92, 1.87)
Race or Ethnicity: Asian or Pacific Islander 0.59 (0.38, 0.93)*
Race or Ethnicity: Hispanic 1.15 (0.90, 1.48)
Interaction:E Risk of food insecurity X Black 0.91 (0.65, 1.26)
Interaction: Risk of food insecurity X American Indian 0.75 (0.38, 1.48)
Interaction: Risk of food insecurity X Asian or Pacific Islander 2.62 (0.90, 7.65)
Interaction: Risk of food insecurity X Hispanic 1.42 (0.70, 2.87)
Note. Abbreviations include OR: Odds Ratio, and CI: Confidence Interval. All estimates are shown for risk of 
obesity relative to all other weight categories. P-values are denoted as * for <0.05, ** for <0.01, and *** for 
<0.001. A Relative to Male. B Relative to Less than High School. C Relative to less than $15k/year D Relative to 
Non-Hispanic white. E Relative to no risk of food insecurity and Non-Hispanic white
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Table 3. Association of diabetes with risk of food insecurity, in unadjusted and multivariable 
logistic regression models

All Participants

(n=12,799)A

Risk of food insecurity, unadjusted 1.61 (1.23, 2.11)**
Risk of food insecurity 1.89 (1.28, 2.79)**
Age 1.06 (1.01, 1.12)*
Sex:A Female 0.94 (0.78, 1.15)
Education:B High school 1.06 (0.74, 1.53)
Education: Some college 0.78 (0.56, 1.08)
Education: Bachelor's degree or more 0.56 (0.38, 0.82)**
Household income: C $15 to 29.9k 0.92 (0.62, 1.37)
Household income: $30 to 49.9k 0.77 (0.55, 1.09)
Household income: $50 to 74.9k 0.83 (0.55, 1.26)
Household income: $75k or more 0.78 (0.52, 1.17)
Household income: Missing 0.85 (0.55, 1.32)
Household size 0.98 (0.93, 1.03)
Tobacco Smoking: Yes 0.76 (0.62, 0.94)*
Alcohol Intake: Yes 0.84 (0.69, 1.02)
Race or Ethnicity:D Black 3.63 (2.87, 4.58)***
Race or Ethnicity: American Indian 3.77 (2.37, 5.98)***
Race or Ethnicity: Asian or Pacific Islander 1.19 (0.60, 2.37)
Race or Ethnicity: Hispanic 2.13 (1.40, 3.23)***
Interaction:E Risk of food insecurity X Black 0.47 (0.25, 0.90)*
Interaction: Risk of food insecurity X American Indian 0.16 (0.03, 0.73)*
Interaction: Risk of food insecurity X Asian or Pacific Islander 1.16 (0.46, 2.96)
Interaction: Risk of food insecurity X Hispanic 0.28 (0.09, 0.82)*
Note. Abbreviations include OR: Odds Ratio, and CI: Confidence Interval. All estimates are shown for 
risk of diabetes relative to no diabetes. P-values are denoted as * for <0.05, ** for <0.01, and *** for 
<0.001. A Relative to Male. B Relative to Less than High School. C Relative to less than $15k/year. D 
Relative to Non-Hispanic white. E Relative to no risk of food insecurity and Non-Hispanic white
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Table 4. Association of diabetes with risk of food insecurity stratified by race/ethnicity, in unadjusted and multivariable logistic 
regression models

Non-Hispanic 
White Black American Indian Asian or Pacific 

Islander Hispanic

(n=7,900) (n=2,666) (n=442) (n=848) (n=943)
Risk of food insecurity, unadjusted 2.13 (1.45, 3.13)*** 0.99 (0.63, 1.57) 0.33 (0.07, 1.50) 2.35 (0.96, 5.73) 0.60 (0.23, 1.54)
Risk of food insecurity 1.82 (1.19, 2.76)** 0.93 (0.57, 1.52) 0.27 (0.06, 1.20) 2.17 (0.47, 10.07) 0.59 (0.22, 1.62)
Age 1.10 (1.01, 1.19)* 1.03 (0.94, 1.13) 0.97 (0.69, 1.36) 1.31 (1.13, 1.53)** 1.04 (0.89, 1.21)
Sex:A Female 1.03 (0.79, 1.35) 0.80 (0.62, 1.02) 0.79 (0.32, 1.94) 0.88 (0.33, 2.32) 0.98 (0.47, 2.07)
Education:B High school 1.36 (0.82, 2.28) 0.80 (0.45, 1.43) 1.16 (0.29, 4.63) 0.70 (0.08, 6.21) 1.17 (0.32, 4.19)
Education: Some college 0.93 (0.58, 1.51) 0.63 (0.43, 0.94)* 0.48 (0.10, 2.30) 0.20 (0.01, 3.98) 1.72 (0.52, 5.65)
Education: Bachelor's degree or 
more 0.60 (0.34, 1.06) 0.62 (0.38, 1.01) 0.28 (0.04, 1.91) 0.25 (0.03, 1.96) 0.61 (0.14, 2.55)

Household income:C $15 to 29.9k 0.81 (0.44, 1.49) 0.94 (0.52, 1.70) 0.52 (0.06, 4.65) 13.03 (2.40, 70.77)** 1.14 (0.15, 8.81)
Household income: $30 to 49.9k 0.62 (0.34, 1.13) 0.74 (0.46, 1.18) 0.47 (0.04, 5.40) 17.43 (2.51, 121.20)** 1.66 (0.21, 13.06)
Household income: $50 to 74.9k 0.81 (0.41, 1.57) 0.74 (0.44, 1.27) 0.61 (0.10, 3.74) 7.24 (4.25, 12.30)*** 0.75 (0.09, 6.04)
Household income: $75k or more 0.69 (0.37, 1.29) 0.68 (0.37, 1.23) 0.73 (0.07, 7.16) 9.48 (3.36, 26.73)*** 1.23 (0.14, 10.75)
Household income: Missing 0.67 (0.33, 1.37) 0.80 (0.42, 1.52) 1.36 (0.21, 8.81) 7.48 (2.03, 27.62)** 1.11 (0.12, 10.61)
Household size 1.01 (0.94, 1.10) 0.94 (0.83, 1.07) 1.06 (0.90, 1.26) 0.66 (0.52, 0.83)** 1.02 (0.79, 1.32)
Tobacco Smoking: Yes 0.76 (0.56, 1.02) 0.71 (0.45, 1.13) 0.73 (0.32, 1.66) 0.49 (0.18, 1.36) 1.04 (0.46, 2.34)
Alcohol Intake: Yes 0.79 (0.60, 1.05) 0.91 (0.66, 1.24) 0.88 (0.39, 1.98) 1.04 (0.31, 3.50) 0.70 (0.35, 1.42)
Note. Abbreviations include OR: Odds Ratio, and CI: Confidence Interval. All estimates are shown for risk of diabetes relative to no diabetes. P-values 
are denoted as * for <0.05, ** for <0.01, and *** for <0.001. A Relative to Male. B Relative to Less than High School. C Relative to less than $15k/year.
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Ethical Approval Statement

The protocols described were deemed as not human subjects research by the Washington 

State University Institutional Review Board, given that a secondary dataset with identifiers 

removed was provided by the Add Health data administrators to the researchers
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Data sources/ 
measurement

8*  For each variable of interest, give sources of data and details of methods of assessment (measurement). Describe 
comparability of assessment methods if there is more than one group

7-10

Bias 9 Describe any efforts to address potential sources of bias 8 and 9
Study size 10 Explain how the study size was arrived at 10
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, describe which groupings were chosen and 

why
7-10

Statistical methods 12 (a) Describe all statistical methods, including those used to control for confounding 10

(b) Describe any methods used to examine subgroups and interactions 10

(c) Explain how missing data were addressed 10
(d) If applicable, describe analytical methods taking account of sampling strategy 10
(e) Describe any sensitivity analyses 10

Results

Page 32 of 32

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on M
arch 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-054162 on 9 June 2022. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only

Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, examined for eligibility, 
confirmed eligible, included in the study, completing follow-up, and analysed

10

(b) Give reasons for non-participation at each stage 10
(c) Consider use of a flow diagram N/A

Descriptive data 14* (a) Give characteristics of study participants (eg demographic, clinical, social) and information on exposures and potential 
confounders

11 and 20

(b) Indicate number of participants with missing data for each variable of interest 10
Outcome data 15* Report numbers of outcome events or summary measures 11 and 20
Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (eg, 95% confidence 

interval). Make clear which confounders were adjusted for and why they were included
12-13 and 21-22

(b) Report category boundaries when continuous variables were categorized 8-9
(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period N/A

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses 12-13 and 21-22

Discussion
Key results 18 Summarise key results with reference to study objectives 13
Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discuss both direction and 

magnitude of any potential bias
16-17

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of analyses, results from 
similar studies, and other relevant evidence

14-17

Generalisability 21 Discuss the generalisability (external validity) of the study results 14-15

Other information
Funding 22 Give the source of funding and the role of the funders for the present study and, if applicable, for the original study on 

which the present article is based
1-2 and 18

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in cohort and cross-sectional studies.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of transparent reporting. The STROBE 
checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-statement.org.
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1 ABSTRACT

2 Objectives. Our aim was to assess the cross-sectional associations between food insecurity and 

3 cardiometabolic health indicators in American Indian young adults compared to non-Hispanic 

4 white, Black, Asian or Pacific Islander, and Hispanic young adults.

5 Design. Data from the fourth wave of the National Longitudinal Study of Adolescent to Adult 

6 Health (Add Health) were used. Variables included a self-assessed measure of risk of food 

7 insecurity, indicators of cardiometabolic health (body mass index, hemoglobin A1c, blood 

8 pressure), and sociodemographic characteristics. Multivariable regression models were used to 

9 assess the association of risk of food insecurity with cardiometabolic health, while controlling for 

10 sociodemographic variables. All analyses were weighted and accounted for complex survey 

11 design.

12 Participants. The analytical sample of n=12,799 included mostly non-Hispanic white 

13 respondents (n=7,900), followed by n=2,666 Black, n=442 American Indian, n=848 Asian or 

14 Pacific Islander, and n=943 Hispanic.

15 Results. Risk of food insecurity was more common among respondents who were female, Black, 

16 American Indian, had lower educational attainment, and were classified as having obesity or 

17 diabetes. In unadjusted models, risk of food insecurity was significantly associated with greater 

18 odds of obesity (OR=1.39; 95% CI=1.20, 1.60) and diabetes (OR=1.61; 95% CI=1.23, 2.11). 

19 After adjusting for sociodemographic factors [age, sex, education, income, household size, 

20 tobacco smoking, alcohol intake, and race/ethnicity], only the association between risk of food 

21 insecurity and obesity remained (OR=1.19; 95% CI=1.03, 1.38). Relationships among risk of 
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4

22 food insecurity, sociodemographic characteristics, and diabetes varied across models stratified by 

23 race and ethnicity.

24 Conclusions. Results suggest that elevated risk of food insecurity is present in young American 

25 Indian adults, but its relationship with cardiometabolic health is unclear. Future work should 

26 capitalize on longitudinal data and the United States Department of Agriculture’s Food Security 

27 Survey Modules.

28 ABSTRACT WORD COUNT

29 284 / 300

30 KEYWORDS

31 Native American; American Indian; Alaska Native; African American; Black; Hispanic; chronic 

32 disease; health disparities; Add Health

33

34 ARTICLE SUMMARY

35 Strengths and limitations of this study

36 - The current study is the first to characterize food insecurity in American Indian young adults

37 - The analyses are strengthened by the use of objective measures with anthropometric and blood 

38 assessments to characterize cardiometabolic health

39 - The single item measure of food insecurity required a cautious interpretation of respondents’ as 

40 being at risk of food insecurity
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41 - The analyses rely on one cross-sectional wave of data collection from the Add Health study, so 

42 causality cannot be inferred 
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43 BACKGROUND

44 Diet-sensitive cardiometabolic diseases are some of the leading causes of morbidity and 

45 mortality in the U.S., with heart disease and diabetes accounting for over 25% of deaths in 2017 

46 (1). Annual healthcare costs incurred by patients to treat and manage heart disease and diabetes 

47 are substantial (2, 3). Further, both diseases are associated with an average loss of over 10 

48 quality-adjusted life years (4). Though heart disease and diabetes are a consequence of 

49 physiological and metabolic changes in the body, racial and ethnic disparities in the burden of 

50 these diseases (5, 6) are a product of structural and intermediary social determinants of health 

51 (7).

52 Social determinants of health comprise the “complex circumstances in which individuals 

53 are born and live that impact their health” (8). One such determinant is food insecurity, defined 

54 as insufficient financial resources to access enough nutritious foods for all members of a 

55 household (9). In 2019, an estimated 11% of U.S. households experienced food insecurity (9). 

56 The COVID-19 pandemic has exacerbated food insecurity in the U.S. (10), which rose to 15% 

57 prevalence in 2020 (11). It is theorized that food insecurity has a cyclic relationship with chronic 

58 diseases, wherein coping responses and stress experienced as a result of food insecurity increase 

59 chronic disease risk. Subsequent disease treatment costs then perpetuate financial hardships, 

60 further amplifying food insecurity risk (12). Empirical evidence supports the relationship of food 

61 insecurity to chronic disease development (13), poor disease self-management (14), greater 

62 healthcare costs (15, 16), and premature mortality (17, 18). 

63 Disparities in food insecurity across racial and ethnic groups are not well characterized. 

64 Although the annual report on U.S. food security consistently indicates that food insecurity is 

65 more prevalent in households led by Hispanic or Black, non-Hispanic adults when compared to 
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66 households led by White, non-Hispanic adults (9), this report lacks detailed racial or ethnic 

67 disparities data, as American Indian, Alaska Native, Native Hawaiian, Pacific Islander, and 

68 Asian respondents are grouped together under a single “Other, non-Hispanic” category. 

69 Moreover, recent research reports that known risk factors for cardiometabolic health, such as 

70 overweight and obesity, have different effects across racial/ethnic groups. Asian adults have been 

71 found to have a higher likelihood of disease and early death with lower levels of overweight and 

72 obesity than non-Hispanic White and non-Hispanic Black adults (19, 20). Similarly, non-

73 Hispanic Blacks are more likely to become hypertensive than their non-Hispanic White and 

74 Hispanic counterparts, even after adjusting for current and birth weight (21). This research 

75 program stresses the need to continue examining risk factors for cardiometabolic health using 

76 race-stratified models. 

77 American Indian people face unique historic and sociocultural influences that impact 

78 their lived experiences and community prevalence of social determinants of health (22, 23). As 

79 an example, forced relocation away from traditional lands and reliance on highly processed 

80 government food commodity programs have had irreversible ramifications on American Indian 

81 food systems (24). Yet, data that captures how these forces might impact contemporary food 

82 insecurity is sparse. American Indian people continue to be regularly omitted or misclassified in 

83 federal, state, and local data collection and reports (25). A handful of independent researchers 

84 have characterized food insecurity prevalence among American Indian or Alaska Native-led 

85 households (26-29). An even smaller subset of studies have assessed the relationship of food 

86 insecurity to chronic diseases in samples of American Indian respondents (30-32). In a sample of 

87 American Indian adults in rural Oklahoma, adults reporting experiences of food insecurity were 

88 more likely to report height and weight values considered obese as well as that they had been 
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89 told by a doctor, nurse, or other health professional that they had diabetes or high blood pressure 

90 (31). However, food insecurity was not related to obesity when assessed among American Indian 

91 or Alaska Native adults in the California Health Interview Survey (30) or related to being told by 

92 a healthcare provider that they had high blood pressure or diabetes in a sample of American 

93 Indian adults recruited in the Midwest (32). However, these studies often rely on small regional 

94 samples and self-report among respondents that they were provided diagnoses by healthcare 

95 providers, which can introduce biases related to healthcare access and healthcare utilization, as 

96 well as recall. To date, no study has characterized food insecurity in American Indian young 

97 adults or examined the associations between food insecurity and cardiometabolic health 

98 outcomes in this age group by racial and ethnic classification.

99 The objective of the current study was to assess the cross-sectional relationships between 

100 food insecurity and diet-sensitive cardiometabolic risk factors in American Indian young adults 

101 in comparison with non-Hispanic white, Black, Asian or Pacific Islander, and Hispanic 

102 participants. The authors hypothesized that risk of food insecurity would be associated with 

103 poorer cardiometabolic health and that this association would vary by race and ethnicity of 

104 respondents. The present analyses use data from The National Longitudinal Study of Adolescent 

105 to Adult Health (Add Health), which has previously been employed to assess food insecurity and 

106 obesity, stratified by sex but not by race (33). 

107 METHODS

108 Data Source

109 Add Health is a nationally representative cohort study conducted by the Carolina 

110 Population Center at the University of North Carolina-Chapel Hill (34). Respondents were 

111 recruited as adolescents in grades 7-12 (n=20,745) at 80 schools during the 1994-1995 academic 
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112 year. To date, respondents have completed five waves of longitudinal data collection to explore 

113 various determinants of health, health-related behaviors, and health outcomes. During each wave 

114 of data collection, respondents complete different biometric and survey assessments. Written 

115 informed consent was collected at each wave of data collection. Ethical review and approval of 

116 these protocols was provided by the Institutional Review Board (IRB) on Research Involving 

117 Human Subjects at the University of North Carolina at Chapel Hill. More details about Add 

118 Health and its methodology can be found elsewhere (35).

119 The current study relied primarily on information from the Wave 4 data collection in 

120 2008-2009, when cohort members were 24-32 years old, as this is the only wave that included a 

121 measure of food insecurity. Over 80% of the original sample (n=15,701) participated in Wave 4 

122 (36). Data collection included a 90-minute computer-based survey and a 30-minute home-based 

123 assessment of anthropometric, blood pressure, and blood spot biomarker measurements collected 

124 by trained field staff. Sociodemographic survey data collected during Wave 1 data collection in 

125 1994-1995 supplemented the Wave 4 data.

126 Measures

127 Food insecurity

128 Food insecurity was based on respondent answers to the following question: “In the past 

129 12 months, was there a time when you were (your household was) worried whether food would 

130 run out before you would get money to buy more?” Responses of “yes” were considered at risk 

131 of food insecurity and responses of “no” were considered not at risk of food insecurity. This item 

132 is derived from similar, lengthier, more sensitive, and more specific items in the United States 

133 Department of Agriculture’s Food Security Survey Module (37). Interpretation of the responses 

134 to signify “risk of food insecurity” in lieu of a more definitive metric of food insecurity aligns 

Page 10 of 32

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on M
arch 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-054162 on 9 June 2022. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only

10

135 with other abbreviated food insecurity screening tools, such as the 2-item screener that is 

136 recommended for use in healthcare settings (38). 

137 Cardiometabolic health

138 Trained field staff collected measures of cardiometabolic health, including a) Body Mass 

139 Index (BMI), b) glucose homeostasis, and c) blood pressure (39, 40). Respondents’ body weight 

140 was measured to the nearest 0.1 kg. Height was assessed to the nearest 0.5 cm. BMI was 

141 calculated based on weight (kg) divided by height (m) squared. BMI values were classified as 

142 underweight (<18.5 kg/m2), normal weight (18.5 to <25 kg/m2), overweight (25 to <30 kg/m2), 

143 and obese (≥30 kg/m2). For analyses, these classifications were collapsed to obese or not obese. 

144 Glucose homeostasis was evaluated based on blood glucose (mg/dL) and hemoglobin A1c (%), 

145 determined from assays of dried blood spots. These measures were then used to classify 

146 participants as having no diabetes, pre-diabetes, or diabetes. Participants were classified as 

147 having prediabetes if their hemoglobin A1c levels were 5.7-6.4% or a their fasting blood glucose 

148 level was 100-125 mg/dL, but they did not meet the criteria for having diabetes. Participants 

149 were classified as having diabetes if they had hemoglobin A1c ≥6.5%, fasting glucose >125 

150 mg/dL, a self-reported history of diabetes, or self-reported use of diabetes medication. 

151 Three blood pressure readings were acquired for each participant. Measures of systolic 

152 and diastolic blood pressure (mmHg) were derived by averaging the second and third readings, 

153 or the first was used if only one reading was completed. Systolic and diastolic values were used 

154 to classify each participant’s blood pressure as normal (<120 mmHg systolic and <80 mmHg 

155 diastolic), pre-hypertensive (120-139 mmHg systolic or 80-89 mmHg diastolic), or hypertensive 

156 (≥140 mmHg systolic or ≥90 mmHg diastolic). 

157  Sociodemographic characteristics
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158 Participants’ sociodemographic characteristics were derived from survey questions 

159 administered in Wave 1 and Wave 4 data collection periods. Wave 1 items included an 

160 assessment of biological sex (female or male), race (white; Black or African American; 

161 American Indian or Native American; Asian or Pacific Islander; and other) and ethnicity (yes/no 

162 response regarding Hispanic or Latino origin). If participants selected more than one race, they 

163 were assigned to a single racial and ethnic category in the following order: American Indian, 

164 Black, Asian or Pacific Islander, Hispanic, and non-Hispanic white. The intent was to maximize 

165 the representation of racial and ethnic minorities (41). Age of participants was calculated in years 

166 by taking the difference between the month and year of birth recorded during Wave 1 and the 

167 month and year of the Wave 4 survey administration. Wave 4 surveys included assessments of 

168 household size (number of people living with the participant), education (less than high school; 

169 completion of high school or a GED; some college; or a Bachelor’s degree or more), 

170 employment (yes/no response to working 10 or more hours per week for pay), household annual 

171 income (less than $15,000; $15,000 to $29,999; $30,000 to $50,999; $50,000 to $74,999; 

172 $75,0000 or more; missing), tobacco smoking (yes/no response to smoking cigarette(s) during 

173 any of the past 30 days), and alcohol use (yes/no response to consuming one or more alcoholic 

174 beverage(s) during any of the past 30 days). 

175 Statistical Analyses

176 Descriptive statistics were calculated for risk of food insecurity, cardiometabolic health 

177 indicators, and sociodemographic characteristics using frequencies and proportions for 

178 categorical variables and means and standard deviations for continuous variables. Logistic 

179 multivariable regression models were used to estimate the associations between cardiometabolic 

180 health indicators and risk of food insecurity. All cardiometabolic health indicators were treated 
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181 as binary with obesity compared to all other weight categories, diabetes compared to no diabetes, 

182 and hypertension compared to no hypertension. For the full sample, two models were created for 

183 each cardiometabolic health indicator. The unadjusted model included the cardiometabolic health 

184 indicator as the dependent variable and risk of food insecurity as the only independent variable. 

185 The adjusted model additionally included sociodemographic characteristics [age, sex, education, 

186 household size, tobacco smoking, alcohol intake, and race/ethnicity] and an interaction term for 

187 race and food insecurity. If this interaction term indicated that the relationship of food insecurity 

188 with the cardiometabolic health indicator varied by race, adjusted models stratified by race were 

189 built for participants with no missing data on variables of interest. Given that cardiometabolic 

190 health indicators are highly correlated, no multiple comparisons adjustments were made (42). All 

191 statistical analyses accounted for the complex sampling strategy by incorporating sampling 

192 weights for the Wave 4 data collection and identifying the primary sampling units and strata to 

193 adjust for stratification and oversampling of underrepresented groups. All analyses were 

194 conducted in Stata/MP (version 15.0, StataCorp, College Station, Texas, 2016), with the 

195 significance level set at alpha=0.05. The protocols described were deemed as not human subject 

196 research by the Washington State University Institutional Review Board, given that there was no 

197 interaction by researchers with identifiable data.

198 Patient and Public Involvement 

199 No patient involved.

200 RESULTS

201 Of the 15,701 respondents who participated in Wave 4 data collection, 2,902 

202 observations were removed from the sample because they lacked survey weights (n=901) or 

203 were missing values for cardiometabolic health indicators (n=1,290 A1c; n=346 blood pressure; 
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204 n=121 BMI) or sociodemographic characteristics (n=104 race or ethnicity; n=103 tobacco 

205 smoking; n=22 alcohol use; n=7 household size; n=4 employment; n=3 risk of food insecurity; 

206 n=1 education). The result was a final analytical sample of n=12,799. The sample included 

207 approximately equal representations of sexes (female=50%). Most respondents were non-

208 Hispanic white (n=7,900), followed by n=2,666 Black, n=943 Hispanic, n=848 Asian or Pacific 

209 Islander, and n=442 American Indian. Across all participants, prehypertension was the most 

210 common indicator of poor cardiometabolic health (48%), followed by obesity (37%), overweight 

211 (30%), prediabetes (30%), hypertension (19%), and diabetes (6%). Risk of food insecurity was 

212 reported by 11% of participants and was related to differences across many sociodemographic 

213 and cardiometabolic health variables, including sex, race or ethnicity, education, income, 

214 employment, tobacco/alcohol use, weight, and glucose outcomes (not shown). Risk of food 

215 insecurity was not significantly associated with prediabetes (p=0.54), prehypertension (p=0.45), 

216 or hypertension (p=0.52) in bivariate comparisons, so was not further assessed in multivariable 

217 models. 

218 Characteristics related to risk of food insecurity and/or cardiometabolic health indicators 

219 were descriptively compared across racial and ethnic groups (Table 1). Educational attainment 

220 varied across groups with almost half of Asian or Pacific Islander respondents attaining a 

221 bachelor’s degree or more, in contrast with a sixth of Hispanic respondents. Tobacco and alcohol 

222 use in the prior 30 days also varied across racial and ethnic groups, with the highest prevalence 

223 of tobacco use occurring among American Indian respondents (46%) and highest prevalence of 

224 alcohol use occurring among non-Hispanic white respondents (65%). Obesity was the most 

225 prevalent among Black respondents (45%) and least common among Asian or Pacific Islander 
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226 respondents (26%). Diabetes was the most prevalent among Black respondents (15%), followed 

227 by American Indian respondents (12%) and Hispanic respondents (9%). 

228 Table 2 shows the results of logistic regression models predicting obesity by risk of food 

229 insecurity in unadjusted and adjusted models among all participants. In unadjusted models, risk 

230 of food insecurity was associated with significantly greater odds of obesity in all participants 

231 (OR=1.39; 95% CI=1.20, 1.60). After adjusting for sociodemographic characteristics [age, sex, 

232 education, income, household size, tobacco smoking, alcohol intake, and race/ethnicity], risk of 

233 food insecurity was no longer significantly associated with increased odds of obesity (OR=1.15; 

234 95% CI=0.96, 1.39). Black respondents had significantly greater odds (OR=1.29; 95% CI=1.13, 

235 1.48) and Asian or Pacific Islander respondents had significantly lower odds (OR=0.59; 95% 

236 CI=0.38, 0.93) of obesity when compared to Non-Hispanic white respondents in the adjusted 

237 model. However, the interaction term of food insecurity and race/ethnicity in the adjusted model 

238 predicting obesity was not significant, so stratified models for each race/ethnicity were not 

239 analyzed. 

240 Table 3 shows the results of logistic regression models estimating the association 

241 between diabetes and risk of food insecurity in unadjusted and adjusted models among all 

242 participants. In unadjusted models, risk of food insecurity was significantly associated with 

243 increased odds of diabetes in the model including all participants (OR=1.61; 95% CI=1.23, 

244 2.11). When adjusting for sociodemographic characteristics [age, sex, education, income, 

245 household size, tobacco smoking, alcohol intake, and race/ethnicity], risk of food insecurity 

246 remained significantly associated with greater odds of diabetes (OR=1.89; 95% CI=1.28, 2.79). 

247 Race and ethnicity were also significantly associated with diabetes in the adjusted model, with 

248 Black (OR=3.63; 95% CI=2.87, 4.58), American Indian (OR=3.77; 95% CI=2.37, 5.98), and 
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249 Hispanic (OR=2.13; 95% CI=1.40, 3.23) respondents at greater odds of diabetes when compared 

250 to non-Hispanic white respondents. The interaction term between risk of food insecurity and race 

251 or ethnicity was also significant, with Black (OR=0.47; 95% CI=0.25, 0.90), American Indian 

252 (OR=0.16; 95% CI=0.03, 0.73), and Hispanic (OR=0.28; 95% CI=0.09, 0.82) respondents who 

253 reported risk of food insecurity at lower odds of diabetes when compared to Non-Hispanic white 

254 respondents who did not report risk of food insecurity. Table 4 shows the results of logistic 

255 regression models estimating the association between diabetes and risk of food insecurity in 

256 unadjusted and adjusted models stratified by race and/or ethnicity. Risk of food insecurity was 

257 significantly related to odds of diabetes only in the models restricted to non-Hispanic white 

258 respondents (unadjusted OR=2.13; 95% CI=1.45, 3.13 and adjusted OR=1.82; 95% CI=1.19, 

259 2.76). 

260  DISCUSSION

261 The aim of this study was to assess the relationship of food insecurity to cardiometabolic 

262 health indicators in young adults and to compare these relationships among American Indian 

263 respondents with other racial and ethnic groups. In support of the hypothesis that risk of food 

264 insecurity would be associated with poorer cardiometabolic health, diabetes was observed to be 

265 associated with risk of food insecurity even after adjusting for sex, age, race/ethnicity, household 

266 size, education, income, tobacco use, and alcohol use. Further, we characterized variation across 

267 racial and ethnic groups in the prevalence of risk of food insecurity and indicators of poor 

268 cardiometabolic health and found differences in identifiable relationships between risk of food 

269 insecurity and diabetes during young adulthood. Broadly, the results align with the evidence that 

270 the expected dietary changes that food insecure individuals or households enact to cope with 

271 insufficent resources are related to physical health differences (12, 43-45), and provide new 

Page 16 of 32

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on M
arch 20, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-054162 on 9 June 2022. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review only

16

272 indications about how this relationship manifests across racially and ethnically diverse young 

273 adults.

274 Data collected during Wave 4 of Add Health assessments provide a glimpse of food 

275 insecurity risk and cardiometabolic health issues already present during young adulthood. Eleven 

276 percent of young adults reported being at risk of food insecurity in the present sample, which is 

277 lower than the prevalence of food insecurity (15-16%) in households led by adults 21-30 years 

278 old assessed in the 2011-2015 Current Population Survey (46). This difference in prevalence is 

279 unexpected, given that Wave 4 of Add Health occurred during the Great Recession and the 

280 elevated prevalence of food insecurity among the general population during that same time 

281 period (9). Therefore, the sample may differ in unobserved ways from the general young adult 

282 population in the U.S. The characterization of risk of food insecurity concurred with prior 

283 findings with respect to its relationships with sociodemographic characteristics, including 

284 income, education, employment, race or ethnicity, and tobacco use (9, 47, 48). However, in 

285 contrast to prior research, alcohol use was less prevalent among young adults at risk of food 

286 insecurity in the present sample (47, 49). The descriptive analyses of cardiometabolic health 

287 indicators revealed that indicators of poor cardiometabolic health are prevalent in young 

288 adulthood, with overweight or obesity impacting over two-thirds of respondents and 

289 prehypertension or hypertension prevalent among over half of the sample. However, these 

290 indicators varied by race or ethnicity, with Black and American Indian participants most likely to 

291 report obesity and/or diabetes. These disparities may be related to differences in the distribution 

292 of sociodemographic characteristics across racial and ethnic groups in the present study or in 

293 behavioral pattern differences reported in other analyses of Add Health’s Wave 4 data (50, 51). 
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294 Risk of food insecurity was significantly associated with obesity among respondents, but 

295 this relationship did not hold after adjusting for sociodemographic characteristics. Prior studies 

296 have also found that food insecurity is related to greater odds of being overweight and/or obese, 

297 but similarly to the current study, this relationship either dissipates when adjusted for other 

298 characteristics or is retained only for female respondents (33, 45, 52). One exception to this was 

299 a study focused on older adults, which found food insecurity was related to overweight or obesity 

300 even after controlling for related characteristics (53). Few prior studies assessing the relationship 

301 of food insecurity and obesity have focused on young adults. In a prior analysis of the Add 

302 Health data, food insecurity was associated with greater BMI values among female young adults 

303 even after adjusting for sociodemographic characteristics (33). Differences in prior findings and 

304 the current results may have resulted from the prediction of obesity instead of continuous BMI 

305 values, but when models were stratified by sex with continuous BMI as the outcomes no 

306 differences in significant results were identified (not shown). Thus, differences may have 

307 resulted from different sociodemographic control variables and/or inclusion criteria. Notably, in 

308 studies similarly focused on young adults but did not rely on Add Health data, analyses of this 

309 relationship have largely yielded non-significant results (54-56). However, these studies often 

310 exclusively recruit college students (54, 55). The current results largely align with prior studies 

311 of food insecurity and obesity among young adults, but the population sampled, inclusion 

312 criteria, and sociodemographic variables used as controls may lead to variation in results. 

313 Our examination of the relationship between risk of food insecurity and diabetes found 

314 they were related when the overall sample was assessed, but findings were not consistent in 

315 models stratified by race/ethnicity. Counterintuitively, interaction terms in the model also 

316 indicated that respondents reporting risk of food insecurity and race/ethnicity of Black, American 
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317 Indian, or Hispanic were less likely to report diabetes in comparison to those who were both non-

318 Hispanic white and reported no risk of food insecurity. This interaction term and the lack of 

319 relationships between risk of food insecurity and diabetes among American Indian, Hispanic, and 

320 Black respondents was counter to expectations. Prior literature has demonstrated elevated 

321 prevalence of both food insecurity and diabetes in many of these racial/ethnic groups (57) and 

322 studies restricted to Hispanic (58) and American Indian (31) respondents have indicated diabetes 

323 is related to food insecurity. These differences may have been driven by prior studies including 

324 predominantly middle-aged and/or older adults or measurement errors and sample size biases, 

325 which are discussed further below. In the present analyses’ stratified models, risk of food 

326 insecurity was related to greater odds of diabetes only among non-Hispanic white respondents. 

327 However, these findings align with the trends in the literature on food insecurity and diabetes 

328 which support a relationship between prevalence of diabetes as well as poorer glycemic control, 

329 but prior studies rely on samples that are predominantly non-Hispanic white or do not 

330 disaggregate findings by racial/ethnic groups (14). 

331 There are a number of reasons that may explain the counterintuitive interaction and 

332 subsequent absence of findings for specific racial or ethnic groups. The limited sample sizes for 

333 racial/ethnic groups other than non-Hispanic white may have provided insufficient power to 

334 detect small effects. Further, some characteristics exhibited limited variation, and thus small cell 

335 counts, within racial/ethnic groups. In addition, because all respondents were young adults, even 

336 though they exhibited many indicators of poor cardiometabolic health, the prevalence was 

337 relatively low compared to what would be expected in older adults. For example, when 

338 restricting the sample to only American Indian, Asian or Pacific Islander, or Hispanic 

339 respondents, the number of individuals reporting both risk of food insecurity and diabetes was 
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340 <20 for each group. In models adjusting for various sociodemographic characteristics, 

341 parameters are estimated using limited datasets and may identify relationships, or lack thereof, 

342 based on restricted samples which may not reflect their larger populations. A final factor that 

343 may have limited our power to observe relationships between risk of food insecurity and 

344 cardiometabolic health outcomes is potential measurement error resulting from the reliance on a 

345 single question to identify risk of food insecurity. Though evidence suggests this single item has 

346 93% sensitivity and 85% specificity when compared with the full 18-item Food Security Survey 

347 Module, validity evidence was not established for many of the racial and ethnic groups of 

348 interest in the present study (37, 38). Scholars have noted potential concerns with the use of 

349 established food insecurity questions among American Indian or Alaska Native respondents (24, 

350 31, 59). However, the estimates in Asian or Pacific Islander respondents had wide confidence 

351 intervals, which may reflect the heterogenous sociocultural and ethnic backgrounds within this 

352 group (60). It is also possible that findings are not a result of measurement errors or sampling 

353 issues. It is possible that the interaction of food insecurity with race/ethnicity indicates 

354 underlying differences in how food insecurity is experienced, and coping responses enacted by 

355 various racial/ethnic groups in the U.S., which warrants additional study to extend these analyses 

356 and investigate directionality of relationships with additional longitudinal data. 

357 The present study is not without limitations. The analyses rely on one cross-sectional 

358 wave of data collection from the Add Health study, so causality cannot be inferred. In addition, 

359 as previously noted, assessment of food insecurity was based on a one-item measure. Though 

360 evidence supports this measure’s comparability with full surveys of food insecurity, it is possible 

361 that households may have been misclassified with respect to food insecurity. Thus, affirmative 

362 responses to the one-item measure must be interpreted with caution as indicative of risk of food 
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363 insecurity. This interpretation does not afford the nuance that can be provided by data from the 

364 10- or 18-item Food Security Survey Modules, which can classify a household into one of four 

365 distinct food security categories (37). An additional concern related to categorization involves 

366 potential racial or ethnic misclassification, as Asian or Pacific Islander respondents were 

367 identified under a single aggregate term, precluding unique identification of Native Hawaiians or 

368 Pacific Islanders. Researchers have noted unique socioeconomic and cultural characteristics that 

369 warrant disaggregation of this data (60), and estimates of statistics in the present study for the 

370 group aggregated as Asian or Pacific Islanders often produced wide confidence interval ranges. 

371 Finally, almost 10% of income data was missing in the present sample. However, in lieu of 

372 listwise deletion of exclusion of this factor from multivariable models, missing values were 

373 treated as a response category for income. Despite these limitations, this study has made a 

374 contribution to the literature on food insecurity and American Indian health by characterizing 

375 risk of food insecurity during young adulthood and comparing the relationships between risk of 

376 food insecurity and cardiometabolic health indicators by race and ethnicity.

377 Conclusion

378 Findings from this study contribute to the larger literature suggesting that food insecurity 

379 is related to cardiometabolic health, specifically diabetes. The present data further extend the 

380 research by providing evidence of these relationships in early adulthood. Further, results 

381 highlight inequities experienced across racial and ethnic groups in prevalence of risk of food 

382 insecurity and indicators of poor cardiometabolic health. American Indian young adults exhibited 

383 elevated prevalence of risk of food insecurity and poor cardiometabolic health. However, but 

384 interaction analyses and stratified regression models did elucidate clear relationships between 

385 risk of food insecurity and cardiometabolic outcomes among individual racial or ethnic groups. 
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386 Future studies should replicate these analyses with longitudinal data and/or utilize the full 10- or 

387 18-item Food Security Survey Modules. Generating additional evidence about how food 

388 insecurity and impaired cardiometabolic health manifest in various racial and ethnic groups will 

389 be important to inform relevant food and health-related policies and programs. 

390
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Table 1. Sociodemographic characteristics of participants in the study sample by race or ethnicity group

All Non-Hispanic 
White Black American Indian Asian or Pacific 

Islander Hispanic

Characteristic (n=14,800) (n=7,900) (n=2,666) (n=442) (n=848) (n=943)
Age, years, mean (SE) 28.83 (0.12) 28.78 (0.13) 29.06 (0.21) 28.64 (0.19) 28.96 (0.29) 28.94 (0.24)
Sex
   Female, % (95% CI) 50.22 (48.92, 51.53) 49.89 (48.28, 51.50) 52.50 (49.29, 55.70) 50.58 (44.35, 56.79) 49.43 (43.53, 55.34) 48.81 (43.87, 53.77)
Education level

Less than high school degree, % 
(95% CI) 8.93 (7.69, 10.34) 7.77 (6.55, 9.19) 11.89 (9.32, 15.06) 16.64 (11.57, 23.36) 2.31 (1.28, 4.15) 15.28 (11.60, 19.86)

High school degree, % (95% 
CI) 21.07 (19.19, 23.08) 20.09 (18.07, 22.27) 25.40 (21.08, 30.26) 24.50 (16.52, 34.73) 13.75 (7.97, 22.69) 24.61 (19.95, 29.94)

Some college, % (95% CI) 40.29 (38.75, 41.86) 39.99 (37.98, 42.03) 41.58 (37.98, 45.27) 39.37 (33.4, 45.67) 35.31 (29.68, 41.38) 44.19 (38.17, 50.39)
Bachelor's degree or more, % 
(95% CI) 29.71 (26.64, 32.97) 32.16 (28.58, 35.96) 21.13 (16.43, 26.74) 19.48 (13.57, 27.17) 48.63 (38.53, 58.84) 15.92 (12.78, 19.66)

Household income, annual
Less than $15k, % (95% CI) 8.18 (7.20, 9.29) 6.34 (5.45, 7.35) 19.56 (16.85, 22.59) 8.14 (5.69, 11.51) 3.52 (2.08, 5.91) 4.79 (2.99, 7.58)
$15 to 29.9k, % (95% CI) 12.84 (11.89, 13.86) 11.69 (10.66, 12.80) 18.36 (16.02, 20.96) 17.56 (12.54, 24.03) 9.76 (5.70, 16.21) 12.29 (9.54, 15.69)
$30 to 49.9k, % (95% CI) 21.77 (20.64, 22.94) 21.95 (20.57, 23.39) 21.38 (19.54, 23.34) 21.45 (16.37, 27.60) 14.28 (10.37, 19.34) 25.20 (20.28, 30.85)
$50 to 74.9k, % (95% CI) 22.73 (21.44, 24.06) 24.26 (22.83, 25.74) 17.26 (14.98, 19.80) 17.66 (13.56, 22.68) 21.53 (16.85, 27.09) 21.34 (17.02, 26.40)
$75k or more, % (95% CI) 27.60 (25.62, 29.67) 29.98 (27.83, 32.22) 14.35 (11.59, 17.65) 26.49 (20.97, 32.87) 43.25 (36.87, 49.85) 23.31 (18.97, 28.30)
Missing, % (95% CI) 6.88 (5.71, 8.28) 5.79 (4.75, 7.05) 9.09 (7.14, 11.51) 8.70 (5.07, 14.52) 7.68 (5.23, 11.13) 13.07 (7.33, 22.25)

Household size, individuals, mean 
(SE) 3.22 (0.04) 3.07 (0.04) 3.71 (0.13) 3.48 (0.8) 3.61 (0.21) 3.77 (0.12)

Smokes tobacco
   Yes, % (95% CI) 39.29 (37.33, 41.29) 41.16 (39.05, 43.30) 33.16 (29.11, 37.48) 46.10 (38.45, 53.94) 29.55 (23.95, 35.84) 34.22 (29.23, 39.59)
Drinks alcohol
   Yes, % (95% CI) 61.75 (59.62, 63.84) 64.95 (62.62, 67.20) 49.99 (46.60, 53.39) 63.79 (58.40, 68.86) 57.66 (51.56, 63.54) 53.91 (48.20, 59.51)
At risk of food insecurity
   Yes, % (95% CI) 12.13 (11.10, 13.24) 10.72 (9.71, 11.81) 19.45 (16.94, 22.23) 20.36 (15.43, 26.37) 6.21 (0.363, 10.42) 9.94 (7.04, 13.86)
Health outcomes

Obese, % (95% CI) 37.24 (35.52, 38.99) 35.34 (33.50, 37.22) 45.27 (42.43, 48.15) 42.58 (34.68, 50.88) 25.97 (18.39, 35.32) 43.83 (38.79, 49.01)
Diabetes, % (95% CI) 6.56 (5.78, 7.44) 4.48 (3.88, 5.16) 14.93 (13.02, 17.07) 12.23 (8.20, 17.85) 4.85 (2.52, 9.15) 8.77 (6.34, 12.00)
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Table 2. Association of obesity with risk of food insecurity, in unadjusted and multivariable 
logistic regression models

All Participants

(n=12,799)
Risk of food insecurity, unadjusted 1.39 (1.20, 1.60)***
Risk of food insecurity 1.15 (0.96, 1.39)
Age 1.03 (1.00, 1.07)
Sex:A Female 1.07 (0.96, 1.20)
Education:B High school 1.06 (0.87, 1.30)
Education: Some college 1.11 (0.92, 1.33)
Education: Bachelor's degree or more 0.63 (0.51, 0.78)***
Household income: C $15 to 29.9k 1.06 (0.83, 1.36)
Household income: $30 to 49.9k 1.13 (0.91, 1.41)
Household income: $50 to 74.9k 1.02 (0.80, 1.30)
Household income: $75k or more 0.89 (0.70, 1.12)
Household income: Missing 0.92 (0.66, 1.28)
Household size 1.08 (1.03, 1.12)**
Tobacco Smoking: Yes 0.73 (0.65, 0.81)***
Alcohol Intake: Yes 0.77 (0.69, 0.86)***
Race or Ethnicity:D Black 1.29 (1.13, 1.48)***
Race or Ethnicity: American Indian 1.31 (0.92, 1.87)
Race or Ethnicity: Asian or Pacific Islander 0.59 (0.38, 0.93)*
Race or Ethnicity: Hispanic 1.15 (0.90, 1.48)
Interaction:E Risk of food insecurity X Black 0.91 (0.65, 1.26)
Interaction: Risk of food insecurity X American Indian 0.75 (0.38, 1.48)
Interaction: Risk of food insecurity X Asian or Pacific Islander 2.62 (0.90, 7.65)
Interaction: Risk of food insecurity X Hispanic 1.42 (0.70, 2.87)
Note. Abbreviations include OR: Odds Ratio, and CI: Confidence Interval. All estimates are shown for risk of 
obesity relative to all other weight categories. P-values are denoted as * for <0.05, ** for <0.01, and *** for 
<0.001. A Relative to Male. B Relative to Less than High School. C Relative to less than $15k/year D Relative to 
Non-Hispanic white. E Relative to no risk of food insecurity and Non-Hispanic white
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Table 3. Association of diabetes with risk of food insecurity, in unadjusted and multivariable 
logistic regression models

All Participants

(n=12,799)A

Risk of food insecurity, unadjusted 1.61 (1.23, 2.11)**
Risk of food insecurity 1.89 (1.28, 2.79)**
Age 1.06 (1.01, 1.12)*
Sex:A Female 0.94 (0.78, 1.15)
Education:B High school 1.06 (0.74, 1.53)
Education: Some college 0.78 (0.56, 1.08)
Education: Bachelor's degree or more 0.56 (0.38, 0.82)**
Household income: C $15 to 29.9k 0.92 (0.62, 1.37)
Household income: $30 to 49.9k 0.77 (0.55, 1.09)
Household income: $50 to 74.9k 0.83 (0.55, 1.26)
Household income: $75k or more 0.78 (0.52, 1.17)
Household income: Missing 0.85 (0.55, 1.32)
Household size 0.98 (0.93, 1.03)
Tobacco Smoking: Yes 0.76 (0.62, 0.94)*
Alcohol Intake: Yes 0.84 (0.69, 1.02)
Race or Ethnicity:D Black 3.63 (2.87, 4.58)***
Race or Ethnicity: American Indian 3.77 (2.37, 5.98)***
Race or Ethnicity: Asian or Pacific Islander 1.19 (0.60, 2.37)
Race or Ethnicity: Hispanic 2.13 (1.40, 3.23)***
Interaction:E Risk of food insecurity X Black 0.47 (0.25, 0.90)*
Interaction: Risk of food insecurity X American Indian 0.16 (0.03, 0.73)*
Interaction: Risk of food insecurity X Asian or Pacific Islander 1.16 (0.46, 2.96)
Interaction: Risk of food insecurity X Hispanic 0.28 (0.09, 0.82)*
Note. Abbreviations include OR: Odds Ratio, and CI: Confidence Interval. All estimates are shown for 
risk of diabetes relative to no diabetes. P-values are denoted as * for <0.05, ** for <0.01, and *** for 
<0.001. A Relative to Male. B Relative to Less than High School. C Relative to less than $15k/year. D 
Relative to Non-Hispanic white. E Relative to no risk of food insecurity and Non-Hispanic white
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Table 4. Association of diabetes with risk of food insecurity stratified by race/ethnicity, in unadjusted and multivariable logistic 
regression models

Non-Hispanic 
White Black American Indian Asian or Pacific 

Islander Hispanic

(n=7,900) (n=2,666) (n=442) (n=848) (n=943)
Risk of food insecurity, unadjusted 2.13 (1.45, 3.13)*** 0.99 (0.63, 1.57) 0.33 (0.07, 1.50) 2.35 (0.96, 5.73) 0.60 (0.23, 1.54)
Risk of food insecurity 1.82 (1.19, 2.76)** 0.93 (0.57, 1.52) 0.27 (0.06, 1.20) 2.17 (0.47, 10.07) 0.59 (0.22, 1.62)
Age 1.10 (1.01, 1.19)* 1.03 (0.94, 1.13) 0.97 (0.69, 1.36) 1.31 (1.13, 1.53)** 1.04 (0.89, 1.21)
Sex:A Female 1.03 (0.79, 1.35) 0.80 (0.62, 1.02) 0.79 (0.32, 1.94) 0.88 (0.33, 2.32) 0.98 (0.47, 2.07)
Education:B High school 1.36 (0.82, 2.28) 0.80 (0.45, 1.43) 1.16 (0.29, 4.63) 0.70 (0.08, 6.21) 1.17 (0.32, 4.19)
Education: Some college 0.93 (0.58, 1.51) 0.63 (0.43, 0.94)* 0.48 (0.10, 2.30) 0.20 (0.01, 3.98) 1.72 (0.52, 5.65)
Education: Bachelor's degree or 
more 0.60 (0.34, 1.06) 0.62 (0.38, 1.01) 0.28 (0.04, 1.91) 0.25 (0.03, 1.96) 0.61 (0.14, 2.55)

Household income:C $15 to 29.9k 0.81 (0.44, 1.49) 0.94 (0.52, 1.70) 0.52 (0.06, 4.65) 13.03 (2.40, 70.77)** 1.14 (0.15, 8.81)
Household income: $30 to 49.9k 0.62 (0.34, 1.13) 0.74 (0.46, 1.18) 0.47 (0.04, 5.40) 17.43 (2.51, 121.20)** 1.66 (0.21, 13.06)
Household income: $50 to 74.9k 0.81 (0.41, 1.57) 0.74 (0.44, 1.27) 0.61 (0.10, 3.74) 7.24 (4.25, 12.30)*** 0.75 (0.09, 6.04)
Household income: $75k or more 0.69 (0.37, 1.29) 0.68 (0.37, 1.23) 0.73 (0.07, 7.16) 9.48 (3.36, 26.73)*** 1.23 (0.14, 10.75)
Household income: Missing 0.67 (0.33, 1.37) 0.80 (0.42, 1.52) 1.36 (0.21, 8.81) 7.48 (2.03, 27.62)** 1.11 (0.12, 10.61)
Household size 1.01 (0.94, 1.10) 0.94 (0.83, 1.07) 1.06 (0.90, 1.26) 0.66 (0.52, 0.83)** 1.02 (0.79, 1.32)
Tobacco Smoking: Yes 0.76 (0.56, 1.02) 0.71 (0.45, 1.13) 0.73 (0.32, 1.66) 0.49 (0.18, 1.36) 1.04 (0.46, 2.34)
Alcohol Intake: Yes 0.79 (0.60, 1.05) 0.91 (0.66, 1.24) 0.88 (0.39, 1.98) 1.04 (0.31, 3.50) 0.70 (0.35, 1.42)
Note. Abbreviations include OR: Odds Ratio, and CI: Confidence Interval. All estimates are shown for risk of diabetes relative to no diabetes. P-values 
are denoted as * for <0.05, ** for <0.01, and *** for <0.001. A Relative to Male. B Relative to Less than High School. C Relative to less than $15k/year.
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Ethical Approval Statement

The protocols described were deemed as not human subjects research by the Washington 

State University Institutional Review Board, given that a secondary dataset with identifiers 

removed was provided by the Add Health data administrators to the researchers
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