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Aims: The primary aim of this research was to investigate the association between food

insecurity and prediabetes and to identify specific subgroups for early clinical intervention.

Methods: Cross-sectional data from 25,814 participants were analyzed from the National

Health and Nutrition Examination Survey for years 2005–2014. Multivariable logistic regres-

sion was used to explore the association between food security status and laboratory-

confirmed prediabetes. All models were adjusted for age, sex, race, and body mass index.

Results: When compared to participants with full and marginal food security, participants

with low/very food security were 1.35 (95% CI: 1.17–1.55) times more likely to have predia-

betes. Younger individuals with low/very low food security had a greater likelihood of pre-

diabetes, 1.50 (95% CI: 1.19–1.81), when compared with their food secure counterparts.

Conclusions: Food insecurity at any level, whether low or very low, is positively associated

with prediabetes in the U.S. general adult population. Food insecure young adults, particu-

larly those aged 20–34 years, should be targeted for early clinical intervention.
� 2018 Elsevier B.V. All rights reserved.
1. Introduction

It is estimated that 84 million people, at least a third of the

nation’s adult population, are living with prediabetes while

90% of those with prediabetes are not aware of their condition

[1]. Prediabetes increases the risk of developing type 2 dia-

betes mellitus (T2DM) as well as heart disease and stroke.

T2DM results in significant disability, premature mortality,

and substantial health care costs [2]. Significant predictors

for prediabetes are age, sex, family history of diabetes melli-

tus, and body mass index [3].
Food insecurity is increasingly being recognized as a major

public health issue [4–6]. In 2016, 12.3% or 15.6 million U.S.

households experienced food insecurity [5]. Food insecurity

is defined as limited access to a sufficient quantity of afford-

able, nutritious food Risk for food insecurity is higher among

households headed by Hispanics, Non-Hispanic Blacks, and

single mothers with children [5].

Multiple studies have demonstrated an association

between food insecurity and numerous health issues such

as obesity, diabetes, heart disease, hypertension, depression,

and anxiety [7–10]. The underlying biological mechanisms
s.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.diabres.2018.11.017&domain=pdf
https://doi.org/10.1016/j.diabres.2018.11.017
mailto:l.wright@unf.edu
https://doi.org/10.1016/j.diabres.2018.11.017
https://doi.org/10.1016/j.diabres.2018.11.017
https://doi.org/10.1016/j.diabres.2018.11.017
http://www.sciencedirect.com/science/journal/01688227
http://www.elsevier.com/locate/diabres


d i a b e t e s r e s e a r c h a n d c l i n i c a l p r a c t i c e 1 4 8 ( 2 0 1 9 ) 1 3 0 –1 3 6 131
and pathways by which food insecurity influences health are

not well understood. However, there are factors that may con-

tribute to the positive association between food insecurity

and insulin resistance. First, multiple studies have found

greater obesity among those who are food insecure [7], which

may increase the risk for prediabetes and diabetes. This con-

tradictory relationship is now referred to as the hunger-

obesity paradox. Second, a common coping strategy among

food insecure individuals is to purchase inexpensive,

energy-dense foods because of their lower cost [11], often

resulting in a greater intake of refined carbohydrates, fat,

and decreased intake of fruits, vegetables, and fiber [12]. This

dietary pattern, in turn, is associated with insulin resistance

and T2DM [13,14]. An additional coping strategy seen in food

insecurity is binge-like eating when food becomes available

[15], a pattern also associated with insulin resistance and obe-

sity [9]. Finally, food insecurity may influence inflammatory

pathways associated with insulin resistance due to psychoso-

cial strain or inadequate diet quality [16].

Because food insecurity impacts diabetes self-

management, the American Diabetes Association Standards

of Care stated in 2016 that providers should ‘‘evaluate hyper-

glycemia and hypoglycemia in the context of food insecurity

and propose solutions accordingly.” The progression from

prediabetes to T2DM occurs over many years and there is

strong evidence to support intervention to delay the progres-

sion from prediabetes to diabetes. Therefore, early detection

of prediabetes and intervention is critical. While food insecu-

rity has been clearly associated with diabetes, little is known

about the prediabetes and food insecurity. The purpose of this

research is to investigate the association between food inse-

curity and prediabetes and to identify specific subgroups for

early clinical intervention.
2. Materials and methods

2.1. Data source

National Health and Nutrition Examination Survey (NHANES)

data for adults aged �20 years were analyzed for years 2005–

2014 [17]. The exposure of interest was adult food security

category measured through personal interviews conducted

by NHANES representatives. Food security categories were

scored based upon the number of affirmative responses to

ten items, which included queries such as ‘‘Were you ever

hungry but didn’t eat because you couldn’t afford enough

food?”. The outcome of interest was prediabetes defined as

laboratory-confirmed glycohemoglobin levels (HbA1c)

between 5.7% and 6.4%. Information for the potential con-

founders of age, sex, and race were collected by NHANES rep-

resentatives via self-reported questionnaire. Body mass index

(BMI) was obtained in an NHANES Mobile Examination Center

(MEC).

2.2. Potential confounders

Factors were considered to be potential confounders if they

affect both the exposure and the outcome [18]. As such, sta-

tistical adjustments were conducted for age as a continuous
variable and sex as a dichotomous variable. Since being a

racial minority is associated with both the exposure [19] and

the outcome [20], race was included as a nominal variable,

categorized as Non-Hispanic White, Non-Hispanic Black,

Mexican American and Other Hispanic, and Other Race,

including Multi-Racial. In addition, BMI has been shown to

be associated with both food security status [21] and predia-

betes [20]; therefore, models were statistically adjusted for

BMI as a continuous variable.

2.3. Statistical analyses

The NHANES exposure variable for food security was catego-

rized as ‘‘Full Food Security” for participants with an adult

food security score of zero, ‘‘Marginal Food Security” for par-

ticipants with an adult food security score of 1–2, ‘‘Low Food

Security” for participants with an adult food security score

of 3–5, and ‘‘Very Low Food Security” for participants with

an adult food security score of 6–10. To conduct statistical

analyses, the reference group was designated as a combined

variable of the ‘‘Full Food Security” and ‘‘Marginal Food Secu-

rity” categories. The prediabetes outcome was coded dichoto-

mously as a yes/no variable.

Multivariable logistic regression was conducted to investi-

gate the association between food security levels and the out-

come of prediabetes, accounting for potential confounding

factors and stratifying by demographic variables. The primary

analyses explored the association between any level of food

insecurity (i.e. low and very low food security as a combined

variable) and prediabetes. Secondary analyses investigated

whether there was a dose response in the likelihood of predi-

abetes when food security status shifted from low to very low

food security. A sensitivity analyses was conducted with the

reference group designated as ‘‘Full Food Security” with com-

parisons to ‘‘Marginal Food Security” and ‘‘Low/Very Low Food

Security” for the prediabetes outcome. For all analyses, odds

ratios (OR) and 95% confidence intervals (CI) were calculated

to determine the relative odds of the occurrence of predia-

betes among participants in the reference group (i.e. either

full food security or full/marginal food security) and partici-

pants with lesser food security status. In addition, these esti-

mates represent the relative magnitude of difference between

the demographic subgroups within categories of food security

status.

Stratified analyses were also conducted by BMI, wherein

participants were grouped into the following categories: ‘‘Nor-

mal Weight” for participants with a BMI of 18.5 kg/m2 to

24.9 kg/m2, ‘‘Overweight” for participants with a BMI of

25.0 kg/m2 to 29.9 kg/m2, and ‘‘Obese” for participants with a

BMI �30.0 kg/m2. There were insufficient observations to cre-

ate an individual category for those who were underweight;

however, a sensitivity analysis was conducted with the inclu-

sion of underweight participants in the normal weight cate-

gory (BMI � 24.9 kg/m2).

All analyses were conducted with SAS 9.4 statistical soft-

ware. Statistical modeling was carried out with the SAS SUR-

VEYLOGISTIC procedure, allowing the inclusion of statistical

weights for the NHANES sample to address the differential

likelihood of participant selection, non-coverage, and non-

response. More specifically, 10-year MEC survey weights were
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allocated to all models to account for the inclusion of five

NHANES survey cycles. Weights were then normalized across

all data years from 2005 to 2014. The Taylor Series Lineariza-

tion method was used for variance estimation, which is the

recommended method of analysis by the National Center

for Health Statistics (NCHS) for all NHANES surveys [22].

3. Results

The characteristics of the study population, including age,

sex, race, body mass index, food security score and

laboratory-confirmed prediabetes are shown in Table 1. Our

study population consisted of 25,814 adults aged �20 years

with available information on both food security status and

glycohemoglobin levels.

Overall, when compared to participants with full and mar-

ginal food security, participants with low/very low food secu-

rity were 1.35 (95% CI: 1.17–1.55) times more likely to have

prediabetes (Table 2). When stratified by age, individuals in

the younger age groups with low/very low food security were

more likely to have prediabetes than individuals with full or

marginal food security. More specifically, the odds of predia-

betes among participants ages 20–34 years were 1.50 (95%

CI: 1.19–1.91) times greater than among participants the same

age with full/marginal food security. Likewise, odds of

prediabetes were 1.42 (95% CI: 1.12–1.79) and 1.45 (95% CI:

1.15–1.83) times higher among low/very low food secure par-

ticipants ages 35–44 years and ages 45–54 years, respectively,
Table 1 – Characteristics of the study population, ages �20 year
(NHANES), 2005–2014.

Characteristic

Total
Age

20–34 years
35–44 years
45–54 years
55–64 years
�65 years

Sex
Female
Male

Race
Non-hispanic white
Non-hispanic black
Mexican American and other hispanic
Other race, including multi-racial

Body mass index*

Underweight (<18.5 kg/m2)
Normal weight (18.5–24.9 kg/m2)
Overweight (25.0–29.9 kg/m2)
Obese (�30.0 kg/m2)

Adult food security score
Full food security: 0
Marginal food security: 1–2
Low food security: 3–5
Very low food security: 6–10

Laboratory-confirmed prediabetes
Yes
No

* Body mass index not available for 341 participants.
when compared to their food secure counterparts. Table 2

indicates that both males and females with low/very low food

security were more likely to have prediabetes than their food

secure counterparts. Non-Hispanic Whites and Mexican

American/Other Hispanic participants with low/very low food

security had a greater likelihood of prediabetes when com-

pared to those with full/marginal food security. Individuals

with low/very low food security had increased odds of predi-

abetes across all BMI categories when compared to individu-

als with full/marginal food security.

Secondary analyses indicated that there was largely no

dose-response in estimates of association with prediabetes

by decreasing levels of food security (Table 3). Moreover, food

insecurity at any level was associated with similar odds of

prediabetes across demographic groups. When stratified by

age, individuals in the younger age groups with low food

security were 1.31 (95% CI: 1.03–1.67) times more likely to

have prediabetes than individuals with full or marginal food

security, while younger individuals with very low food secu-

rity were 1.78 (95% CI: 1.28–2.47) times more likely to have

prediabetes than individuals with full or marginal food

security.

Very low food security was positively associated with pre-

diabetes among individuals who were overweight. In a sensi-

tivity analysis including underweight study participants with

normal weight study participants, a positive association with

prediabetes was observed when comparing participants

with low food security to those with full and marginal food
s in the National Health and Nutrition Examination Survey

n Weighted %

25,814 100

6634 27.2
4462 19.0
4422 20.2
4196 15.9
6100 17.7

13,316 52.0
12,498 48.0

11,795 68.9
5350 10.9
6357 13.4
2312 6.8

419 1.6
7139 29.4
8529 33.6
9386 35.4

18,542 78.8
2867 8.7
2590 7.3
1815 5.2

6865 22.4
18,949 77.6



Table 2 – Adjusted Odds Ratios (aOR) for the association between food insecurity and laboratory-confirmed prediabetes, ages
�20 years in the National Health and Nutrition Examination Survey (NHANES), 2005–2014.*

Characteristic Prediabetes
aOR (95% CI)

Full/marginal food security Low/very low food security

Overall 1.00 1.35 (1.17–1.55)
Age

20–34 years 1.00 1.50 (1.19–1.91)
35–44 years 1.00 1.42 (1.12–1.79)
45–54 years 1.00 1.45 (1.15–1.83)
55–64 years 1.00 1.10 (0.84–1.44)
�65 years 1.00 1.11 (0.85–1.45)

Sex
Female 1.00 1.25 (1.07–1.46)
Male 1.00 1.48 (1.21–1.80)

Race
Non-hispanic white 1.00 1.49 (1.17–1.90)
Non-hispanic black 1.00 1.06 (0.91–1.23)
Mexican American and other hispanic 1.00 1.27 (1.10–1.46)
Other race, including multi-racial 1.00 0.99 (0.69–1.43)

Body mass index
Normal weight (18.5–24.9 kg/m2) 1.00 1.38 (1.05–1.80)
Overweight (25.0–29.9 kg/m2) 1.00 1.58 (1.27–1.96)
Obese (�30.0 kg/m2) 1.00 1.24 (1.08–1.42)

* Adjusted for age, sex, race, and body mass index.
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security, but not when comparing participants with very low

food security to those with full and marginal food security

(Table 3).

In a sensitivity analysis with full food security as the refer-

ence group, findings were consistent with previous analyses

(Table 4). When compared to participants with full food secu-
Table 3 – Secondary analyses exploring a dose-response in the
prediabetes, ages �20 years in the National Health and Nutritio

Prediabetes

Full/marginal food

Characteristic aOR (95% CI)
Total 1.00
Age

20–34 years 1.00
35–44 years 1.00
45–54 years 1.00
55–64 years 1.00
�65 years 1.00

Sex
Female 1.00
Male 1.00

Race
Non-hispanic white 1.00
Non-hispanic black 1.00
Mexican American and other hispanic 1.00
Other race, including multi-racial 1.00

Body mass index
Normal weight (18.5–24.9 kg/m2) 1.00
Overweight (25.0–29.9 kg/m2) 1.00
Obese (�30.0 kg/m2) 1.00

* Adjusted for age, sex, race, and body mass index.
rity, participants with marginal food security were 1.27 (95%

CI: 1.12–1.44) times more likely to have prediabetes. Likewise,

participants with low/very low food security were 1.39 (95%

CI: 1.20–1.60) times more likely to have prediabetes. Stratified

analyses yielded similar findings to those estimated with a

combined reference group of full/marginal food security.
association between food security and laboratory-confirmed
n Examination Survey (NHANES), 2005–2014.*

security Low food security Very low food security

aOR (95% CI) aOR (95% CI)
1.38 (1.17–1.63) 1.30 (1.07–1.57)

1.31 (1.03–1.67) 1.78 (1.28–2.47)
1.48 (1.14–1.92) 1.33 (0.96–1.83)
1.48 (1.07–2.05) 1.41 (1.03–1.93)
1.28 (0.93–1.76) 0.88 (0.61–1.27)
1.21 (0.90–1.63) 0.95 (0.61–1.47)

1.25 (1.03–1.52) 1.24 (0.98–1.56)
1.54 (1.25–1.91) 1.39 (1.06–1.82)

1.55 (1.12–2.15) 1.41 (1.01–1.98)
1.07 (0.90–1.28) 1.05 (0.81–1.35)
1.31 (1.12–1.54) 1.18 (0.91–1.54)
1.02 (0.65–1.61) 0.94 (0.53–1.67)

1.39 (1.00–1.94) 1.36 (0.94–1.96)
1.53 (1.16–2.01) 1.66 (1.22–2.27)
1.28 (1.09–1.51) 1.17 (0.95–1.45)



Table 4 – Sensitivity analysis with full food security as the reference group for the association between food security and
laboratory-confirmed prediabetes, ages �20 years in the National Health and Nutrition Examination Survey (NHANES), 2005–
2014.*

Prediabetes

Full Food Security Marginal Food Security Low/Very Low Food Security

Characteristic aOR (95% CI) aOR (95% CI) aOR (95% CI)
Total Reference 1.27 (1.12–1.44) 1.39 (1.20–1.60)
Age

20–34 years Reference 1.14 (0.88–1.49) 1.54 (1.20–1.99)
35–44 years Reference 1.77 (1.41–2.22) 1.55 (1.22–1.97)
45–54 years Reference 1.47 (1.07–2.03) 1.52 (1.20–1.92)
55–64 years Reference 1.15 (0.83–1.59) 1.11 (0.85–1.45)
�65 years Reference 0.86 (0.67–1.10) 1.10 (0.84–1.44)

Sex
Female Reference 1.27 (1.04–1.55) 1.29 (1.10–1.51)
Male Reference 1.27 (1.09–1.48) 1.52 (1.25–1.86)

Race
Non-Hispanic White Reference 1.37 (1.14–1.63) 1.53 (1.20–1.95)
Non-Hispanic Black Reference 1.10 (0.88–1.37) 1.08 (0.92–1.26)
Mexican American and other hispanic Reference 1.10 (0.86–1.41) 1.30 (1.11–1.51)
Other race, including multi-racial Reference 0.92 (0.60–1.42) 0.98 (0.68–1.43)

Body mass index
Normal weight (18.5–24.9kg/m2) Reference 1.65 (1.13–2.41) 1.45 (1.10–1.92)
Overweight (25.0–29.9 kg/m2) Reference 0.94 (0.76–1.16) 1.57 (1.26–1.95)
Obese (�30.0 kg/m2) Reference 1.38 (1.14–1.65) 1.30 (1.12–1.51)

* Adjusted for age, sex, race, and body mass index.
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4. Discussion

While some studies have examined the relationship between

food insecurity and diabetes, relatively little has been pub-

lished on prediabetes and food insecurity. This analysis of a

nationally representative sample of the U.S. population found

that food insecurity was significantly associated with predia-

betes. Controlling for age, sex, race, and BMI, food insecurity

was associated with 1.35 (95% CI: 1.17–1.55) times greater

odds of prediabetes compared with food security in this study

population. This finding may support that food insecurity is

independently associated with prediabetes.

While data from the National Diabetes Statistics Report

published in 2017 [23] indicate that prediabetes is more preva-

lent among females than males, we found that females who

were food insecure had 25% greater odds of prediabetes while

males who were food insecure had 48% greater odds of predi-

abetes when compared to those who were food secure. These

findings are not supported by a recent cross-sectional analy-

sis of 2011 and 2012 National Health Interview Survey (NHIS)

data [24], which included 19,048 adults aged 18–59 years with

household income �299% federal poverty line. The authors

found that food insecure females had 62% greater odds of

having prediabetes compared with food secure females (95%

CI: 1.22–2.16) while food insecure males did not have greater

odds of having prediabetes compared with their food secure

counterparts (aOR = 1.09; 95% CI: 0.78–1.53) [24]. Potential

explanations for the differences in findings are the classifica-

tion of the prediabetes outcome, which was self-reported in

the NHIS study and laboratory-confirmed in the present

study, and the time frame of data collection. While the NIHS

study analyzed data from two years, our study included data

from ten consecutive years.
The National Diabetes Statistics Report data also indi-

cated that prediabetes in the general population is more

prevalent among non-Hispanic Blacks (36.3%) and non-

Hispanic Asians (35.7%) than non-Hispanic Whites (31.5%)

and Hispanics (31.7%) [23]. This study found that food inse-

cure non-Hispanic Whites had 49% greater odds of predia-

betes and Mexican American and Other Hispanics had

27% greater odds of diabetes compared with their food

secure counterparts. The likelihood of prediabetes among

food insecure non-Hispanic Blacks and Other Races was

not significantly greater than among those who were food

secure.

In relation to age, the highest likelihood of prediabetes in

the present study was among 20–34 year olds at 1.5 times

greater odds, followed by 45–54 year olds (aOR = 1.45) and

35–44 year olds (aOR = 1.42). Although other research has

found that overweight and obesity are associated with predi-

abetes [24], there was a greater likelihood of prediabetes in

our study population for all weight categories including nor-

mal weight. Overall, these finding argue for a non-

traditional presentation of prediabetes among the food

insecure.

Secondary analyses were conducted to investigate

whether there was a dose-response in moving from low food

security to very low food security. Worsening food insecurity

did not make a difference in the likelihood of prediabetes,

except among the 20–34 year olds. In this age group, the low

food secure had 31% greater odds of prediabetes and the very

low food secure had 78% greater odds of prediabetes than

those who were food secure. The fact that an overall dose-

response was not observed argues for the positive association

between food insecurity at any level and negative health

outcomes.
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Strengths of this study include the use of the validated

USDA Food Security Scale to measure the food security expo-

sure rather than extrapolating from poverty level, and the use

of laboratory-confirmed prediabetes outcome rather than

self-report. Additionally, both the primary and secondary

analyses yielded consistent results, indicating that food inse-

curity at any level is associated with prediabetes. As well, the

sensitivity analysis including underweight individuals did not

change findings by BMI, further indicating the rigor of the

estimates of association. Finally, this study exhibits strong

external validity because the data are derived from a repre-

sentative sample of the general U.S. population.

One limitation of this study is the cross-sectional nature of

NHANES data which precludes causal interpretation of

results. However, these findings are biologically plausible

and are consistent with other studies investigating the asso-

ciation between food security and negative health outcomes

[7,10,25]. Additionally, social desirability bias may lead to

under-reporting of food insecurity and subsequently result

in underestimation of the association between food security

status and prediabetes. However, this study employed the

USDA-validated food security scale, which is the most robust

measure available to approximate food security status.

The results of this research have several implications to

practice. First, health screenings for prediabetes should be

conducted at food pantries in order to increase awareness

of food insecure individuals, particularly males and younger

age groups. It has previously been reported that adult men

with food insecurity were more likely to have undiagnosed

prediabetes than food secure men, suggesting that food inse-

cure men may lack awareness of their diabetes risk [26]. Part-

nering with hospital systems is an effective way to provide

additional services to compliment the food distribution. Par-

ticipants should also be educated on the greater likelihood

of developing prediabetes and the non-traditional presenta-

tion among those that are food insecure. Next, programming

should be provided for those that are prediabetic. Healthy

food boxes coordinated with cooking demonstrations and

educational classes such as Center for Disease Control’s Dia-

betes Prevention Program are effective methods to promote

lifestyle change and decrease the development of diabetes.

Programs should also focus on the younger age groups.

Finally, the results of this study suggest potential policy

changes within food pantries and food banks, such as pro-

moting healthier food donations and increasing produce

distribution.

Appendix A. Supplementary material

Supplementary data to this article can be found online at

https://doi.org/10.1016/j.diabres.2018.11.017.
R E F E R E N C E S
[1] Centers for Disease Control and Prevention. Prediabetes;
2017. https://www.cdc.gov/diabetes/basics/prediabetes.html
[accessed 18 June 2018].
[2] Centers for Disease Control and Prevention. National
diabetes statistics report; 2017. https://www.
cdc.gov/diabetes/pdfs/data/statistics/national-diabetes-
statistics-report.pdf [accessed 18 June 2018].

[3] Koller KR, Metzger JS, Jolly SE, Umans JG, Hopkins SE,
Kaufmann C, et al. Cardiometabolic correlates of low type 2
diabetes incidence in western Alaska Native people – the
WATCH study. Diabetes Res. Clin. Pract. 2015;108:423–31.
https://doi.org/10.1016/j.diabres.2015.03.001.

[4] Murthy VH. Food insecurity: a public health issue. Publ
Health Rep 2016. https://doi.org/10.1177/0033354916664154.

[5] Rabbitt MP, Coleman-Jensen A, Gregory CA. Understanding
the prevalence, severity, and distribution of food insecurity in
the United States; 2017, Jun 01.

[6] Castillo DC, Ramsey NL, Yu SS, Ricks M, Courville AB, Sumner
AE. Inconsistent access to food and cardiometabolic disease:
the effect of food insecurity. Curr Cardiovasc Risk Rep 2012.

[7] Pan L, Sherry B, Njai R, Blanck HM. Food insecurity is
associated with obesity among US adults in 12 states. J Acad
Nutr Diet 2012. https://doi.org/10.1016/j.jand.2012.06.011.

[8] Berkowitz SA, Baggett TP, Wexler DJ, Huskey KW, Wee CC.
Food insecurity and metabolic control among U.S. adults with
diabetes. Diabetes Care 2013. https://doi.org/10.2337/dc13-
0570.

[9] Seligman HK, Laraia BA, Kushel MB. Food insecurity is
associated with chronic disease among low-income NHANES
participants. J. Nutr. 2010. https://doi.org/10.3945/
jn.109.112573.

[10] Gundersen C, Ziliak JP. Food insecurity and health outcomes.
Health. Aff. (Millwood) 2015. https://doi.org/10.1377/
hlthaff.2015.0645.

[11] Drewnowski A, Specter SE. Poverty and obesity: the role of
energy density and energy costs. Am. J. Clin. Nutr. 2004.
https://doi.org/10.1093/ajcn/79.1.6.

[12] Kendall A, Olson CM, Frongillo Jr EA. Relationship of hunger
and food insecurity to food availability and consumption. J
Am Diet Assoc 1996.

[13] Pereira MA, Kartashov AI, Ebbeling CB, Van Horn L, Slattery
ML, Jacobs Jr DR, et al. Fast-food habits, weight gain, and
insulin resistance (the CARDIA study): 15-year prospective
analysis. Lancet 2005.

[14] Hu FB, van Dam RM, Liu S. Diet and risk of Type II diabetes:
the role of types of fat and carbohydrate. Diabetologia 2001.
https://doi.org/10.1007/s001250100547.

[15] Bove CF, Olson CM. Obesity in low-income rural women:
qualitative insights about physical activity and eating
patterns. Women Health 2006. https://doi.org/10.1300/
J013v44n01_04.

[16] Gowda C, Hadley C, Aiello AE. The association between food
insecurity and inflammation in the US adult population. Am J
Public Health 2012. https://doi.org/10.2105/AJPH.2011.300551.

[17] Centers for Disease Control and Prevention. National Center
for Health Statistics. National health and nutrition
examination survey; 2017. https://www.cdc.gov/nchs/
nhanes/index.htm [accessed 27 June 2018].

[18] Schisterman EF, Cole SR, Platt RW. Overadjustment bias and
unnecessary adjustment in epidemiologic studies.
Epidemiology 2009. https://doi.org/10.1097/
EDE.0b013e3181a819a1.

[19] Vaccaro JA, Huffman FG. Sex and race/ethnic disparities in
food security and chronic diseases in U.S. older adults.
Gerontol Geriatr Med 2017. https://doi.org/10.1177/
2333721417718344.

[20] Centers for Disease Control and Prevention. Who is at risk?
2017. https://www.cdc.gov/diabetes/basics/risk-factors.html
[accessed 31 May 2018].

[21] Wilde PE, Peterman JN. Individual weight change is
associated with household food security status. J Nutr 2006.

https://doi.org/10.1016/j.diabres.2018.11.017
https://www.cdc.gov/diabetes/basics/prediabetes.html
https://www.cdc.gov/diabetes/pdfs/data/statistics/national-diabetes-statistics-report.pdf
https://www.cdc.gov/diabetes/pdfs/data/statistics/national-diabetes-statistics-report.pdf
https://www.cdc.gov/diabetes/pdfs/data/statistics/national-diabetes-statistics-report.pdf
https://doi.org/10.1016/j.diabres.2015.03.001
https://doi.org/10.1177/0033354916664154
http://refhub.elsevier.com/S0168-8227(18)31088-X/h0030
http://refhub.elsevier.com/S0168-8227(18)31088-X/h0030
http://refhub.elsevier.com/S0168-8227(18)31088-X/h0030
https://doi.org/10.1016/j.jand.2012.06.011
https://doi.org/10.2337/dc13-0570
https://doi.org/10.2337/dc13-0570
https://doi.org/10.3945/jn.109.112573
https://doi.org/10.3945/jn.109.112573
https://doi.org/10.1377/hlthaff.2015.0645
https://doi.org/10.1377/hlthaff.2015.0645
https://doi.org/10.1093/ajcn/79.1.6
http://refhub.elsevier.com/S0168-8227(18)31088-X/h0060
http://refhub.elsevier.com/S0168-8227(18)31088-X/h0060
http://refhub.elsevier.com/S0168-8227(18)31088-X/h0060
http://refhub.elsevier.com/S0168-8227(18)31088-X/h0065
http://refhub.elsevier.com/S0168-8227(18)31088-X/h0065
http://refhub.elsevier.com/S0168-8227(18)31088-X/h0065
http://refhub.elsevier.com/S0168-8227(18)31088-X/h0065
https://doi.org/10.1007/s001250100547
https://doi.org/10.1300/J013v44n01_04
https://doi.org/10.1300/J013v44n01_04
https://doi.org/10.2105/AJPH.2011.300551
https://www.cdc.gov/nchs/nhanes/index.htm
https://www.cdc.gov/nchs/nhanes/index.htm
https://doi.org/10.1097/EDE.0b013e3181a819a1
https://doi.org/10.1097/EDE.0b013e3181a819a1
https://doi.org/10.1177/2333721417718344
https://doi.org/10.1177/2333721417718344
https://www.cdc.gov/diabetes/basics/risk-factors.html
http://refhub.elsevier.com/S0168-8227(18)31088-X/h0105
http://refhub.elsevier.com/S0168-8227(18)31088-X/h0105


136 d i a b e t e s r e s e a r c h a n d c l i n i c a l p r a c t i c e 1 4 8 ( 2 0 1 9 ) 1 3 0 –1 3 6
[22] Centers for Disease Control and Prevention. NHANES Web
tutorial frequently asked questions (FAQs); 2014. https://
www.cdc.gov/nchs/tutorials/nhanes/faqs.htm [accessed 31
May 2018].

[23] Murillo R, Reesor LM, Scott CW, Hernandez DC. Food
insecurity and prediabetes in adults: race/ethnic and sex
differences. Am J Health Behav 2017. https://doi.org/10.5993/
AJHB.41.4.7.

[24] Li C, Ford ES, Zhao G. Mokdad AH. Prevalence of prediabetes
and its association with clustering of cardiometabolic risk
factors and hyperinsulinemia among U.S. adolescents:
national health and nutrition examination survey 2005–2006.
Diabetes Care 2009. https://doi.org/10.2337/dc08-1128.

[25] Darling KE, Fahrenkamp AJ, Wilson SM, D’Auria AL, Sato AF.
Physical and mental health outcomes associated with prior
food insecurity among young adults. J Health Psychol 2017.
https://doi.org/10.1177/1359105315609087.

[26] Ding M, Wilson NL, Garza KB, Zizza CA. Undiagnosed
prediabetes among food insecure adults. Am J Health Behav
2014. https://doi.org/10.5993/AJHB.38.2.8.

https://www.cdc.gov/nchs/tutorials/nhanes/faqs.htm
https://www.cdc.gov/nchs/tutorials/nhanes/faqs.htm
https://doi.org/10.5993/AJHB.41.4.7
https://doi.org/10.5993/AJHB.41.4.7
https://doi.org/10.2337/dc08-1128
https://doi.org/10.1177/1359105315609087
https://doi.org/10.5993/AJHB.38.2.8

	Associations between food insecurity and prediabetes in a representative sample of U.S. Adults (NHANES 2005–2014)
	1 Introduction
	2 Materials and methods
	2.1 Data source
	2.2 Potential confounders
	2.3 Statistical analyses

	3 Results
	4 Discussion
	Appendix A Supplementary material
	References


