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Abstract

Objective: A high prevalence of food insecurity has persisted in the USA for the
past two decades. Previous studies suggest that the association between food
insecurity and obesity may vary by gender and race/ethnicity. We examined
whether food insecurity was associated with BMI and obesity within gender and
racial/ethnic groups in a large, diverse sample of low-income adults.
Design: A cross-sectional analysis of a large population-based health survey.
We compared the distribution of BMI and obesity by food security levels within
gender and racial/ethnic categories.
Setting: Data were derived from the 2003–2009 waves of the California Health
Interview Survey.
Subjects: The study sample included 35 747 non-elderly adults with households
#200 % of the federal poverty level.
Results: Among Hispanic men, very low food security was associated with a
1?0 kg/m2 higher BMI (95 % CI 0?3, 1?7 kg/m2) and a 36 % higher prevalence of
obesity (95 % CI 17, 58 %) after multivariate adjustment. Among Hispanic women,
very low food security was associated with a 1?1 kg/m2 higher BMI (95 % CI 0?4,
1?9 kg/m2) and a 22 % higher prevalence of obesity (95 % CI 8, 38 %). Positive
associations were also observed for Asian women and multi-racial men. No sig-
nificant associations were observed for non-Hispanic whites, African Americans,
Asian men or multi-racial women.
Conclusions: Our results suggest that the association of food insecurity and
obesity is limited to individuals of certain low-income, minority racial/ethnic
groups. Whether targeted interventions to address food insecurity in these indi-
viduals may also decrease obesity risk deserves further investigation.
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It has been well established that prevalence rates of

obesity and obesity-related health conditions have grown

considerably in the USA over the past several decades.

Obesity disproportionately affects minority and low-

income populations, especially black women, Hispanic

women, Native Americans, Pacific Islanders and men and

women of low socio-economic status(1), with prevalences

as high as 40–50 % in some of these groups(2).

Although not as dramatic as the trend in obesity, the

prevalence of food insecurity, defined as ‘the limited or

uncertain availability of nutritionally adequate and safe

foods or the limited or uncertain ability to acquire

acceptable foods in socially acceptable ways’(3), has also

persisted at high levels for the past two decades. In

2007, it was estimated that 11?1 % of all US households

were food insecure; this proportion has since increased

to 14?7 %(4). As with obesity, there is also considerable

variation in the prevalence of food insecurity. Single

women with children, black households, Hispanic

households and households living under the federal

poverty level (FPL) all have higher prevalences of food

insecurity compared with the national average(5).

Food insecurity has been associated with poorer health

profiles(6), including overweight and obesity(7–14) and

metabolic syndrome(15), among low-income adults and

particularly low-income women. In one of the earlier

studies, Townsend and colleagues observed that women

with mild food insecurity were 30 % more likely to be

overweight (BMI .27?3 kg/m2) than food-secure women;

the same association was not observed among men(11).

Adams and colleagues noted that after adjustment for

income and education, the associations between food
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insecurity and obesity were stronger among Asian, black

and Hispanic women collectively, than among white

women, in the 1998–99 California Women’s Health

Survey(9). In another study, Kaiser and colleagues found

that food-insecure Hispanic/Latino women were 98 %

more likely to be obese (BMI . 30?0 kg/m2) than their

food-secure counterparts in a convenience sample of

Hispanic/Latino women(10). These studies suggest that

the association between food insecurity and obesity may

vary by gender and race/ethnicity; however, few studies

have been able to examine the degree to which this

association is modified by gender and race/ethnicity.

Depending on socio-economic influences, acculturation

status or other social factors, some groups, such as white

adults or men, may adopt better coping strategies for food

insecurity than black or Hispanic adults or women.

The objective of the present study was to examine

the heterogeneity in the associations of food insecurity

with BMI and obesity within different gender and

racial/ethnic groups, using a large, diverse sample of

low-income California adults. Based on existing evidence,

we hypothesized that food insecurity would be more

strongly associated with BMI or obesity among African

American and Hispanic women, when compared with

other groups.

Methods

Study population

The California Health Interview Survey (CHIS) is a large,

population-based, random-digit-dial telephone survey of

households, aimed to be representative of California’s

non-institutionalized population(16). CHIS has been con-

ducted every two years since 2001 and is the largest

statewide health survey, collecting information on a range

of health behaviours and health outcomes. CHIS provides

a unique opportunity for studying health disparities due

to the oversampling of California’s large population of

minority racial/ethnic groups, particularly Hispanics and

Asians(17). Interviews are conducted in English, Spanish,

Chinese (Mandarin and Cantonese dialects), Vietnamese

and Korean(18).

For the present study, data were combined from the

2003, 2005, 2007 and 2009 CHIS, to ensure a sufficient

representation of individuals from minority racial/ethnic

groups. The analytical sample was restricted to house-

holds whose incomes fell at or below 200 % of the FPL,

in order to exclude higher-income households who

were unlikely to experience food insecurity(19,20) and to

provide a useful comparison of food insecurity among

households of similar socio-economic status. In 2009,

200 % of the FPL translated into a threshold of $US 44 100

per annum for a family of four(21). We further restricted

our sample to adults aged 18–65 years and women who

were not pregnant at the time of the survey to avoid

potential misclassification of the outcome measures.

Response rates from the 2003–2007 surveys ranged from

18?7 % to 33?5 %(22–24). The 2009 survey response rate has

not yet been published.

Assessment of household food security status

Food insecurity was assessed over the past 12 months and

was measured using the six-item short form of the US

Household Food Security Survey Module(25). Questions

are ordered by range of severity of food insecurity and

attribute related experiences or behaviours to insufficient

resources to buy food. Responses of ‘sometimes true’,

‘often true’, ‘almost every month’, ‘some months but not

every month’ and ‘yes’ were coded as affirmative. A raw

score ranging from 0 to 6 was created by summing the

affirmatives of the questions. Food insecurity was classi-

fied according to the US Department of Agriculture

(USDA) guidelines: 0–1, high or marginal food security;

2–4, low food security; 5–6, very low food security. It

should be noted that we use ‘food insecurity’ as a broad

term that encompasses households reporting either low

food security or very low food security. We present results

by low food security or very low food security status, to

maintain consistency with the USDA classifications.

Outcomes

The outcomes for analyses were BMI and obesity. BMI

was calculated from self-reported height and weight data

as kg/m2. Obesity was defined as BMI $ 30?0 kg/m2.

Covariates

Covariates for multivariate regression analyses included age

(18–30, 31–40, 41–50, 51–65 years), gender, race/ethnicity,

birthplace (US-born; born outside USA), English proficiency

(speaks only English; speaks English well or very well;

speaks English not well or not at all), employment status at

time of survey (employed; unemployed), poverty level

(0–24?9%, 25–49?9%, 50–74?9%, 75–99?9%, 100–124?9%,

125–149?9%, 150–174?9%, 175–200% FPL), education

(high school diploma/fewer than 12 years of education; any

college or higher), self-reported health status (excellent–

good; fair–poor), smoking status (never smoker; former

smoker; current smoker) and family type (single or married

without children; married with children; single with chil-

dren). For each of the categorical variables, the first group

was used as the reference category.

As CHIS had multiple definitions for race/ethnicity, we

used the definitions from the Office of Management and

Budget: Hispanic, non-Hispanic (NH) white, NH African

American, NH American Indian/Alaskan Native (AIAN),

NH Asian, NH Native Hawaiian/Pacific Islander (NHPI),

NH other singular race, and NH two or more races.

Due to small sample sizes, we excluded individuals

of AIAN descent (n 461), NHPI descent (n 87) or other

singular race (n 65). The final analytical sample com-

prised 35 747 adults.
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Statistical analysis

Statistical analyses were performed using the Stata/IC

for Windows statistical software package version 11?1

(StataCorp LP, College Station, TX, USA). Using Stata’s

survey data estimation procedures, complex survey weights

were used in all analyses to account for the different samp-

ling probabilities and potential non-response bias, and to

obtain effect estimates and standard errors representative of

the California adult population. Variances were calculated

using replicate weights provided with the public-use data

files. All replicate weights were recalculated to reflect the

probability of being sampled in the pooled survey years

according to CHIS guidelines.

First, we compared the distribution of food security

status according to sociodemographic characteristics using

x2 tests. Next, we used multivariate linear regression

models to examine the relationships between low food

security and very low food security with continuous BMI.

We also estimated prevalence ratios and 95% confidence

intervals for obesity by categories of food security using

multivariate Poisson regression models. Because the aim

of the study was to examine the heterogeneity of the

associations between food insecurity, BMI and obesity, we

tested two-way cross-product terms between gender and

race/ethnicity with low food security or very low food

security in regression models. We also tested three-way

interactions between gender, race/ethnicity and low food

security or very low food security. Last, we examined

whether the associations between low food security

and very low food security with BMI or obesity within

racial/ethnic groups were further modified by birthplace or

indicators of economic adversity (poverty level, education,

employment status at time of survey).

We examined the appropriateness of combining data

from surveys conducted in four different years by com-

puting two-way interaction terms between food insecurity

and survey year in the models for BMI and obesity. We also

estimated the prevalences of high/marginal, low and very

low food security for the entire CHIS sample and the

analytical sample by year of survey and compared these

with national estimates from the USDA Economic Research

Service(26). All statistical tests were two-sided and signifi-

cance was considered at P , 0?05.

Results

Between 2003 and 2009, prevalences of low food security

and very low food security in the entire CHIS sample

ranged from 6?5 % to 9?0 % and from 2?9 % to 5?3 %,

respectively (Table 1). Aside from a slight decline in the

prevalence of very low food security in the 2005 CHIS,

these figures were comparable to the national estimates

for the same years, as reported by the USDA(3,4,27,28). Both

estimates from CHIS and from the USDA were reported at

the household level. In the low-income CHIS sample of

35 747 adults, the prevalence of low food security ranged

from 21?8 % to 26?8 % throughout the study period,

whereas the prevalence of very low food security ranged

from 10?2 % to 16?2 %. Adults were most likely to report

experiencing low or very low food security in the past

12 months if they were aged 31–50 years, of female

gender, of African American or Hispanic descent, had the

lowest English proficiency, were living under the FPL,

had 12 or fewer years of education, reported poorer

general health status or were single parents (Table 2).

Among all adults, very low food security was asso-

ciated with a 0?7kg/m2 higher adjusted BMI (95% CI 0?4,

1?1kg/m2, P , 0?001) and a 16% higher adjusted pre-

valence of obesity (prevalence ratio (PR)51?16, 95%

CI 1?07, 1?26, P 5 0?001; results not shown). However,

there was evidence of heterogeneity in the associations of

food security status with BMI (Pinteraction 5 0?02) by race/

ethnicity and gender. Among Hispanic men, having very

low food security was associated with a 1?0kg/m2 higher

BMI (P 5 0?003) and a 36% higher prevalence of obesity

(P , 0?001) when compared with food-secure Hispanic

men (Table 3). Similarly, for multi-racial men, very low

food security was significantly associated with a 1?9kg/m2

higher BMI (P 5 0?03) and a 16% higher prevalence of

obesity (P 5 0?001). No associations were observed for NH

white, African American or Asian men.

Table 1 Food security status in the USA and the California Health Interview Survey (CHIS), 2003–2009

CHIS survey year

2003 2005 2007 2009

Food security status in the US population*
Low food security (%) 7?7 7?1 7?0 9?0
Very low food security (%) 3?5 3?9 4?1 5?7

Food security status in the entire CHIS sample
Low food security (%) 8?0 6?5 7?1 9?0
Very low food security 3?5 2?9 3?6 5?3

Food security status in the low-income CHIS sample-
Low food security (%) 24?9 21?8 24?6 26?8
Very low food security (%) 11?1 10?2 13?0 16?2

*Data from the US Department of Agriculture, Economic Research Service.
-Adults with household incomes #200 % of the federal poverty level, aged 18–65 years, not pregnant at the time of the survey.
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Hispanic women with very low food security had a

1?1 kg/m2 higher BMI (P 5 0?003) and a 22 % higher

prevalence of obesity (P50?001), compared with food-

secure Hispanic women (Table 4). For Asian women,

low food security was associated with a 1?1 kg/m2 sig-

nificantly higher BMI (P 5 0?008) compared with food-

secure Asian women. No associations were observed for

NH white, African American or multi-racial women. There

was also no evidence of further effect modification by

birthplace or indicators of economic adversity on any of

the associations examined (P . 0?1).

Discussion

Our results provide evidence that experiencing very

low food security is related to higher BMI and higher

prevalence of obesity in low-income Hispanic men, multi-

racial men and Hispanic women. Low food security was

also related to higher BMI for Asian women. No sig-

nificant associations were observed for NH white men

and women, African American men and women, Asian

men or multi-racial women. There was also no further

modification of these associations by a participant’s

Table 2 Sociodemographic characteristics and distribution of food security status among low-income adults: California Health Interview
Survey, 2003–2009*

Low food security Very low food security

Raw n Weighted % % SE % SE

Age
18–30 years 9155 36?5 20?2 0?7 9?8 0?5
31–40 years 7862 24?6 28?9 0?8 12?3 0?6
41–50 years 8130 21?1 27?7 1?1 16?9 1?1
51–65 years 10 600 17?9 24?0 0?8 14?5 0?6

Sex
Male 13 643 47?6 24?1 0?6 12?1 0?5
Female 22 104 52?4 25?1 0?5 13?4 0?4

Race/ethnicity
Non-Hispanic white 12 562 21?4 18?7 0?7 16?6 0?8
African American 2218 6?8 21?8 1?4 20?2 1?7
Hispanic/Latino 16 100 60?0 27?4 0?6 11?8 0?4
Asian 3753 10?5 22?9 1?5 4?9 0?8
Multi-racial 1114 1?4 20?1 1?9 19?4 1?9

Birthplace
US-born 19 563 44?1 18?8 0?5 15?4 0?6
Born outside USA 16 184 55?9 29?2 0?6 10?6 0?4

English proficiency
Speaks only English 15 965 32?0 19?2 0?6 16?9 0?7
Speaks English well or very well 8853 29?2 19?7 0?7 9?5 0?6
Speaks English not well or not at all 10 929 38?9 32?8 0?8 11?8 0?5

Employment status
Employed 20 306 62?9 25?5 0?6 10?4 0?3
Unemployed 15 441 37?1 23?1 0?7 16?8 0?7

Poverty level
0–24?9 % FPL 2750 7?7 24?6 1?3 16?4 1?5
25–49?9 % FPL 2301 7?2 32?5 1?9 16?4 1?4
50–74?9 % FPL 4270 13?7 29?2 1?4 16?2 1?4
75–99?9 % FPL 6308 17?5 26?5 1?0 14?5 0?7
100–124?9 % FPL 5516 14?8 25?6 1?1 13?0 0?8
125–149?9 % FPL 5032 13?9 22?7 1?1 10?4 0?8
150–174?9 % FPL 4788 12?7 20?7 1?1 9?2 0?9
175–200 % FPL 4782 12?4 17?2 0?9 8?0 0?7

Education
Any college or higher 14 167 30?4 18?9 0?6 12?4 0?6
High school diploma/fewer than 12 years of education 21 580 69?6 27?1 0?5 12?9 0?4

General health status
Excellent–good 23 442 67?8 21?4 0?5 10?0 0?4
Fair–poor 12 305 32?3 31?4 0?8 18?6 0?6

Smoking status
Never smoker 21 064 64?0 24?6 0?6 10?6 0?4
Former smoker 6918 16?4 24?7 1?0 13?0 0?8
Current smoker 7765 19?6 24?5 0?9 19?6 0?8

Family type
Single or married without children 18 878 50?6 21?5 0?5 13?4 0?6
Married with children 11 318 37?3 27?7 0?7 10?4 0?4
Single with children 5551 12?2 27?9 1?2 17?5 0?9

FPL, federal poverty level.
*All differences in sociodemographic characteristics by food security status were statistically significant at P , 0?05, as assessed by x2 tests.

Food insecurity and obesity in California adults 2231



Table 3 Associations of food security status with BMI and obesity among low-income men: California Health Interview Survey, 2003–2009

Obesity (BMI $ 30 kg/m2)

BMI (kg/m2) Weighted %

n % Mean SE Adjusted difference* 95 % CI Mean SE Adjusted PR* 95 % CI

All low-income men
High/marginal food security 9014 64 27?3 0?1 Ref. 24?5 0?1 Ref.
Low food security 2996 24 27?7 0?2 0?0 20?3, 0?4 24?6 1?3 0?98 0?87, 1?09
Very low food security 1627 12 28?4 0?2 0?6 0?1, 1?0 33?4 2?1 1?19 1?04, 1?37

Non-Hispanic white
High/marginal food security 3290 68 27?0 0?2 Ref. 23?5 1?3 Ref.
Low food security 815 18 27?0 0?4 20?0 20?8, 0?7 25?5 3?0 1?04 0?83, 1?31
Very low food security 642 14 27?2 0?3 20?2 20?9, 0?4 25?2 2?9 0?95 0?73, 1?23

African American
High/marginal food security 409 59 27?4 0?5 Ref. 28?7 3?8 Ref.
Low food security 141 20 27?7 0?7 0?1 21?4, 1?5 31?6 6?1 1?06 0?70, 1?59
Very low food security 150 22 27?3 0?6 20?5 21?9, 0?9 24?4 5?2 0?76 0?48, 1?22

Hispanic/Latino
High/marginal food security 3901 62 28?0 0?1 Ref. 27?3 1?0 Ref.
Low food security 1642 27 28?2 0?2 0?0 20?4, 0?5 25?8 1?6 0?95 0?83, 1?10
Very low food security 687 11 29?4 0?3 1?0 0?3, 1?7 40?6 2?8 1?36 1?17, 1?58

Asian
High/marginal food security 1193 72 24?8 0?3 Ref. 10?5 1?6 Ref.
Low food security 305 23 25?0 0?5 0?2 20?8, 1?1 12?0 3?2 1?31 0?76, 2?25
Very low food security 76 6 25?6 0?8 0?1 21?8, 2?0 9?4 4?2 0?97 0?35, 2?69

Multi-racial
High/marginal food security 221 61 25?7 0?5 Ref. 14?0 3?8
Low food security 93 18 26?8 1?0 1?3 20?3, 2?9 17?5 4?7 1?02 0?95, 1?08
Very low food security 72 21 28?3 1?1 1?9 0?2, 3?5 28?6 9?5 1?16 1?07, 1?26

Ref., reference category.
*From linear and Poisson regression models adjusted for age categories, birthplace, English proficiency, general health status, smoking status, family type,
employment status, poverty level and education level. Models for all low-income men additionally adjusted for race/ethnicity.

Table 4 Associations of food security status with BMI and obesity among low-income women: California Health Interview Survey,
2003–2009

Obesity (BMI $ 30 kg/m2)

BMI (kg/m2) Weighted %

n % Mean SE Adjusted difference* 95 % CI Mean SE Adjusted PR* 95 % CI

All low-income women
High/marginal food security 13 482 62 26?9 0?1 Ref. 24?8 0?6 Ref.
Low food security 5342 25 28?1 0?2 0?3 20?0, 0?7 29?7 1?0 1?04 0?97, 1?13
Very low food security 3273 13 29?0 0?3 0?9 0?4, 1?4 35?1 1?6 1?14 1?04, 1?25

Non-Hispanic white
High/marginal food security 4883 63 26?3 0?1 Ref. 23?7 0?9 Ref.
Low food security 1515 19 27?3 0?3 0?6 20?1, 1?2 28?6 2?0 1?09 0?95, 1?25
Very low food security 1409 19 27?6 0?4 0?3 20?3, 1?0 28?5 2?6 1?01 0?85, 1?21

African American
High/marginal food security 860 57 28?5 0?4 Ref. 36?5 2?6 Ref.
Low food security 359 24 29?9 0?6 0?4 20?9, 1?8 40?1 3?8 1?06 0?85, 1?31
Very low food security 299 19 30?3 1?1 1?4 20?4, 3?2 37?2 5?3 1?00 0?75, 1?32

Hispanic/Latino
High/marginal food security 5763 60 27?8 0?1 Ref. 28?5 0?9 Ref.
Low food security 2838 28 28?6 0?2 0?2 20?3, 0?6 31?7 1?3 1?00 0?91, 1?10
Very low food security 1265 12 29?8 0?4 1?1 0?4, 1?9 40?0 2?3 1?22 1?08, 1?38

Asian
High/marginal food security 1594 73 22?7 0?2 Ref. 4?9 1?1 Ref.
Low food security 474 23 24?3 0?5 1?1 0?3, 2?0 10?9 3?3 1?57 0?95, 2?60
Very low food security 110 4 24?3 0?7 0?4 21?2, 1?9 10?6 4?5 0?99 0?37, 2?65

Multi-racial
High/marginal food security 382 60 26?4 0?5 Ref. 17?9 3?0 Ref.
Low food security 156 22 26?9 1?0 20?2 22?0, 1?6 27?3 5?3 1?25 0?80, 1?97
Very low food security 190 18 29?3 1?0 0?9 21?1, 2?9 36?7 5?2 1?37 0?98, 1?92

Ref., reference category.
*From linear and Poisson regression models adjusted for age categories, birthplace, English proficiency, general health status, smoking status, family type,
employment status, poverty level and education level. Models for all low-income women additionally adjusted for race/ethnicity.
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birthplace or socio-economic status, as measured by

poverty level, education or employment status at the time

of survey. Our results are consistent with previous studies

demonstrating that low or very low food security is rela-

ted to higher BMI and higher prevalence of obesity

among low-income, California adults; although we found

that this association was significantly modified by gender

and race/ethnicity.

One previous study had examined the potential modi-

fying effect of race/ethnicity on the association between

food insecurity and obesity. In their analysis of the

1998–99 California Women’s Health Survey, Adams and

colleagues reported that ‘non-white’ women (Asian, black

or Hispanic) with very low food security had nearly

threefold higher odds of being obese compared with their

food-secure counterparts(9). Possibly due to small sample

sizes, associations were not examined within each of the

minority racial/ethnic groups. No significant association

was reported among white women. Our results are consi-

stent with those of Adams et al., and further suggest that

the associations they found may be driven primarily by

the large proportion of Hispanic men and women in this

subgroup. Two other studies have reported that food

insecurity and obesity are positively associated among

Hispanics in the USA(7,10). These findings are similar to

studies of food security in Latin American countries

at advanced stages of the nutrition transition. In Brazil,

for example, mild food insecurity was associated with

a higher prevalence of obesity in women, and severe

food insecurity was strongly associated with obesity in

adolescent females(29,30). By contrast, in other Latin

American countries like Colombia, that are at earlier

stages of the transition, food insecurity has been related

to underweight(31).

Among Asian women, low food security but not

very low food security was related to higher BMI. Future

studies should examine the validity of the food security

questions among Asians and examine associations with

BMI in a larger sample to better understand the nature of

this association. We also did not find significant associa-

tions between food insecurity and BMI or obesity among

NH whites, African Americans, Asian men or multi-racial

women. These findings do not necessarily contradict

what was previously known about this association, as

most studies have not provided race/ethnicity-stratified

estimates. As we showed, very low food security pre-

dicted higher BMI and obesity prevalence in the entire

CHIS sample, but upon stratification, it became apparent

that these associations were driven by low-income

Hispanic adults. As individuals may cope with food

insecurity in different ways that can affect their weight

outcomes, these strategies are not necessarily reflected in

a ‘one-size-fits-all’ approach between food insecurity and

obesity. In a review of eight studies examining the food

insecurity and obesity association, Dinour and colleagues

concluded that the relationship between food insecurity

and obesity may ‘only exist among women of certain

races/ethnicities’, although this may be attributed to the

fact that many of the studies reviewed were conducted

only among women(32).

The mechanisms to explain the association between

food insecurity and obesity are complex and combine

both individual-level and environmental factors. In a

recent review, Franklin and colleagues suggested that

gender, marital status and participation in food assistance

programmes may modify or mediate the association

between food insecurity and obesity in adults(33). Studies

examining these associations have found that the effect of

food insecurity on weight gain and obesity was generally

stronger in women compared with men(13). Food-insecure

women who were never married were less likely to be

obese than women who were married, partnered or

widowed; marital status did not modify the results for

men(14). There were mixed results for participation in food

assistance programmes as an intermediate in the causal

pathway between food insecurity and obesity. As such, the

role of food assistance should be further investigated.

Another likely mediator of the association is dietary

behaviour, where food-insecure individuals may reduce

the quality and/or quantity of foods consumed(4). In a

USDA report, it was observed that food-insecure women

consumed the same amount of energy as food-secure

women, but had significantly worse dietary quality, as

measured by the Healthy Eating Index(34). The association

between food insecurity and lower dietary quality was

also observed in another study of adults residing in the

Mississippi Delta(35). In two studies of Latino households

with children, household food insecurity was asso-

ciated with lower household variety of nutrient-dense

foods, such as fruits and vegetables, although traditional

foods (e.g. beans, white rice, corn tortillas) were not

affected(36,37). These studies suggest that food-insecure

adults may cope with food insecurity by altering their

dietary quality to consume less nutrient-dense foods and

more traditional foods. Over time, this may lead to higher

total energy intake, weight gain and development of

obesity-related complications. In one recent study, it was

observed that food insecurity was associated with a

threefold higher risk of type 2 diabetes in Latinas(38).

Unlike previous studies that have focused on the

association between food insecurity and obesity in

women, our results suggest that food-insecure Hispanic

and multi-racial men may be as susceptible to obesity as

food-insecure Hispanic women. As many food-insecure

Hispanic or multi-racial men might reside in the same

household as food-insecure women, it is likely that the

same mechanisms of household food variety, and cultural

dietary behaviours or food preferences, are shared by all

food-insecure individuals in the household.

The present study has several strengths. First, the sample

size was large and included many persons of minority racial/

ethnic groups; this ensured adequate power to estimate
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gender- and race/ethnicity-specific associations of food

insecurity with BMI and obesity. In each survey year,

CHIS oversampled African Americans, Hispanics/Latinos,

Koreans, Vietnamese and other people from counties

with racially/ethnically diverse populations(39). Second, the

availability of information on a large number of socio-

demographic characteristics allowed us to adjust estimates

of association for key potential confounders.

The study is limited by its cross-sectional design. As food

insecurity and obesity were measured concurrently, we

cannot examine how the duration of food insecurity affects

weight change over time. Wilde and Peterman examined

the association between food insecurity and obesity in the

1999–2002 National Health and Nutrition Examination

Surveys and found that women and men in food-insecure

households were more likely to gain weight over a 2-year

period than individuals in food-secure households(13).

Thus, it is possible that our results represent the effect of

food insecurity on weight status. On the other hand, other

longitudinal studies suggest that obesity can also affect food

security status. Using data from the National Longitudinal

Survey of Youth, Cawley observed that race/ethnicity

modified the effect of obesity on earned wages, where

higher body weight was associated with lower wages for

white women and higher wages for African American

men(40). In another study of pregnant women, obese

women were more likely to be food insecure at 2 years

postpartum than non-obese women(41). More long-

itudinal studies are needed to study how experiences of

food insecurity may affect long-term weight status and

whether weight status may affect the risk of food inse-

curity in vulnerable populations. Targeted intervention

studies to address food insecurity may also improve the

understanding of how different coping strategies may

differentially affect dietary behaviours and weight status

in specific gender or racial/ethnic groups.

Another limitation of the study is that, although the

CHIS sample is meant to be representative of California’s

diverse adult population, certain adults at the highest

levels of food insecurity may have been excluded from

the sampling strategy (e.g. adults without landlines/

cellular phones, adults residing in shelters or homeless

adults). The overall response rates of the surveys ranged

from 18?7 % to 33?5 %(22–24), which is arguably low, and

may have resulted in biased results if adults who

responded to the survey were systematically different

from adult non-responders. However, CHIS response

rates are consistent with the general decline in response

rates observed in other random-digit-dial telephone

surveys(42). In order for these low response rates to

induce bias in our estimates, both food-insecure and

obese adults would have to be less willing to participate

in CHIS, which we acknowledge as a possibility.

Food security status was measured using the USDA

Household Food Security Survey Module: Six-Item Short

Form. The main limitation of using the shortened food

security questionnaire is that it may not fully capture the

more severe experiences of childhood or extreme adult

hunger(25). The food security questionnaire was not

administered to individuals with household incomes

.200 % of the FPL, which may underestimate the true

prevalence of food insecurity in the CHIS sample. How-

ever, prevalences of food insecurity in the CHIS sample

were very similar to national prevalences estimated by the

full eighteen-item Household Food Security Survey

Module for the entire US population. Advantages of using

the shortened food security questionnaire include less

respondent burden and producing estimates of food

insecurity with minimal bias(25).

Another limitation is the use of self-reported height and

weight data to estimate BMI. Since height is often over-

reported and weight under-reported, we anticipate that the

true BMI of the study respondents may be underestimated,

which may have decreased precision and attenuated the

observed associations between food insecurity and obesity.

As food security status was self-reported, it is possible

that individuals who underestimate their BMI may also

misreport their food security status and that these errors

may be random or systematic depending on the respon-

dent (e.g. less English proficiency, fewer years of education

or higher poverty level). Although the USDA Food Security

Survey Module has been validated in a Latino/Hispanic

population(43), correlated errors may have exaggerated the

true association between food insecurity and obesity.

Lastly, as California has its own unique culture, the findings

may also not be generalizable to persons residing in other

states and future studies may wish to confirm these asso-

ciations in other statewide or national health studies.

Despite these limitations, our study suggests that food

insecurity is associated with BMI and obesity predo-

minantly in low-income, Hispanic men and women, Asian

women and multi-racial men. While other California adults

also experience food insecurity and suffer from obesity,

there was no evidence of a positive relationship in NH

whites, African Americans, Asian men or multi-racial

women. In order to infer a causal relationship, longitudinal

studies are needed to determine when individuals are most

vulnerable to the effects of food insecurity on long-term

weight and health status. The associations between

food insecurity and obesity among Hispanics and other

racial/ethnic groups should be further investigated in

order to examine the mechanisms in which these asso-

ciations exist and to help design targeted interventions

to alleviate food insecurity and improve health outcomes

in these groups.
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