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Abstract

Introduction
Cross-sectional studies show an association between food insecur-
ity and higher body mass index (BMI), but this finding has not
been evaluated longitudinally. Patient perspectives on food choice
in resource-constrained environments are not well understood. The
objective of this study was to evaluate the longitudinal association
between food insecurity and BMI.

Methods
This mixed methods study used both a retrospective matched co-
hort and focus groups. For the quantitative analysis, all patients in
a community health center who reported food insecurity from Oc-
tober 2009 through March 2010 (n = 457) were followed through
August 2013 and compared with controls matched by age, sex,
and  race/ethnicity  (n  =  1,974).  We  evaluated  the  association
between food insecurity and change in BMI by using linear, mixed
effects longitudinal models. The qualitative analysis included pa-
tients with food insecurity,  stratified by BMI. Qualitative data
were analyzed by using open coding and grounded theory.

Results
The mean age of participants was 51 years; 61% were women, and
73% were Hispanic. Baseline BMI was similar in food insecure
participants and matched controls. After adjustment in longitudin-
al analyses, food insecurity was associated with greater increase in

BMI (0.15 kg/m2 per year more than controls, P < .001). Themes
identified in 4 focus groups included attitudes and knowledge
about food, food access, and food practices. Participants with BMI
of 30 kg/m2 or less highlighted skills such as budgeting and por-
tion control.

Conclusion
Food insecurity is associated with increase in BMI. The skills of
food insecure participants who were not obese, such as portion
control and budgeting, may be useful in weight management inter-
ventions for vulnerable patients.

Introduction
Obesity (body mass index [BMI] >30 kg/m2) affects more than
one-third of American adults (1) and increases the risk for dia-
betes, heart disease, and all-cause mortality (2). The prevalence of
obesity is higher among those with lower socioeconomic status
(SES) (3).  One possible mechanism for this is food insecurity,
defined as a “lack of consistent access to nutritious foods in so-
cially acceptable ways” (4). In 2013, approximately 15% of all
American households were food insecure at some point during the
year, and food insecurity was more common in households with
lower incomes and members of racial/ethnic minority groups (5).

Food insecurity may paradoxically increase BMI by creating a
“substitution effect” whereby inexpensive, energy-dense foods
such as potato chips or processed meat replace healthier foods
such as fresh produce and whole grains (6,7). Several cross-sec-
tional studies have demonstrated an association between food in-
security, high BMI, and obesity (3,5,8–10). However, the relation-
ship between food insecurity and change in BMI over time is un-
clear. Likewise, patient perspectives on food decisions in resource-
constrained environments have not been well studied. Instances of
positive deviance (11), that is, patients with food insecurity who
nevertheless avoided obesity, may inform successful strategies to
manage weight in vulnerable patients. The objective of this mixed
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methods  study  was  to  evaluate  the  longitudinal  association
between  food  insecurity  and  BMI  by  using  a  retrospective
matched cohort design and focus groups.

Methods
Setting and study participants

This  study  was  conducted  at  a  community  health  center  in
Chelsea, Massachusetts. Chelsea is a diverse city where approxim-
ately 60% of the residents speak languages other than English and
62% of the population is Hispanic (12). Income below 200% of
the federal poverty level was reported by 43% of health center pa-
tients (13).

From October 1, 2009, through March 31, 2010, all patients seen
at the adult medicine practice were offered screening to assess
food insecurity. Follow-up data on BMI were collected through
August 31, 2013. All patients aged 18 years or older who visited
the adult medicine clinic during the study period were eligible for
the quantitative study. For the qualitative study, all patients with a
measured BMI who reported food insecurity were eligible.

This study was approved by the Partners HealthCare Institutional
Review Board, with waiver of informed consent for the secondary
use of clinical data in the quantitative study. Focus group parti-
cipants gave written informed consent.

Assessment of food insecurity and BMI

Food insecurity was assessed at visit check-in (Appendix A) as
part of determining eligibility for the Food for Family Program,
which provides food pantry information, nutrition counseling, and
other food resources to food insecure patients (14). A patient was
considered to have reported food insecurity if he or she responded
affirmatively to either of the 2 following questions: 1) In the past
month, was there any day when you or anyone in your family went
hungry because  you did  not  have enough money for  food? 2)
Would you be interested in having someone contact you to talk
more about getting food resources for you and your family?

The primary outcome for this study was BMI, taken by trained
clinic  staff  at  routine  clinic  visits.  The BMI derived from the
weight and height measurements taken during the visit when food
insecurity was assessed was considered the baseline value.

For comparison in the quantitative analyses, we created a matched
cohort from patients who visited the adult medicine practice dur-
ing the time of the screening program but did not report food in-
security. This cohort was matched with food insecure patients on
the basis of age, sex, and race/ethnicity in a 10:1 ratio. Controls
could be matched to more than 1 food insecure participant.

Covariates

We considered several covariates that may be associated with food
insecurity, BMI, or both (3,8,10), which were abstracted from a re-
pository of electronic health data. These included age, sex, race/
ethnicity, educational attainment (<high school diploma vs ≥high
school diploma), insurance (commercial, Medicare, Medicaid, or
none/self-pay), and primary language spoken (English vs non-
English).  We used  median  household  income,  assessed  at  the
block group level using United States Census data (15), to indic-
ate neighborhood differences.

To evaluate the association between food insecurity and BMI, we
compared participants who screened positive for food insecurity to
their matched controls. Similar to data quality assurance proced-
ures used in the National Health and Nutrition Examination Sur-
vey (NHANES) (16), values for weight or height that were above
the  national  99th  percentile  or  below the  1st  percentile  were
flagged for review. Of 40,013 observations, we excluded 7 weight
values of less than 5 kg and 6 weight values greater than 640 kg as
not physiologically reasonable. No height measurements were ex-
cluded. We then conducted descriptive statistics and compared the
groups at baseline using χ2 tests for dichotomous variables and t
tests or Wilcoxon tests (when distributions were non-normally dis-
tributed) for continuous variables. In this pragmatic study, we re-
lied on data obtained in routine clinical care. This process resulted
in an unbalanced design with varying intervals between measure-
ments, so we used longitudinal linear mixed effect models to de-
termine if changes in BMI (and weight) over time differed by food
security status, using a time-by-food-security interaction term and
accounting for repeated measures within patients with random ef-
fects modeling. We conducted both unadjusted longitudinal ana-
lyses and analyses adjusted for the covariates described above, in-
cluding age, race/ethnicity, and sex to account for differences that
persisted despite matching. All quantitative analyses were conduc-
ted with SAS version 9.3 (SAS Institute). Because weight has a
curvilinear relationship with age, increasing through middle age
and then decreasing among older adults (17), we modeled age with
both a linear and a quadratic term.

During the study period, height was not consistently recorded in
the electronic health record, which led to 24% of food insecure pa-
tients and 38% of matched controls lacking height data needed to
calculate a BMI. To ensure that missing height data did not intro-
duce bias, we conducted sensitivity analyses using weight in kilo-
grams, which was available for all patients, as the outcome vari-
able, in what were otherwise the same models used for the BMI
analysis.
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Qualitative analysis

The purpose of the focus groups was to understand barriers to
healthy eating among patients with food insecurity and to learn
successful  strategies  to  avoid obesity  despite  adverse  circum-
stances (positive deviance). We developed a focus group guide by
reviewing behavior theories from the health belief model (18), so-
cial cognitive theory (19), and the people and places framework
(20). Some sample questions were adapted from the flexible con-
sumer  behavior  survey  module  used  in  fielding  NHANES
2009–2010 (21). The focus group guide was piloted and trans-
lated before use (Appendix B).

Patients who reported food insecurity and had BMI data available
were  selected  at  random  and  invited  to  participate  the  focus
groups. Our maximum number of contact attempts was 3. Parti-
cipants were stratified on the basis of BMI (BMI >30 kg/m2 vs
≤30 kg/m2) and primary language spoken (English vs Spanish).
Prospective participants were offered lunch and $12 in grocery
store coupons or $10 gift cards for participation.

We planned to have 4 focus groups, 1 for each stratum. However,
because  of  limited  participation,  we completed 1  focus  group
among English-speaking participants with BMI >30 kg/m2 (n = 7),
2 English-language focus groups with participants with BMI ≤30
kg/m2  (n = 2 for each), and one Spanish-language focus group
combining BMI strata (n = 10).

The focus groups were digitally recorded and then transcribed ver-
batim. From these records, emergent themes were identified by in-
dividual reviewers, who undertook open coding of the data. Next,
coders met and reached consensus about themes. One source of in-
fluence for thinking about the themes as they emerged was the the-
ory of people and places (20). This framework is an ecological
model of health, which organizes factors that might support or
thwart health. Key factors include attributes of people, including
skills  such as  budgeting and portion control,  and attributes  of
places, including local community organizations, or state and na-
tional policies and programs. Once themes emerged, we presented
our findings to the Healthy Chelsea Coalition, a nonmedical com-
munity organization concerned with obesity in Chelsea, and com-
munity health care providers, who found these themes to be in ac-
cord with their experience.

Results
Quantitative results

Overall, 457 patients with food insecurity identified during the
study period were matched to 1,974 patients in the comparison co-
hort. Compared with patients matched by age, sex, and race/ethni-

city, food insecure patients were more likely to have not com-
pleted high school, have Medicaid insurance, and live in a census
block group with lower income (median income of $33,272) (Ta-
ble 1). Mean follow-up time was 3.2 years, and length of study
follow-up was similar for the 2 groups; 105 food insecure patients
(23.0%) and 363 control  patients  (18.4%) had a  last  recorded
weight 1 year or more before the end of the study (χ2 P = .55 for
difference between groups). At baseline, prevalence of obesity was
high overall, but not significantly greater in food insecure, com-
pared with control, patients (49.7% vs 45.2%, P = .14). Baseline
BMI was also not greater in food insecure participants (30.9 kg/m2

vs 30.4 kg/m2, P = .11). Results for baseline weight (81.2 kg in
food insecure vs 79.7 kg in matched controls, P = .14) were simil-
ar to those for BMI. By the end of the study, the prevalence of
obesity was greater in participants who reported food insecurity at
baseline (52.7% vs 44.7%, P = .001).

In unadjusted linear mixed models, patients who reported food in-
security  had  significantly  greater  gain  in  BMI over  time than
matched controls (increase in BMI 0.15 kg/m2 per year greater in
food  insecure  patients,  P  <  .001)  (Table  2).  When evaluating
change in weight, results were similar to those for BMI (0.33 kg/y
greater increase in patients reporting food insecurity, P < .001).
After adjusting for age, sex, race/ethnicity, education level, health
insurance,  primary language spoken,  and block group median
household income, food insecurity remained significantly associ-
ated with greater increase in BMI (0.15 kg/m2 per year greater in-
crease in food insecure patients, P <.001) and weight (0.31 kg/y
greater increase, P < .001) (Table 2). Both the unadjusted and ad-
justed models predict that, although the BMI of control patients
will decrease slightly over time, the BMI of food insecure patients
will increase (Table 2).

Qualitative results

Participants, regardless of BMI, endorsed the importance of eat-
ing produce and avoiding highly processed and junk foods for
maintaining health (Table 3, theme 1 quotes). For example, one
participant stated, “I would like to buy more vegetables,” and an-
other stated, “I would like to change the type of oil to olive or ve-
getarian.”

Economic issues influenced food access and food practices. Parti-
cipants across all strata identified the expense of healthier foods,
compared with less healthy choices (Table 3, theme 2 quotes).
Others identified insufficient assistance programs, stating “Social
security has not increased the check while the cost is higher,” and
“Food stamps are not enough.”
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The theme of insufficient resources carried over into difficulties
with food access (Table 3, theme 3 quotes). Transportation was a
struggle, and increases in commodity prices had downstream ef-
fects on food access. “[I]ncrease in gas prices [lead to] increase in
produce prices, increase cost of transportation (car or cab),” and
participants expressed frustration at the mismatch between receipt
of assistance and access to opportunities to improve eating. For
example, one stated, “[I] wish double and triple coupons came out
at a more opportune time . . . around the time of the social secur-
ity check”, and “pantries give unhealthy foods.” Additionally, par-
ticipants reported that available assistance did not allow them to
access healthier foods and instead often pushed them toward food
they would like to avoid.

Food practices and choices were different for obese and nonobese
participants  (Table  3,  theme  4  quotes).  Participants  without
obesity identified discreet skills, such as budgeting, portion con-
trol,  and cooking techniques,  to cope with high prices and eat
more healthily. Many quotes directly addressed their own prac-
tices as key to maintaining a healthy weight: “I calculate the por-
tion to cook and extend to [the]  next  day.” By contrast,  parti-
cipants  with  obesity  identified feeling unable  to  budget  suffi-
ciently and often resorted to convenience meals they knew to be
unhealthy because they perceived no other options to cope with
time and resource constraints. They identified the need for local or
state assistance.

Discussion
In this longitudinal mixed methods study, we found that, among a
cohort  matched  by  age,  sex,  and  race/ethnicity  with  similar
baseline BMI, baseline food insecurity was associated with great-
er increase in BMI during a mean follow-up time of 3.2 years. In
fact,  our models estimated that the BMI for food secure parti-
cipants would decrease as it  increased for food insecure parti-
cipants. Exploring possible reasons for this difference among food
insecure patients,  participants endorsed wanting to eat healthy
foods,  and  knowledge  of  healthy  eating  practices  was  high.
However, participants highlighted economic barriers to healthy
eating and the inadequacy of assistance programs, both with re-
gard to the amount of assistance and the kinds of food available.
Using a positive deviance approach by soliciting input from parti-
cipants who succeeded in avoiding obesity despite adverse cir-
cumstances, we found that economic barriers may be overcome by
skills such as portion control, budgeting, and cooking techniques.

The findings of this study are consistent with and expand those of
prior work. Cross sectional studies have demonstrated an associ-
ation between food insecurity and greater BMI (3,8–10). However,
these studies could not evaluate time ordering between food insec-

urity and BMI. The finding that food insecure participants have
greater increases in BMI in a cohort with similar baseline BMI and
demographic characteristics is important for understanding the risk
associated with food insecurity.  Consistent  with the theory of
people and places (20), focus group participants looked beyond in-
dividual-level interventions as a solution to maintaining health.
This included both social networks and the organizations and insti-
tutions of their community. The latter underscores the importance
of community-based lifestyle interventions for  healthy weight
(22). Additionally, the feelings of being overwhelmed or unable to
implement healthier eating practices despite knowledge of these
strategies is consistent with low self-efficacy (23), which may be
related to the detrimental cognitive impact of resource and time
scarcity (24).

This study has several important implications for future weight
management interventions in vulnerable patients, although these
results should be confirmed in larger and more generalizable stud-
ies. Food insecurity screening has the potential to identify indi-
viduals at risk of BMI increase, and intervention programs can re-
duce food insecurity (25). However, because focus group parti-
cipants identified some food assistance programs as sources of
food that may lead to weight gain, BMI increase could also be an
unintended consequence of some programs. In this study, know-
ledge of healthier eating strategies, such as increasing produce
consumption and minimizing fast-food consumption was high
among all participants. Participants without obesity identified dis-
crete,  teachable household management skills,  such as portion
control and budgeting, as protective factors, so interventions that
pair food insecurity screening with skill-building interventions
may be a promising strategy. However, given the additional so-
cioeconomic barriers to maintaining health that food insecure pa-
tients  face,  these  will  need to  be adapted to  specific  contexts.
Strategies that use peer educators (26) or community health work-
ers (27) may be particularly effective in this setting. Additionally,
the focus group participants’ responses give impetus to proposed
policy solutions, such as increasing the purchasing power of nutri-
tional assistance benefits when spent on produce (28) or increas-
ing the frequency of benefit distribution to combat end-of-month
effects (29). Given the findings from this and other studies regard-
ing patients maintaining health despite adverse circumstances, the
community health center in this study is establishing a peer-ment-
oring program to reduce cardiovascular risk and working with the
community benefit program in our health system and the Healthy
Chelsea community organization to address neighborhood factors
related to obesity. In addition, to promote healthy eating skills
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such as portion control, we have established a program, staffed by
trained community volunteers and coordinated by the medical
team, where recipes posted to a social media site by patients re-
ceive feedback for portion size and composition, from the per-
spective of maintaining a healthy weight.

The findings of this study should be interpreted in the context of
several limitations. First, although the longitudinal design of this
study overcomes limitations of prior cross-sectional work in eval-
uating the temporal relationship between food insecurity and BMI,
we still  made use of observational data and cannot establish a
causal relationship. In particular, the possibility of reverse causa-
tion by enrollment in food programs with suboptimal food re-
sources should be considered. Next, food insecurity is a house-
hold-level concept, but we have focused on individual patient data.
However, prior work on food insecurity supports analyzing the
data in this  way (30).  Additionally,  we did not  have access to
some covariates that may have influenced food insecurity risk, in-
cluding family size, employment, and income.

Records of negative screens for the program were not kept. Be-
cause of this, for the comparison group, we cannot know which
patients reported food security, which patients declined screening,
or the characteristics of each type of patient. However, because the
group was drawn from the entire population of patients seen in the
practice during the study period (including both those who de-
clined screening and who reported no food insecurity), it repres-
ents  an  unbiased  sample  from  the  practice.  This  does  mean,
though, that the comparison group included a mix of patients who
were truly food secure and some whose status was uncertain. Fur-
thermore, because disadvantaged households cycle in and out of
food insecurity over time (5), patients who were not experiencing
food insecurity at baseline may have experienced it during the fol-
low-up period. Both of these factors would diminish the observed
association between food insecurity and BMI, so our results may
be an underestimate. Next, height data needed to calculate BMI
were missing for a significant number of patients. However, sens-
itivity analyses using weight as an outcome yielded similar results
to analyses using BMI, suggesting that the missing data did not in-
troduce significant bias. Additionally, this study was conducted in
a single community, so results may not be generalizable to set-
tings with different demographic compositions or social circum-
stances. However, this study does contribute data to understudied
groups, such as patients reporting Hispanic ethnicity and limited
English proficiency. Finally, lower-than-intended enrollment in
focus groups may have limited our ability to reach content satura-
tion, which may further affect generalizability.

These limitations are balanced by several strengths. The mixed
methods design allowed us to understand the experiences of a sub-
set of the same patients we observed longitudinally. The possible
mechanisms identified in the focus groups as being related to the
observed weight outcomes, such as food access and food practices,
thus have a closer connection than can be achieved by studying 2
separate patient cohorts. Additionally, the use of a matched cohort
drawn from the same disadvantaged area as the food insecure par-
ticipants provided a comparison group that was similar to food in-
secure participants in ways beyond the matching factors. Finally,
this study used a brief, pragmatic food insecurity screening instru-
ment that also asked about interest in a nutritional assistance pro-
gram. This is less precise than a longer epidemiological surveil-
lance tool but does reduce respondent burden, more closely mir-
rors the conditions of routine practice, and identifies patients inter-
ested in intervention.

Food insecurity is an independent risk factor for rising BMI. Des-
pite this, the experiences of food insecure patients who neverthe-
less avoid obesity point the way to skill-building and policy inter-
ventions that may modify this risk. Developing, evaluating, and
implementing these interventions will be a key next step to reduce
cardiovascular disease risk for socioeconomically vulnerable pa-
tients.

Acknowledgments
We thank Christopher Freeman for hosting one focus group and
helping with coding. We also thank Clinician LLC for the dona-
tion of grocery coupons. All authors affirm that they have no con-
flicts of interest to report.

Author Information
Corresponding Author: Hong Chen Cheung, MD, MPH, Adult
Medicine, Chelsea Health Care Center, 151 Everett Ave, Chelsea,
M A  0 2 1 5 0 .  T e l e p h o n e :  6 1 7 - 8 8 9 - 8 5 8 0 .  E m a i l :
Chencheung.hong@mgh.harvard.edu.

Author Affiliations:  Aileen Shen,  Injury Prevention at  Boston
Public  Health Commission,  Boston,  Massachusetts;  Sarah Oo,
Community Health Department, Massachusetts General Hospital,
Boston,  Massachusetts;  Hailu Tilahun, Department of Internal
Medicine, Beth Israel Deaconess Hospital, Boston, Massachusetts;
Marya J. Cohen, Adult Medicine, Massachusetts General Hospital,
Chelsea Health Care Center,  Chelsea,  Massachusetts,  Harvard

PREVENTING CHRONIC DISEASE VOLUME 12, E125

PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY       AUGUST 2015

The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services,

the Public Health Service, the Centers for Disease Control and Prevention, or the authors’ affiliated institutions.

www.cdc.gov/pcd/issues/2015/15_0001.htm • Centers for Disease Control and Prevention       5



Medical  School,  Boston,  Massachusetts,  Division  of  General
Internal  Medicine,  Massachusetts  General  Hospital,  Boston,
Massachusetts;  Seth  A.  Berkowitz,  Harvard  Medical  School,
Boston, Massachusetts, Division of General Internal Medicine,
Massachusetts General Hospital, Boston, Massachusetts. Dr Chen
is  also  affiliated  with  the  Harvard  Medical  School,  Boston,
Massachusetts.

References
Ogden CL, Carroll MD, Kit BK, Flegal KM. Prevalence of
childhood and adult obesity in the United States, 2011–2012.
JAMA 2014;311(8):806–14.

  1.

Whitlock G, Lewington S, Sherliker P, Clarke R, Emberson J,
Halsey J, et al.;Prospective Studies Collaboration. Body-mass
index  and  cause-specific  mortality  in  900  000  adults:
collaborative analyses of 57 prospective studies. Lancet 2009;
373(9669):1083–96.

  2.

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;112(9):1403–9.

  3.

United States Department of Agriculture. Food insecurity in
the US — measurement; 2014. http://www.ers.usda.gov/topics/
food-nu t r i t ion-ass i s t ance / food-secur i ty - in - the -us /
measurement.aspx#.U0w7lFVdWsI.  Accessed  March  28,
2015.

  4.

United States Department of Agriculture. Food insecurity in
the US — key statistics. 2014. http://www.ers.usda.gov/topics/
food-nutrition-assistance/food-security-in-the-us/key-statistics-
graphics.aspx. AccessedMarch 28, 2015.

  5.

Drewnowski A, Specter SE. Poverty and obesity: the role of
energy  density  and  energy  costs.  Am  J  Clin  Nutr  2004;
79(1):6–16.

  6.

Seligman  HK,  Schillinger  D.  Hunger  and  socioeconomic
disparities in chronic disease. N Engl J Med 2010;363(1):6–9.

  7.

Leung CW, Williams DR, Villamor E. Very low food security
predicts obesity predominantly in California Hispanic men and
women. Public Health Nutr 2012;15(12):2228–36.

  8.

Townsend MS, Peerson J, Love B, Achterberg C, Murphy SP.
Food insecurity is positively related to overweight in women. J
Nutr 2001;131(6):1738–45.

  9.

Dinour LM, Bergen D, Yeh MC. The food insecurity–obesity
paradox: a review of the literature and the role food stamps
may play. J Am Diet Assoc 2007;107(11):1952–61.

10.

Stuckey HL, Boan J, Kraschnewski JL, Miller-Day M, Lehman
EB, Sciamanna CN. Using positive deviance for determining
successful weight-control practices.  Qual Health Res 2011;
21(4):563–79.

11.

CensusViewer.  Chelsea,  Massachusetts  Population.
Moonshadow Mobile, Inc; 2014. http://censusviewer.com/city/
MA/Chelsea. Accessed March 28, 2015.

12.

Percac-Lima S, Grant RW, Green AR, Ashburner JM, Gamba
G, Oo S,  et  al.  A culturally tailored navigator  program for
colorectal cancer screening in a community health center: a
randomized,  controlled  trial.  J  Gen  Intern  Med  2009;
24(2):211–7.

13.

Center  for  Community  Health  Improvement.  Food  for
Families.  Boston  (MA):  Massachusetts  General  Hospital;
2015 .  h t tp : / /www.massgene ra l . o rg / cch i / s e rv i ces /
treatmentprograms.aspx?id=1502. Accessed March 28, 2015.

14.

Berkowitz SA, Traore CY, Singer DE, Atlas SJ. Evaluating
area-based socioeconomic  status  indicators  for  monitoring
disparities within health care systems: results from a primary
care network. Health Serv Res 2015;50(2):398–417.

15.

Centers for Disease Control and Prevention. National Health
and  Nutrition  Examination  Survey:  2011–2012  data
documentation, codebook, and frequencies — body measures
(BMX_G);  2013.  http://wwwn.cdc.gov/nchs/nhanes/2011-
2012/BMX_G.htm. Accessed March 28, 2015.

16.

Mott JW, Wang J, Thornton JC, Allison DB, Heymsfield SB,
Pierson RN Jr. Relation between body fat and age in 4 ethnic
groups. Am J Clin Nutr 1999;69(5):1007–13.

17.

Janz NK, Becker MH. The health belief model: a decade later.
Health Educ Q 1984;11(1):1–47.

18.

Bandura  A.  Self-efficacy:  toward  a  unifying  theory  of
behavioral change. Psychol Rev 1977;84(2):191–215.

19.

Maibach EW, Abroms LC, Marosits M. Communication and
marketing as tools to cultivate the public’s health: a proposed
“people and places” framework.  BMC Public Health 2007;
7(1):88.

20.

Centers for Disease Control and Prevention. National Health
and  Nutrition  Examination  Survey:  2009–2010  data
documentation,  codebook,  and  frequencies  —  consumer
behavior (CBQ_F); 2013. http://wwwn.cdc.gov/nchs/nhanes/
2009-2010/CBQ_F.htm. Accessed March 28, 2015.

21.

Ziebarth  D,  Healy-Haney  N,  Gnadt  B,  Cronin  L,  Jones  B,
Jensen  E,  et  al.  A  community-based  family  intervention
program to improve obesity in Hispanic families. WMJ 2012;
111(6):261–6.

22.

Clark MM, King TK. Eating self-efficacy and weight cycling:
a prospective clinical study. Eat Behav 2000;1(1):47–52.

23.

Shah AK, Mullainathan S, Shafir E. Some consequences of
having too little. Science 2012;338(6107):682–5.

24.

Eicher-Miller  HA,  Mason  AC,  Abbott  AR,  McCabe  GP,
Boushey CJ. The effect of Food Stamp Nutrition Education on
the food insecurity of low-income women participants. J Nutr
Educ Behav 2009;41(3):161–8.

25.

PREVENTING CHRONIC DISEASE VOLUME 12, E125

PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY       AUGUST 2015

The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services,

the Public Health Service, the Centers for Disease Control and Prevention, or the authors’ affiliated institutions.

6       Centers for Disease Control and Prevention  •  www.cdc.gov/pcd/issues/2015/15_0001.htm



Goldfinger  JZ,  Arniella  G,  Wylie-Rosett  J,  Horowitz  CR.
Project HEAL: peer education leads to weight loss in Harlem. J
Health Care Poor Underserved 2008;19(1):180–92.

26.

Ruggiero L, Castillo A, Quinn L, Hochwert M. Translation of
the diabetes prevention program’s lifestyle intervention: role of
community health workers. Curr Diab Rep 2012;12(2):127–37.

27.

Basu  S,  Seligman  H,  Bhattacharya  J.  Nutritional  policy
changes in the supplemental nutrition assistance program: a
microsimulation and cost-effectiveness analysis. Med Decis
Making 2013;33(7):937–48.

28.

Seligman  HK,  Bolger  AF,  Guzman  D,  López  A,  Bibbins-
Domingo K. Exhaustion of food budgets at month’s end and
hospital admissions for hypoglycemia. Health Aff (Millwood)
2014;33(1):116–23.

29.

Berkowitz SA, Baggett TP, Wexler DJ, Huskey KW, Wee CC.
Food insecurity and metabolic control among US adults with
diabetes. Diabetes Care 2013;36(10):3093–9.

30.

PREVENTING CHRONIC DISEASE VOLUME 12, E125

PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY       AUGUST 2015

The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services,

the Public Health Service, the Centers for Disease Control and Prevention, or the authors’ affiliated institutions.

www.cdc.gov/pcd/issues/2015/15_0001.htm • Centers for Disease Control and Prevention       7



Tables

Table 1. Demographics Characteristics of Participants in a Study of Food Insecurity and Body Mass Index, Chelsea, Mas-
sachusetts, 2009–2013

Characteristic
Food Insecure (n = 457), % or

Mean (SD)
Food Secure Matched Controls

(n = 1,974), % or Mean (SD) P Valuea

Ageb, y 50.6 (14.6) 51.9 (15.2) .12

Femaleb 61.3 61.6 .91

Race/ethnicityb

Non-Hispanic white 18.2 18.2

.99
Non-Hispanic black 5.3 5.5

Hispanic 73.3 72.8

Asian/other 3.3 3.5

Insurance

Commercial 41.4 52.1

.001
Medicare 22.5 18.4

Medicaid 31.7 25.1

None/self-pay 4.4 4.4

<High school diploma 50.4 44.9 .04

Census block group median household
income, $

33,272 (12,218) 35,287 (13,977) .004

English as primary language 33.3 36.8 .16

BMIc >30 kg/m2 49.7 45.2 .14

Follow-up time, y 3.2 (0.92) 3.2 (0.96) .70

Abbreviations: BMI, body mass index; SD, standard deviation.
a All P values are from χ2 tests except age, median household income, and follow-up time, which are from Wilcoxon tests.
b Cohort matched on these variables.
c N = 340 for food insecure and 1,243 for food secure.
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Table 2. Unadjusted and Adjusteda Longitudinal Results for Change in Body Mass Index (BMI) and Weight Over Time, by
Food Security Status, Chelsea, Massachusetts, 2009–2013

Variable

Unadjusted BMI, kg/m2 Unadjusted Weight, kg Adjusteda BMI, kg/m2 Adjusteda Weight, kg

Estimate (95%
CI) P Value Estimate (95% CI) P Value

Estimate (95%
CI) P Value

Estimate (95%
CI) P Value

Difference at
baseline for
food

0.39 (−0.35 to
1.14)

.30 1.17 (−0.69 to
3.03)

.22 0.20 (−0.61 to
1.01)

.63 0.69 (−1.18 to
2.55)

.47

Food secure 1 [Reference]

Change per
yearb (overall)

−0.12 (−0.14
to −0.09)

<.001 20.0 (−0.25 to
−0.14

<.001 −0.13 (−0.16 to
−0.10)

<.001 −0.22 (−0.28 to
−0.16)

<.001

Differential
change per year
among food
insecure
participantsb

0.15 (0.10 to
0.20)

<.001 0.33 (0.22 to 0.44) <.001 0.15 (0.10 to
0.20)

<.001 0.31 (0.19 to
0.43)

<.001

Differential
change among
food secure
controls

1 [Reference]

Age (years) — — — — 0.47 (0.32 to
0.62)

<.001 1.21 (0.88 to
1.55)

<.001

Agea × age
(years2)

— — — — −0.0004 (−0.006
to −0.003)

<.001 −0.01 (−0.02 to
−0.01)

<.001

Sex

Female — — — — 0.36 (−0.36 to
1.07)

.33 −11.3 (−12.8 to
−9.7)

<.001

Male 1 [Reference]

Race/ethnicity

Non-Hispanic
black

— — — — 0.29 (−1.37 to
1.85)

.77 2.65 (−1.01 to
6.31)

.16

Hispanic — — — — −0.22 (−1.36 to
0.91)

.70 −4.15 (−6.66 to
−1.65)

.001

Asian/other — — — — −0.90 (−2.99 to
1.18)

.39 −7.65 (−12.22
to −3.08)

.001

Non-Hispanic
white

1 [Reference]

Insurance

Medicare — — — — 0.87 (−0.20 to
1.95)

.11 2.74 (0.32 to
5.16)

.03

Medicaid — — — — 0.45 (−0.37 to
1.27)

.28 1.58 (−0.22 to
3.39)

.09

Abbreviations: —, matching variable; CI, confidence interval.
a Adjusted for all variables in table.
b Because of the presence of a differential change by food security status (interaction) term in the regression models, to determine the change in BMI
or weight per year for food insecure participants, the overall change in BMI (or weight) term was added to the differential change term. For food secure
participants, only the overall term was used (because food secure participants are the reference group, their interaction term coefficient is 0). Thus, the
models estimate that BMI and weight will decrease for food secure participants over time but will increase or stay the same for food insecure parti-
cipants.

(continued on next page)
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(continued)

Table 2. Unadjusted and Adjusteda Longitudinal Results for Change in Body Mass Index (BMI) and Weight Over Time, by
Food Security Status, Chelsea, Massachusetts, 2009–2013

Variable

Unadjusted BMI, kg/m2 Unadjusted Weight, kg Adjusteda BMI, kg/m2 Adjusteda Weight, kg

Estimate (95%
CI) P Value Estimate (95% CI) P Value

Estimate (95%
CI) P Value

Estimate (95%
CI) P Value

None/Self-pay — — — — −0.14 (−1.96 to
1.68)

.88 0.05 (−3.69 to
3.79)

.98

Commercial 1 [Reference]

Education level

<High school
diploma

— — — — 0.74 (−0.02 to
1.50)

.06 0.04 (−1.61 to
1.69)

—

High school
diploma

1 [Reference]

Census block
group median
household
income (dollars)

— — — — −0.00002
(−0.00004 to

0.000009)

.20 −0.00001
(−0.00007 to

0.00004)

.61

English as
primary
language

— — — — −0.72 (−1.66 to
0.23)

.14 −3.82 (−5.87 to
−1.77)

<.001

Abbreviations: —, matching variable; CI, confidence interval.
a Adjusted for all variables in table.
b Because of the presence of a differential change by food security status (interaction) term in the regression models, to determine the change in BMI
or weight per year for food insecure participants, the overall change in BMI (or weight) term was added to the differential change term. For food secure
participants, only the overall term was used (because food secure participants are the reference group, their interaction term coefficient is 0). Thus, the
models estimate that BMI and weight will decrease for food secure participants over time but will increase or stay the same for food insecure parti-
cipants.
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Table 3. Thematic Analysis of Qualitative Data From Focus Groups on Food Insecurity, Chelsea, Massachusetts,
2009–2013

Theme Related Quotes

Attitude and knowledge
about food

•     I would like to buy more vegetables. (body mass index [BMI] >30 kg/m2 group)
•     My husband is Spanish and we have to have a decent meal at night, he deserves at least a good
meal at night. (BMI >30 kg/m2 group)
•     Seasonal food is beneficial to taste. (BMI ≤30 kg/m2 group)

Economic issues •     It’s cheaper to buy in Wendy’s . . . the salad. (BMI >30 kg/m2 group)
•     Middle class disappeared. . . . I used to have a good earning job. (BMI >30 kg/m2 group)
•     [I] find social security a blessing. (BMI >30 kg/m2 group)
•     Food stamp is very little. . . . I don’t think I can get anything else (than food). (BMI ≤30 kg/m2 group)
•     I will eat before paying bills. (BMI >30 kg/m2 group)
•     Finances are the main barrier to eat healthy. (BMI ≤30 kg/m2 group)
•     Junk food is cheaper. (BMI ≤30 kg/m2 group)
•     [I am] dissatisfied with social security: when it comes out . . . how often a check is cut. (BMI ≤30 kg/
m2 group)

Food access •     Pantries give unhealthy foods. (BMI >30 kg/m2 group)
•     Those without personal transportation go to closest supermarket even if it’s very crowded and the
lines are very long, to save money. (BMI >30 kg/m2 group)
•     Farmers market during other time of year is great. Much cheaper, fresher, and you get variety. (BMI
≤30 kg/m2 group)
•     Beginning of the month eat better than end of the month. (BMI ≤30 kg/m2 group)
•     Insufficient access to/from supermarket. . . . Could benefit from shuttle services. (BMI ≤30 kg/m2

group)

Food practices •     Hard to plan out one month’s food. (BMI >30 kg/m2 group)
•     [I] buy meat in bulk and freeze it to save money. (BMI >30 kg/m2 group)
•     [I have] no time for cooking. (BMI >30 kg/m2 group)
•     [I] dilute milk with water to extend it. (BMI >30 kg/m2 group)
•     [I am] aware that can go overboard with food like eating too many cookies. (BMI ≤30 kg/m2 group)
•     My daughter-in-law knows how to use herbs for spices. . . . You need to match herbs with different
food. (BMI ≤30 kg/m2 group)
•     I calculate the portion to cook and extend to next day. (BMI ≤30 kg/m2 group)
•     Sometimes stuff is pricey and we have to keep a budget. (BMI ≤30 kg/m2 group)
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Appendix A. Food Security Screening Instrument
This file is available for download as a Microsoft Word document. [DOC – 26KB]
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Appendix B. Focus Group Guide
This file is available for download as a Microsoft Word document. [DOC – 20KB]
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