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Abstract
Objective: To identify the prevalence and demographic characteristics of food inse-
curity in a presurgical bariatric population. To date there has been no research on
food insecurity in a presurgical bariatric population.
Design: Participants completed the ten-item adult food security surveymodule cre-
ated by the US Department of Agriculture (USDA), with additional questions
related to food shopping behaviours and perceived affordability of post-bariatric
supplements. USDA scoring guidelines were used to classify participants as food
secure, marginally food secure and food insecure.
Setting: Academic medical centre bariatric surgery clinic in Central Pennsylvania,
USA.
Participants: Adult bariatric surgery candidates (n 174).
Results: There was a prevalence of 17·8 % for food insecurity and 27·6 % for mar-
ginal food security. Food insecurity was associated with younger age, higher BMI,
non-White race/ethnicity, having less than a college education, living in an urban
area, receiving Medicaid/Medicare and participating in nutrition assistance pro-
grammes. Food-insecure participants endorsed food shopping behaviours that
could interfere with postsurgical dietary adherence and perceived post-bariatric
supplies as unaffordable or inaccessible.
Conclusions: These results highlight the importance of screening bariatric surgical
patients for food insecurity. Further study of this important problemwithin the bari-
atric population should address effects of food insecurity and related shopping
behaviours on postsurgical outcomes and inform the development of programmes
to better assist these high-risk patients.
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The US Department of Agriculture (USDA) defines food
security as having reliable access to adequate food for
a healthy lifestyle(1). Food insecurity is a worldwide
public health concern linked to detrimental health, psycho-
logical and social outcomes(2–4). In the most recent
federal survey of food insecurity conducted in 2017, the
national prevalence of food insecurity was estimated as
11·8 % (15 million households), with 7·3 % reporting low
food security (e.g. reduced quality, variety or desirability
of diet, with little to no indication of reduced food intake)
and 4·5 % reporting very low food security (e.g. disrupted
eating patterns and reduced food intake due to reduced
availability of food)(1). An additional 10·6 % of households
with children, and 6·6 % of thosewithout children, reported
marginal food security, defined as anxiety over the

availability of food or shortage of food with little evidence
of changes in diet or food intake(5).

Food insecurity status is associated with obesity and
obesity-related co-morbidities and has been extensively
researched in diverse populations(1,6–8). In a 2012 survey
of 66 500 adults in twelve US states, food insecurity was
associated with a 32 % increase in the odds of obesity,
reflecting a prevalence of 35·1 % among those with food
insecurity compared with 25·2 % in food-secure adults(9).
Adult food insecurity is a risk factor for diabetes and CVD,
conditions especially impacted by poor diet quality(2,4,10),
and is also associated with poorer management of
chronic health conditions, leading to adverse health out-
comes(4,11–13). The literature on the relationship between
food insecurity and body weight is somewhat inconsistent
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and appears to be moderated by gender, with a linear rela-
tionship between degree of food insecurity and body
weight consistently observed for women, compared with
mixed findings amongmen(14). There is also some evidence
that the relationship between food insecurity and weight
might be curvilinear, with lower BMI at both very high
and very low levels of food insecurity(14).

One explanation for the relationship between obesity
and food insecurity is that persons who experience food
insecurity rely on energy-dense processed foods as these
foods are typically cheaper, more readily accessible and
less perishable than nutrient-dense foods such as fruits,
vegetables and dairy products(3,12,13,15). In a nationally rep-
resentative sample of US adults aged 18–64 years, adult
food insecurity status predicted both obesity risk and
poorer overall dietary quality when other demographic fac-
tors, including household poverty, were controlled(16).
Adults who experience food insecurity report unhealthy
food choices relative to food-secure peers, including higher
fat and fruit juice intakes, and lower fruit, vegetable and
dairy consumption(13,17,18). Another potential explanation
involves the cyclical nature of food insecurity, which can
be characterized by periods of relative availability of food,
or even of overeating, followed by periods of scarcity(10,15).
Food insecurity has also been linked to disordered eating
behaviours, including binge eating and dietary restraint,
both of which involve irregular eating patterns and are risk
factors for excessive energy intake and weight gain(19).
Irregular eating habits can contribute to obesity and
impede weight-loss efforts(10,15), and are particularly dan-
gerous and detrimental to weight loss following bariatric
surgery, when diverging from a regular eating schedule
can lead to dehydration and malnutrition.

The prevalence of adult obesity has continued to
increase in recent years and with it the prevalence of co-
morbidities including type 2 diabetes, heart disease and
hypertension(20,21). Bariatric surgery is currently the most
effective treatment for achieving significant, long-term
weight loss and improvement in obesity-related metabolic
and cardiovascular co-morbidities (e.g. type 2 diabetes,
hypertension, obstructive sleep apnoea)(22–25). However,
as many as 30 % of patients do not achieve or maintain their
predicted weight loss and behavioural adherence to post-
operative dietary recommendations is a major predictor of
postsurgical success(26). Current postoperative bariatric
guidelines emphasize the importance of eating a diet high
in fresh fruits and vegetables and particularly high in pro-
tein; an average protein intake of 60–120 g/d is recom-
mended both for weight loss and long-term weight
maintenance(27–29). In addition, bariatric surgery patients
require lifelong oral vitamin and mineral supplementation,
with poor adherence increasing the risk for malnutrition
and other complications(30,31). Use of protein supplements
is also recommended: restricted stomach volume, malab-
sorption (in the case of gastric bypass) and the relatively
high rate of postoperative intolerance for animal protein

make it difficult for many patients to meet the recom-
mended high protein intake with food alone(27). Use of pro-
tein supplements after surgery may be associated with
improved weight-loss outcomes(32). It seems very likely
that food insecurity would negatively affect bariatric
patients’ ability to maintain these dietary changes over
the long term; by definition, individuals with low and very
low food security lack reliable access to the amount and
types of foods they need to maintain a healthy lifestyle.
Despite the universally acknowledged importance of
dietary adherence for post-bariatric weight-loss mainte-
nance, the prevalence and features of food insecurity have
not been studied in this population.

The purpose of the present study was to assess the
prevalence of self-reported food insecurity in a pre-
bariatric surgery sample and to explore demographic, clini-
cal and behavioural correlates of food insecurity in this
population. Three groups of exploratory hypothesis tests
were conducted. The first series of tests involved demo-
graphic correlates: participant gender, age, ethnicity, edu-
cation attainment, adjusted gross income and population
density of participants’ zip codes of residence, and partici-
pation in food assistance programmes and Medicare/
Medicaid. The second series of tests involved clinical
correlates: BMI at programme entry and obesity-related
co-morbidities (type 2 diabetes, heart disease/hypertension
and obstructive sleep apnoea). The third series of tests
involved participant-reported perceptions and behaviours
related to food and nutritional supplement purchases.

The USDA report on household food insecurity in the
USA in 2016 by Coleman-Jensen et al. identifies a higher
prevalence of food insecurity in households that are low-
income, headed by a single parent, or reporting a Black
non-Hispanic or Hispanic ethnicity(1). This is consistent with
literature reviews that also reported similar demographic
correlates of food insecurity along with a strong relationship
with being female and having less than a college education
level(4,14). We expected to replicate these demographic cor-
relates of food insecurity in the study population. We pre-
dicted that living in a city centre would be associated with
food insecurity, as the cities represented in our sample are
predominantly low-income. Analyses comparing rural v.
urban/suburban zip codes were exploratory. Because the
relationship between food insecurity and bodyweightmight
differ between men and women, we explored this relation-
ship separately for women, hypothesizing that a positive
relationship between food insecurity and BMI would be
identified in the female sub-sample. Analyses regarding
co-morbid diagnoses were exploratory; although type 2 dia-
betes and hypertension are more common in adults with
food insecurity(2,4,10), obesity-related co-morbidities are very
common in pre-bariatric populations and sowe did not have
specific hypotheses regarding their association with food
insecurity in this sample. Finally, we developed five ques-
tions related to food shopping behaviours; because they
were derived from the literature on shopping and eating
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behaviours associated with food insecurity in general sam-
ples, we expected to find that endorsement of all five ques-
tions was higher in food-insecure participants.

Our sample was broken down into food-secure, margin-
ally food-secure and food-insecure groups. The USDA
Statistical Supplement and other literature have identified
marginally food-secure people as having characteristics
more similar to food-insecure groups than food-secure
groups(4,5,14). We expected to broadly replicate this finding,
hypothesizing that marginally food-insecure participants
would show demographic, clinical and behavioural fea-
tures that were either more similar to food-insecure partic-
ipants or that fell between food-secure and food-insecure
participants.

The present study is the first exploration of the demo-
graphic, clinical and behavioural correlates of food insecu-
rity in a bariatric sample. A better understanding of the
demographic correlates of food insecurity specific to pre-
surgical bariatric populations might help to guide program-
ming and clinical decision making aimed at identifying and
assisting patients who might be at risk for food insecurity.
Exploring the relationship of food insecurity category
with continuous BMI and common obesity-related co-
morbidities is a first step in beginning to quantify the
potential impact of food insecurity on health status in this
population. The five behavioural questions were included
to better understand food shopping behaviours and beliefs
about the accessibility of post-bariatric vitamins and sup-
plements through which food insecurity might affect bari-
atric dietary adherence and outcomes, with the goal of
developing causal hypotheses for future studies with pro-
spective or experimental (e.g. intervention) designs.

Methods

Measures

Food insecurity screening
Participants responded to the ten-item USDA adult food
security survey module(1,33). The measure includes three
screening items and seven items designed to assess house-
hold food insecurity for adult respondents. Although this
measure is usually administered by an interviewer, we
modified the items for self-report. Standard administration
involves reading the questions and response options aloud
to the participant, often over the telephone; the text of the
items and response options was given to participants with
no changes to the wording and no additions to or deletions
from any item(33). A bariatric psychologist was available
during administration to answer participants’ questions
about the items and survey as needed. An affirmative
answer (e.g. ‘often true’ or ‘sometimes true’) to each item
is scored as 1 (for two items assessing the frequency of
behaviours associated with food insecurity, responses of
‘never’ or ‘only one or two months’ are scored as negative

and responses of ‘some months but not every month’ and
‘almost every month’ are scored as affirmative). The adult
food security survey module yields a score ranging from 0
to 10. The continuous score is used to create four food secu-
rity categories. A score of 0 is scored as food secure, 1–2 as
marginally food secure, 3–6 as low food security and 7–10 as
very low food security(33). Given the relatively low base rate
of very low food security in our sample, we grouped partic-
ipants with low and very low food security into a single cat-
egory, as recommended in theUSDAguide(1,5). The ten-item
continuous score (used in correlational analyses with BMI)
demonstrated good internal consistency: α = 0·84.

Demographics
Participants self-reported their age, gender, race/ethnicity
and years of education on the Weight and Lifestyle
Inventory (WALI)(34), a commonly used instrument in pre-
bariatric psychological assessment. Participants’ electronic
medical records were accessed to obtain their insurance
information and the zip code of their current address. Zip
codes were used to identify whether participants lived in
an urban or rural municipality, whether they lived in a city
centre and whether their municipality’s median income
was greater or less than $US 50 000.Urban v. rural areaswere
defined using the US Census Bureau definition of rural
municipalities as having fewer than 2500 people per square
mile, with anymunicipalitywith a population density greater
than 2500 per square mile defined as urban(35)

(1 mile2 = 2·59 km2). Participants with zip codes within the
boundaries of larger urban centres (defined as cities with
population greater than 25 000) were coded as being city
residents(36). The seven cities represented in this sample,
i.e. Harrisburg, Lancaster, Lebanon, York, Bethlehem,
State College and Reading, PA, aremajority low-incomewith
low access to food according to US Census Bureau 2010
statistics(37). Median zip code income was assessed using
2015 adjusted gross income data from tax returns; all munici-
palities in this data set had median income of either $US
25 000–49 999 or $US 50 000–74 999(38). Participants were
also asked to report whether they used food assistance pro-
grammes (e.g. Supplemental Nutrition Assistance Program).
Sample descriptives are presented in Table 1, and group
comparisons for binary demographic variables are pre-
sented in Table 2. See Table 3 for group comparisons on
age and BMI.

Additional food security items
Based on a literature review of food buying behaviours
associated with food insecurity(8,15,39), we developed five
questions that were included in the same survey as the
ten US adult food security survey module items. For the
full text of all added questions, see Table 4. These items
shared the response format of the USDA items (e.g. ‘never’,
‘sometimes’, ‘often’ true) and assessed the following behav-
iours: eating fast food to save money, buying unhealthy
food rather than healthy food because of the expense,
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lacking the time or transportation to buy groceries, and
buying large amounts of food early in the month and run-
ning out.We also asked participants whether they felt that it
would be a hardship to afford postsurgical vitamins and
supplements.

BMI
BMI was calculated by dividing weight in kilograms by the
square of height inmetres (kg/m2).Weight and height were
taken by programme staff (registered nurses, registered
nutritionists or licensed practical nurses) with participants
wearing light clothing and no shoes.

Medical co-morbidities
Research staff reviewed participants’ electronic medical
charts for three medical co-morbidities commonly associ-
ated with obesity: type 2 diabetes, hypertension/heart dis-
ease and sleep apnoea. See Table 2 for the prevalence of
each co-morbid diagnosis in our sample.

Table 1 Demographics of the current sample of adult bariatric
surgery candidates, Central Pennsylvania, USA, December 2017–
August 2018, and comparison with nationally representative
bariatric surgery demographics

Current sample
(n 174)

National cohort
(n 94 613)(41)

Age (years)
Mean 41·5 44·6
SD 12·5 12·0

Gender, female (%) 73·0 79·20
Race/ethnicity (%)
African-American 11·5 14·80
Other non-White 18·4 17·86
White 67·2 –

Insurance (%)
Managed care/commercial 63·2 64·44
Medicare 8·0 16·86
Medicaid 27·6 11·76

Education attainment (%)
Less than high school 10·3 –
High-school graduate 40·2 –
Some college 25·3 –
College or postgraduate 23·6 –

Table 2 Demographic correlates of food security status in the sample of adult bariatric surgery candidates, Central Pennsylvania, USA,
December 2017–August 2018

Total sample

High food
security
(n 94)

Marginal
food

security
(n 41)

Food
insecure
(n 31)

�2
ð2Þ, φ Pn % n % n % n %

Gender, female 127 73·0 69 72·6 34 70·8 24 77·4 0·43, 0·05 0·81
Single parent 24 13·8 13 14·0 8 17·4 3 12·0 0·41, 0·05 0·80
College graduate 41 23·6 31 33·0 7 14·6 3 9·7 10·05, 0·24* 0·007
Minority racial/ethnic group 52 29·9 15 16·3 22 46·8 15 50·0 19·92, 0·34** <0·001
Urban centre (>25 000) 61 35·1 27 28·7 16 34·8 18 58·1 8·77, 0·23* 0·01
Rural (<2500) 24 13·8 16 17·0 4 8·7 4 12·9 1·82, 0·10 0·40
Median income < $US 50 000 87 50·0 41 44·1 28 60·9 18 58·1 4·90, 0·16 0·12
Food assistance recipient 51 29·3 17 18·1 16 33·3 18 58·1 18·40, 0·33** <0·001
Medicare/Medicaid beneficiary 62 35·6 28 29·8 16 33·3 18 60·0 9·22, 0·23* 0·01
Any co-morbidity 138 79·3 75 78·9 39 81·3 24 77·4 0·19, 0·03 0·91
Type 2 diabetes 60 34·5 28 29·5 20 41·7 12 38·7 2·40, 0·12 0·30
Heart disease 113 64·9 65 68·4 32 66·7 16 51·6 2·99, 0·13 0·23
Sleep apnoea 74 42·5 41 43·6 20 41·7 13 41·9 0·06, 0·02 0·97

*P < 0·05, **P < 0·001.

Table 3 One-wayANOVA and post hoc least significant difference test group comparisons: age and BMI by food security status in the sample
of adult bariatric surgery candidates, Central Pennsylvania, USA, December 2017–August 2018

Total sample
High food
security

Marginal food
security Food insecure

F(2,120), η2 PMean SD Mean SD Mean SD Mean SD

n 94 n 47 n 31
Age (years) 41·49 12·23 43·72a 11·75 39·91a,b 11·47 37·29b 13·61 3·99, 0·05* 0·02

n 84 n 41 n 27
BMI (kg/m2) (n 152) 48·00 7·33 46·94 6·99 49·60 7·75 48·89 7·45 2·08, 0·03 0·13

n 59 n 29 n 21
BMI (kg/m2), women (n 109) 47·62 7·11 46·12a 6·26 48·75a,b 7·91 50·31b 7·47 3·33, 0·06* 0·04

n 25 n 12 n 6
BMI (kg/m2), men (n 43) 48·94 7·88 48·87 6·26 51·63 7·25 43·88 5·17 2·03, 0·09 –

a,bMean values in a row with unlike subscript letters were significantly different (P = 0·02).
*P < 0·05, **P < 0·001.
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Participants were 174 bariatric surgery candidates at
an academic medical centre and bariatric surgery centre
of excellence in Central Pennsylvania who provided com-
plete responses to the full ten-item USDA adult food secu-
rity survey module. All patients participating in the
preoperative programme were eligible for the study, and
all were approached during their initial programme visit,
when they completed self-report measures, for informed
consent for their data to be used for research purposes.
To date, 100 % of patients in the programme have con-
sented to the present study. A total of 200 participants were
administered the measure; twenty-six (13 %) either did not
fill out the measure at all or provided incomplete data to
calculate the food security risk score. When data were
analysed, only six participants (3·4 %) had completed the
presurgical programme and been approved for surgery,
and five (2·9 %) had left the programme without being
approved. The remaining participants (93·7 %) were still
active in the presurgical programme.

Procedures
The USDA adult food security survey module questions, a
question about food assistance utilization and five additional
items about shopping behaviours/perceptions were
embedded in a packet of self-report measures that included
the WALI(34). Data were collected at the outset of the
presurgical programme; all patients who apply to enter the
presurgical programme complete the packet of self-report
measures inwhich the USDA adult food security surveymod-
ule items were included, and all patients are approached to
obtain their consent for questionnaire and medical chart data
to be used in research. The institutional review board of Penn
State College ofMedicine provided approval for themeasures
and procedures employed in the present study.

Demographic information including age, gender,
educational attainment, race/ethnicity and single parent

status were obtained from responses to the demographics
and household composition sections of the WALI.
Participants’ zip codes and insurance coverage were
obtained from electronic medical records. Zip codes were
used to search a database maintained by the Center for
Rural Pennsylvania, which lists urban and rural municipal-
ities, and the Internal Revenue Service’s Individual Income
Tax Statistics database of 2015 income tax return data, by
zip code(36,38). BMI was calculated from weight and height
obtained at the first programme nutritionist visit. For most
patients, this visit took place after the initial programme visit
where they responded to the self-report survey measures.

Data analysis
Datawere analysed using the statistical software package IBM
SPSS Statistics version 25.0. To explore the demographic cor-
relates of food insecurity in a bariatric population, we per-
formed χ2 analyses for eight discrete binary variables: (i)
White v. person of colour/non-White; (ii) college graduate
v. non-graduate; (iii) single parent v. non-parent or co-parent;
(iv) male- v. female-identified; (v) urban v. rural zip code; (vi)
city centre v. suburban or rural zip code; (vii) median zip code
income greater v. less than $US 50 000; and (viii) public v.
commercial/employer insurance (commercial/employer-
provided insurance v. Medicare, Medicaid). Cramer’s V effect
sizes were produced for these analyses. We used one-way
ANOVA to compare the food security groups on age and
BMI. Because the relationship between food insecurity and
obesity appears to differ for men and women, the analyses
with BMI were conducted separately for men and women.
Continuous relationships between food insecurity score
(range 0–10) and age and BMI were computed using non-
parametric Spearman’s ρ. To explore food shopping behav-
iours and perceptions about the affordability of ‘healthy’ food
and bariatric supplies, we used χ2 and Cramer’s V.

Table 4 Shopping habits and bariatric-specific items by food security status in the sample of adult bariatric surgery candidates, Central
Pennsylvania, USA, December 2017–August 2018

Total
sample

High food
security
(n 94)

Marginal
food

security
(n 47)

Food
insecure
(n 31)

�2
ð2Þ, V Pn % n % n % n %

‘When our money runs low, we shop at fast-food
restaurants to save money’

34 19·5 5 5·3 13 27·1 16 51·6 34·34, 0·44** <0·001

‘I worry about having the time and transportation
to buy my groceries’

18 10·5 3 3·2 2 4·3 13 41·9 34·63, 0·50** <0·001

‘I try to only buy healthy foods, but I end up buying
unhealthy foods that are cheaper’

124 71·3 58 60·0 42 87·5 25 80·6 13·40, 0·28* 0·001

‘In the past 12 months, I found myself purchasing
a lot of food at the beginning of the month then
running out of food later in the month’

25 14·4 5 5·3 5 10·4 15 48·4 36·17, 0·46** <0·001

‘I feel that it could be a hardship to purchase needed
vitamins, protein shakes or food items recommended
by the bariatric surgery programme’

34 19·7 7 7·4 13 27·7 14 45·2 23·76, 0·37** <0·001

*P < 0·05, **P < 0·001.
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Weused the R package ‘pwr’ to estimate power to detect
small andmoderate effect sizes with P = 0·05(40). For χ2 with
2 df, there was adequate (85 %) power for medium effects
(V = 0·30), but our sample was underpowered (65 %) for
small effects (V = 0·20). For one-way ANOVAwith 2 numer-
ator df and 171 denominator df, there was adequate power
(95 %) for moderate effect sizes (η = 0·09) and small-to-
moderate effects (70 % for η = 0·045), but not small effects
(36 % for η = 0·01). For correlational analyses there was
power for moderate (r = 0·30, 98 %) and small-to-
moderate (r = 0·20, 76 %), but not small (r = 0·10, 26 %)
effects. Although these analyseswere exploratory, we com-
puted Bonferroni-corrected critical P values for each of the
three groups of hypothesis tests (e.g. demographic corre-
lates, P = 0·006; clinical correlates, P = 0·01; behavioural
correlates, P = 0·01), and P values for all analyses are pre-
sented in Tables 2–4. We chose to focus our interpretations
on findings that were significant at a more liberal P value
of 0·05 and associated with moderate effect sizes.

Results

Sample characteristics
See Table 1 for a summary of participant-reported demo-
graphics. Our sample is comparable to a nationally repre-
sentative sample of bariatric surgery candidates (n 94 613)
identified in a data set of a representative 20 % of hospital
discharges in the USA between 2012 and 2015 on race/eth-
nicity, age, gender and insurance status(41). Nationally,
89·97 % of bariatric surgeries were performed in urban hos-
pitals, 47·03 % were performed in teaching hospitals and
32·21 % were performed in hospitals with more than 500
beds. Our facility is a large (≥500 beds) academic medical
centre located in an urban area but serving nearby rural
communities. The demographics of our programme were
broadly similar to national statistics; patients were majority
White and female, with amean age of 41·5 years in our sam-
ple compared with a national average age of 44·6 years.
The proportion of patients with managed care/commercial
insurance at our centre was similar to that of the national
statistics. However, the proportion using Medicaid was
higher, likely because the programme’s designation as a
bariatric surgery centre of excellence makes procedures
eligible for reimbursement by Medicaid. A smaller propor-
tion of our sample used Medicare, despite centre of
excellence designations also being required for Medicare
reimbursement. Although the average age of our sample
was consistent with the national average, very few patients
were older than 65 years (4·0 %), which could account for
the low rates of Medicare utilization in our sample.

Food insecurity screening
Based on their responses to the three USDA screening
items, 41·4 % of the current sample was at risk for food

insecurity. When full ten-item USDA scores were exam-
ined, all but seven participants who screened negative
for food insecurity risk received a ten-item score of 0, clas-
sifying them as highly food secure (93·1 %); the seven par-
ticipants who screened negative all fell into the marginal
food security category, endorsing no more than two of
the remaining seven USDA adult food security surveymod-
ule items.

Based on the full ten-item score, ninety-five participants
(54·6 % of the sample) were food secure, forty-eight (27·6 %)
were marginally food secure and thirty-one (17·8 %) were
food insecure. Of the participants who were classified as
food insecure based on self-report, twenty-one (12·1 % of
the full sample) scored in the ‘low food security’ range
and ten (5·7 %) scored in the ‘very low food security’ range.

Demographic correlates of food insecurity
Participants who identified as belonging to a racial/ethnic
minority, who did not have a college education, who lived
in a city centre (e.g. population>25 000) andwho reported
using food assistance programmes or being Medicare/
Medicaid beneficiaries were more likely to report marginal
food security or food insecurity. Gender and being a single
parent were not associatedwith food security in this sample
(Table 2). There was also no association between food
security and living in a rural area (population <2500) or
in a zip code with median income of <$US 50 000. See
Table 2 for group proportions.

Explored continuously, age was related to food security
score. Higher scores, suggesting greater food insecurity,
were associated with younger age (ρ =−0·24, P = 0·002).
Food-secure participants were an average of 3·9 (SE 2·1)
years older than those with marginal food security and
6·4 (SE 2·5) years older than those with food insecurity.
Post hoc least significant difference testing suggested that
the latter difference was significant, with no significant dif-
ference between participants with marginal food security
and those with either food security or food insecurity.

Clinical correlates of food insecurity
Overall, almost 80 % of patients had at least one obesity-
related co-morbidity. There was no bivariate association
between food insecurity status and having any obesity-
related co-morbidity, or having type 2 diabetes, heart dis-
ease/hypertension or obstructive sleep apnoea.

In the full sample, there was a small, but significant pos-
itive correlation between continuous food insecurity score
and BMI (ρ = 0·17, P = 0·04). Although food-insecure
participants had higher mean BMI than either marginally
food-secure (mean difference = 2·66 (SE 1·39) kg/m2)
or food-secure participants (mean difference = 1·95 (SE
1·61) kg/m2), these group differences were not statistically
significant. See Table 3 for group means and ANOVA
results. As we predicted, however, when the relationship
between food insecurity and BMI was explored among
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female participants (n 127), there was a small-to-moderate
positive correlation between continuous food security score
and BMI (ρ = 0·27, P = 0·01) and there was a significant
overall effect of food security category on BMI, with food-
insecurewomen reporting ahighermeanBMI than thosewith
marginal food security (mean difference = 1·56 (SE 2·0)
kg/m2) and food-secure women (mean difference = 3·20 (SE
1·77) kg/m2); the latter difference was significant, whereas
the difference between women with marginal food security
and women with food insecurity was not significant (Table
3). Results for the male sample are not reported; although
all BMI/food insecurity relationships were small and non-sig-
nificant among men, the sample size was very small (n 47,
with only six participants in the food-insecure category)
and these estimates are not reliable.

Behavioural correlates of food insecurity
Participants with food insecurity andmarginal food security
were more likely to report eating fast food to save money,
running out of food by the end of the month, difficulties
with grocery shopping due to time and transportation,
and concerns about being able to afford bariatric-specific
foods and dietary supplements. More than half of all
patients reported sometimes or often buying unhealthy
foods because of the price, although participants with food
insecurity and marginal food security were more likely do
so (Table 4).

Discussion

Only half of the patients in our sample reported high food
security, with 27·6 % reporting marginal food security and
17·8 % reporting food insecurity. This is higher than the
national adult average of 12·3 % for food insecurity, and
notably higher than the national average of 6·6 % for mar-
ginal food security(1,5). The initial three USDA screening
items accurately identified 93·1 % of patients, with only
seven patients who screened negative meeting criteria
for marginal food security on the full ten-item scale.
These findings support the use of the screening items to
minimize burden for food-secure respondents in future
bariatric studies.

Our findings regarding demographic correlates of food
security risk were broadly consistent with the existing liter-
ature in non-bariatric samples: younger patients, patients
who reported a non-White race or ethnicity, lived in pre-
dominantly low-income urban centres or had less than a
college education were more likely to be marginally food
secure or food insecure(4,14,15,42,43). Food insecurity status
was not associated with increased risk of having an
obesity-related co-morbidity in this sample. There was a
small correlation between food insecurity risk score and
BMI at the beginning of the presurgical programme,
although the mean differences between food security

levels were not significant when explored across the full
sample. However, for female participants, there was a
stronger continuous relationship, with a significant differ-
ence in mean BMI between food-secure and food-insecure
women of almost 5 kg/m2 and a difference between an
average BMI in the extreme (BMI ≥ 40 kg/m2) v. super-
(BMI≥ 50 kg/m2) obese range. In women seeking bariatric
surgery, food insecurity is associated with more severe
obesity which can complicate bariatric procedures and
increase the risk of peri- and postoperative morbidity
and mortality(44,45).

Participants responded to questions assessing the fre-
quency of potentially surgery-interfering behaviours previ-
ously linked to food insecurity. Food-insecure participants
were more likely to report eating fast food when their
money ran out, lacking time and transportation to buy gro-
ceries, buying large amounts of food at the beginning of the
month and running out, and the perception that buying
bariatric vitamins and supplements would pose a financial
hardship. All of these behaviours were endorsed by
40–50 % of food-insecure participants and by very few
food-secure participants (e.g. fewer than 8 %). Among par-
ticipants with marginal food security, shopping at fast-food
restaurants when money ran out and concerns about being
able to afford vitamins, supplements and food after surgery
were endorsed by approximately a third. Running out of
food at the end of the month was less common amongmar-
ginally food-secure participants, which is consistent with
the definition of marginal food security as being character-
ized by worry about access to food, but not necessarily
by scarcity.

Both food-insecure and marginally food-secure patients
were more likely to report purchasing ‘unhealthy’ foods;
however, this was less specific to food-insecure partici-
pants than the other four items related to shopping
habits/perceptions, as it was endorsed by 60 % of food-
secure participants. This may be due to the ambiguous
wording of the item, which refers to ‘buying unhealthy
foods that are cheaper’ rather than ‘buying unhealthy foods
because they are cheaper’. Despite this, food-secure partic-
ipants still reported ‘healthier’ food shopping habits than
participants with either marginal food insecurity or food
insecurity, while a majority of all participants acknowl-
edged that they often purchased ‘unhealthy’ foods.

Adherence to the postsurgical diet involves several
behaviours that, based on the current results, could be
influenced by food insecurity in this population.
Behaviours such as eliminating most fried and processed
foods, using protein supplements and multivitamins to
compensate for reduced intake and (in some cases) malab-
sorption, and adhering to a regular schedule of eating and
drinking with no skipped meals may be more challenging
for those with food insecurity(46). Food-insecure patients
may be at increased risk for complications and poor
weight-loss outcomes, including dehydration and weight
loss plateauing from skipping meals during periods of
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scarcity, weight gain or dumping symptoms due to over-
consumption early in the month or to reliance on cheap
high-fat or high-sugar processed foods, and muscle loss
or malnutrition from failing to use vitamins, fortified foods
and protein supplements as recommended.

These results, while preliminary, based on a relatively
small sample and limited to a single medical centre, suggest
that food insecurity and marginal food security are more
common among bariatric patients than the general popula-
tion. Bariatric surgery is a cost-effective(47,48), life-extending
procedure with well-established health benefits including
reversal of type 2 diabetes, improvements in hypertension
and sleep apnoea, and greater mobility and overall quality
of life(25,49–51). Surveys of prospective bariatric patients sug-
gest that for the majority, the primary motivation to have
surgery is not to lose weight, but to resolve obesity-related
co-morbidities and improve overall quality of life(52).
Although this was not measured in our study, a common
patient-reported motivation for surgery is to produce
weight loss that is required to qualify for another quality-
of-life improving surgery such as joint replacement or
hernia repair(52). While our results highlight possible
behavioural risks for food-insecure people undergoing
bariatric surgery, surgical weight loss might also help
patients with food insecurity, for example by giving
them a greater chance of recovery from type 2 diabetes,
which people with food insecurity struggle to manage
through diet and lifestyle changes(11–13). Improvement
in mobility and obesity-related co-morbidities might
help to alleviate food insecurity after surgery by reducing
health-care costs and improving patients’ workforce
participation.

Limitations
Despite several strengths, including a large, well-
characterized bariatric sample that was fully representative
of our clinic population, the present study was limited by
lack of information regarding household income and mon-
etary value of nutrition assistance benefits. Additionally, we
did not assess specific dietary choices, instead focusing on
overall shopping and eating patterns. Although our sample
was broadly similar to a nationally representative bariatric
sample, findings should be generalized beyond our Central
Pennsylvania population with caution. More research on
the prevalence and correlates of food insecurity in a range
of bariatric samples is needed. Because of the relatively low
sample size and exploratory nature of our hypotheses, we
did not conduct multivariate analyses predicting food inse-
curity status. Future research should address whether there
are differential demographic correlates of marginal food
security v. food insecurity, andwhether some demographic
correlates are more strongly associated with food security
status than others. In addition, because there were few
single parents and relatively few men in our sample, analy-
ses concerning gender and household composition as

predictors of food insecurity should be interpreted with
particular caution.

Conclusions

Despite the relatively high prevalence of obesity and
cardiometabolic illness among adults with food insecurity,
the present study is the first exploration of the prevalence of
food insecurity in a bariatric sample. Our results suggest
that this issue affects a high percentage of our bariatric
patients. Future research should address the associations
of bariatric food insecurity with presurgical weight and
health status, as well as psychosocial factors including
mood, anxiety and disordered eating patterns. In addition,
the association of presurgical food insecurity with postsur-
gical weight loss, complications and adjustment should be
studied to better understand the impact of surgery for this
group of patients. The lack of information on food insecu-
rity and postoperative outcomes is troubling, given the high
prevalence in our sample, and more research is needed
to understand potential postsurgical risks associated with
food insecurity. This research should be focused on the
behavioural mechanisms through which food insecurity
might lead to postsurgical risks. This will help providers
to tailor interventions to the needs of patients with food
insecurity, potentially making surgery safer andmore effec-
tive for this population. One such behavioural mechanism
might be disordered eating; in general population studies,
food insecurity has been shown to be a risk factor for
disordered eating behaviour(19).

Given the likelihood that food insecurity could interfere
with bariatric-specific health maintenance behaviours, we
recommend universal screening for food insecurity in bari-
atric populations using the USDA screening items, which
had a 7 % false negative rate for marginal food security
but did not fail to identify any low or very low food security
patients. We also recommend more research aimed at: (i)
the development of pre- and postsurgical programmes to
support this vulnerable patient population in making the
diet and lifestyle changes necessary to succeed after sur-
gery and minimize the risk of complications; and (ii) evalu-
ating barriers to the use of existing nutrition assistance
programmes. We found that most patients who received
nutrition assistance benefits were still food insecure or mar-
ginally food secure. Public health research should continue
to address the gaps in nutrition assistance coverage, and
specifically how food-insecure bariatric patients experi-
ence and use their nutrition assistance benefits to meet
their specific postoperative nutritional needs.

In the absence of clear evidence that bariatric surgery
poses specific risks to food-insecure patients, the present
study does not provide enough evidence to inform deci-
sion making around whether any patient should or should
not be approved for bariatric surgery. Rather, it highlights
the need for both clinicians and researchers to be sensitive
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to patients’ food security status. Such sensitivity might result
in some changes to preoperative programming; for in-
stance, a longer preoperative period, during which inter-
ventions aimed at both improving food security and
reducing disordered eating behaviour might be indicated
in some patients without obesity-related co-morbidities.
However, our hope is that the current research highlights
the issue of food insecurity in this vulnerable population,
spurring more research into interventions aimed both at
alleviating food insecurity in pre- and postoperative bariat-
ric populations and at improving pre-bariatric education to
help food-insecure people make health behaviour changes
in spite of their financial burdens.
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