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1 | INTRODUCTION

Phenylketonuria (PKU), also known as phenylalanine
hydroxylase deficiency (OMIM #261600), is a genetic dis-
order characterized by insufficient metabolism of the
amino acid, phenylalanine. Patients with PKU follow a
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Summary

Phenylketonuria (PKU) is a genetic disorder characterized by insufficient
metabolism of phenylalanine. Depending on severity, patients follow a low-
phenylalanine diet and may consume medical food (MF) and low-protein
modified foods; dietary and medical treatment can be expensive. This study
assessed prevalence of food insecurity (FI), the lack of resources to access
enough nutritious food to have an active, healthy life, in females with PKU
and examined associations with diet and metabolic control. Participants were
recruited from a research-based camp in 2018. Adult and adolescent modules
of the USDA Household Food Security survey were utilized to categorize par-
ticipants as food secure [high food security (FS) or marginal FS] or food inse-
cure (low FS or very low FS); results were compared to the general
U.S. population. Dietary intake via three-day food records and plasma amino
acids were also assessed. Thirty females 11-58 years of age (mean = 21.4 years)
participated. Twelve (40%), including seven adolescents (44%) and five adults
(36%), were FI compared to the U.S. prevalence of 11.1%. MF protein intake
was significantly lower in those with very low FS compared to high FS and
low FS (P = .04). Age and intact protein intake were significantly higher in
those with very low FS compared to high FS (P < .05). Our study suggests ado-
lescent and adult females with PKU have a higher prevalence of FI than the
general U.S. population. Those with very low FS were older, consumed more
dietary phenylalanine and intact protein, and less MF protein. Clinicians
should consider screening for FI in patients with PKU.
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phenylalanine-restricted diet, with the amount of intact
protein from food prescribed based on the severity of the
driver mutation in the phenylalanine hydroxylase gene.'
The goal of dietary treatment is to maintain blood phe-
nylalanine concentrations within a therapeutic range
(120-360 pmol/L) to prevent severe physical, cognitive,
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and behavioral complications." Medical food is prescribed
to supply a phenylalanine-free protein source and
patients also may purchase low-protein modified foods
(LPMF) as an alternate low-phenylalanine energy source.
Medical food is very expensive, costing up to 23 times
more than infant formula.” Insurance coverage for medi-
cal food and LPMF varies by state and families of patients
may have to cover a portion of expenses.’

The annual cost of PKU treatment, including medi-
cal food and LPMF, varies by age but is estimated to
range from $19 057 to $54 147.* A recent study of fami-
lies with children with any inherited metabolic disor-
der (IMD) found 21% of parents spent more than $100
per month for medical food and 48% spent more than
$100 per month for LPMF.> Only 40% of families
reported insurance or other assistance in covering the
costs of LPMF with 60% paying out of pocket.?
Advances in medical and pharmaceutical treatment of
PKU have been life altering but also come with signifi-
cant costs, though most medications are covered by
insurance.

Food insecurity is a concern in households with sig-
nificant medical expense related to chronic disease.” The
U.S. Department of Agriculture (USDA) defines food
security for a household as access by all members at all
times to enough food for an active, healthy life.® Con-
versely, food insecurity is the limited or uncertain avail-
ability of nutritionally adequate and safe foods or limited
or uncertain ability to acquire acceptable foods in socially
acceptable ways.® There are four categories of food secu-
rity ranging from high food security, where a household
has no problems or anxiety about consistently accessing
adequate food, to very low food security, where eating
patterns and food intake may be altered because of lack
of money or resources for food.®

Food insecurity impacts physical and mental
health in children and adults. In children, food insecu-
rity is related to significantly worse general health,
acute and chronic health problems, and healthcare
access obstacles.” In adults, food insecurity is associ-
ated with cardiovascular risk factors, obesity and com-
orbidities including diabetes and asthma, depression,
and other health issues.®'* Adults with PKU also have
a higher risk for comorbid conditions including obe-
sity, abnormal lipid profiles, and anxiety and depres-
sion.""'* The combination of a chronic metabolic
disorder like PKU and food insecurity could exacer-
bate health issues.

Food insecurity in individuals with PKU has not been
reported. This study assessed the prevalence of food inse-
curity in females with PKU and examined associations
between food security status and dietary intake and meta-
bolic control.

SYNOPSIS

Food insecurity is more prevalent in adolescent
and adult females with phenylketonuria (PKU)
than the general U.S. population.

2 | SUBJECTS AND METHODS

2.1 | Subjects

Females 11 years of age and older attending a research-
based camp for girls and women with PKU in 2018 were
eligible for this study. Participants volunteer to attend
camp and females 11 years of age and older are eligible
to attend. Exclusion criteria included those not participat-
ing in camp research and those with a diagnosis of maple
syrup urine disease (MSUD) who also attended camp.
The study was approved by the Emory University Institu-
tional Review Board (IRB) and data were collected in
compliance with Health Insurance Portability and
Accountability (HIPAA) guidelines. All participants pro-
vided informed consent prior to participating.

2.2 | Study design

This was a cross-sectional pilot study. Anthropometric
measurements, dietary intake, and biochemical data were
collected on the first day of camp at two research sites
depending on participant age. All participants were
fasting for at least two and a half hours before study
visits. A trained phlebotomist drew venous blood for all
blood samples and a research laboratory technician per-
formed preliminary processing and aliquoting of the
samples.

2.3 | Food insecurity

The U.S. Department of Agriculture (USDA)
U.S. Household Food Security Survey Module was uti-
lized to assess food security in participants 18 years of
age and older."* This module includes 10 questions for all
households and an additional eight questions for house-
holds with children. Questions assess food insecurity over
the past 12 months. The USDA's Food Security Survey
Module for Youth Ages 12 and Older was utilized to
assess food security in participants under 18 years of age.
This module includes nine questions and is validated in
adolescent population.'””> The USDA recommends utiliz-
ing a 30-day reference period for the adolescent module.
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Both modules were scored per USDA guidelines to classify
participants as high food security (HFS), marginal food
security (MFS), low food security (LFS), or very low food
security (VLFS). The four categories of food security can
then be collapsed into food secure (HFS and MFS) or food
insecure (LFS and VLFS) per USDA definitions. Both food
security survey instruments are included in the Appendix.
2.4 | Dietary intake

Participants were instructed to record all food, beverages,
medical food, and supplements consumed in the
three days preceding camp. Three-day diet records were
submitted by all participants on the first day of camp and
reviewed individually with a metabolic Registered Dieti-
tian Nutritionist (RDN) to ensure completeness and accu-
racy. If participants did not bring a completed three-day
food record to camp, the RDN performed a 24-hour recall.
All food records and recalls were analyzed via Metabolic
Pro. The three days of dietary intake were averaged to cal-
culate mean daily intake of calories, total protein, protein
from food (intact protein), and protein from medical food.

2.5 | Other variables

Plasma amino acids were analyzed at Emory Genetics Lab-
oratory Eurofins via ion exchange chromatography. Sub-
jects also completed surveys on demographics,
medications, medical food prescription (grams protein/
day) and dietary phenylalanine prescription (mg phenylal-
anine/day). Height and weight were measured on a cali-
brated stadiometer and scale respectively to calculate body
mass index (BMI). For adults, standard BMI definitions
were utilized to classify participants as underweight, nor-
mal weight, overweight. or obese. For adolescents 11-20
years of age, BMI-for-age percentiles were utilized to clas-
sify participants as underweight, normal weight, over-
weight, or obese, per Center for Disease Control and
Prevention (CDC) definitions.

2.6 | Statistical analysis

All statistics were performed using Statistical Analysis
Software (SAS) version 9.4.'° Since the study was a cross-
sectional pilot study, a power calculation was not per-
formed. Prevalence of the four categories of food security
and the prevalence of food insecurity (LFS and VLFS) in
the total sample, in adolescents, in adults, and in house-
holds with children were calculated and compared to
prevalence in the United States. Differences in variables
including age, BMI, blood phenylalanine and tyrosine,
dietary intake, and phenylalanine prescription were
assessed between the four categories (HFS, MFS, LFS,

VLFS) via linear regression, controlling for age and
medication use.

3 | RESULTS

Thirty females 11-58 years of age (mean = 214
+ 11.7 years) participated. Sixteen (53%) were under
18 years of age. Fourteen (47%) were 18 years of age or
older with five of the 14 adults (36%) reporting children
in their household. Mean BMI was 27.0 + 8.7 kg/m? and
60% were overweight or obese (BMI > 25 for adults
20 years or older; BMI at the CDC's 85th%ile BMI-for-age

TABLE 1  Characteristics of female study participants (n = 30)

Mean

(SD) n
21.4 (11.7)

11-17 16

Percent
Age (years)
53.3%
>18 14 46.7%
Body mass index (BMI) 27.0 (8.7)

Underweight (<18.5 or 0 0%
<5th%ile)

Normal (18.5-24.9 or 12
5-85th%ile)

Overweight (25-29.9 or 8
85-95th%ile)

Obese (>30 or >95th%ile) 10
601 (401)

40.0%

26.7%

33.3%

Plasma phenylalanine
(pmol/L)

Below treatment range 2 6.7%

(<120)
Normal (120-360) 9 30.0%

Above treatment range 19 63.3%

(>360)
Medications
None 15 50.0%
Sapropterin 14 46.7%
Pegvaliase 1 3.3%

Dietary phenylalanine 787 (684)

prescription (mg/day)
Dietary Intake
1548 (418)
57.2 (16.3)
19.7 (17.4)

Total calories (kcals/day)
Total protein (g/day)

Intact protein from food
(g/day)

Protein from medical food
(g/day)

Phenylalanine (mg/day)

37.5 (21.0)

894 (785)
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TABLE 2

Adolescents (n = 16) 11-17 years

Food security status of female study participants (n = 30)

Adults (n = 14) >18 years Full

of age of age sample (n = 30)
n % n %o n %o
Food secure 9 56.3% 9 64.3% 18 60.0%
High food security (HFS) 8 50.0% 7 50.0% 15 50.0%
Marginal food security (MFS) 1 6.3% 2 14.3% 3 10.0%
Food insecure 7 43.8% 5 35.7% 12 40.0%
Low food security (LFS) 6 37.5% 3 21.4% 9 30.0%
Very low food security (VLFS) 1 6.3% 2 14.3% 3 10.0%
TABLE 3  Differences in participant characteristics by food security status
Marginal food Very low food
High food security  security Low food security  security
(HFS) (n = 15) (MFS) (n =3) (LFS) (n =9) (VLFS) (n=3)
Mean (SD) Mean (SD) Mean (SD) Mean (SD) *P-value
Age (years) 17.2 (4.6)* 28.3 (14.0) 19.8 (10.3)? 40.7 (22.7)° .10
BMI (kg/m?) 26.5 (10.4) 28.5(8.8) 26.4 (5.8) 30.1 (12.0) 95
Blood phenylalanine 502 (387) 1030 (552) 719 (329) 319 (307) 25
(pmol/L)
Blood tyrosine (pmol/L) 449 (11.5) 448 (8.2) 41.8 (9.6) 33.7 (5.1) 62
Blood phe:tyr ratio 11.7 (8.8) 22.1(10.1) 18.7 (9.9) 10.3 (11.0) .34
Dietary phenylalanine 741 (630) 600 (304) 620 (524)* 1670 (1268)° .60
prescription (mg/day)
Compliance with 129 (53) 160 (139) 107 (62) 192 (145) .18
phenylalanine
prescription (%)
Medication use (% taking 53.3% 33.3% 44.4% 66.7% .85
medication)**
Dietary intake
Calories (kcals/day) 1641 (399) 1502 (567) 1327 (207) 1796 (799) 21
Phenylalanine (mg/day) 866 (730) 691 (284) 626 (518)* 2037 (1417)° 14
Total protein (g/day) 57.1(8.4) 46.6 (33.4) 62.1(17.7) 53.6 (28.8) .16
Intact protein (g/day) 18.3 (14.6) 16.4 (3.0) 14.2 (11.2) 46.9 (35.7)° 07
MF protein (g/day) 38.9 (14.6)° 30.2 (36.3) 47.9 (20.2)° 6.7 (11.5) .04

Note: a is significantly less than b (Bonferroni P-value <.05).
*Adjusted for age and medication use.
**Adjusted for age.

or above for adolescents). Mean blood phenylalanine
concentration was 601 + 401 pmol/L. On average, partic-
ipants reported a dietary phenylalanine prescription of
787 + 684 mg per day. Half of the participants reported
taking blood phenylalanine-lowering medications includ-
ing 14 (47%) taking sapropterin and one (3%) taking
pegvaliase. Demographics are summarized in Table 1.

In the total sample, 12 (40%) were food insecure com-
pared to the U.S. prevalence of 11.1% in 2018."7 Of the
12 who were food insecure, three (10% of the sample)

were considered very low food security, much higher
than the U.S. prevalence of 4.3%.'” Forty-four percent of
adolescents (n = 7) were food insecure and 36% of adults
(n = 5) were food insecure. Sixty-six percent (n = 3) of
households with children were food insecure compared
to the U.S. prevalence of 13.9%."” Prevalence of food secu-
rity is reported in Table 2.

Participants classified as very low food security
(VLFS) were significantly older (mean = 40.7 years) than
those reporting high food security (mean = 17.2 years) or
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low food security (19.8 years). Intake of dietary protein
from MF was significantly lower in those with VLFS
(mean = 6.7 g/protein/day) compared to those with HFS
(mean = 38.9 g/protein/day) and LFS (47.9 g/protein/
day). Intake of intact dietary protein was significantly
higher in those with VLFS (mean = 46.9 g/protein/day)
compared to those with HFS (mean = 18.3 g/protein/
day) and LFS (14.2 g/protein/day). In line with these
findings, those with VLFS reported a significantly higher
phenylalanine prescription (mean = 1670 mg/phenylala-
nine/day) and consumed more dietary phenylalanine
(mean = 2037 mg/phenylalanine/day) than those with
LFS, but not HFS or MFS. There was no significant differ-
ence in metabolic control between groups; however,
those with MFS had the highest mean blood phenylala-
nine concentrations (1030 pmol/L) vs those with VLFS
who had the lowest mean concentrations (319 pmol/L).
There was no significant difference in medication use by
group. Differences in variables by food security category,
adjusted for medications and age, are reported in Table 3.
When comparing participants by food security status
defined as food secure or food insecure, there were no sig-
nificant differences in adjusted analyses. Mean calorie
intake (FS = 1618 kcal/day vs FI = 1444 kcal/day; P-
value = .135) approached significance and warrants further
study. Mean blood phenylalanine was also lower in food
secure participants compared to food insecure participants
(590 pmol/L vs 619 pmol/L), and mean blood tyrosine was
higher (45 pmol/L vs 40 pmol/L), but not significantly so.

4 | DISCUSSION
These pilot data suggest females with PKU have a higher
prevalence of food insecurity compared to the general
U.S. population (40% vs 11.1%). Adolescents with PKU
had a higher prevalence of food insecurity (44%) com-
pared to adults with PKU (36%). The prevalence of
females with PKU experiencing very low food security
(10%) is alarming, more than twice the prevalence in the
United States in 2018. Adults residing in households with
children also had a higher prevalence of food insecurity
compared to the general U.S. population (66% vs 13.9%).
Participants with VLFS were older and consumed
more dietary phenylalanine and intact protein and less
MF protein compared to those with higher food security,
even when adjusting for use of blood phenylalanine-
lowering medications. Blood phenylalanine concentra-
tions were also lower in this group though this finding
was not significant. Severity of PKU was not assessed as
DNA samples were not collected, so the participants in
the VLFS group may have had less severe mutations in
the PAH gene. Interestingly, those with LFS (also
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classified as food insecure), were much more similar in
all variables to those considered food secure compared
with those considered VLFS. Future research should
evaluate the experiences of food insecurity in this group
in particular.

Due to the pilot nature of this study, many health out-
comes associated with food insecurity in adolescent and
adult populations were not examined. BMI was assessed
but there was no difference by food security status. Food
insecurity in children and adults can impact long-term
physical and mental health including depression and
anxiety and indicators of diabetes, cardiovascular disease,
and hypertension. Specific to PKU, those struggling with
resources may choose not to spend money on critical
components of PKU treatment including medical food,
LPMF, and co-pays for clinical care. In addition, the PKU
diet stresses foods low in protein including fruits and veg-
etables, which may be considered too expensive by fami-
lies experiencing financial strain. Such families may
choose less expensive processed foods lower in protein
but higher in carbohydrates and added sugars. This is
also true in the general population where food insecurity
is significantly associated with poor diet quality including
higher consumption of sugar-sweetened beverages and
lower consumption of vegetables.'"® Noncompliance with
the PKU diet and poor diet quality related to food insecu-
rity could exacerbate mental and physical health issues
in an already vulnerable population.

There were several limitations to this study. Partici-
pants volunteered to attend the camp from which they
were recruited for this study, potentially introducing self-
selection bias. Due to the small sample size, results may
not be generalizable to the general PKU population and
significant differences between groups may not have
been detected, thus comparisons with the general
U.S. population are descriptive only. Dietary intake was
assessed by three-day food records that can be inaccurate;
however, all food records were reviewed with partici-
pants by a metabolic dietitian. Food insecurity was also
measured over different periods in adolescents (30-day
reference period) and adults (12-month reference period),
following USDA recommendations. The USDA House-
hold Food Security Survey Module does not define the
relationship between adults and children in the house-
hold. These adults simply report the presence of an indi-
vidual under 18 years of age in their household whether
or not they are financially responsible. In addition, there
were three 11-year old participants in this study who
completed the Self-Administered Survey Module for
Youth Ages 12 and older though the module is not yet
validated for 11-year old adolescents. In the future, larger
studies should also assess household income and percent
of income spent on food, use and cost of LPMF per
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month, and medical food expense and source of financial
coverage for medical food and LPMF.

These pilot data suggest differences in dietary intake
and metabolic control between food secure and food inse-
cure females with PKU, but larger studies would be valu-
able, including enrolling males and more households
with children. An international study of food insecurity
in individuals with IMD with expensive medical and die-
tary treatment is also needed, since many countries differ
in expense and financial coverage for products. Examin-
ing impacts of food insecurity on physical and mental
health, in addition to metabolic control, in patients with
PKU is critical. In addition, qualitatively examining PKU
patients’ experiences with food insecurity could provide
valuable insight in prevention and resolution.

Based on these pilot results, dietitians and other met-
abolic clinicians may consider screening for food insecu-
rity in patients with PKU and other IMD. The USDA has
published short tools to assess food security including a
six-item short form™ and a two-item screener.'® The two-
item screener is validated and indicates an individual or
household is struggling with food insecurity if they
answer yes to either of the following questions: “Within
the past 12 months, we worried whether our food would
run out before we got money to buy more” or “Within
the past 12 months, the food we bought just did not last
and we didn't have money to get more”." This screener
would take less than 1 minute and is a feasible, validated
method to assess food insecurity in all patients with dis-
orders associated with a significant financial burden.
Patients that screen at-risk for food insecurity can receive
appropriate resources including information about local
food banks and pantries and food assistance programs
including the Supplemental Nutrition Assistance Pro-
gram (SNAP), Women, Infants, and Children (WIC), the
National School Lunch Program (NSLP), and the Sum-
mer Food Service Program, among others.

Prevalence of food insecurity was higher in this sam-
ple of females with PKU compared to the general
U.S. population. Given the strong links between food
insecurity and adverse health outcomes, efforts to prevent
and address food insecurity in families with individuals
with PKU should be explored.

ACKNOWLEDGMENTS
We would like to thank the Emory University Metabolic
Camp staff and volunteers and the participants in this study.

CONFLICT OF INTEREST

Kathryn Coakley, Suzanne Porter-Bolton, Mary Lauren
Salvatore, Rosalynn Blair, and Rani Singh have no con-
flict of interest.

AUTHOR CONTRIBUTIONS

K.E.C. and R.H.S. designed and planned research; K.E.C.,
M.L.S., S.P.B. conducted research; K.E.C. analyzed data;
R.B.B. and R.H.S. recruited patients and directed the
camp; R.H.S. and M.L.S. obtained I.R.B. approval;
K.E.C. developed the manuscript; K.E.C. and R.H.S. had
primary responsibility for final content. All authors read
and approved the final manuscript.

ETHICS APPROVAL
Approval for this study was granted by the Emory Uni-
versity Institutional Review Board (IRB).

INFORMED CONSENT

All procedures followed were in accordance with the eth-
ical standards of the responsible committee on human
experimentation (institutional and national) and with the
Helsinki Declaration of 1975, as revised in 2000 (5).
Informed consent was obtained from all patients for
being included in the study. Identifying information was
not collected.

ANIMAL RIGHTS
This article does not contain any studies with animal sub-
jects performed by the any of the authors.

AVAILABILITY OF DATA

The data that support the findings of this study are avail-
able from the corresponding author upon reasonable
request.

ORCID
Kathryn E. Coakley ‘® https://orcid.org/0000-0002-2887-
3546

REFERENCES

1. Singh RH, Cunningham AC, Mofidi S, et al. Updated, web-
based nutrition management guideline for Pku: an evidence
and consensus based approach. Mol Genet Metab. 2016;118(2):
72-83. https://doi.org/10.1016/j.ymgme.2016.04.008.

2. Berry SA, Kenney MK, Harris KB, et al. Insurance coverage of
medical foods for treatment of inherited metabolic disorders. Genet
Med. 2013;15(12):978-982. https://doi.org/10.1038/gim.2013.46.

3. Weaver MA, Johnson A, Singh RH, Wilcox WR, Lloyd-
Puryear MA, Watson MS. Medical foods: inborn errors of
metabolism and the reimbursement dilemma. Genet Med. 2010;
12(6):364-369. https://doi.org/10.1097/GIM.0b013e3181deb2f0.

4. Rose AM, Grosse SD, Garcia SP, et al. The financial and time
burden associated with phenylketonuria treatment in the
United States. Mol Genet Metab Rep. 2019;21:100523. https://
doi.org/10.1016/j.ymgmr.2019.100523.

5. Jih J, Stijacic-Cenzer I, Seligman HK, Boscardin WI,
Nguyen TT, Ritchie CS. Chronic disease burden predicts food
insecurity among older adults. Public Health Nutr. 2018;21(9):
1737-1742. https://doi.org/10.1017/S1368980017004062.


https://orcid.org/0000-0002-2887-3546
https://orcid.org/0000-0002-2887-3546
https://orcid.org/0000-0002-2887-3546
https://doi.org/10.1016/j.ymgme.2016.04.008
https://doi.org/10.1038/gim.2013.46
https://doi.org/10.1097/GIM.0b013e3181deb2f0
https://doi.org/10.1016/j.ymgmr.2019.100523
https://doi.org/10.1016/j.ymgmr.2019.100523
https://doi.org/10.1017/S1368980017004062

COAKLEY ET AL.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

USDA. 2019. Food Security in the U.S. https://www.ers.usda.
gov/topics/food-nutrition-assistance/food-security-in-the-us/
measurement.aspx.

Thomas MMC, Miller DP, Morrissey TW. Food insecurity and
child health. Pediatrics. 2019;144(4):e20190397. https://doi.org/
10.1542/peds.2019-0397.

Leung CW, Epel ES, Willett WC, Rimm EB, Laraia BA. House-
hold food insecurity is positively associated with depression
among low-income supplemental nutrition assistance program
participants and income-eligible nonparticipants. J Nutr. 2015;
145(3):622-627. https://doi.org/10.3945/jn.114.199414.
Palakshappa D, Speiser JL, Rosenthal GE, Vitolins MZ. Food
insecurity is associated with an increased prevalence of comor-
bid medical conditions in obese adults: Nhanes 2007-2014.
J Gen Intern Med. 2019;34(8):1486-1493. https://doi.org/10.
1007/s11606-019-05081-9.

Seligman HK, Laraia BA, Kushel MB. Food insecurity is associ-
ated with chronic disease among low-income Nhanes participants.
J Nutr. 2010;140(2):304-310. https://doi.org/10.3945/jn.109.112573.
Burrage LC, McConnell J, Haesler R, et al. High prevalence of
overweight and obesity in females with phenylketonuria. Mol
Genet Metab. 2012;107(1-2):43-48. https://doi.org/10.1016/j.
ymgme.2012.07.006.

Clacy A, Sharman R, McGill J. Depression, anxiety, and stress
in young adults with phenylketonuria: associations with bio-
chemistry. J Dev Behav Pediatr. 2014;35(6):388-391. https://doi.
org/10.1097/DBP.0000000000000072.

Couce ML, Vitoria I, Alddmiz-Echevarria L, et al. Lipid profile
status and other related factors in patients with Hyper-
phenylalaninaemia. Orphanet J Rare Dis. 2016;11(1):123.
https://doi.org/10.1186/s13023-016-0508-x.

Bickel G et al. Guide to Measuring Household Food Security
(Revised 2000). Alexandria, VA: USDA FNS; 2000.

Connell CL, Nord M, Lofton KL, Yadrick K. Food security of
older children can be assessed using a standardized survey
instrument. J Nutr. 2004;134(10):2566-2572. https://doi.org/10.
1093/jn/134.10.2566.

SAS. Statistical Analysis Software (Sas). Vol 9.4. Cary, NC: SAS
Institute Inc.; 2013.

USDA ERS 2019. Food Security and Nutrition Assistance.
https://www.ers.usda.gov/data-products/ag-and-food-
statistics-charting-the-essentials/food-security-and-nutrition-
assistance/.

Leung CW, Epel ES, Ritchie LD, Crawford PB, Laraia BA. Food
insecurity is inversely associated with diet quality of lower-
income adults. J Acad Nutr Diet. 2014;114(12):1943-53.€2.
https://doi.org/10.1016/j.jand.2014.06.353.

Hager ER, Quigg AM, Black MM, et al. Development and valid-
ity of a 2-item screen to identify families at risk for food insecu-
rity. Pediatrics. 2010;126(1):e26-e32. https://doi.org/10.1542/
peds.2009-3146.

How to cite this article: Coakley KE, Porter-

Bolton S, Salvatore ML, Blair RB, Singh RH. Food
insecurity in females with phenylketonuria. JIMD
Reports. 2020;53:103-110. https://doi.org/10.1002/

jmd2.12115

[ =d WILEY_|

APPENDIX
USDA Household Food Security Survey Module

The following questions are about the food situation in
your home during the last 12 months. Please circle the
answer that best describes you.

1. I/we worried whether my/our food would run out
before I/we got money to buy more.

[ ] Often true [ | Sometimes true [ ] Never true [ ]
Don't know

2. The food that I/we bought just didn't last, and I/we
didn't have money to get more.

[ ] Often true [ | Sometimes true [ | Never true [ |
Don't know

3. I/we couldn't afford to eat balanced meals.
[ ] Often true [ | Sometimes true [ | Never true [ |
Don't know

4. In the last year, since June of last year, did you or other
adults in your household ever cut the size of your meals or
skip meals because there wasn't enough money for food?

[ ]Yes[ ] No [ ] Don't know

5. If you answered yes to question 4, how often did
this happen?

[ ] Almost every month[ ] Some months but not every
month [ ] Only 1 or 2 months [ ] Don't know

6. In the last 12 months, did you ever eat less than you felt
you should because there wasn't enough money for food?
[ ]1Yes[ ] No [ ] Don't know

7. In the last 12 months, were you every hungry but
didn't eat because there wasn't enough money for food?
[ ]Yes[ ] No [ ] Don't know

8. In the last 12 months, did you lose weight because
there wasn't enough money for food?
[ ]Yes[ ] No [ ] Don't know

9. In the last 12 months, did you or other adults in
your household ever not eat for a whole day because
there wasn't enough money for food?

[]Yes[ ] No|[]Don't know

10. If you answered yes to question 9, how often did
this happen?

[ ] Almost every month[ | Some months but not every
month [ | Only 1 or 2 months[ | Don't know
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End of Survey for households with NO children
under age 18.

Continue for Households with CHILDREN
UNDER 18 ONLY:

The following questions are about the food situation
for your child/children living in the household under age
18 during the last 12 months. Please circle the answer that
best describes you.

11. I/we relied on only a few kinds of low-cost food to
feed my/our child/the children because I was/we were
running out of money to buy food.

[ ] Often true [ ] Sometimes true [ ] Never true [ |
Don't know

12. I/we couldn't feed my/our child/the children a
balanced meal, because I/we couldn't afford that.

[ ] Often true [ ] Sometimes true [ ] Never true [ |
Don't know

13. My/our child or children were not eating enough
because I/we just couldn't afford enough food.

[ ] Often true [ ] Sometimes true [ ] Never true [ ]
Don't know

14. In the last 12 months, since June of last year, did
you ever cut the size of your child's/any of the children's
meals because there wasn't enough money for food?

[]Yes[]No|[ ]Don't know

15. In the last 12 months, did any of the children ever
skip meals because there wasn't enough money for food?
[]Yes[ ] No[ ]Don't know

16. If you answered yes to question 15, how often did
this happen?

[ ] Almost every month

[ ] Some months but not every month

[ ] Only 1 or 2 months

[ ] Don't know

17. In the last 12 months, were your child/any of the
children ever hungry but you just couldn't afford
more food?

[]Yes[ ] No[ ]Don't know

18. In the last 12 months, did your child/any of the
children ever not eat for a whole day because there
wasn't enough money for food?

[]Yes[ ] No|[ ] Don't know

USDA Self-Administered Food Security Survey
Module for Children Ages 12 Years and Older

The following questions are about the food situation in
your home during the last month. Please circle the answer
that best describes you. Your answers will remain a secret.

1. Did you worry that food at home would run out
before your family got money to buy more?
A LOT SOMETIMES
NEVER

2. Did the food that your family bought run out, and
you didn't have money to get more?
A LOT SOMETIMES
NEVER

3. Did your meals only include a few kinds of cheap
foods because your family was running out of money to
buy food?

A LOT SOMETIMES

NEVER

4. How often were you not able to eat a balanced meal
because your family didn't have enough money?
A LOT SOMETIMES
NEVER

5. Did you have to eat less because your family didn't
have enough money to buy food?
A LOT SOMETIMES

NEVER

6. Has the size of your meals been cut because your
family didn't have enough money for food?
A LOT SOMETIMES
NEVER

7. Did you have to skip a meal because your family
didn't have enough money for food?
A LOT SOMETIMES
NEVER

8. Were you hungry but didn't eat because your family
didn't have enough food?
A LOT SOMETIMES

NEVER

9. Did you not eat for a whole day because your fam-
ily didn't have enough money for food?
A LOT SOMETIMES
NEVER
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