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Abstract 

Background: Food insecurity, an important social determinant of health among children, has become more com-
mon during the COVID-19 pandemic. Children with chronic diseases including end-stage kidney disease (ESKD) are 
at higher risk of food insecurity due to their complex care needs, medication burden, and dietary restrictions. No data 
exists describing food insecurity prevalence in pediatric ESKD patients during the COVID-19 pandemic.

Methods: Food insecurity was assessed among families of children (age 0–18 years) with ESKD on chronic dialysis at 
two pediatric academic medical centers. Families were screened in April 2020 using the Hunger Vital Sign, a validated 
2-question screening tool. We assessed impact of COVID-19 on food insecurity. We compared serum phosphorus “pre-
COVID” (January/February 2020) to “during COVID” (April/May 2020).

Results: A total of 29 families enrolled in this study. 62% (18/29) of children with ESKD lived in food insecure house-
holds, and of those, 72% (13/18) reported that COVID-19 had worsened their food insecurity status. During the 
COVID-19 pandemic, food insecure patients experienced greater rise in their serum phosphorus levels (1.1 mg/dL vs. 
0 mg/dL, p = 0.03) and decreased likelihood of having adequate phosphorus control (50% vs. 11%, p = 0.03).

Conclusion: Food insecurity was common among children with ESKD on chronic dialysis during the COVID-19 
pandemic. Children with food insecurity had a greater increase in their phosphorus levels during the pandemic than 
did food secure children. Further exploration into how food resources such as an onsite food pantry impacts food 
insecurity and phosphorus control in children with ESKD is essential.
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Background
Food insecurity (FI) is defined as limited or uncertain 
availability of nutritionally adequate and safe foods, or 
limited ability to acquire such food in socially accept-
able ways [1]. Sixteen million households in the United 
States were food insecure in 2020, with 22% of American 
children living in food insecure households [1]. FI is an 
important social determinant of health and is more com-
mon in children with chronic diseases [2, 3]. Pediatric FI 

impacts a higher proportion of children with kidney dis-
ease, occurring in 35% of children seen in a general neph-
rology clinic and 65% of children with end-stage kidney 
disease (ESKD) [4, 5]. In children with ESKD, FI is associ-
ated with increased healthcare utilization and decreased 
quality of life [4, 5]. FI in children with kidney disease is 
also associated with higher phosphorus levels, as phos-
phorus content is often higher in low-cost shelf-stable 
processed foods [4].

During the COVID-19 pandemic, rates of FI have 
increased. Estimates suggest that during the height of the 
pandemic, FI rates tripled [6]. However, the impact of the 
pandemic on FI in children with chronic disease, such as 
kidney disease, is unknown. Evaluating the impact of the 
COVID-19 pandemic on food insecurity rates in children 
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with chronic disease is paramount as a first step in con-
necting families to necessary community resources. In 
this study, we assessed the prevalence of FI among pedi-
atric patients with ESKD during COVID-19. We hypoth-
esized that the rates of FI in children with ESKD would 
be high during the COVID-19 pandemic, and that FI 
would correlate with worsening control of serum phos-
phorus, which may reflect quantity and quality of avail-
able food.

Methods
We performed a pilot cohort study of pediatric patients 
with ESKD undergoing chronic hemodialysis (HD) or 
peritoneal dialysis (PD) during the COVID-19 pandemic 
at two institutions: Riley Hospital for Children at Indiana 
University (Indianapolis, Indiana) and Seattle Children’s 
Hospital (Seattle, Washington). Riley Hospital for Chil-
dren is a free standing 354 bed pediatric hospital with 
8 hemodialysis stations in the outpatient hemodialysis 
unit which serves a large catchment area and is the only 
dedicated pediatric hemodialysis unit in Indiana. Seattle 
Children’s Hospital is a 407 bed pediatric hospital with 
7 hemodialysis stations in the outpatient hemodialysis 
unit. Patient characteristic and demographic data were 
gathered from the electronic medical record, including 
patient reported race, age, sex, and reason for ESKD.

Patients and families at both sites were screened for 
FI in April 2020 using the Hunger Vital Sign screen [7]. 
Consent was obtained from parents/guardians at Seat-
tle Children’s Hospital prior to enrollment, and the study 
was deemed non-human subject research at Riley Hospi-
tal for Children and therefore consent was not required 
nor obtained. The Hunger Vital sign is a two-question 
tool validated in a variety of clinical settings, including 
the outpatient nephrology clinic and dialysis unit [4, 5, 
7]. All families were screened using a paper copy of the 
Hunger Vital sign tool [5]. Families were included regard-
less of primary language and certified medical interpret-
ers were utilized for all families where English was not 
their primary language. Families were identified as food 
insecure if they answered either “Often True” or “Some-
times True” to either of the two statements: 1) Within 
the past 12  months we worried whether our food would 
run out before we got money to buy more and 2) Within 
the past 12  months the food we bought just didn’t last 
and we didn’t have money to get more [7]. If participants 
responded “Never True” to both Hunger Vital Sign ques-
tions, they were considered food secure.

We additionally assessed the impact of the COVID-
19 pandemic on food security status with the follow-
ing statement: Because of the COVID Pandemic, access 
to food has been more challenging than it normally is 
[yes/no]. Food insecure families were referred to both 

short-term resources within the hospital, and con-
nected with community-based resources to establish 
long-term supports. Of note, families with FI at Seattle 
Children’s Hospital had access to an on-site food pantry 
with ESKD appropriate foods, beginning in 2018, as pre-
viously described [4, 5]. Additionally, FI screening results 
from Seattle Children’s Hospital were compared prior FI 
prevelance data in previously published cohort of dialysis 
patients [4]. No prior FI prevalence data was available at 
Riley Hospital for Children.

We collected data on serum phosphorus levels as a sur-
rogate marker of access to and intake of food as as phos-
phorus is often elevated in lower-cost, higher-processed 
shelf-stable foods [4]. We defined goal range serum phos-
phorus levels using laboratory age-based norms which 
mirror the KDIGO targets for normal phosphorus in 
children with ESKD [8]. We compared relevant clinical 
parameters “pre-COVID” (January/February 2020) to 
“during COVID” (April/May 2020) for each subject to 
assess changes over time during the COVID pandemic.

We summarized categorical variables by number and 
percentage, and continuous variables by mean and stand-
ard deviation. Comparisons between categorical vari-
ables was performed using Chi square or Fisher exact 
testing where appropriate and continuous variables were 
performed Wilcoxon’s rank sum, respectively. Statistical 
analyses were performed using Stata/SE 17.0 (StataCorp, 
College Station, Texas) and figures using Prism (Graph-
pad, San Diego, California). This study was approved by 
Institutional Review Boards at both institutions.

Results
A total of 29 families enrolled in this study (Supplemen-
tal Table 1). The majority of patients were on hemodialy-
sis (86%), as at the time of the study Riley Hospital for 
Children only assessed FI in their hemodialysis patients. 
Eighteen children (62%) with ESKD were food insecure. 
There were no significant differences between demo-
graphic characteristics between food secure and food 
insecure participants (Supplemental Table  1). Children 
with ESKD at Riley Hospital for Children included this 
study were more likely to be male than those at Seat-
tle Children’s (79% vs. 33%, p = 0.014). Otherwise, there 
were no significant differences in demographic charac-
teristics between the two sites (Supplemental Table  2). 
At Seattle Children’s Hospital, which had previously 
performed FI screening, and where dialysis patients had 
access to an on-site food pantry, FI rates were signifi-
cantly lower during COVID-19 (6/15 subjects or 40%) 
than in 2019 in a different clinical cohort of dialysis 
patients (28/44 subjects or 64%, p = 0.03). A higher per-
centage of study participants at Riley Hospital for Chil-
dren were food insecure during the COVID-19 pandemic 
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compared to Seattle Children’s Hospital (86% versus 40%, 
p = 0.01) (Fig.  1, Panel A). Among food insecure fami-
lies, 13 (72%) reported that the COVID-19 pandemic had 
worsened their FI.

Children with ESKD who lived in food insecure house-
holds had a greater change in their serum phosphorus 
during COVID-19 than did food secure participants. 
Among children with FI, there was a median increase of 
1.1 mg/dL [IQR -1.3] in serum phosphorus compared to 
a median change of 0 mg/dL [IQR 2] in the food secure 
group (p = 0.03, Fig.  1, Panel B, Supplemental Table  3). 
While not statistically significant, the median increase 
in serum phosphorus among food insecure children 
at Riley Hospital for Children was larger (1.1  mg/dL) 
than at Seattle Children’s Hospital (0.55 mg/dL). During 
COVID-19, food insecure patients were also less likely 
to have a serum phosphorus within goal range (decreas-
ing from 50% before COVID-19 to 11% during COVID-
19, p = 0.03). Among food secure children, there was no 
observed change in percentage with phosphorous values 
within goal range. (Supplemental Table 4).

Discussion
The majority of children with ESKD on chronic dialysis 
participating in this study lived in food insecure house-
holds, and a majority of food insecure families reported 
worsening of their food insecurity due to the COVID-
19 pandemic. We also found that children with FI had 
increasing serum phosphorus levels during the COVID-
19 pandemic.

Children with ESKD may be at higher risk of FI given 
their frequent healthcare utilization and high medi-
cal expenditures. These risk factors may be exacerbated 
in the setting of a global pandemic [9]. Our finding of 

increasing serum phosphorus levels during COVID-19 
may reflect the impact of increasingly limited access to 
appropriately low-phosphorous food options during the 
initial wave of the pandemic. Specifically, a diet higher in 
processed and shelf-stable foods, which are more readily 
accessible and affordable, is likely to be higher in phos-
phorous content [10]. However, other pandemic related 
factors may have also influenced  phosphorous levels as 
children not eating school lunches, restaurant closures, 
and families spending more time indoors and isolating 
[9]. While hospital related factors may have also contrib-
uted, none are readily identifiable to the authors. Nei-
ther hospital had shortage of dialysis equipment, delays 
in dialysis treatment, or reduced hours of dialysis treat-
ment per patient during the pandemic. There are too 
many variables that impact phosphorous intake to draw 
a conclusion from this finding. We note that long-term 
increased serum phosphorus levels are associated with 
severe clinical consequences including cardiovascular tis-
sue calcification and chronic kidney diseasemineral bone 
disease and hyperparathyroidism, leading to increased 
cardiovascular disease and mortality rates.

Additionally, we report lower rates of FI at Seattle Chil-
dren’s Hospital compared to Riley Hospital for Children, 
as well a lower rate of FI than that reported in a previ-
ous FI study at Seattle Children’s among a different clini-
cal cohort of ESKD patients [4]. We speculate that these 
differences may potentially reflect the positive impact of 
earlier adoption of FI screening and the availability of 
an on-site food pantry at Seattle Children’s Hospital, the 
establishment of which preceded the COVID-19 pan-
demic. Conversely, no on-site food pantry was available 
at Riley Hospital for Children during the time of this 
study. Similar to what has been reported in other patient 

Fig. 1 A Prevalence of food insecurity at Seattle Children’s Hospital and Riley Hospital for Children; 2019 pre-pandemic food insecurity prevalence 
at Seattle Children’s is included for context (note that no similar pre-COVID pandemic data available for Riley Hospital for Children, ND = No Data). 
B Change in serum phosphorus (expressed as Δ serum phosphorus, in mg/dL) from before COVID-19 (January/February 2020) to during COVID-19 
(April/May 2020) comparing those without food insecurity (no FI) to those with food insecurity (FI)
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populations, availability of an on-site food pantry may 
have decreased barriers to accessing food for families 
with FI [9, 11, 12]. While no baseline data on FI rates at 
Riley Hospital for Children is available, we speculate that 
the lower rates at Seattle Children’s despite the COVID-
19 pandemic may reflect the previous work and resources 
available to this population, particularly the presence of 
an on-site food pantry. There are a growing number of 
food as medicine programs which include medical meals, 
mobile food pantries and home food delivery programs 
that could provide the benefits of an on-site food pantry 
without the added expense and coordination required 
with a food pantry. However, any food as medicine pro-
gram would have to be carefully calibrated to provide 
chronic disease appropriate food for each individual 
patient (e.g. phosphorus, potassium and sodium restric-
tions), and furthermore, availability of such programs is 
highly variable by region.

Both FI and COVID-19 are known to disproportion-
ately affect racial minorities, and structural racism is an 
important underpinning of these disparities [13]. While 
we did not observe differences in the prevalence of FI by 
race, this may have been due to small sample size. Addi-
tionally, we suspect that differences may exist in FI based 
on modality of dialysis, however given our small sam-
ple size we are unable to evaluate this difference. This 
should be further evaluated in future work. A recent 
cross-sectional study of national data found that during 
the COVID-19 pandemic, FI did not significantly differ 
between racial groups, but racial minorities were signifi-
cantly less confident about their food security compared 
to white participants [14].

Food insecurity is an essential social determinant of 
health that has been tied to higher rates of chronic dis-
ease and poorer health outcomes [15]. These concerns 
are exacerbated by a global pandemic that has high-
lighted disparities and further strained already-limited 
social resources. Increased rates of unemployment and 
poverty, two strong drivers of FI, increased worldwide 
following the COVID-19 pandemic [16]. Other fac-
tors which may contribute to high FI prevalence during 
COVID-19 include school closures and virtual learning 
resulting in the loss of SNAP subsidized meals [17, 18].

This study has several limitations. First, patients and 
families may have reasons not to disclose FI, thus leading 
to an underestimate of FI prevalence. Enlisting the help 
of a social worker or other dialysis team member with 
good rapport with families may help them to feel more 
comfortable in disclosing FI [19]. We also note that the 
Hunger Vital Signs screening questions are designed to 
capture food insecurity within the last 12  months, and 
are of limited utility in assessing shorter term food inse-
curity. Further, owing to the relative rarity of pediatric 

ESKD, the sample size is limited. Additionally, we do not 
have available data on the prevalence of FI at Riley Hos-
pital for Children prior to the COVID-19 pandemic, lim-
iting longitudinal comparions among part of the cohort. 
Despite these limitations, our study highlights the fre-
quency and importance of FI among children with ESKD.

Conclusion
Our findings support the implementation of routine 
assessment of FI in all children with ESKD, especially 
during periods of high community stress, such as the 
COVID-19 pandemic. Identification of FI through fre-
quent screening, and subsequently developing targeted 
interventions such as access to on-site food banks with 
diet-appropriate foods, offers the possibility of improv-
ing outcomes for these children. Future studies need to 
evaluate the clinical outcomes of these interventions.

Abbreviations
COVID-19: Coronovirus 2019; ESKD: End-Stage Kidney Disease; FI: Food 
Insecurity; FSGS: Focal Segmental Glomerulosclerosis; HD: Hemodialysis; IQR: 
Inter-Quartile Range; KDIGO: Kidney Disease Improving Global Outcomes; 
PD: Peritoneal Dialysis; SD: Standard Deviation; SNAP: Supplemental Nutrition 
Assistance Program.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12887- 022- 03472-2.

Additional file 1: Supplemental Table 1. Patient characteristics stratified 
by Food Security  Status1.

Additional file 2: Supplemental Table 2. Baseline patient characteristics 
stratified by  Site1.

Additional file 3: Supplemental Table 3. Markers of Nutritional Status 
during COVID pandemic stratified by Food Security Status.

Additional file 4: Supplemental Table 4. Markers of Nutritional Status 
prior to and during COVID pandemic among food insecure and food 
secure children with ESKD.

Acknowledgements
We would like to thank Kelly Fisher, Emily Pao, Elizabeth Winstanley, Jamie 
Olsen, Marion Wilson (Seattle Children’s Hospital) and Molly Jackson, Courtney 
Conner, R.N., Ashley Thomas, Shannon Stewart, Justice Cornelius, Shannon 
Anderson, Danielle Lowden, Suzanne Hedrick, Naomi Rivera, Laura Ruhe, 
Erica McNary, Susan Campbell, and Kari McCarty (Indiana University School 
of Medicine) for assistance with this project. The authors would like to thank 
Samantha Wallace (Department of Pediatrics, Indiana University School of 
Medicine) for help with technical editing and proofreading of the manuscript.

Code availability
Not applicable.

Authors’ contributions
MC and MS conceptualized and designed this study, collected data and per-
formed data analysis, drafted the initial manuscript, and reviewed and revised 
the manuscript. RM, AW, and NP contributed to data collection and analysis, 
drafted sections of the manuscript, and critically revised the manuscript. SH 
provided oversight, and reviewed and revised the manuscript. All authors 
approved the final manuscript as submitted and agree to be accountable for 
all aspects of the work.

https://doi.org/10.1186/s12887-022-03472-2
https://doi.org/10.1186/s12887-022-03472-2


Page 5 of 5Chan et al. BMC Pediatrics          (2022) 22:420  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

Funding
This study was supported in part by the NIH T32DK997662 (MS, RM). The fund-
ing sources for this study had no role in the design and conduct of the study; 
collection, management, analysis, and interpretation of the data; preparation, 
review, or approval of the manuscript; and decision to submit the manuscript 
for publication.

Availability of data and materials
The datasets used and/or analysed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This study was approved by Institutional Review Boards at both Indiana 
University School of Medicine/Riley Hospital for Children and University of 
Washington/Seattle Children’s Hospital. At Seattle Children’s Hospital, written 
consent was obtained from all parents or guardians and ascent in patients 
aged 13 and older. At Riley Hospital for Children this study was deemed 
non-human research/quality improvement and consent was not required nor 
obtained.

Consent for publication
Not applicable.

Competing interests
The authors have no conflicts of interest relevant to this article to disclose.

Author details
1 Division of Pediatric Nephrology, Department of Pediatrics, Indiana University 
School of Medicine and Riley Children’s Health, Indianapolis, IN, USA. 2 Depart-
ment of Pediatrics, University of Washington, Seattle, WA, USA. 3 Indiana 
University School of Medicine, Health Information & Translational Sciences, 
410 W 10th Street, Suite 2000A, Indianapolis 46202, IN, USA. 

Received: 16 September 2021   Accepted: 5 July 2022

References
 1. Coleman-Jense A, Rabbitt MP, Gregory C, Singh A. Household Food 

Security in the United States in 2018. Department of Agriculture, Service 
ER; AP-079: 2918. 2019.

 2. Lalji R, Francis A, Wong G, et al. Disparities in end-stage kidney disease 
care for children: a global survey. Kidney Int. 2020;98(3):527–32.

 3. O’Malley JA, Klett BM, Klein MD, Inman N, Beck AF. Revealing the preva-
lence and consequences of food insecurity in children with epilepsy. J 
Community Health. 2017;42(6):1213–9.

 4. Starr MC, Wightman A, Munshi R, Li A, Hingorani S. Association of food 
insecurity and acute health care utilization in children with end-stage 
kidney disease. JAMA Pediatr. 2019;173(11):1097–9.

 5. Starr MC, Fisher K, Thompson K, Thurber-Smith K, Hingorani S. A pilot 
investigation of food insecurity among children seen in an outpatient 
pediatric nephrology clinic. Prev Med Rep. 2018;10:113–6.

 6. The COVID-19 crisis has already left too many chlldren hungry in America. 
https:// www. brook ings. edu/ blog/ up- front/ 2020/ 05/ 06/ the- covid- 19- cri-
sis- has- alrea dy- left- too- many- child ren- hungry- in- ameri ca/.

 7. Hager ER, Quigg AM, Black MM, et al. Development and validity of a 
2-item screen to identify families at risk for food insecurity. Pediatrics. 
2010;126(1):e26-32.

 8. KDIGO Group. KDIGO 2017 Clinical practice guideline update for the 
diagnosis, evaluation, prevention, and treatment of Chronic Kidney 
Disease-Mineral and Bone Disorder (CKD-MBD). Kidney Int Suppl. 
2018;7(1):1–59.

 9. Akseer N, Kandru G, Keats EC, Bhutta ZA. COVID-19 pandemic and mitiga-
tion strategies: implications for maternal and child health and nutrition. 
Am J Clin Nutr. 2020;112(2):251–6.

 10. Crews DC, Kuczmarski MF, Grubbs V, et al. Effect of food insecurity on 
chronic kidney disease in lower-income Americans. Am J Nephrol. 
2014;39(1):27–35.

 11. Cullen D, Abel D, Attridge M, Fein JA. Exploring the Gap: Food Insecurity 
and Resource Engagement. Acad Pediatr. 2021;21(3):440–5. https:// doi. 
org/ 10. 1016/j. acap. 2020. 08. 005.

 12. Bazerghi C, McKay FH, Dunn M. The role of food banks in addressing food 
insecurity: a systematic review. J Community Health. 2016;41(4):732–40.

 13. Hanson AE, Hains DS, Schwaderer AL, Starr MC. Variation in COVID-19 
Diagnosis by Zip Code and Race and Ethnicity in Indiana. Front Public 
Health. 2020;8:593861.

 14. Morales DX, Morales SA, Beltran TF. Racial/Ethnic Disparities in Household 
Food Insecurity During the COVID-19 Pandemic: a Nationally Representa-
tive Study. J Racial Ethn Health Disparities. 2021;8(5):1300–14. https:// doi. 
org/ 10. 1007/ s40615- 020- 00892-7.

 15. Cook JT, Frank DA, Berkowitz C, et al. Food insecurity is associated with 
adverse health outcomes among human infants and toddlers. J Nutr. 
2004;134(6):1432–8.

 16 Niles MT, Bertmann F, Belarmino EH, Wentworth T, Biehl E, Neff R. The 
early food insecurity impacts of COVID-19. Nutrients. 2020;12(7):2096.

 17 Li A, Harries M, Ross LF. Reopening K-12 Schools in the Era of COVID-19: 
Review of State-level Guidance Addressing Equity Concerns. J Pediatr. 
2020;227:38-44.e7.

 18. Bruce JS, De La Cruz MM, Lundberg K, Vesom N, Aguayo J, Merrell SB. 
Combating child summer food insecurity: examination of a community-
based mobile meal program. J Community Health. 2019;44(5):1009–18.

 19. Barnidge E, LaBarge G, Krupsky K, Arthur J. Screening for food insecurity 
in pediatric clinical settings: opportunities and barriers. J Community 
Health. 2017;42(1):51–7.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://www.brookings.edu/blog/up-front/2020/05/06/the-covid-19-crisis-has-already-left-too-many-children-hungry-in-america/
https://www.brookings.edu/blog/up-front/2020/05/06/the-covid-19-crisis-has-already-left-too-many-children-hungry-in-america/
https://doi.org/10.1016/j.acap.2020.08.005
https://doi.org/10.1016/j.acap.2020.08.005
https://doi.org/10.1007/s40615-020-00892-7
https://doi.org/10.1007/s40615-020-00892-7

	Food insecurity during COVID-19 in children with end-stage kidney disease: a pilot study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Results
	Discussion
	Conclusion
	Acknowledgements
	References


