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Background: In 2022, the United States experienced a national shortage of
infant formula due to a global supply chain crisis and a large-scale domestic
formula recall. The existing literature on healthcare providers’ (HCPs) clinical
decision-making during formula shortages is limited. This study aims to
analyze the factors influencing pediatric HCP clinical decision-making when
switching between amino acid formulas (AAF) for managing cow’s milk protein
allergy (CMPA) in infants under 24 months of age during an unprecedented
national formula shortage.

Methods: The study included pediatric HCPs with experience managing CMPA
in infants and toddlers under 24 months during the formula shortage from
January 2022 to November 2022. A de-identified survey comprising 26
questions examining driving factors used in clinical decision-making was
administered to pediatric HCPs using a real-time mobile data collection tool.
Results: Among the surveyed pediatric HCPs (n = 75), the factors most frequently
considered as “extremely important” when switching to another AAF included
safety (85%), tolerability (73%), and efficacy (83%). No statistically significant
differences were found in HCP ratings among the listed examined factors of
the four AAFs. The availability of specific formulas was the only factor that
exhibited a statistically significant difference in perceived performance among
pediatric HCPs when comparing the four AAFs (p <0.05).

Discussion: This study elucidates the crucial aspects that influenced pediatric
HCPs' selection of AAFs for CMPA management during the 2022 formula
shortage. The findings highlight the significance of safety, tolerability, efficacy,
and availability in the pediatric HCP decision-making processes.

KEYWORDS

amino acid formula, formula shortage, formula recall, infant nutrition, cow’s milk protein
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1 Introduction

The United States experienced a shortage of infant formula
starting in 2020 due to import restrictions caused by the COVID-
19 pandemic (1). This shortage worsened in 2021 due to a global
supply chain crisis, reaching a critical peak in February 2022 due
to a large-scale product recall from a company supplying 40% of
infant formula in the United States (2-4). This shortage
significantly impacted the availability of infant formulas across
various retail channels, including grocery stores, pharmacies, and
online stores (1, 2, 4). Such shortages have profound implications
for infants reliant on formula feeding, often leaving parents
uncertain about safely feeding their infants (4).

Infant formulas are used for various reasons, including parental
choice, breastfeeding supplementation, convenience, or addressing
health conditions such as cow’s milk protein allergy (CMPA) (1, 5).
CMPA, triggered by an immunological reaction to cow’s milk
protein, affects a significant proportion of children, with
symptoms ranging from mild gastrointestinal discomfort to
severe anaphylaxis (6-13). Hypoallergenic formulas, such as
amino acid formulas (AAF) and extensively hydrolyzed formulas,
are the mainstay of CMPA management in formula-fed infants,
reducing exposure to cow’s milk protein and symptom severity
(6, 14). AAFs composed of amino acids and extensively
hydrolyzed formulas containing short peptides and amino acids,
are well-tolerated in most infants (9, 15-23). However, in cases
where infants fail to respond adequately to eHF or exhibit severe
allergic reactions, AAFs may be considered as an alternative due
to their hypoallergenic nature and ability to meet the nutritional
needs of infants with complex medical conditions (23). Factors
influencing the choice between these formulas include the
severity of CMA, cost, availability, and patient tolerance. Despite
being more expensive, AAFs ensure optimal growth while
minimizing allergic reactions (18-23).

During the 2022 national formula shortage, pediatric healthcare
providers (HCPs) in the United States faced challenges managing
CMPA due to the limited availability of hypoallergenic formulas.
This study investigated the clinical decision-making process of
pediatric HCPs managing infants with CMPA during a national
formula shortage crisis. This included an examination of the use
of different AAFs as part of CMPA management strategies.
Understanding the availability and utilization of various AAFs is
crucial for optimizing patient care during formula shortages. Based
on the observed increased availability of AAF-1 during the crisis,
we hypothesized that HCPs would prioritize the most readily
available AAF during the formula shortage and were more likely
to continue recommending that formula after the shortage was over.

2 Methods
2.1 Study objective
This study aims to conduct a cross-sectional analysis of de-

identified survey data collected from pediatric HCPs in the
United States. The focus is on understanding the key attributes
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considered by HCPs when switching between AAFs to manage
CMPA during a national formula shortage crisis. The study
population comprises pediatric HCPs responsible for managing
infants with CMPA during the shortage. Through the survey, we
aim to assess the clinical decision-making process regarding the
utilization of different AAFs and identify factors influencing their
choice among pediatric HCPs.

2.2 Study design and participants

Inclusion criteria for pediatric HCPs included: greater than
2 years of experience in a clinic-based, pediatric practice setting;
specialization in general pediatrics, pediatric gastroenterology, or
pediatric allergy/immunology; seeing at least seven newly
diagnosed CMPA patients in the past month; managing CMPA
in infants aged 0-24 months; and having switched infants’
formulas from either AAF-2, AAF-3 or AAF-4 to AAF-1 during
the national formula shortage period from January 2022 to
November 2022 (Table 1). Exclusion criteria for pediatric HCPs
included incomplete data collection. This study received exempt
status from the Institutional Review Board (IRB), indicating that
it met the criteria for exemption from full IRB review.

2.3 Data collection and variables

The HCP
demographic information, formula switch details, availability of

survey was designed to capture pediatric
the preferred formula, ease of obtaining the new formula, impact
of the formula switch on infant health, and the financial burden
of the formula switch.

The survey was administered to pediatric HCPs in the
United States in English via a mobile-based, data collection
application (ZSMoments, by ZS Associates) that allows for the
rapid, secure documentation of real-time patient data accurately
and freely (19, 20). The survey consisted of 26 questions and
took approximately 10-15min to complete. Survey questions
were developed based on a literature review and discussions with
HCPs with CMPA. The

questionnaire was comprised of yes/no questions and questions

pediatric who manage infants

rated on a scale from 1 to 10. Scores were categorized into low
(1-3), moderate (4-7), and high/extremely (8-10).

2.4 Statistical analysis

Descriptive statistics were used to summarize the data, and chi-
square tests were conducted to determine the association between

TABLE 1 Amino acid-based infant formulas.

Formula Trade Manufacturer
group name

AAF-1 PurAmino™ | Mead Johnson Nutrition, Evansville, IN, USA
AAF-2 Elecare® Abbott Nutrition, Columbus, OH, USA

AAF-3 Alfamino™ | Nestlé Infant Nutrition Inc., Florham Park, NJ, USA
AAF-4 Neocate® Nutricia, SHS International Ltd., Liverpool, UK
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demographic variables and formula switch details. Logistic regression
analysis was performed to identify factors associated with difficulty
obtaining the new formula and increased financial burden. Statistical
significance was set at p <0.05. All analyses were carried out using
SPSS® analytics software (IBM®, Armon, NY, USA).

3 Results
3.1 Pediatric HCP demographics

A total of 75 pediatric HCPs were included in data analysis.
Pediatric HCP specialties included general pediatrics (64%, n =48),
(27%, n=20), and pediatric

pediatric  allergy/immunology

gastroenterology (9%, n=7).

3.2 Important formula attributes before vs.
after the formula shortage

Among the 75 pediatric HCPs surveyed, the importance of
certain factors when choosing an infant formula was assessed
(Table 2). The findings indicate that before and after the formula
shortages, the pediatric HCPs most frequently rated safety (88%
and 93%, respectively) as the most important factor when
deciding on a formula for managing CMPA. In addition, before
the formula shortage, pediatric HCPs most frequently rated
efficacy (87%) and availability (87%) as the tied second-most
important factors when deciding on a formula for managing
CMPA. However, after the 2022 formula shortage, pediatric
HCPs most frequently rated efficacy (92%) as the second most
important factor.

3.3 Characterization of formula switch to
AAF-1

Of the 75 pediatric HCPs that switched formula to AAF-1 for
patients during the shortage, 53% (n=40) were switched from

TABLE 2 Comparison of perception of importance of attributes among
pediatric health care providers.

Before formula | After formula
shortage shortage
87% 92%

81% 89%

81% 89%

44% 76%*
88% 93%
87% 88%
60% 80%
43% 67%*

Efficacy

Tolerability

Taste/palatability

Provides rapid relief of symptoms
Safety

Availability

Provides samples

Has different formula preparations
available

76%
76%

85%
81%

Reputable

Used successfully in my practice

*Denotes p < 0.05.
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AAF-2, 20% (n=15) from AAF-3, and 17% (n =13) from AAF-4
to (Figure 1).

When Pediatric HCPs compared quality attributes (Figure 2) of
previously recommended formulas to AAF-1 use, AAF-1 was
“highly” available significantly more frequently than AAF-2
(p <0.05). No attributes for AAF-1 vs. AAF-3 or vs. AAF-4 were
rated as performing significantly better. The percentage of
pediatric HCPs that rated each attribute as “extremely important”
is listed in Supplementary Table SI.

3.4 Quality perception of AAF-1 and future
preference after switch

Pediatric HCP satisfaction ratings (Figure 3A) and future
preference after switching to AAF-1 (Figure 3B) were collected.
Of 98% (n =39) pediatric HCPs who switched from AAF-2, 70%
(n=28) were “highly” satisfied with AAF-1% and 78% (n=31)
had a “high” future preference to AAF-1. Of 13 pediatric HCPs
that switch from initially recommended AAF-4, 77% (n=10)
were “highly” satisfied with AAF-1 (Figure 3) and 62% (n=9)
had a “high” future preference to AAF-1. Of 15) who switched
from AAF-3, 80% were “highly” satisfied with AAF-1 (Figure 3)
and 67% (n =10) rated “high” future preference.

3.5 HCP perception of AAF-1 benefits

Specific beliefs and benefits of AAF-1 were rated by
pediatric HCPs who switched to AAF-1 during the shortage
(Figure 4A). Of the 75 pediatric HCPs included in the study
overall, 75% (n=>56) would continue to recommend AAF-1
following resolution of the shortage. AAF-1 was reported as
having “high” tolerability in 73% (n=55) and 59% (n=44)
considered AAF-1 to have “high” taste/palatability. In
addition, 83% (n=62) considered AAF-1 to have “high”
efficacy and 85% (n=64) considered AAF-1 to have “high”
safety. Figure 4B depicts the attributes pediatric HCPs rated
for continued preference of AAF-1.

Sources of Switch to AAF-1

100% -

53%

AAF-1

% of pediatric HCPs who
switched recommendation to

0% -

AAF-2 AAF-3 AAF-4 Other

FIGURE 1
Pediatric HCPs who switched recommendation to AAF-1 (n=75)
during the formula shortage by previous AAF recommended.
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*AAF-1 o AAF-2 o AAF-3 oAAF-4
o (n=75) (n=40) (n=15) (n=13) 100%
Safety e ¢ o o
Tolerability O 0@ O
Efficacy * [ @ o
— 1
Availability ® o ®)
Tastelpalatability O @0
Reputable ® o ©
Used successfully in my practice o @
Provides samples @ 0O @
Has different formula preparations available oo O O
% HCPs rating formula as “extremely important” (8,9,10) per attribute
FIGURE 2
Comparison of pediatric HCP perception of performance of the formulas they used prior to switching (AAF-2, 3, or 4) and pediatric HCP perception of
performance of the formula they switched to (AAF-1). *Denotes p < 0.05.

A Overall Satisfaction with AAF-1 B Future Preference Towards AAF-1
Overall 9
n=74) [ 1% Overall 25% 75%
(n=75)
% of HCPs % of HCPs
0% 100%
Switched from 25% To%

Switched from 22% 78%
Formula 2 (n=40)

Formula 2 (n = 39%)

Switched from
Formula4 (n=13)| 2% i Switched from 38% 62%
Formula 4 (n=13)

Switched from -
Formula3 (n=15)| 20% ke Swikdhed from 33% 67%
% of pediatric HCPs Formula 3 (n = 15) % of pediatric HCPs
J (] I
mLow (1,23)  Moderate (4,5,6,7) = High (8,9,10) mLow (1,2,3) Moderate (4,5,6,7) = High (8,9,10)
FIGURE 3

Pediatric HCP rating for: (A) AAF-1 overall quality perception after switching formulas during the shortage and (B) AAF-1 future preference after
resolution of the shortage. (*Forty pediatric HCPs initially recommended AAF-2 and then switched to AAF-1. However, only 39 of the 40 pediatric
HCP's felt as if they has enough experience with AAF-1 to rate their satisfaction. Therefore, only 74 pediatric HCPs were included in the overall sample).

4 Discussion report a cohort of 75 pediatric HCPs that switched their formula
recommendation from AAF-2-4 to AAF-1 during the shortage.
In this cross-sectional analysis, we evaluated the driving factors Understanding what influences clinical decision-making

utilized by pediatric HCPs in clinical decision making when  among pediatric HCPs managing infants with CMPA is crucial.
switching between AAFs to manage CMPA in infants Once a diagnosis is established, pediatric HCPs need to develop
<24 months before and after the 2022 formula shortage. Here, we ~ an individualized treatment plan for infants based on symptom
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A B Reasons for continued preference towards AAF-1*

Pediatric HCP’s Perception of AAF-1

FIGURE 4

Tolerability 19%
Provides samples I 36% 45% Efficacy 17%

a . g Availabili 14%

Has different formula preparations avaiable Wl 51% 40% vailability °
Experience with Formula
Availability 36% 59% Others
Taste/Palatability | 40% 59% Reliability
Reputable 2% 76% Patient Success
Safety
Safety s —-— Cost Effective
Tolerabilty 27% 3% Provides Samples
Efficacy 17% 83% Taste/palatability

% of pediatric HCPs WIC Program Coverage | gg
mlow (1,2,3) Moderate (4, 5, 6, 7) High (8, 9, 10) 0% % of pediatric HCPs 50%

(A) Pediatric HCP rating of perception of AAF-1 performance. (B) Reason pediatric HCPs who rated these attributes as extremely important continued
preference towards AAF-1. *Includes pediatric HCPs that rated these attributes at extremely important (8—10)

Clinical

involved evaluating various management options, considering

severity and available resources. decision-making
patient specific needs and circumstances, and make informed
decisions about the most suitable management strategies.
This process can optimize the effectiveness and safety of
management strategies in pediatric patients. Understanding
clinical decision making is especially important in times of
formula shortage. This understanding allows pediatric HCPs
to be better prepared for management dilemmas, more aware
of the various treatment options and their respective benefits,
and overall, more successful in managing infants with CMPA
using hypoallergenic formulas.

Considering the formula shortage crisis, it’s crucial to examine
how different amino acid formulas (AAF) were affected and their
implications for managing infants with cow’s milk protein allergy
(CMPA). The shortage significantly disrupted the supply chain,
particularly impacting the availability of AAFs, which are
essential for infants with severe CMPA. This scarcity emphasized
the importance of understanding the availability and accessibility
of various AAFs during crises. It also highlighted the need for
proactive measures to ensure an adequate supply and distribution
of specialized formulas to mitigate potential risks associated with
shortages. Collaborative efforts among stakeholders are essential
to address these challenges and develop strategies to safeguard
the availability of essential formulas for vulnerable populations
during crises (24, 25).

Our findings from this survey indicate that pediatric HCPs
during the national formula crisis in the US rated availability
significantly higher when comparing AAF-1 to AAF-3, with
availability driving most switches to AAF-1 during the shortage.
Furthermore, post-shortage, most pediatric HCPs expressed
intent to continue recommending AAF-1, highlighting its
sustained preference.

Safety remained the most important factor when choosing a
formula both before and after the formula shortage. Interestingly,
availability shifted from being tied-second most important before
the shortage to efficacy becoming second most important after
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the shortage. During the formula shortage, the increased
availability of AAF-1 overshadowed other formula attributes,
significantly impacting clinical decision-making among pediatric
HCPs. This insight into decision-making during and after
formula shortages can inform improvements in CMPA patient
treatment and management.

After shifting to AAFI, most pediatricians expressed high
satisfaction with AAF-1 and demonstrated a strong future
preference for AAF-1. This finding underscores the importance
of considering pediatricians’ satisfaction and preferences when
evaluating the effectiveness and acceptability of hypoallergenic
formulas. Future studies should delve deeper into the reasons
behind pediatricians’ satisfaction with AAF-1 and explore
potential factors influencing formula preference.

Limitations include the study’s focus on specific pediatric
HCPs in the United States, potentially limiting generalizability
(19). These findings may not be applicable to HCPs in other
countries, potentially limiting the generalizability of the results.
In addition, the data collected from pediatric HCPs were based
on self-reporting through a survey. This method relies on
participants’ recall and subjective responses, which can introduce
biases such as recall bias or social desirability bias. The accuracy
and reliability of the data depend on the participant’s ability to
recall information. Further, this study utilizes a cross-sectional
design, which captures data at a specific point in time, limiting
the ability to establish causal relationships or assess changes over
time. Future research should explore potential confounding
like
influencing pediatric HCP perceptions.

variables symptom severity or socioeconomic factors

5 Conclusion

Our study, the first survey of its kind, highlights the impact of
formula availability on clinical decision-making among pediatric
HCPs managing CMPA infants during a national formula
shortage. AAF-1’s increased availability drove most switches,

frontiersin.org


https://doi.org/10.3389/fped.2024.1328506
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

Baran et al.

underscoring its importance amidst formula shortages. However,
our findings suggest that safety, tolerability, and efficacy also
influenced decision-making, albeit to a lesser extent than
availability. This emphasizes the multifaceted nature of pediatric
HCP decision-making. Further research is warranted to validate
these findings.
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