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Objective: This study estimates the budgetary impact of the introduction of amino-acid formula (AAF) as first-line management in 
the elimination diet of infants with suspected cow milk protein allergy (CMPA) in the Kingdom of Saudi Arabia (KSA), Kuwait, and 
the United Arab Emirates (UAE) from a health-care payer’s perspective.
Methods: A global decision tree model was adapted to compare estimated costs in current practice (extensively hydrolyzed formula 
[eHF] or soy formula [SF] with the proposed approach of early introduction of AAF as first-line treatment of CMPA in non-breast-fed 
infants). Model inputs were derived from explorative literature reviews and medical experts’ opinions. All costs were reported in local 
currency, ie, Saudi Riyal (SAR) for KSA, Kuwaiti Dinar (KWD) for Kuwait, and United Arab Emirates Dirham (AED) for the UAE.
Results: Cost savings with the early introduction of AAF were 10% (SAR 15102542) in KSA, 10% (KWD 306565) in Kuwait, 17% 
(AED 1842018) in the UAE government sector and 13% (AED 4232932) in the UAE private sector. The highest cost reduction was 
observed in the cost of soy formula (SF), with a 58% reduction both in KSA (SAR 4204540) and UAE public sector (AED 110331). 
A significant cost reduction in medication costs in Kuwait (37%; KWD 5630) and medical examination costs in the UAE private sector 
(50%; AED 1508918) was observed.
Conclusion: Results indicated that the introduction of AAF as the first line in the management of CMPA is a cost-saving strategy for 
the Gulf Cooperation Council (GCC) countries—KSA, Kuwait, and UAE— from a health-care payer’s perspective.
Keywords: cow’s milk protein allergy, amino acid formula, infants, Kingdom of Saudi Arabia, Kuwait, United Arab Emirates, 
Arabian Gulf

Plain Language Summary
● Early introduction of AAF (Neocate®) for CMPA management can effectively reduce the symptomatic period for infants 

suspected of CMPA.
● The early introduction of AAF is cost-saving from the health-care payer’s perspective for the Kingdom of Saudi Arabia, Kuwait, 

and the United Arab Emirates.
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Introduction
Food allergy has emerged as a significant public health concern among infants and children with its recent rise in 
prevalence.1 Cow’s milk protein allergy (CMPA) is the most prevalent food allergy in young children and often the first 
to develop among infants.2 CMPA occurs due to an immunological reaction to cow’s milk proteins affecting several body 
organs; the most common manifestations include atopic skin diseases, respiratory involvement, allergic rhinitis, or 
gastrointestinal reactions.3–5 The immunoglobulin (Ig) E mediated form can cause severe systemic allergic reactions 
and may lead to anaphylaxis and be a life-threatening condition.6 Diverse dietary habits and variation in diagnostic 
criteria across the globe result in a varying range of prevalence of CMPA from 2% to 7.5%.7

The diagnostic approach to CMPA includes the evaluation of the medical history of the patient, focusing on atopic 
manifestations and family history of allergies, and a subsequent physical examination.2 Skin prick and patch tests are the 
standard diagnostic tools for CMPA.8 A radioallergosorbent test (RAST) is conducted to confirm the presence of IgE 
antibodies in patients with type-I allergic reactions. However, these tests are unreliable and have a potential risk of 
misclassifying patients with CMPA.8 Moreover, it has no value in confirming the diagnosis of non-IgE mediated CMPA. 
The signs and symptoms of non-IgE-mediated CMPA can mimic other conditions common in infants, such as infantile 
colic, gastroesophageal reflux, lactose intolerance, infantile eczema, etc. The diagnosis of CMPA is typically confirmed 
through an oral food challenge (OFC) by establishing a causal relationship between the symptoms and the allergen.2,7,9

Consequently, the dietary elimination of cow’s milk protein is the key precept in diagnosing and treating CMPA.2,7,9 

However, introducing an elimination diet in non-breast-fed infants without adequate substitutions fosters potential 
nutritional deficiencies.10,11 Hence, a substitute formula is needed in non-breast-fed infants <24 months of age. 
Available substitute formulas include extensively hydrolyzed formula (eHF), soy formula (SF), and amino acid formula 
(AAF).2,7 Alternative animal milk as a substitute formula is unacceptable because of potential cross reactivity.12 

Therefore, an infant formula with an appropriate composition is recommended to achieve nutritional adequacy. eHF 
has demonstrated high efficacy and tolerance in infants with CMPA and is recommended as the first treatment choice by 
most scientific societies.13 According to the latest ESPGHAN committee practical guidelines, AAF use is recommended 
if the infant does not show symptomatic improvement within two to four weeks of eHF, considering that the infant might 
be allergic to eHF peptides.9 Soy-based formulae have few limitations; they can be used for full-term infants older than 
six months only, as soy contains isoflavones and phytoestrogens that are unsuitable for infants below six months or pre- 
term infants.14 There is a potential cross-reactivity between soy and CMP as The American Academy of Pediatrics 
statement established that 10–14% of infants with CMPA also had a soy protein allergy.15 In comparison, AAF contains 
constituent amino acids that are non-allergic and well tolerated in infants with CMPA, and the risk of allergy is almost 
non-existent. As per ESPGHAN guidelines, AAF is recommended as the primary option for infants with anaphylaxis 
(IgE mediated) and other life-threatening symptoms and in those who have failed to respond to eHF.7,9,16 In clinical 
practice, an alternative formula is recommended if the initial formula proves ineffective after two to four weeks of 
treatment.2,9,17 Hence, this practice makes the current approach of selecting appropriate formula time-consuming and 
may increase the symptomatic period for infants and initiate unnecessary investigations and medications.

Moreover, it may induce uncertainty about the accuracy of the diagnosis. This practice may also result in a significant 
economic impact on CMPA management. To date, only limited studies are available that focus on the financial aspect of 
appropriate substitute formula selection in non-breast-fed infants with CMPA in the region. The objective of the current 
study is to adapt the decision tree model to estimate the budgetary impact of using AAF (Neocate®) as first-line 
management for the treatment of non-breast-fed infants with suspected CMPA in Gulf Cooperation Council (GCC) 
countries, ie, the Kingdom of Saudi Arabia (KSA), Kuwait, and the United Arab Emirates (UAE) from the health-care 
payer’s perspective.

Methods
The adaptation of the decision tree model was performed from the health-care payer’s perspective for the three countries 
—KSA, Kuwait, and the UAE. All costs were reported in local currency, ie, Saudi Riyal (SAR) for KSA, Kuwaiti Dinar 
(KWD) for Kuwait, and United Arab Emirates Dirham (AED) for UAE.
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Model Structure
A global decision tree model was adapted to evaluate the estimated costs of introducing AAF (Neocate®) as the primary 
elimination diet in three GCC countries—KSA, Kuwait, and the UAE— in infants under two age groups (0–6 months 
and 6–24 months). The estimated cost of infant formula in current practice with AAF use after lack of response or 
intolerance to eHF and SF was also assessed.2,9

In the current practice, open oral food challenge (OFC) is recommended after eight weeks for infants who show 
improvement in CMPA to confirm the diagnosis.18 The proposed practice suggests using AAF four weeks before an OFC test.

An explorative literature review was conducted to retrieve robust data on disease epidemiology and the characteristics 
of the CMPA population in KSA, Kuwait, and the UAE. The literature review also included an evaluation of local CMPA 
management and treatment pathways across the three countries and any variations from the global disease model. 
A questionnaire was developed to gather insights from a total of 18 key medical experts (including pediatricians, 
pediatric gastroenterologists, pediatric allergists, and dieticians) and payers in the region engaged in CMPA management. 
These inputs from key medical experts were utilized to narrow data gaps and validate data retrieved from literature prior 
to local adaptation of the model. A visual representation of the decision tree model as current practice and proposed 
practice is shown in Supplementary Figure 1A and Supplementary Figure 1B, respectively. The study was conducted per 
the Declaration of Helsinki’s ethical principles and good clinical practices.

Model Inputs
Population Inputs
The model population included non-breastfeeding infants (0–2 years) with suspected CMPA. The population statistics 
were obtained from local reports – General Authority for Statistics (GaStat), Saudi population 2018 data for KSA,19 

Kuwait 2018 population statistics for Kuwait,20 and Dubai Statistics Center 2018 for the UAE.21 The eligible population 
was included in the study based on key medical experts’ inputs on the percentage of breastfed infants and CMPA 
prevalence (Supplementary Figure 2).

Cost Inputs
The analysis included cost inputs that were drug acquisition costs, drug administration costs, monitoring, and associated 
adverse event management costs. The costs were assumed to be borne for the duration while the infant was on 
substitution therapy. All costs were reported in Saudi Riyal (SAR) for KSA, Kuwaiti Dinar (KWD) for Kuwait, and 
UAE Dirham (AED) for the UAE.

Unit cost inputs for substitute formulas used for CMPA management, ie, SF, eHF, and AAF, were obtained from retail 
pharmacies’ prices for KSA and Kuwait. For the UAE government sector, the cost of eHF and AAF was based on inputs 
from key medical experts, while for the UAE private sector, the cost of eHF and AAF was obtained collectively from key 
medical experts’ opinions and the Dubai Health Authority (DHA) claims database. The cost of SF for the UAE 
governmental and private sectors was obtained from the literature. The weekly consumption of eHF and AAF for 
KSA, Kuwait, the UAE governmental sector, and the UAE private sector was calculated based on key medical experts’ 
opinions. At the same time, the weekly consumption of SF was derived as an average of eHF and AAF for KSA and the 
UAE government sector. SF was not used in Kuwait and the UAE private sector as per the key medical experts’ opinion 
(Supplementary Table 1).

The costs of other medications such as domperidone, ranitidine, hydroxyzine, topical hydrocortisone, simethicone, 
and probiotics used for CMPA management in non-breast-fed infants under age group <6 months and >6 months were 
obtained from the National Unified Procurement Company (NUPCO)22 and Saudi Food and Drug Authority (SFDA)23 

for KSA, Kuwait Ministry of Health (MOH)24 for Kuwait, DHA25 and Abu Dhabi Health Services Company (SEHA)26 

for the UAE Government sector and the UAE private sector model, respectively (Supplementary Tables 2 and 3). The 
administration and monitoring costs include the associated procedures and costs for medical staff such as doctors, nurses, 
dieticians, and allied health-care professionals. The procedure costs included in the analysis covered oral provocation 
test, RAST for cow’s milk, endoscopy, radiographic imaging, or other diagnostic tests (patch test, skin prick test, 
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serological test). Other medical examination costs and allied health-care professional costs were also analyzed for all 
three GCC countries and are represented in Supplementary Table 4. The health-care utilization costs were obtained from 
the MOH list for KSA, while they were based on key medical experts’ opinions for Kuwait and the UAE government 
sector. For the UAE’s private sector, the health-care utilization costs were obtained collectively from key medical 
experts’ opinions and the DHA claims database.

Model Assumptions
The key model assumptions were: a) the eligible study population for infants under two years of age was calculated as an 
average of the population data for children (0–4 years) for all the three GCC countries; b) the price of Lactobacillus 
Reuteri (BioGaia) used as a probiotic supplement for infants was obtained from literature, as the prices were not available 
in NUPCO/SFDA/UAE MOH; and c) the weekly consumption of SF was derived as an average of eHF and AAF for 
KSA and the UAE government sector.

Statistical Methods
Univariate sensitivity analysis was performed to clarify the inherent uncertainty in the model parameters, by mostly 
varying each parameter at value of ± 25% while keeping other parameters constant. The single clinical and cost variables 
associated with the new diagnostic strategy (using the amino acid formula) were remodeled based on minimum and 
maximum estimated values.

Results
Budget Impact and Cost Breakdown
The early introduction of AAF in the management of non-breast-fed infants suspected with CMPA exhibited cost savings 
of 10% (SAR 15102542) in KSA, 10% (KWD 306565) in Kuwait, 17% (AED 1842018) in the UAE government sector 
and 13% (AED 4232932) in the UAE private sector. Table 1 shows the net budget impact of current and proposed 
practices for the three GCC countries—KSA, Kuwait, and the UAE. With the early introduction of AAF, the major cost 
reduction was attributed to the decrease in the cost of SF use, with a 58% reduction in KSA (SAR 4204540) and a 58% 
reduction in the UAE government sector (AED 110331). In Kuwait, the major cost reduction was attributed to 
medication costs with a 37% (KWD 5630) reduction in total costs, while in the UAE private sector, the major cost 
reduction was attributed to medical test costs with a 50% (AED 1508918) reduction in total costs. Table 2 shows the 
health-care utilization cost for KSA, Kuwait and the UAE (Government and Private sector).

Kingdom of Saudi Arabia
From the proposed practice, the early use of AAF in infants with suspected CMPA in the KSA showed a decrease of SAR 
15102542 in the total budget from the KSA payer’s perspective, ie, a reduction of 10%. The significant cost-saving 
observed was attributed to a reduction in the cost of use of SF by 58% (SAR 4204540), followed by a 41% (SAR 

Table 1 Net Budget Impact in the Three GCC Countries – KSA, Kuwait and UAE

Total Costs Summary Kingdom of Saudi 
Arabia (in SAR)

Kuwait 
(in KWD)

UAE Government 
Sector (in AED)

UAE Private 
Sector (in AED)

Current practice 144,961,701 3,160,089 10,668,392 32,485,540

Proposed practice 129,859,160 2,853,524 8,826,374 28,252,608

Net budget impact −15,102,542 −306,565 −1,842,018 −4,232,932

Net budget impact percentage 10.42% 9.7% 17.27% 13.03%

Abbreviations: AED, United Arab Emirates Dirham; KSA, Kingdom of Saudi Arabia; KWD, Kuwaiti Dinar; SAR, Saudi Riyal; UAE, United Arab 
Emirates.
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3427266) reduction in medical examination costs and a 39% (SAR 956457) reduction in the cost of medications 
(Figure 1). In the proposed practice, the cost of the AAF formula increased by 57% (SAR 14086709).

Kuwait
In Kuwait, the early use of AAF in the proposed practice in infants with suspected CMPA exhibited a reduction in the 
overall budget of KWD 306565, ie, about 10% from the Kuwait payer’s perspective. The significant cost-saving observed 
was attributed to a reduction in medication costs by 37% (KWD 5630), followed by a reduction in the cost of eHF by 
28% (KWD 290583) and physician consultations by 19% (KWD 204644) (Figure 2). The significant cost offset in the 
proposed practice was due to an increase in the cost of AAF by 57% (KWD 222993).

UAE Government Sector
From the proposed practice, the early use of AAF formula in infants with suspected CMPA in the UAE (government 
sector) resulted in a decrease of AED 1842018, ie, over 17% reduction in the total budget from the UAE payer’s 
perspective. The major cost-saving was attributed to a reduction in SF costs by 58% (AED 110331), with a similar 
reduction in medical examination costs by 58% (AED 307929) and a reduction of 37% (AED 4237) in the cost of the 
medications. The cost of AAF increased by 57% (AED 378741) in the proposed practice.

UAE Private Sector
From the UAE payer’s perspective, the early use of AAF in infants with suspected CMPA who were managed in the 
private sectors, in the proposed practice, showed a decrease of 13% (AED 4232932) in the total budget. The significant 
cost-saving observed was attributed to a reduction in medical examination costs by 50% (AED 1508918), followed by 
a reduction in the cost of medications by 35% (AED 72290) and the cost of eHF by 29% (AED 2027154).

The cost of AAF increased by 57% (AED 2331787) in the proposed practice. Figure 3 demonstrates the cost 
breakdown of the use of AAF in proposed practice in the UAE government and private sectors.

Table 2 Health-care Utilization Cost for KSA, Kuwait and the UAE (Government and Private Sector)

Kingdom of Saudi 
Arabiaa,b

Kuwaita UAE Government 
Sectora

UAE Private Sectora,b

Procedure Cost of 
Procedure

Percentage 
Used

Cost of 
Procedure

Percentage 
Used

Cost of 
Procedure

Percentage 
Used

Cost of 
Procedure

Percentage 
Used

Medical Consultation in 

Specialized Attention

SAR 225 KWD 35 AED 1133 AED 525

RAST test for Cow’s milk SAR 112 76.3% KWD 55 60.0% AED 400 55.0% AED 433 55.0%

Colonoscopy SAR 1600 11.7% KWD 225 2.5% AED 521 2.5% AED 521 2.5%

Radiography of stomach 

and duodenum

SAR 160 30.0% KWD 75 2.5% AED 700 55.0% AED 700 55.0%

Others (Skin prick test 

Patch test, Serological test, 

Immunological test)

SAR 255 100.0% KWD 49 100.0% AED 68 100.0% AED 159 100.0%

Hospital instruments/resources

Procedure Cost SAR 560 60.8% KWD 50 50.0% AED 800 35% AED 973 35%

Medical Staff SAR 1011 60.8% KWD 38 50.0% AED 577 35% AED 155 35%

Total Hospital 

instruments/resource cost

SAR 955 KWD 44 AED 482 AED 395

Notes: aCost based on Key Medical experts’ opinion, bMinistry of Health (MOH), Saudi Arabia, cDubai Health Authority claims database. 
Abbreviations: AED, United Arab Emirates Dirham; KSA, Kingdom of Saudi Arabia; KWD, Kuwaiti Dinar; SAR, Saudi Riyal; UAE, United Arab Emirates.
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Figure 1 Cost breakdown of AAF use in current and proposed practice in KSA. 
Abbreviations: AAF, Amino Acid Formula; KSA, Kingdom of Saudi Arabia; SAR, Saudi Riyal.

Figure 2 Cost breakdown of AAF use in current and proposed practice in Kuwait. 
Abbreviations: AAF, Amino acid formula; KWD, Kuwaiti Dinar.
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Discussion
The current practice of CMPA diagnosis and management for infants involves serological diagnostic tests followed by 
continuous re-evaluation with an oral challenge test for symptomatic assessment by adjusting the ongoing treatment 
formula, starting with eHF formula followed by SF and AAF.9 This increases the time of diagnosis of CMPA and extends 
the symptomatic period. The proposed practice in the current study minimizes the OFC cycles, leading to early diagnosis 
of CMPA and the early introduction of effective infant formula as a substitute. This study is the first to estimate the 
budgetary impact of the early introduction of AAF in the diet of non-breast-fed infants suspected of CMPA in GCC 
countries—KSA, Kuwait, and the UAE.

Early introduction of AAF for the management of CMPA in the proposed practice exhibited the highest cost savings 
of 17% in the UAE government sector, followed by 13% in the UAE private sector and 10% in KSA, while Kuwait had 
cost savings of about 10%. Overall, the early introduction of AAF in the treatment pathway proves to be cost-saving from 
a health-care payer’s perspective for all three GCC countries—KSA, Kuwait, and the UAE.

Overall, the cost of medical examinations was the highest contributor to the cost savings, with a 58% (AED 307929) 
reduction in the UAE governmental sector; a 50% (AED 1508918) reduction in the UAE private sector; and a 41% (SAR 
3427266) reduction in KSA. The reduction in the cost of SF largely impacted the cost savings in the UAE government 
sector by 58% (AED 110331) and in KSA by 58% (SAR 4204540). Another significant difference was the reduction in 
the medication cost in Kuwait by 37% (KWD 5630) and in the UAE private sector by 35% (AED 72290). However, the 
cost of AAF increased across all countries. This increase in cost could be because AAF was considered the primary 
infant formula in the proposed practice with a reduced intake of other substitute formulas.

The AAF-based infant formulas are non-allergic, well tolerated, and effective in symptomatic improvement in infants 
suspected of CMPA.27 They are recommended as the first choice for infants with severe complex gastrointestinal food 
allergies or life-threatening symptoms.7,9,28 Previous studies have established that the AAF formula is effective in 

Figure 3 Cost breakdown of AAF in current and proposed practice in the UAE (Government sector and Private sector). 
Abbreviations: AAF, Amino Acid Formula; AED, United Arab Emirates Dirham; UAE, United Arab Emirates.
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symptomatic resolution in infants intolerant to eHF.29 Nevertheless, AAF is introduced as an ultimate treatment measure 
due to its high cost.

A pharmacoeconomic study from the perspective of the Brazilian public healthcare system proved that the early 
introduction of AAF in diagnosis is cost-saving and enhances symptom-free days compared to current treatment 
recommendations.30 In addition, the first-line use of AAF was associated with lower costs than eHF in infants with 
suspected CMPA presenting with proctocolitis or eczema in an economic burden of disease study in Turkey.31 The 
current study results also ascertain that the direct introduction of AAF is cost-saving and can reduce the overall cost of 
medication and the cost of medical examination associated with CMPA management. A limitation of the current study is 
that some inputs were derived from key medical experts from each country due to the unavailability of published data.

Limitations of the study: Considering being conducted in three Arabian gulf countries, the results of this study can be 
applied in countries with similar economic and financial status. Countries with less economic abilities may need to 
conduct their own studies to find what is more compatible to their financial status. In addition, as the study was 
conducted by explorative literature reviews and medical experts’ opinions, we did not directly assess the effects of AAF 
use on the duration of the symptomatic period of CMPA as well as including the variation of breastfeeding practice 
among the three including countries on the cost reduction as the main aim of the study was on non-breastfed infants with 
CMPA. We also did not analyze the effects of early using AAF according to CMPA subtypes.

Conclusion
We expect that early introduction of AAF for CMPA management can effectively reduce the symptomatic period for 
infants suspected of CMPA, which will be reflected on the cost of CMPA management. The current study results 
demonstrate that the early introduction of AAF is cost-saving from the health-care payer’s perspective for all three GCC 
countries—KSA, Kuwait, and the UAE. Hence, the early introduction of AAF could be clinically and economically 
significant in the GCC countries.

Abbreviations
AAF, Amino acid formula; AED, United Arab Emirates Dirham; CMPA, Cow Milk Protein Allergy; eHF, Extensively 
Hydrolyzed Formula; ESPGHAN, The European Society for Paediatric Gastroenterology Hepatology and Nutrition; 
GCC, The Gulf Cooperation Council; Ig, Immunoglobulin; KSA, The Kingdom of Saudi Arabia; KWD, Kuwaiti Dinar; 
OFC, Oral Food Challenge; RAST, Radioallergosorbent test; SAR, Saudi Riyal; SF, Soy Formula; UAE, The United 
Arab Emirates.
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