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ABSTRACT

Adequate nutrition in early life is proposed to shape a child’s future health by launching 
the growth trajectory in the proper direction, which helps to avoid negative metabolic 
programming effects. Protein intake during infancy and early childhood is of great 
importance, as it plays a key role in infant metabolic programming and the future risk of 
obesity. Breastfeeding provides the best nutrition in early life, with many benefits tailored for 
the baby, including the appropriate quantity and quality of proteins. Considering the high 
prevalence of childhood, and subsequent adult, obesity in the region, a virtual Middle East 
expert consensus meeting was held to discuss an effective approach for managing childhood 
obesity. Leading pediatric experts from Bahrain, Egypt, Kuwait, Oman, Qatar, Saudi Arabia, 
and the United Arab Emirates participated in the meeting. The experts discussed, debated, 
and agreed on certain directions, including the importance of educating parents, endorsing 
breastfeeding, and ensuring optimum quantity and quality intake of proteins in early life. 
This expert consensus may serve as the starting point for healthcare professionals in the 
region who are interested in shaping a healthy future for the generations to come.

Keywords: Pediatric obesity; Malnutrition; Non-communicable diseases; Middle East;  
Infant formula; Proteins; Milk, human

Pediatr Gastroenterol Hepatol Nutr. 2022 Mar;25(2):93-108
https://doi.org/10.5223/pghn.2022.25.2.93
pISSN 2234-8646·eISSN 2234-8840

Review Article

Frank Jochum ,1,2 Mohamed Abdellatif ,3 Ashraf Adel ,4 Ahmed Alhammadi ,4  
Abdulrahman Alnemri ,5 Eman Alohali ,6 Khaled AlSarraf ,7 Khoula Al Said ,8  
Mahmoud Elzalabany ,9 Hasan M. A. Isa ,10 Sridhar Kalyanasundaram ,11 
Naguib Abdel Reheim ,12 and Omar Saadah  13

1Department of Pediatrics, Evangelisches Waldkrankenhaus Spandau, Berlin, Germany
2Pediatric Medicine, Brandenburg Medical School (MHB) Theodor Fontane, Neuruppin, Germany
3Child Health Department, Sultan Qaboos University, Muscat, Oman
4Department of General Pediatrics, Sidra Medicine, Doha, Qatar
5Pediatric Department, King Saud University & KSUMC, Riyadh, Saudi Arabia
6Dietetics Department, Prince Sultan Military Medical City, Riyadh, Saudi Arabia
7Department of Pediatrics-Pediatric Gastroenterology, Amiri Hospital, Sharq, Kuwait
8Department of Child Health, Royal Hospital, Muscat, Oman
9Pediatrics Department, Faculty of Medicine, University of Alexandria, Alexandria, Egypt
10Pediatric Department, Salmaniya Medical Complex/Arabian Gulf University, Manama, Bahrain
11Pediatrics and Neonatology, Danat Al Emarat Hospital, Abu Dhabi, UAE
12Pediatrics Department, University Hospital Sharjah, Sharjah, UAE
13Pediatrics Department, Faculty of Medicine, King Abdulaziz University, Jeddah, Saudi Arabia

Burden of Early Life Obesity and Its 
Relationship with Protein Intake 
in Infancy: The Middle East Expert 
Consensus

Received: May 23, 2021
1st Revised: Oct 13, 2021
2nd Revised: Dec 13, 2021
Accepted: Feb 20, 2022
Published online: Mar 10, 2022

Correspondence to
Frank Jochum
Department of Pediatrics, Evangelisches 
Waldkrankenhaus Spandau, Stadtrandstr. 555, 
Berlin 13589, Germany.
Email: frank.jochum@jsd.de

Copyright © 2022 by The Korean Society of 
Pediatric Gastroenterology, Hepatology and 
Nutrition
This is an open-access article distributed 
under the terms of the Creative Commons 
Attribution Non-Commercial License (https://
creativecommons.org/licenses/by-nc/4.0/) 
which permits unrestricted non-commercial 
use, distribution, and reproduction in any 
medium, provided the original work is properly 
cited.

ORCID iDs
Frank Jochum 
https://orcid.org/0000-0002-4259-5562
Mohamed Abdellatif 
https://orcid.org/0000-0003-3844-8284
Ashraf Adel 
https://orcid.org/0000-0003-0670-4394
Ahmed Alhammadi 
https://orcid.org/0000-0001-9549-2906
Abdulrahman Alnemri 
https://orcid.org/0000-0003-3567-135X
Eman Alohali 
https://orcid.org/0000-0002-6869-1528
Khaled AlSarraf 
https://orcid.org/0000-0002-2627-5956

https://pghn.org
http://crossmark.crossref.org/dialog/?doi=10.5223/pghn.2022.25.2.93&domain=pdf&date_stamp=2022-03-10
https://orcid.org/0000-0002-4259-5562
https://orcid.org/0000-0003-3844-8284
https://orcid.org/0000-0003-0670-4394
https://orcid.org/0000-0001-9549-2906
https://orcid.org/0000-0003-3567-135X
https://orcid.org/0000-0002-6869-1528
https://orcid.org/0000-0002-2627-5956
https://orcid.org/0000-0002-6241-8360
https://orcid.org/0000-0002-4081-8603
https://orcid.org/0000-0001-6022-5576
https://orcid.org/0000-0001-7096-1542
https://orcid.org/0000-0002-2520-5497
https://orcid.org/0000-0002-3744-9907
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0002-4259-5562
https://orcid.org/0000-0002-4259-5562
https://orcid.org/0000-0003-3844-8284
https://orcid.org/0000-0003-3844-8284
https://orcid.org/0000-0003-0670-4394
https://orcid.org/0000-0003-0670-4394
https://orcid.org/0000-0001-9549-2906
https://orcid.org/0000-0001-9549-2906
https://orcid.org/0000-0003-3567-135X
https://orcid.org/0000-0003-3567-135X
https://orcid.org/0000-0002-6869-1528
https://orcid.org/0000-0002-6869-1528
https://orcid.org/0000-0002-2627-5956
https://orcid.org/0000-0002-2627-5956


Khoula Al Said 
https://orcid.org/0000-0002-6241-8360
Mahmoud Elzalabany 
https://orcid.org/0000-0002-4081-8603
Hasan M. A. Isa 
https://orcid.org/0000-0001-6022-5576
Sridhar Kalyanasundaram 
https://orcid.org/0000-0001-7096-1542
Naguib Abdel Reheim 
https://orcid.org/0000-0002-2520-5497
Omar Saadah 
https://orcid.org/0000-0002-3744-9907

Funding
The consensus statements, algorithms, and 
supporting evidence presented in this study 
were discussed and formulated at an online 
virtual consensus meeting under the guidance 
of an international expert. All authors received 
support from the Nestlé Nutrition Institute 
to attend this meeting. The views expressed 
in this paper are purely those of the authors, 
without any influence from the Nestlé 
Nutrition Institute.

Conflict of Interest
Frank Jochum has received speakers' 
honoraria from Nestlé Nutrition and has 
received research support related to specific 
research projects from different dairy 
companies. None of the other authors have a 
conflict of interest.

INTRODUCTION

In terms of human health, the early childhood period is of great opportunity and great 
vulnerability to the future health of individuals [1]. Optimum nutrition is key to maintaining 
children’s growth and development on the right track and help them learn, play, participate 
and contribute [2]. Growth is an important criterion that is universally used by healthcare 
experts and caregivers to judge how well babies and children are developing. Too little growth 
(failure to thrive) or too much (overweight/obesity) have been linked to adverse effects on an 
infant’s wellbeing and damage to developmental outcomes, both of which may have long-
term health impacts [3]. Therefore, it is vital to invest our efforts and focus on this critical 
window to maximize the well-being of future generations.

Burden of malnutrition
Malnutrition refers to deficiencies or imbalances in a person’s intake of energy/nutrients. 
Malnutrition is not limited to undernutrition, but also includes overweight, obesity, and the 
resulting diet-related non-communicable diseases (NCDs) [4]. NCDs are chronic conditions, 
which are usually non-infectious, but long-lasting, with examples including cardiovascular 
disease, hypertension, cancer, and type 2 diabetes [5]. Globally, NCDs are the leading cause 
of mortality, and are responsible for more than 7 of every 10 deaths annually [6]. Many of 
the most common NCDs can be triggered, at least in part, by an unhealthy diet [7]. Here, we 
focus on the overweight and obesity facets of malnutrition.

According to World Health Organization (WHO) data, obesity rates have increased by nearly 
200% since 1975. In 2016, more than 1.9 billion adults (≥18 years) were overweight or obese 
[8,9]. Most of the available epidemiology data hints at a possible connection between adult 
obesity and pediatric obesity [10-13], which is evident from the dramatically high prevalence 
rates observed in children. This prevalence increases exponentially with age; between 2016 
and 2019, 38 million children below the age of 5 and 340 million children and young adults 
between the ages of 5 and 19 were considered as overweight or obese [9]. While this data 
is relatively recent, global health agencies have been aware of the issue for several decades; 
despite this, excess weight gain during childhood and adolescence remains one of the most 
important issues facing modern medicine [14]. The risk of developing class II/III obesity

in adulthood is particularly high for children with obesity and severe obesity (Fig. 1) [10]. 
Similar trends are observed in the Middle East region, where there has been a rapid rise in 
the number of NCDs, particularly obesity [14-17], which is probably linked to the low levels 
of physical activity in many Eastern Mediterranean region countries [17]. In fact, published 
data indicate that obesity rates have reached an alarming level across all age groups in the 
region, with prevalence rates of up to 21.9%, 45%, and 81.9% among preschool children (<5 
years), school-age children, and adults respectively [17]. These data indicate that obesity is a 
major public health problem within the Middle East, and needs urgent action to prevent and 
control it becoming a greater issue [14-17]. Pre-obesity should also be considered, due to its 
increasing prevalence in many children [18].

The consequences of this epidemic go beyond the stigma of being overweight or obese. 
Individuals who are obese are more likely to experience psychiatric, psychological, and 
psychosocial disorders during childhood and have an increased risk of developing NCDs later 
in life [11]. Obesity in children and adolescents is also linked to a higher risk of mortality 
in early adulthood [19]. Other consequences of early-life obesity are lower self-esteem, 
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increased risk of being bullied, reduced employment prospects as an adult, and lower- 
salaries than their non-obese peers [11,20,21]. Moreover, obese children typically perform 
less well at school, have reduced cognitive abilities and a poor basic working memory, 
which can extend into adulthood [21,22]. Thus, as the consequences of being overweight in 
childhood can influence the entire life span [14], this field warrants further investigation.

Pre- and post-natal influences affecting obesity
Obesity is a condition of complex, multifactorial etiology, which can be influenced by pre- 
and post-natal factors [18,23]. Prenatally, a mother’s pre-conception weight and her weight 
gain during pregnancy both influence how likely her child is to become obese [23-25]. 
Excessive weight gain and/or gestational diabetes both increase the risk of fetal and neonatal 
macrosomia, as well as infant adiposity, which may extend into adulthood [23,25-30]. 
Children born to mothers with excessive weight gain during pregnancy have been found 
to be four times more likely to be overweight by the age of 3 [31,32]. Data also suggest that 
maternal obesity may contribute to reduced cognitive ability and neurodevelopmental delays 
in offspring [33].

Additionally, post-natal influences, such as infant sleep-duration and weight-gain, may play 
an important role in determining the trajectory of later health [32,34,35]. The results of a 
cohort study that investigated 915 mother-infant pairs indicated that children who slept fewer 
than 12 hours a day were twice as likely to be overweight at 3 years old [32,36]. Additional 
data show that rapid growth and enhanced weight gain during the early years of life are 
associated with higher body mass index (BMI) and obesity in adulthood [29,30,37]. Infants 
who grow rapidly during their first year of life, as measured using standardized age-related 
percentiles, have a relative risk of between 1.06 and 5.70 of becoming obese later in life, 
which is significantly higher than the risk of children who grow at a slower rate [26,38]. For 
children aged between 6 and 11 years, an increase in body mass and fat mass of 100 g per 
month from birth to 8 months was shown to increase the risk of becoming overweight by 
5-fold and obese by 8-fold [26,39].
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Fig. 1. Children with obesity have a substantial risk of adult obesity [10]. 
BMI: body mass index.
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How childhood nutrition affects obesity
Key nutritional factors that may alter the risk of childhood obesity include breastfeeding 
status and protein intake. Using infant formula rather than breastfeeding for the first 12 
months and a high protein intake have both been shown to exacerbate the risk of childhood 
obesity [40,41]. Lifestyle habits, such as regularly eating high-calorie foods, consumption of 
sugar-sweetened drinks, and lack of physical activities, may amplify this problem [11,42].

Leading health organizations recommend lowering the risk of obesity by addressing and 
reducing the impact of known risk factors during the early years of life [43]. One way of doing 
this is to improve dietary habits in infancy; for example, by promoting breastfeeding, and 
where this is not possible, encouraging the use of suitable infant formulas, i.e., those with 
a low-protein content [44-46]. Early childhood is a time for establishing positive behaviors 
that can prevent excessive weight gain and improve overall health throughout life. Promoting 
healthy feeding practices, such as careful timing of weaning onto solids, feeding to appetite 
rather than over-feeding, and regular exposure to healthy dietary choices, with high 
nutritional value and fewer refined sugars, all contribute to a healthier relationship with food. 
Other steps that can be taken to reduce the risk of obesity include increasing physical activity, 
reducing sedentary behaviors, and improving parental understanding of normal growth 
patterns and satiety cues [43-46].

Metabolic programming is an important component of later life health
Genes play an important role in determining an individual’s risk of becoming obese; however, 
the environment is thought to play a more important role in determining overall health status 
than genetics. Genes can be held accountable for approximately 20% of health-related effects 
over the lifespan, meaning that 80% is attributable to lifestyle factors, such as nutrition and 
activity levels [47,48].

However, environmental factors, such as nutrition and hormones, can influence gene 
expression during sensitive development stages via epigenetic processes that selectively 
switch genes on and off - this is known as “Early Metabolic Programming” [49]. Indeed, 
many aspects of long-term health are thought to be “programmed” by environmental stimuli 
such as nutrition during the first 1,000 days of life [50]. Protein is one such nutrient thought 
to play an important role in this early life programming.

Optimal protein intake in early life is crucial
Healthy growth and development of infants and children depend on them receiving the 
correct nutrition. There are more than 50 macro- and micro-nutrients that should be 
incorporated at balanced levels into the diet, with protein being one of the most important 
[51]. In 2007, the Food and Agriculture Organization (FAO) and WHO updated their 
guidelines to recommend that the intake of protein for infants up to 6 months of age does 
not exceed 1.31 g per kg of body weight per day [52]; this was a reduction from the previous 
recommended daily intake of 1.65 g/kg/day for infants of this age from 1985 [53]. This 
updated recommendation aligns closely with other international guidelines produced during 
the early 2000s (Fig. 2) [52-59], suggesting a growing awareness of the importance of protein 
quantity. Monitoring daily intake is important because excessive dietary protein intake in the 
early years is thought to be associated with the development of obesity [26]. Children whose 
protein intake at 12 months and/or 18-24 months was considered high (14.8% and 13.8% of 
total energy intake, respectively), typically had a higher BMI by the age of 7, and their body fat 
percentage was also more likely to be above the 75th percentile for their age [26,60].
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Dietary proteins also provide essential amino acids, which are required for protein synthesis, 
breakdown, and excretion [61]. The specific amino acid profile of a protein is an important 
determinant of its quality, with certain amino acids, such as valine, leucine, and isoleucine 
contributing to weight gain and increased insulin resistance, while others, such as tryptophan, 
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influence the production of serotonin and melatonin, which modulate key physiological 
functions, including mood, appetite, immune responses, and behavior [62,63]. It is therefore 
reasonable to assume that the precise amino acid profile of a protein will have a significant 
impact on health status, and that protein quality, as determined by amino acid composition, is 
as important an overall measure of food standard, as the quantity of protein present.

Oversupply of protein has also been linked to metabolic mal-programming and subsequent 
rapid growth and excessive weight gain [50,64]. According to the “Early Protein Hypothesis” 
proposed by Koletzko and colleagues [65,66], excessive protein intake in early life 
“programs” a tendency toward increased early weight gain and adipogenesis by increasing 
the levels of insulinogenic amino acids (e.g., valine, leucine, isoleucine, threonine), which in 
turn stimulate the secretion of insulin and insulin-like growth factor (IGF-1) (Fig. 3).

Health consequences of high- and low-protein diets
The initial work to establish optimal daily intakes of protein focused on preventing 
deficiencies because the health impact of nutrient deficiency can be severe. Insufficient 
intake of protein and calories can trigger protein-energy malnutrition, which lowers 
immunity and increases susceptibility to infections [67,68]. Globally, malnutrition is the 
largest single cause of infant mortality [69]. Protein deficiencies can manifest clinically as 
kwashiorkor or marasmus, two life-threatening conditions that can have long-term health 
consequences [70]. Kwashiorkor is characterized by pitting edema and skin defects; it occurs 
when calorie intake is sufficient, but protein intake is low [68,70]. Marasmus is caused by 
a severe protein and calorie deficit, it causes growth retardation and muscle wastage, and 
affected children usually have a weight to height ratio that is at least 3 standard deviations 
below the average for their age [68,70]. Both conditions can increase infection susceptibility 
and may be a warning sign of other nutrient deficiencies [70].

Given the consequences of inadequate protein intake and malnutrition, recommended daily 
intakes of protein were calculated. However, over time, evidence emerged that too high a 
protein intake could also have damaging effects on an infant’s health, which is why between 
1985 and 2007, the FAO and WHO reduced their recommendations for daily intake [52,53]. 
Ensuring a balanced intake of protein during childhood is important because, in addition 
to increased risk of obesity, excessive intake at these key developmental stages has been 
linked to reduced intellectual performance and damaging renal outcomes in later life [51,61]. 
Childhood obesity can also trigger other obesity-related conditions, such as cardiovascular 
disease, and can interfere with the timing of puberty [71,72].
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Breast milk provides proteins of optimum quantity and quality
Breastfeeding is an unparalleled method for providing optimal nutrition to support the 
healthy growth and development of infants [73]. The quality and quantity of protein in 
human breast milk supports growth and improves short- and long-term health [74]. The 
protein content of breast milk evolves with time to match the infant’s needs, and thus avoids 
intake exceeding the metabolic requirements of the infant, protecting from overnutrition 
[75,76]. The metabolic system is programmed to recognize breast milk with its high protein 
quality, i.e., an amino acid profile that complements a growing infant’s exact requirements. 
This in turn optimizes metabolism and ensures long-term healthy functioning of the 
metabolic system [65,77].

What is an optimum infant formula according to these guidelines?
Although breast milk has multiple benefits and is the best option for infants during the first 
few months of life, sometimes breastfeeding is not possible. The next best option is to select 
an infant formula that is developed to mimic the composition of breast milk more closely, 
particularly regarding protein content. Replicating the quality and quantity of protein found 
in breast milk is challenging, not least because the endogenous levels of protein in breast 
milk differ as the infant grows, from 14 g/L immediately after birth to 8.3 g/L at 6 months 
of age [78]. However, with increasing evidence in support of the benefits of lower protein 
levels and technological advancements, many manufacturers are developing infant formulas 
functionally closer to breast milk [79].

The minimum protein content for infant formula authorized by European Commission (EC) 
and CODEX Standards is 1.8 g/100 kcal [80,81]. From a nutritional perspective, this covers 
the needs of almost all healthy term infants and there is no need to exceed these levels. 
Indeed, it may actually be damaging to do so, as nutrients which are not used or cannot be 
stored have to be excreted and this may compromise an infant’s immature metabolism [82]. 
To date, most attention has been focused on ensuring formulas reach the minimum protein 
levels; however, this can exceed the protein needs of infants over the age of 3 months by as 
much as 76% [83].

Clinical evidence on the influence of protein content
There is substantial evidence that high-protein infant formulas have a damaging effect 
on obesity levels and increase the risk of other NCDs [38,84]. Several clinical trials that 
compared the impact of low-protein versus high-protein infant formulas have shown that 
higher protein levels in infant formula increased the risk of childhood obesity led to a higher 
BMI, significant weight gain, and excess body fat [83,85-90]. A detailed description of these 
trials can be found in Table 1.

Recent meta-analyses support the data from these original studies, with both Pimpin et al. 
[91] and Stokes et al. [92] confirming a positive association between high protein intake in 
the early years and increased weight gain/higher BMI in the months and years that follow. 
The first of these analyses compared the effects of high protein formula with low protein 
formula across 24 studies. The net result was a significant increase in weight (weighted 
mean difference) of 0.14 kg upon supplementation with high protein formula [91]. In the 
second meta-analysis, ten studies, representing six cohorts of formula-fed infants, reported a 
significant positive association (p<0.05) between total protein intake from birth to 2 years of 
age and BMI or BMI z score up to the age of 10 [92].
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Considering all of these factors, a virtual online consensus meeting for the Middle East was 
held with the aim of gathering insights from local experts regarding the assessment and 
prevention of childhood obesity, and potentially its future health impacts.

METHODS

Twelve leading experts from Bahrain, Egypt, Kuwait, Oman, Qatar, Saudi Arabia, and the 
United Arab Emirates convened in a virtual online meeting to discuss approaches for the 
management and prevention of childhood obesity. The meeting was held on April 22, 2020, 
under the guidance of an international expert. The collaboration platform Microsoft Teams 
was used to conduct this expert meeting, which lasted for a total of 3 hours. A structured 
quantitative method was used to aid the discussion and reach a consensus [93]. Draft 
outcome statements were prepared in collaboration with the experts, based on local clinical 
practice and published evidence. There was a dedicated session for discussion and debate of 
these outcome statements during the meeting, until the refined versions were developed and 
agreed upon by ≥75% of the participants, at which point all group members were asked to 
vote. All group members voted to say whether they ‘Agreed’ or ‘Disagreed’ with each refined 
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Table 1. Growth impact of protein content in infant formula

Study Study design Low protein intake High protein intake Age of 
intervention Age at outcome Outcome Result p-value

Koletzko et al., 
2009 [87]

RCT 1.77 g/100 kcal 
(infant formula)

2.9 g/100 kcal 
(infant formula)

0–12 mo 24 mo Weight for length 
(z score)

Higher protein: 0.20 
greater

0.005

Multi-center 2.2 g/100 kcal 
(follow-on formula)

4.4 g/100 kcal 
(follow-on formula)

BMI (z score) Higher protein: 0.23 
greater

0.001

Singhal et al., 
2010 [85]

2 RCTs 5–8 yr
Study 1: birth 
weight <10th 
centile

NA 28% more protein 
(study 1)*

0–9 mo  
(study 1)

Fat mass Study 1: 38% higher 
with more protein

0.009

Study 2: birth 
weight <20th 
centile

NA 43% more protein 
(study 2)

0–6 mo  
(study 2)

Fat mass Study 2: 18% higher 
with more protein

0.040

Weber et al., 
2014 [89]

RCT 1.25 g/dL  
(infant formula)

2.05 g/dL  
(infant formula)

0–12 mo 6 yr BMI Higher protein: 0.51 
greater

0.009

Multi-center 1.6 g/dL  
(follow-on formula)

3.2 g/dL  
(follow-on formula)

Risk of obesity Higher protein: 2.43 
times greater

0.024

Inostroza et 
al., 2014 [86]

RCT 1.65 g/100 kcal† 2.7 g/100 kcal 3–12 mo 3–6 mo Weight gain Higher protein: 1.77 
g/day higher

0.024

Growth 
monitored for 
2 yr

Weight and BMI Higher protein: 
Remained higher 
after 2 yr

Ziegler et al., 
2015 [83]

RCT 1.61 g/100 kcal‡ 2.15 g/100 kcal 3–12 mo 3–6 mo Weight gain at 
4–12 mo

Higher protein: 
Greater

0.031

Growth 
monitored for 
12 mo

>85th percentile 
at 12 mo

Higher protein: 
Significantly more 
infants

0.015

Oropeza-Ceja 
et al., 2018 
[88]

RCT 1 g/dL (IF1) 1) 1.3 g/dL (IF2) 1–4 mo 4 mo Weight gain IF1 (lower protein): 
25.8 g/day

2) 1.5 g/dL (IF3) IF2: 32.3 g/day 0.016
IF3: 31.5 g/day 0.006

Weight–for–age  
(z score)

Lower for IF1 than IF2 0.031
Lower for IF1 than IF3 0.014

Totzauer et al., 
2018 [90]

RCT 1.25 g/dL  
(infant formula)

2.05 g/dL  
(infant formula)

0–12 mo 6 yr Excess body fat 
risk

Higher protein: 
doubled

0.016

Multi-center 1.6 g/dL  
(follow-on formula)

3.2 g/dL  
(follow-on formula)

RCT: randomized control trial, BMI: body mass index, IF: infant formula, NA: not applicable.
*High-protein formula also contained higher energy levels; †Also contained probiotics; ‡Modified protein with caseinoglycomacropeptide removed.
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statement. The votes from each expert were added to reach a percentage consensus for each 
outcome statement.

Consensus statements
This expert discussion focused on the management of early life obesity (Table 2). The experts 
agreed that childhood obesity was a growing challenge faced in their practice, despite a clear 
lack of formal figures on epidemiology within the region. It was agreed that a concerted effort 
is needed to estimate the burden of childhood obesity in the region. Experts stated that obesity 
is multifactorial and that various non-nutrition factors, including genetics, epigenetics, and 
maternal BMI, must also be taken into consideration, rather than simply focusing on the nutrition 
aspect. Preventative interventions in the first few years must focus on diet, not only because 
weight gain is highly dependent on food intake, but also because the diet can be modified 
relatively easily [94]. An infant’s diet primarily consists of breastmilk/formula for the first 6 
months, with additional complementary foods from approximately 6 months of age. The experts 
from this panel were strongly in favor of promoting breastfeeding, but in cases where that is 
impossible, an infant formula containing low protein levels, especially in infants considered 
to be at higher risk of developing obesity, or its associated conditions, is recommended. The 
importance of considering the amino acid profile of proteins in infant formula, as a measure of 
protein quality, was also highlighted. As with any other childhood metabolic disorder, lifestyle 
intervention, parental and caregiver reassurance, counseling, support, increasing awareness, and 
the continual education of mothers and pediatricians on the correct formula feeding practices are 
integral aspects of the management of early life obesity [95,96].

Another important topic that the experts discussed was ‘metabolic programming’; the 
experts concluded that earlier intervention, starting from conception, leads to a better 
outcome and can have a long-term impact on health across the lifespan [66]. Experts added 
that ‘overfeeding’ is a key challenge that needs to be tackled; focusing particularly on working 
mothers, and infants who are combination fed (part breastfed and part formula-fed). 
Pediatricians who are already sensitized to this issue, should inform other pediatricians as 
well as the families of their patients, on the importance of healthy portion size.

Regular follow-up between the clinician and patient is important to support the prevention of 
adiposities in infants.
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Table 2. Expert consensus on early life obesity
No Consensus statements based on expert opinion Consensus*
1 Children from Middle East countries are at a high risk of obesity 100%
2 All infants should be assessed for the risk of obesity 100%
2a Parents should be educated about healthy growth and development 100%
3 Maternal obesity plays a role in the risk of childhood obesity 100%
4 Breastfeeding decreases the risk of developing obesity 100%
5 If not breastfed, an infant should be given a formula closest to the quantity and quality of 

breast milk protein
100%

6 High dairy protein intake during infancy plays a key role in the risk of obesity in childhood, as 
well as in lifelong health

100%

7 A lower protein content in infant formula (1.8 g/100 Kcal) at 0–6 months provides adequate 
infant growth patterns compared to breastfed infants

100%

8 A lower protein content in follow-on formula (1.6–1.8 g/100 Kcal) at 6–12 months provides 
adequate infant growth patterns compared to breastfed infants

100%

9 Amino acid profile of the protein in an infant formula is an important consideration along 
with protein quantity

100%

100%=all 12 working group members were in complete agreement after discussion and refinement of the statements.
*Percentage of working group members who agreed with each statement.
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DISCUSSION

The first 1,000 days of life (9 months of pregnancy and the first 2 years of life) are a critical 
time for metabolic programming effects. The complementary feeding period is an additional 
important window in early life where an infant is exposed to food sources beyond just 
breast milk and formula. The food habits developed during these sensitive periods can 
alter long-term food preferences and dietary decision making. Evidence-based guidance on 
complementary feeding practices at this stage can not only help in preventing excess weight 
gain in the future but also ensure that life-long healthy dietary habits are established. Among 
all dietary variables, protein intake plays a particularly important role in weight regulation 
during childhood, based on both interventional and observational studies [94].

Evidence suggests that high protein intake during infancy can have a damaging effect on 
long-term health [65,97]. Several original studies indicated that high protein formula 
can result in accelerated weight gain, higher BMI, and increased body-fat, which in turn, 
exacerbate the risk of adulthood obesity [66,87,89,90,98,99]. The results of these studies have 
recently been validated by meta-analyses, which reached the same conclusion [91,92]. With 
rates of childhood obesity continuing to increase, early metabolic programming is becoming 
an area of interest for researchers in the field [66].

IGF-1 could provide the link between high protein intake in childhood and increased risk 
of obesity later in life. As discussed earlier, protein intake that is surplus to metabolic 
requirements during childhood and consists of high quantity, but poor-quality protein, 
increases the concentration of circulating amino acids. These amino acids stimulate the 
secretion of insulin and IGF-1, which increase adipogenesis and contribute to early weight 
gain [65,87,100,101].

Reducing the amount of protein in infant formulas could be one way to prevent excessive 
growth and minimize weight gain during childhood [89,102]. A meta-analysis of five 
randomized control trials showed that a diet of optimum quality and quantity protein 
formula leads to a growth pattern very close to the WHO growth standard at 4 months of 
age [103]. As well as increasing the risk of obesity, poor childhood nutrition and defective 
metabolic programming, have also been shown to trigger other NCDs, such as type 2 
diabetes, hypertension, and cardiovascular disease, in later life [50,104-106]. Reducing 
the protein content of infant formula may result in healthier body composition in early 
childhood, support age-appropriate growth patterns in children, and contribute to improved 
health in later life [88-90,102].

However, producing an infant formula that is closer to breast milk and contains the optimum 
quality and quantity of proteins can be a challenging task for manufacturers. The amino 
acid profile of breast milk contains comparatively lower levels of threonine and higher 
levels of tryptophan [107]. Using different methods to reduce the levels of protein in infant 
formula has generally resulted in a poorer quality product. Therefore, research has focused 
on developing infant formulas with an amino acid profile that closely mimics that found in 
breast milk. Innovations in infant formula development have resulted in formulas with lower 
concentrations of protein and an improved amino acid profile. These new formulas support 
age-appropriate growth and may exert health benefits into adulthood [89,107-109].
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CONCLUSION

Obesity is a major healthcare issue in the Middle East region and other parts of the world, 
having reached epidemic proportions. Scientific evidence indicates toward a strong influence 
of early life environmental factors, such as protein intake, on future risk of obesity. Although 
breastfeeding is the best nutritional option for infants, when it is not possible, clinicians 
should ensure optimal protein quantity and quality intake in early life, which may help to 
curb the exponential growth of obesity and its adverse health impacts in our region. With 
this expert consensus, we hope to highlight the importance of early life protein intake and 
generate more discussions on this topic of vital importance.
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