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Abstract

Background: Early solid food introduction in infancy has been related with some long-term outcomes in childhood, such as high BMI, obesity,
diabetes type 1, feeding difficulties andF2-isoprostanes in urinary. Methods: The purpose of this systematic review is to provide the long-term
effects of the early introduction of complementary foods in childhood, independently of breastfeeding or formula-feeding. Methods: Twelve
research studies from Google Scholar, PubMed, and Crossref were added in the systematic review from a total of 1517 articles. Results: Most
studies have shown an association between the introductions of solids before 4 months of age and long-term outcomes in children. However, late
introduction of solids may have the same effects as early. Moreover, the role of breastfeeding, which acts protectively in the food transition, is
emphasized. Conclusions: The most appropriate age for introduction in solids is the period of 6 months with continued breastfeeding according to
the international guidelines.

Keywords: Early introduction of solids; infant’s nutrition; exclusive breastfeeding and solid foods; childhood obesity; type 1 diabetes and

infant’s nutrition; long-term effects of infant’s diet.

1. Introduction

The effects of solid food intake on infant nutrition and their long-
term health effects have been debated by many researchers over
time. Although breastfeeding accompanies many advantages to the
health and general development of children [/, beyond the age of
six months it is necessary to add complementary foods to provide
enough nutrition to infants [/, and this transition is referred to as
complementary feeding. According to the World Health
Organization (WHO), if complementary foods are not introduced
around the age of 6 months or if they are given unsuitable, the
development of a child may be delayed ©l. Early introduction of
complementary foods increases the probability of immediate effects
on infants, such as diarrhea, infections and food allergies [%7], while
the long-term outcomes including metabolic and other diseases are
still being investigated.

Exclusive breastfeeding which has the best long-term health
effects, is associated with development of a healthy microbiome I,
Although six months of exclusive breastfeeding may be
recommended for most children, complementary foods are aimed to
"supplement” continued breastfeeding with those nutrients whose
intake has become limited or insufficient [). Continued
breastfeeding beyond six months contributes to the favorable
colonization of the infant's intestine, as it provides protective factors
when complementary feeding begins [, However, there is little
data on the health effects of exclusive breastfeeding that is prolonged
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beyond the first 6 months, without the introduction of solid foods.
For example, in a prospective study between infants who were
exclusively breastfed after the first 6 months of age and infants who
were on a diet supplement after 6 months, there was a delay in the
development of infants in the first group, who experienced a delay
associated with inadequate energy intake and certain nutrients 1,
Infant's vitamin D, iron, zinc requirements cannot be met by
breastfeeding alone. The risk of iron deficiency anemia at 6 months
of age is increased by birth weight, male gender, and weight gain
above the reference value from birth (21, Iron deficiency anemia is a
major risk factor for long-term effects on motor, mental and social
development in childhood 371, In addition, rickets as a deficiency
of vitamin D and a lack of zinc is observed in infants with nutritional
deficiencies in complementary nutrition after 6 months [141%],
However, in low-income countries, breastfeeding can prevent the
growth decline associated with the transition from exclusive
breastfeeding to complementary feeding, procured that
breastfeeding continues and that hygiene and complementary food
setting are adequate ['°'7), However an older study on the
introduction of solids in infants [*®], showed that compared to infants
fed complementary foods <6 months under optimal feeding
conditions, exclusively breastfed infants have similar developmental
and morbidity outcomes. Of course, the majority of the older studies
did not find evidence of benefits from the introduction of
complementary foods <6 months, nor risks associated with
morbidity or weight change [*°,
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On the other hand, the previous WHO recommendation for
infant nutrition stated that infants should be exclusively breastfed
from the start of their life to 4 + 6 months of age °°l. Nevertheless,
the WHO's current recommendations for infant nutrition are
primarily aimed at reducing morbidity in developing countries 2],
based on the findings of a research which concluded that infants who
are exclusively breastfed for 6 months are less likely for incidence
of gastrointestinal infection than those who are partially breastfed
for 3 or 4 months and have not been shown to have developmental
deficiencies between infants from either developing or developed
countries who are exclusively breastfed for the first 6 months or later
122" The American Academy of Pediatrics [/ and WHO [2429]
recommend that complementary foods be entered around 6 months
of age. If complementary foods are not introduced around the age of
6 months or if they are given inappropriately (before 4 months of
age), the development of an infant may be delayed. However, the
introduction of food before the age of 4 months is not recommended
1261, However, in 2008, the European Society for Pediatric
Gastroenterology, Hepatology and Nutrition (ESPGHAN),
recommended that the solid foods should not be introduced before
17 weeks and not after (26 weeks of infant’s life) (7],

Although there is almost worldwide accordance that
complementary feeding should not commence before 4 months of
age, there is a discrepancy about the period of 4-6 months. In
addition, while there is considerable research into childhood obesity
128,291 and type 1 diabetes (%% and feeding difficulties that appears
to be related to early introduction of solids in infants. Regarding
diabetes type 1, because the genetic background is stable, the
increase in cases recommends the contribution of some
environmental factors to its development during childhood. More
specifically, it has been found that infant nutrition can contribute to
the development of islet autoimmunity Exclusive breastfeeding and
vitamin D supplementation in infancy are reported to provide a
protection against beta cell autoimmunity and diabetes type 1. In
contrast, the first exposure to cow milk proteins and cereals and the
high birth weight have been implicated as risk factors for diabetes
type 1 [, Regarding the risk of obesity in children, the early
introduction of food has been also blamed, while breastfeeding
seems to be a protective factor [, Furthermore, early food
introduction can even affect eating behavior in terms of eating
preferences in the later life of the infant. So, feeding difficulties have
been observed in children who have undergone early solid food
intake. Thus, infants who were late (10 months and older) to be
inserted into the bumps were more likely to feeding difficulty had
more specific likes and dislikes later [*“1. More specifically, the long-
term outcomes in childhood include mainly metabolic disorders and
other problems [*1, So, the purpose of this review is to provide the
long-term effects of the early introduction of complementary foods
in childhood, independently of breastfeeding or formula-feeding.

2. Materials and Methods

The study was not registered to PROSPERO. The aim of this study
was to investigate the long-term effects of early introduction of
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complementary foods in childhood. In particular, we investigate the
introduction of solid foods to infants, regardless of the presence of
breastfeeding. The research was carried out based on Google
Scholar, PubMed/Medline and Crossref according to PRISMA
guidelines for systematic reviews and meta-analyses [4°71,

The keywords used were as follows: introduction of solid
foods OR introduction of complementary foods AND long-term
health outcomes; introduction of solid foods OR introduction of
complementary foods AND obesity in childhood OR overweight in
childhood; introduction of solid foods OR introduction of
complementary foods AND diabetes type 1 in childhood OR
metabolic outcomes in childhood; introduction of solid foods OR
introduction of complementary foods AND chronic diseases OR
problems OR difficulties in childhood.

2.1. Inclusion and exclusion criteria
We included cross-sectional, case controls, observational and cohort
studies that evaluated the correlation between early introduction of
solid foods and long-term outcomes in childhood. We excluded
studies that were review articles (systematic or meta-analyses),
included health outcomes in adulthood, papers that did not report a
statistical results between early introduction of solids and long-term
outcomes and finally, articles written in other language than English.
In order to reflect recent complementary feeding, only
studies published between 2011 and 2021 were considered. The
search was performed from January 2022 to April 2022 and the
results of this search were confirmed by another author of the
research team to validate their reliability. So, from 1529 articles; the
12 were comprised in the systematic review. The studies were
evaluated firstly by their titles and abstracts. The full texts of the
research papers were evaluated against the exclusion and inclusion
criteria and from139 articles,120 systematic reviews, reviews, and
meta-analyses were excluded, as well as 7 articles written in another
language han English (Figure 1). The study presents as exposure,
the early introduction of solid foods in infant’s nutrition and as an
outcome, the long-term effects of this exposure on children’s health.
As an early introduction we mean all solid or liquid foods (juices or
infusions) that can be given to the infant other than breastfeeding or
formula-feeding before 6 months of age. As an outcome, we
analyzed some health problems, such as overweight and obesity;
feeding difficulties; metabolic disorders and diabetes type 1 in
childhood. These outcomes were substantiated by the necessary
clinical examinations depending on each problem. For example,
Type 1 diabetes was evaluated by a clinician and defined as classic
symptoms of polyuria and polydipsia with a glucose level of >200
mg/dL or an oral glucose tolerance test with fasting plasma glucose
of 2126 mg/dL or a 2-hour glucose of >200 mg/dL. The obesity
defined by using the cut-off values for body mass index (BMI) by
gender and age established by the International Obesity Task Force
(IOTF)for children and adolescents in 2000 %], The F2-isoprostane
concentrations in childhood (on average, (0.10 ng/mg per month of
age at introduction) are the lower level. The data regarding feeding
difficulties collected from a questionnaire which collected the
number of cases of infant’s meals per day their dietary.
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Identification of studies via databases

Studies identified from:
PubMed (n=740)
Identification
Google Scholar (n=480)
Crossref (n=297)
— }
Total studies for evaluation
(n= 1517)
Screening
Studies screened
(n=139)
~
Included Total studies included in the

review (n=12)

Studies removed before
screening:
Do not have full text (n=116)
Double studies (n=590)
Studies removed for other

title subject (n =672 )

Studies excluded:
Reviews, systematic reviews
and meta-analyses (n=120)
Other language than English

(n=7)

Figure 1. Flow chart: structure search strategy according to PRISMA

2.1. Methodological quality of the included studies

Concerning the quality of the studies, three groups of criteria were
used to value them. The first group (Selection) consists of 4 criteria.
The first group of criteria, regarding the representative exposure
sample, was met by all articles. The second group of criteria
evaluated the selection of non-exposure, i.e., we did not know
previously which infants were exhibited to early introduction of
solid foods, was met in all articles. All studies met the third group of
criteria (concerns whether there were exhibition findings), because
the exposure was recognized by the determinate examination tests.
In almost all articles (except two), the outcome did not precede the
study (the long-term effects on childhood were the final result of

each study).

Table 1: Methodological quality of the included studies

The second group of criteria (Comparability) involves of 2
parameters concerning adjustment for confusing factors. However,
the first criterion which was the adaptation for the educational status
of mothers was met by the majority of studies. In all articles, an
adaptation for an additional confounding factor had been applied.

The third group of criteria (Results) consists of 3 parameters,
assessing the quality of the results of each article. All articles met
the first criterion for assessing the long-term outcomes of early
introduction of solid foods on childhood with appropriate
examination tests. In all prospective and cohort studies there was
adequate follow-up time, thus the cross-sectional studies did not
fulfill the second criterion. Finally, all studies met non-bias of wear,
the third group of criteria. The total score of articles varied between
7 and 9 (Table 1).

Author/Year Selection Comparability Result Total
1234 12 123
1. Virtanen (2011) % * kK * * * ** * 9
2. Huh (2011) [39] * Kk ok ok * * * ok x 9
3. Zhou (2011) o > r_— 7
4. Joseph (2011) 4 * ok ok k * x % % 9
5. Frederiksen (2013) [4?] * %k %k %k * x * x * 9
6. GIShtI(2014) [43] * %k % * % * %k % 9
7. Frederiksen (2015) [#4] * k% _ ** ** * )
8. Sun (2016) (] o x % = r_— 7
9. Hollis (2016) [46] * Kk ok ok * * * k * 9
10. Papoutsou(2017) 147 * ok k ok * * * % % 9
11. Pluymen (2018) [“! * ok x * . 9
12. Schneider (2020) *I * x * * * * I 9

Notes: The group criteria were 1. Selection: a) Representative exposure sample, b) selection of non-exposed, c) exposure finding, d) outcome did
not precede the study. 2. Comparability: a) adaptation for educational level, b) adaptation for additional confounding factor. Results: a) outcome
evaluation, b) adequate monitoring time, c) non-bias of wear. The symbol (*) means that the study met the specific criterion and the symbol; (-)

means that the study did not meet it.
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3. Results

The 12 articles in this study were carried out in different countries.
Eight were prospective or cohort studies, 2 studies were cross-
sectional, 1 study was longitudinal observational and 1 was a case
control (Table 2). Regarding the methodological evaluation of the
articles, 10 studies were very strong and 2 were of moderate quality
(Table 1). In particular, the research of Virtanen [¥?, which was
carried out in Finland, all available information support an
association between the introduction of root vegetables at the age of
4 months and type 1 diabetes, independently of the introduction of
other nutrition and of some putative socio-demographic and
perinatal confounding factors. In more details, early introduction of
potatoes and carrots in infancy was strongly related to advanced BR-
cell autoimmunity during the whole follow-up period. The mean
period of breastfeeding of those children was 1.4 months. The Huh
cohort study [39 highlights the negative outcome of early
introduction of solid foods on infants, on the development of obesity
at the age of 3. In formula-fed infants who were never breastfed or
who paused breastfeeding before the age of 4 months the intake of
solids before the age of >4months was linked with a sixfold increase
in the risk of obesity later (3 years of age). Among infants who were
breastfed for 4 months, the timing of the introduction of solid foods
was not associated with obesity. The case-control study of Zhou [*)
aimed to investigate the link between early introduction to solid
foods and other perinatal factors with obesity in childhood.
However, the results show that the presence of fetal macrosomia,
fetal musical education and cesarean delivery constitute risk factors
for obesity in childhood. Furthermore, the introduction of solid

Table 2: The included studies characteristics

foods before the age of 4 months was a major risk factor for this
situation in childhood. The cohort study of Joseph [“! investigated
the relationship between introduction of complementary foods <4
months and Immunoglobulin E (IgE) to peanut, milk and egg,
allergen at 2-3 years. In this study, 594 infant-maternal pairs were
analyzed and according to the results, early introduction of solids in
infants who were breastfeeding reduced the risk of peanut
sensitization among infants with a parental history of allergies.
Despite that, avoidance of food allergy through dietary manipulation
remains challenge. In addition, the study of Frederiksen, published
on 2013 I investigated the links between perinatal exposures,
especially early introduction of solids and the development of Type
1 diabetes. The results show that both early and late first exposure to
any solid food predicted development of Type 1 diabetes.
Specifically, early exposure to fruits and late exposure to rice or oat,
predicted Type 1 diabetes, while breastfeeding at the time of
exposure to wheat/barley remained protective. However, more
breastfeeding months marginally decreased the risk for Type 1
diabetes. The cohort of Gishti [*’] investigated the associations of
breastfeeding exclusivity and duration and age at introduction of
solid foods with, C-peptideand insulin blood lipids and risk of
grouping of cardio-metabolic risk factors. The results of 3417
children show that early introduction of solid foods was associated
with higher levels of total cholesterol levels in blood. Breastfeeding
was not associated with childhood blood levels of lipids but was
associated with higher C-peptide concentrations and insulin. Thus,
whether infant diet constitution affects metabolic disorders in

childhood should be further investigated.

Author/ Design N Data Exposure Outcome Outcome | Exposure Effect
Country age
1. Virtanen Cohort 6069 3 Introduction at the Type 1 3 years Aggravating
(2011) B2 study infants with HLA- | university age of 4 months of | diabetes in infants with
Finland DQB-conferred hospitals in root vegetables HLA-DQB
susceptibility to Finland
Type 1 diabetes
2. Huh (2011) | Cohort 847 Project Introduction of solid | Obesity 3 years Aggravating
[39] study children Viva foods at <4, months in
USA of age formula-fed infants
3. Zhou Case- 162 children 10 1. Introduction of Obesity 3-6 years | Aggravating
(2011) 140 control | (81 couples) kindergarten solid foods< age of
China study schools in 4 months,
China 2. Cesarean section
3. Macrosomia
4. Fetal musical
education
4. Joseph Cohort 594 Hospital and Introduction of Allergies 2-3years | Protective in
(2011) 144 study infant-maternal Medical complementary children with a
USA pairs College of food (egg, milk, parental history of
Georgia peanut) asthma or allergy
<4 months
5. Frederiksen | Longitu | 1835 Hospital in 1.Early (<4 months | Type 1 2 years Aggravating
(2013) [#2 dinal children Colorado of age) and late (>6 | diabetes in infants with
USA observat | atincreased months of age) first increased
ional genetic risk for exposure to solid genetic risk
study Type 1 diabetes foods forType 1
2. Complicated diabetes
vaginal Delivery
6. Gishti Cohort 3417 Generation R | 1. Breastfeeding Metabolic Mean age | No consistent
(2014) 143 study children Study, durationand disorders 6 years associations of
Netherlands Rotterdam exclusivity infant feeding
2. Introduction of patterns with
solid foods metabolic
<4 months outcomes at
schoolage
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7. Frederiksen | Cohort 328 The DAISY | Introduction of solid | Urinary F2 - | Under Aggravating in
(2015) [*4 study Childrenat cohort foods <4 months isoprostane | 11.5 years | infants who were
USA increased genetic concentratio not breastfeeding
risk for ns
developing T1D.
F2 -isoprotanes
8. Sun (2016) | Cross- 3153 The 1.Males High 1 year Aggravating
[45] sectional | Infants HealthNuts 2.Higher birth BMI mainly in infants
Australia study study weigh who were not
3. Younger age of breastfeed >4
mother moths
4.Mother’s smoking
5. Introduction of
solids <4 months
9. Hollis Cohort 2389 Southampton Introduction of Feeding 3 years Aggravating
(2016) 1461 study Mother-child pairs | Women’s solids <4 months difficulties
UK Survey (SWS)
10. Papoutsou | Cross- 16228 The 1. Introduction of Overweight | 2-9years | Aggravating
(2017) 471 sectional | Children IDEFICTS solids <4 months /obesity in infants who
8 European study study 2. Introduction of were not breastfed
countries solids >7 months exclusively
11. Pluymen Cohort 2611 The Introduction of Overweight | 1-17 years | Aggravating
(2018) 148 study children PIAMA study | solids <4 months in infants who
Netherlands were not breastfed
exclusively >4
months
12. Schneider | Cohort 3823 (2004c) Pelotas 2004 1. Introduction of Overweight | 2 years Aggravating
(2020) 149 study 3689 (2015c¢) and 2015 solids <6 months in infants who
Brazil children 2. males were not breastfed
exclusively >6
months

* Notes: The HLA-DQBL gene gives directions for making a protein that plays a critical role in the immune system. The HLA-DQB1 gene is part
of a family of genes called the human leukocyte antigen (HLA) complex. Urinary F2 -isoprostane concentrations is an indicator of oxidative stress.

The cohort study of Frederiksen published in 2015 [*4], evaluated the
connection link between timing of solid food introduction and F2-
isoprostanes in urinary a marker of oxidative stress. Oxidative stress
has been linked to many diseases, but little information subsists on
biomarkers of oxidative stress on children’s health. The researchers
reported that childhood F2-isoprostane concentrations were, on
average, 0.24ng/mg lower in infant’s breastfed at solid food starting
compared with those who were not. In more details, being stared to
solid foods before 4 months of age and not being breastfed at the
time of the beginning of solids was crucially associated with
increased F2 -isoprostane concentrations in contrast with the
introduction to solid foods between 4 and 5 months of age.
Therefore, the subsequent introduction of solid or complementary
foods and breastfeeding during the introduction of solid foods
proposed a long-term protective effect against increased
concentrations of F2-isoprostane throughout childhood. The cross-
sectional study of Sun [l investigated the links between
breastfeeding duration, age at the introduction of solid foods, and
their interplay in relation to infant BMI. However, from 3153
infants, 147 have an above normal BMI. In contrast with infants with
a normal BMI, those with an above normal BMI were more likely to
have a higher birth weight and to be male, and those mothers more
likely to be at younger age. Furthermore, infants fully breastfed for
4 to >12 months were less likely to have an above normal BMI, in
conflict with those fully breastfed for 0 to 1 month. In addition, the
early introduction of solid foods <4 months resulted in increased
chances of high BMI, independently of infants' breastfeeding status.
Introduction of solids >4 months may be associated with high BMI
in infants fully or partially breastfed for <4 months, but not in infants
breastfed for >4 months.

In the cohort study of Hollis 6], the authors purposed to
determine whether age at the solids intake was associated with
feeding difficulties in a sample of 2389 mother—child pairs. The
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results of this study show that infants who were introduced to solids
between 4 and 6 months had a higher risk of feeding difficulties than
infants who were entered to solids >6 months. The cross-sectional
study of Papoutsou 7], published in 2017, shows that infants who
were not breastfed exclusively for 6 months and were introduced to
solids while breastfeeding continuing until the first year or more,
were less likely to be overweight/obese at the age of 2 to 9 years.
More specifically, the results revealed that infants who discontinued
exclusive breastfeeding <4 months and then were introduced to
solids were more likely to became overweight/obese in childhood.
On the other hand, late introduction of solids at>7 months among
breastfed infants was also associated with overweight/obese in
childhood. This research highlights the catalytic role of
breastfeeding on the introduction of solids to prevent overweight. A
recent cohort study published by Pluymen “®] investigated whether
early introduction of complementary foods is linked with an
increased risk of overweight in childhood. The results of this study
show that formula-fed infants and infants who were breastfed for <4
months, but not infants who were breastfed for >4 months, had a
higher risk of being overweight later in childhood. These data were
different for children introduced to solids >4 months of age.
Therefore, in this study supports the catalytic role of breastfeeding
on the introduction of solids to prevent overweight, as well. Finally,
in a recently published article by Schneider ), which investigated
the introduction of complementary feeding in childhood, we see that
the risk of overweight increased 1-66 and 1-50 times with the early
intake (<6 months) of solids. In more details, the present study had
the peculiarity of examining longitudinal differences in
complementary feeding practices during the first year of age in two
large birth cohort studies 11 years apart and with high follow-ups.
However, in 2015c¢ the prevalence of the risk of overweight children
was higher in boys than in girls but, the prevalence of the risk of
overweight was higher in girls who were introduced to fluids, semi-
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solids or solids <6 months in contrast to boys. In 2004c, no
statistically significant correlation was observed between the early
introduction of complementary feeding and the risk of being
overweight at 24 months. Nevertheless,11 years later, infants who
received fresh or powdered milk plus water, teas or juices and infants
who were fed with fresh or powdered milk plus semi-solid or solid
foods (liquid or not), had a higher risk of being overweight at 2 years,
respectively, in contrast to infants who did not.

4. Discussion

The aim of our systematic review was to provide the long-term
effects of the early introduction of complementary foods in
childhood, independently of breastfeeding or formula-feeding. The
present study provides a strong link between early introduction of
solids in infant’s nutrition and obesity or overweight, Type 1
diabetes, feeding difficulties and Urinary F2 -isoprostane
concentrations. The findings, according to the included articles,
show that solid food intake time is essential for the further health in
childhood but seems to be influenced by other factors. Particularly
in cases with diabetes Type 1, the introduction of oat root vegetables
at the age of 4 months and % or earlier introduction of solids (<4
months) [“?) may increased the risk of Type 1 diabetes, in infants at
increased genetic risk for diabetes. Also, the introduction of solid
foods after the age of 6 months seems to have the same effect on
these children, as in the early introduction. Therefore, for the
prevention of Type 1 diabetes, the most appropriate age for solid
food intake is 6 months according to the Center for Disease, Control
and Prevention (CDC) [*%, UNICEF 5% and WHO [?4I. Concerning
the prevention of overweight/obesity, the majority of included
studies have shown that the introduction of solids before the age of
4 months causes negative effects on childhood [39494547-41 byt there
is evidence that overweight/obesity can be an outcome of a late
introduction of solids (>7 months) 7], as well. However, for the
prevention of overweight/obesity, the most appropriate time is 6
months of age. In addition, the duration of breastfeeding can be an
important prognostic factor, since children who were exclusively
breastfeed during the period of introduction of solid foods were less
likely to be overweight or obese. An explanation for this
phenomenon is that formula-fed children are more likely to feed on
a schedule, resulting usually in high obesity rates [, Also, self-
regulation of energy introduction might be problematic when
exclusive breastfeeding stops early and is substituted by formula
milk 5%, In addition, fetal macrosomia or high birth weight predict
obesity, especially in male offspring and in infants with short
breastfeeding duration [>*! and the presence of younger mother age
and smoking during pregnancy may be associated with reduced
breastfeeding duration [°>%¢1. Cesarean delivery can also be a
prognostic factor for reduced breastfeeding duration and as a result,
formula feeding and early introduction of solid foods may occur with
all the negative effects 57,

Severe feeding difficulties during childhood were a more
frequent sign in infants whowere introduced in solids <4 months. In
particular, there is a strong connection link between infants who
were not breastfeed >4 months and were introduced in solids with
feeding difficulties in childhood [“°l, Therefore, infants should be fed
solid foods during the 6th month so that there is no aversion to them
later. Certainly, long-term protective effect of later solid food
introduction and breastfeeding against increased F2 -isoprostane
concentrations throughout childhood are well known [, 1t is
already known that human colostrum has been shown to have
antioxidant and anti-inflammatory properties. So, early and
exclusive breastfeeding and introduction of solids at the same time
as the continuation of breastfeeding is considered a key factor to
avoid negative consequences in childhood. Concerning the
protection of allergies in children the conclusions are contrary to all
of the above. Thus, the introduction of complementary food (egg,
milk, peanut) before 4 months seems to work protectively in
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preventing allergies in the future. However, exclusive breastfeeding
is a major factor associated with a lower prevalence of allergic and
infectious diseases in childhood and later in life ], As for metabolic
outcomes, until now, there is no consistent association of infant
feeding patterns with these disorders at school age. Nevertheless,
more studies on this area are needed to prove a negative or positive
correlation 131,

We can see in the majority of the studies that the effects of
solid food intake depend to a large extent on the presence of
exclusive breastfeeding up to 6 months of age 4. Particularly, in
the prevention of obesity or high BMI, breastfeeding is associated
with lower protein intake and better self-regulation of energy intake
compared to formula milk. Alike, a link between early introduction
of solids and an above normal BMI has been found as introduction
association of solids may drive to increased secretion of appetite-
stimulating hormones, including ghrelin 9. According to the above
findings, there are potential differences between the early
introductions of solid foods in case of breastfed infants versus
formula-fed infants. More specifically, several articles highlighted
that breastfeeding is a protective factor even for those infants who
undergo to early introductions of solids, while continuing to
breastfeed [39444547-4%1 On the other hand, formula-fed infants are
more burdensome in terms of the long-term effects of early
introductions of solids in childhood. Also, in addition to duration,
the exclusivity and of breastfeeding, giving a clear lead to infants
who are introduced to complementary foods during the 6th month,
while exclusively breastfeeding and continue breastfeeding then.

Finally, in the present systematic review, an attempt was
made to approximate the month of infant’s age that the early
introduction of solids may cause various severity long-term
outcomes. Most studies have linked the introduction of solid foods
before the fourth month of infancy to the appearance of high BMI,
obesity, type 1 diabetes (in infants with genetic risk for Type 1
diabetes) and feeding difficulties. Consequently, the period
considered most dangerous for the appearance of the above is the
period before 4 months of age. The above findings also enhance the
beneficial presence of breastfeeding at the time of introduction of
solid foods. Indeed, the age of 6 months is the most appropriate
period for the introduction of complementary foods, while infants
who were exclusively breastfed had several advantages over infants
who were not exclusively breastfed in terms of the appearance of
health outcomes in childhood.

Strengths and Limitations

This study has some strengths and limitations. First, it is the most
recent systematic review of early introduction of solids and the long-
term effects on childhood in general. It is also a study, that includes
both breastfeeding and non-breastfeeding infants to draw
conclusions. However, a limitation of the study is that we used
general search terms, so we have no results for other possibly
specialized childhood outcomes. Also, no emphasis was placed on
the characteristics of the infant's history when reporting the findings,
e.g. race / nationality, country of origin, which could limit the
substantive interpretation of the findings.

5. Conclusions

Our findings suggest that the optimal practice mainly for
overweight, obesity, diabetes type 1, is in direct support of
international recommendations for 6 months as the most appropriate
age for solids introduction. Also, results may differ between
breastfed and formula-fed infants, giving an obvious advantage to
infants who exclusively breastfeed for up to 6 months and continue
breastfeeding later. However, late introduction of solids may have
the same effects as early. Therefore, health care professionals,
especially midwives and pediatricians, should emphasize the
international recommendations mainly in countries with low rates of
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exclusive breastfeeding and high rates of cesarean deliveries. In
order to prevent the childhood effects of premature food intake,
especially childhood obesity and diabetes type 1, health
professionals should emphasize the exclusivity and duration of
breastfeeding for at least the first 6 months of infant’s life according

to the

international recommendations. In addition, health

professionals need to focus on women who are less likely to follow
feeding recommendations or have problems accessing the health

system.

Funding

From the Special Account for Research Grants of the University of
West Attica.

Institutional Review Board Statement

Not applicable.

Informed Consent Statement

Not applicable.

Data Availability Statement

Not applicable

Conflicts of Interest

The authors declare no conflict of interest.

References

(1]

(2]

(3]
(4]

(5]

(6]

(7]

The Long-Term Public Health Benefits of Breastfeeding -
Colin Binns, MiKyung Lee, Wah Yun Low, 2016
[Internet]. [cited 2022 Mar 27]. Available from:
https://journals.sagepub.com/doi/abs/10.1177/101053951
5624964

Rollins NC, Bhandari N, Hajeebhoy N, Horton S, Lutter
CK, Martines JC, et al. Why invest, and what it will take
to improve breastfeeding practices? The Lancet [Internet].
2016 Jan 30 [cited 2022 Mar 27];387(10017):491-504.
Available from:
https://www.sciencedirect.com/science/article/pii/S01406
73615010442

Breastfeeding [Internet]. [cited 2022 Mar 27]. Available
from: https://www.who.int/health-topics/breastfeeding
Benefits of breastfeeding [Internet]. nhs.uk. 2020 [cited
2022 Mar 27]. Auvailable from:
https://www.nhs.uk/conditions/baby/breastfeeding-and-
bottle-feeding/breastfeeding/benefits/

Binns CW, Lee MK. Exclusive breastfeeding for six
months: The WHO six months recommendation in the
Asia Pacific Region. Asia Pacific Journal of Clinical
Nutrition [Internet]. [cited 2022 Mar 27];23(3):344-50.
Auvailable from:
https://search.informit.org/doi/abs/10.3316/INFORMIT.5
73532671933261

Yu C, Binns CW, Lee AH. The Early Introduction of
Complementary (Solid) Foods: A Prospective Cohort
Study of Infants in Chengdu, China. Nutrients [Internet].
2019 Apr 1 [cited 2022 Mar 27];11(4):760. Available
from:
https://www.ncbi.nIm.nih.gov/pmc/articles/PMC6521052
/

Chantry CJ, Howard CR, Auinger P. Full breastfeeding
duration and risk for iron deficiency in U.S. infants.
Breastfeed Med. 2007 Jun;2(2):63-73.

WWW.ijirms.in

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[18]

[16]

[17]

[18]

[19]

[20]

[21]

Mueller NT, Bakacs E, Combellick J, Grigoryan Z,
Dominguez-Bello MG. The infant microbiome
development: mom matters. Trends Mol Med [Internet].
2015 Feb [cited 2022 Mar 27];21(2):109-17. Available
from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4464665
/

Przyrembel H. Timing of introduction of complementary
food: short- and long-term health consequences. Ann Nutr
Metab. 2012;60 Suppl 2:8-20.

Oddy WH. Breastfeeding, Childhood Asthma, and
Allergic Disease. Ann Nutr Metab. 2017;70 Suppl 2:26—
36.

Salmenpera L, Perheentupa J, Siimes MA. Exclusively
Breast-Fed Healthy Infants Grow Slower than Reference
Infants. Pediatr Res [Internet]. 1985 Mar [cited 2022 Mar
271;19(3):307-12. Available from:
https://www.nature.com/articles/pr198574

Yang Z, Loénnerdal B, Adu-Afarwuah S, Brown KH,
Chaparro CM, Cohen RJ, et al. Prevalence and predictors
of iron deficiency in fully breastfed infants at 6 mo of age:
comparison of data from 6 studies. Am J Clin Nutr. 2009
Dec;89(5):1433-40.

Lozoff B, Jimenez E, Hagen J, Mollen E, Wolf AW.
Poorer behavioral and developmental outcome more than
10 years after treatment for iron deficiency in infancy.
Pediatrics. 2000 Apr;105(4):E51.

Krebs NF, Hambidge KM. Complementary feeding:
clinically relevant factors affecting timing and
composition. Am J Clin Nutr. 2007 Feb;85(2):639S-645S.
DAVIS CM. SELF SELECTION OF DIET BY NEWLY
WEANED INFANTS: AN EXPERIMENTAL STUDY.
American Journal of Diseases of Children [Internet]. 1928
Oct 1 [cited 2022 Mar 27];36(4):651-79. Available from:
https://doi.org/10.1001/archpedi.1928.01920280002001
Imdad A, Yakoob MY, Bhutta ZA. Impact of maternal
education about complementary feeding and provision of
complementary foods on child growth in developing
countries. BMC Public Health [Internet]. 2011 Apr 13
[cited 2022 Mar 27];11(3):S25. Available from:
https://doi.org/10.1186/1471-2458-11-S3-S25
O’Sullivan A, Farver M, Smilowitz JT. The Influence of
Early Infant-Feeding Practices on the Intestinal
Microbiome and Body Composition in Infants. Nutr
Metab Insights [Internet]. 2015 Dec 16 [cited 2022 Mar
271;8(Suppl 1):1-9. Available from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4686345
/

Cohen RJ, Brown KH, Canahuati J, Rivera LL, Dewey
KG. Effects of age of introduction of complementary
foods on infant breast milk intake, total energy intake, and
growth: a randomised intervention study in Honduras.
Lancet. 1994 Jul 30;344(8918):288-93.

Smith HA, Becker GE. Early additional food and fluids
for healthy breastfed full-term infants. Cochrane Database
Syst Rev. 2016 Aug 30;(8):CD006462.

Organization (WHO) WH. The World Health
Organization’s infant-feeding recommendation. WHO
Weekly Epidemiological Record [Internet]. 1995 [cited
2022 Mar 28]; 17:117-220. Available from:
https://ci.nii.ac.jp/naid/10011831196/

Prescott SL, Smith P, Tang M, Palmer DJ, Sinn J, Huntley
SJ, et al. The importance of early complementary feeding
in the development of oral tolerance: Concerns and
controversies. Pediatric  Allergy and Immunology
[Internet]. 2008 [cited 2022 Mar 28];19(5):375-80.
Auvailable from:

783


http://www.ijirms.in/

International Journal of Innovative Research in Medical Science (IJIRMS)

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1399-
3038.2008.00718.x

Kramer MS, Kakuma R. Optimal duration of exclusive
breastfeeding. Cochrane Database of Systematic Reviews
[Internet]. 2012 [cited 2022 Mar 28];(8). Available from:
https://www.cochranelibrary.com/cdsr/doi/10.1002/1465
1858.CD003517.pub2/abstract

Section on Breastfeeding. Breastfeeding and the use of
human milk. Pediatrics. 2012 Mar;129(3):e827-841.
Infant and young child feeding [Internet]. [cited 2022 Apr
9]. Available from: https://www.who.int/news-room/fact-
sheets/detail/infant-and-young-child-feeding
Complementary feeding [Internet]. [cited 2022 Apr 9].
Available from: https://www.who.int/health-
topics/complementary-feeding

CDC. When, What, and How to Introduce Solid Foods
[Internet]. Centers for Disease Control and Prevention.
2021 [cited 2022 Apr 9]. Available from:
https://www.cdc.gov/nutrition/infantandtoddlernutrition/f
oods-and-drinks/when-to-introduce-solid-foods.html
Agostoni C, Decsi T, Fewtrell M, Goulet O, Kolacek S,
Koletzko B, et al. Complementary feeding: a commentary
by the ESPGHAN Committee on Nutrition. J Pediatr
Gastroenterol Nutr. 2008 Jan;46(1):99-110.

Child obesity: Early behavioural, familial and
psychosocial predictors | Encyclopedia on Early
Childhood Development [Internet]. [cited 2022 Jun 5].
Available from: https://www.child-
encyclopedia.com/child-obesity/according-experts/early-
behavioural-familial-and-psychosocial-predictors-
overweight

Baker JL, Michaelsen KF, Rasmussen KM, Sgrensen TIA.
Maternal prepregnant body mass index, duration of
breastfeeding, and timing of complementary food
introduction are associated with infant weight gain. Am J
Clin Nutr. 2004 Dec;80(6):1579-88.

Savilahti E, Saarinen KM. Early infant feeding and type 1
diabetes. Eur J Nutr. 2009 Jun;48(4):243-9.

Ziegler AG, Schmid S, Huber D, Hummel M, Bonifacio
E. Early Infant Feeding and Risk of Developing Type 1
Diabetes—Associated Autoantibodies. JAMA [Internet].
2003 Oct 1 [cited 2022 Jun 5];290(13):1721-8. Available
from: https://doi.org/10.1001/jama.290.13.1721

Virtanen SM, Takkinen HM, Nevalainen J, Kronberg-
Kippila C, Salmenhaara M, Uusitalo L, et al. Early
introduction of root vegetables in infancy associated with
advanced R-cell autoimmunity in young children with
human leukocyte antigen-conferred susceptibility to Type
1 diabetes. Diabetic Medicine [Internet]. 2011 [cited 2022
Apr 18];28(8):965-71. Available from:
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1464-
5491.2011.03294.x

Childhood Overweight & Obesity | Overweight & Obesity
| CDC [Internet]. 2022 [cited 2022 Jun 25]. Available
from: https://www.cdc.gov/obesity/childhood/index.html
Northstone K, Emmett P, Nethersole F, ALSPAC Study
Team. Avon Longitudinal Study of Pregnancy and
Childhood. The effect of age of introduction to lumpy
solids on foods eaten and reported feeding difficulties at 6
and 15 months. J Hum Nutr Diet. 2001 Feb;14(1):43-54.
Kuo AA, Inkelas M, Slusser WM, Maidenberg M, Halfon
N. Introduction of Solid Food to Young Infants. Matern
Child Health J [Internet]. 2011 Nov 1 [cited 2022 Jun
6];15(8):1185-94. Available from:
https://doi.org/10.1007/s10995-010-0669-5

Page MJ, McKenzie JE, Bossuyt PM, Boutron I,
Hoffmann TC, Mulrow CD, et al. The PRISMA 2020

WWW.ijirms.in

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

statement: an updated guideline for reporting systematic
reviews. BMJ [Internet]. 2021 Mar 29 [cited 2022 May
22];372:n71. Auvailable from:
https://www.bmj.com/content/372/bmj.n71

Page MJ, Moher D, Bossuyt PM, Boutron I, Hoffmann
TC, Mulrow CD, et al. PRISMA 2020 explanation and
elaboration: updated guidance and exemplars for reporting
systematic reviews. BMJ [Internet]. 2021 Mar 29 [cited
2022 May 22];n160. Available from:
https://www.bmj.com/lookup/doi/10.1136/bmj.n160
Cole TJ, Bellizzi MC, Flegal KM, Dietz WH. Establishing
a standard definition for child overweight and obesity
worldwide: international survey. BMJ. 2000 Dec
6;320(7244):1240-3.

Huh SY, Rifas-Shiman SL, Taveras EM, Oken E, Gillman
MW. Timing of Solid Food Introduction and Risk of
Obesity in Preschool-Aged Children. Pediatrics [Internet].
2011 Mar [cited 2022 Apr 18];127(3):e544-51. Available
from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3065143
/

Zhou L, He G, Zhang J, Xie R, Walker M, Wen SW. Risk
factors of obesity in preschool children in an urban area in
China. Eur J Pediatr [Internet]. 2011 Nov 1 [cited 2022
Apr 18];170(11):1401-6. Auvailable from:
https://doi.org/10.1007/s00431-011-1416-7

Joseph CL, Ownby DR, Havstad SL, Woodcroft KJ,
Wegienka G, MacKechnie H, et al. Early complementary
feeding and risk of food sensitization in a birth cohort. J
Allergy Clin Immunol [Internet]. 2011 May [cited 2022
Apr 19];127(5):1203-10.€5. Auvailable from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3632345
/

Frederiksen B, Kroehl M, Lamb MM, Seifert J, Barriga K,
Eisenbarth GS, et al. Infant Exposures and Development
of Type 1 Diabetes Mellitus. JAMA Pediatr [Internet].
2013 Sep [cited 2022 Apr 18];167(9):808-15. Available
from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4038357
/

Gishti O, Gaillard R, Durmus B, Hofman A, Duijts L,
Franco OH, et al. Infant diet and metabolic outcomes in
school-age children. The Generation R Study. Eur J Clin
Nutr [Internet]. 2014 Sep [cited 2022 Apr 18];68(9):1008—
15. Available from:
https://www.nature.com/articles/ejcn201481

Frederiksen BN, Seifert J, Kroehl M, Lamb MM, Milne
GL, Rewers M, et al. Timing of solid food introduction is
associated with urinary F2-isoprostane concentrations in
childhood. Pediatr Res [Internet]. 2015 Oct [cited 2022
Apr 18];78(4):451-6. Available from:
http://www.nature.com/articles/pr2015116

Sun C, Foskey RJ, Allen KJ, Dharmage SC, Koplin JJ,
Ponsonby AL, et al. The Impact of Timing of Introduction
of Solids on Infant Body Mass Index. The Journal of
Pediatrics [Internet]. 2016 Dec 1 [cited 2022 Apr 19];
179:104-110.e1. Available from:
https://www.jpeds.com/article/s0022-3476(16)30847-
2/fulltext

Hollis JL, Crozier SR, Inskip HM, Cooper C, Godfrey
KM, Robinson SM, et al. Age at introduction of solid
foods and feeding difficulties in childhood: findings from
the Southampton Women’s Survey. British Journal of
Nutrition [Internet]. 2016 Aug [cited 2022 Apr
19];116(4):743-50. Auvailable from:
https://www.cambridge.org/core/journals/british-journal-
of-nutrition/article/age-at-introduction-of-solid-foods-

784


http://www.ijirms.in/

International Journal of Innovative Research in Medical Science (IJIRMS)

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

and-feeding-difficulties-in-childhood-findings-from-the-
southampton-womens-
survey/33EOECE98D875197C3662740189F852C
Timing of solid food introduction and association with
later childhood overweight and obesity: The IDEFICS
study. [cited 2022 Apr 19]; Available from:
https://onlinelibrary.wiley.com/doi/10.1111/mcn.12471
Pluymen LPM, Wijga AH, Gehring U, Koppelman GH,
Smit HA, van Rossem L. Early introduction of
complementary foods and childhood overweight in
breastfed and formula-fed infants in the Netherlands: the
PIAMA birth cohort study. Eur J Nutr [Internet]. 2018
Aug 1 [cited 2022 Mar 27];57(5):1985-93. Auvailable
from: https://doi.org/10.1007/s00394-018-1639-8
Schneider BC, Gatica-Dominguez G, Assungdo MCF,
Matijasevich A, Barros AJD, Santos IS, et al. Introduction
to complementary feeding in the first year of life and risk
of overweight at 24 months of age: changes from 2004 to
2015 Pelotas (Brazil) Birth Cohorts. British Journal of
Nutrition [Internet]. 2020 Sep [cited 2022 Apr
19];124(6):620-30. Auvailable from:
https://www.cambridge.org/core/journals/british-journal-
of-nutrition/article/introduction-to-complementary-
feeding-in-the-first-year-of-life-and-risk-of-overweight-
at-24-months-of-age-changes-from-2004-to-2015-
pelotas-brazil-birth-
cohorts/46E2A1D164498E1EE0C2C17A2D0D0A01
Chiang KV. Timing of Introduction of Complementary
Foods — United States, 2016-2018. MMWR Morb
Mortal WKkly Rep [Internet]. 2020 [cited 2022 Apr 25];69.
Available from:
https://www.cdc.gov/mmwr/volumes/69/wr/mm6947a4.h
tm

Feeding your baby: When to start with solid foods
[Internet]. [cited 2022 Apr 25]. Available from:
https://www.unicef.org/parenting/food-nutrition/feeding-
your-baby-when-to-start-solid-foods

Mihrshahi S, Battistutta D, Magarey A, Daniels LA.
Determinants of rapid weight gain during infancy:
baseline results from the NOURISH randomised
controlled trial. BMC Pediatr. 2011 Nov 7;11:99.

Bonuck KA, Huang V, Fletcher J. Inappropriate bottle
use: an early risk for overweight? Literature review and
pilot data for a bottle-weaning trial. Matern Child Nutr
[Internet]. 2009 Apr 27 [cited 2022 Apr 25];6(1):38-52.
Available from:
https://www.ncbi.nIm.nih.gov/pmc/articles/PMC6860766
/

Baran J, Weres A, Czenczek-Lewandowska E, Leszczak
J, Kalandyk-Osinko K, Mazur A. Relationship between
Children’s Birth Weight and Birth Length and a Risk of
Overweight and Obesity in 4-15-Year-Old Children.

WWW.ijirms.in

Medicina (Kaunas) [Internet]. 2019 Aug 15 [cited 2022

Apr 25];55(8):487. Available from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6722569
/

[55] Liu J, Rosenberg KD, Sandoval AP. Breastfeeding
Duration and Perinatal Cigarette Smoking in a Population-
Based Cohort. Am J Public Health [Internet]. 2006 Feb
[cited 2022 Apr 25];96(2):309-14. Available from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1470493
/

[56] Barriers to breastfeeding for younger mothers [Internet].
La Leche League GB. 2016 [cited 2022 Apr 25]. Available
from: https://www.laleche.org.uk/barriers-to-
breastfeeding-for-younger-mothers/

[57] Chen C, Yan Y, Gao X, Xiang S, He Q, Zeng G, et al.
Influences of Cesarean Delivery on Breastfeeding
Practices and Duration: A Prospective Cohort Study. J
Hum Lact. 2018 Aug;34(3):526-34.

[58] Nuzzi G, Di Cicco ME, Peroni DG. Breastfeeding and
Allergic Diseases: What’s New? Children (Basel)
[Internet]. 2021 Apr 24 [cited 2022 Apr 26];8(5):330.

Auvailable from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8145659
/

[59] Pearce J, Taylor MA, Langley-Evans SC. Timing of the
introduction of complementary feeding and risk of
childhood obesity: a systematic review. Int J Obes (Lond).
2013 Oct;37(10):1295-306.

Open Access This article is licensed under a
[ Creative Commons Attribution 4.0 International
License, which permits use, sharing, adaptation, distribution and
reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a
link to the Creative Commons license, and indicate if changes were
made. The images or other third-party material in this article are
included in the article’s Creative Commons license, unless indicated
otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons license and your intended use is
not permitted by statutory regulation or exceeds the permitted use,
you will need to obtain permission directly from the copyright
holder. To view a copy of this license, visit
https://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2022

785


http://www.ijirms.in/
https://creativecommons.org/licenses/by/4.0/

