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Abstract

:

Introduction: Breastfeeding plays a fundamental role in newborns’ and infants’ health. Breast milk’s protective power against malnutrition and its positive effect on neurological and physical development are well established and are reflected in the policy statements of all major pediatric health entities. However, breastfeeding also plays an important role in the prevention of so-called non-communicable diseases, such as obesity, hypertension, dyslipidemia, and autoimmune diseases. Methods: This narrative review aims to analyze the effect of breastfeeding and breast milk on the development of non-communicable diseases, with a special focus on weight excess, dyslipidemia, allergy, and gastrointestinal diseases. This narrative review was carried out through three steps: executing the search, examining abstracts and full texts, and analyzing results. To achieve this, the databases PubMed, EMBASE, Scopus, ScienceDirect, Web of Science, and Google Scholar were explored to collect and select publications from 1990 to 2024 to find pertinent studies in line with this review’s development. The search included randomized placebo-controlled trials, controlled clinical trials, double-blind, randomized controlled studies, and systematic reviews. A total of 104 manuscripts were ultimately included in the analysis. Results: Breastfeeding is associated with a decreased vulnerability to early viral infections or chronic inflammatory conditions during preschool years, a reduced incidence of weight excess, and likely lower cholesterol concentration, besides having a small protective effect against systolic blood hypertension. Conclusions: Pediatricians must promote breastfeeding, support the mother–infant dyad, and consider breast milk as a real “health voucher” that can last lifelong. However, further studies are needed to better define the extent and duration of breastfeeding’s protective power in this context.
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1. Introduction


Breastfeeding (BF) is pivotal in newborns’ and infants’ health. Breast milk’s (BM) protective power against malnutrition and its positive effect on neurological and physical development are well established and are reflected in the policy statements of all major pediatric health entities [1,2,3,4]. BM is a complex, ever-changing “biological system”, having protean purposes: to introduce neonates to enteral feeding and nourish them exclusively up to, ideally, the sixth month of life; to supply the neonate with readily-available immunologically active substances (over 250 different molecules, including cytokines, chemokines, immunoglobulins, cells, proteins, miRNAs, growth factors, and others [4,5]), along with their immature immune system development [6]; and to transfer the mother’s resident cutaneous bacterial population to the child, building the base for a healthy gut and skin microbiome [5].



The Developmental Origin of Health and Disease theory, sometimes called the “Barker hypothesis,” states that the relationship between genes and the environment causes lifestyle-related diseases to start at conception and progress through the embryonic, fetal, and neonatal stages. Any insult, either positive or negative, may have lifelong effects during the so-called “first thousand days” from conception [7]. Barker found that low birth weight and malnutrition in the early years of life are associated with the occurrence of ischemic heart disease in adulthood [8]. To survive environmental assaults brought on by inadequate nourishment, Barker’s hypothesis states that during pregnancy and the early postnatal period, an individual is programmed towards nutritional thrift [8]. This narrative review aims to analyze the effect of BF and BM on the development of non-communicable diseases, with a special focus on weight excess, dyslipidemia, allergy, and gastrointestinal diseases. We have decided to focus on these diseases as their incidence is constantly increasing in the pediatric population and their impact on developmental age is very important. To our knowledge, our narrative review is the first to specifically focus on the relationship between breastfeeding and targeted non-communicable diseases, such as weight excess and autoimmune diseases. BF offers mothers, children, and society immediate and long-term health, besides economic and environmental benefits. Political backing and monetary investment are required to safeguard, encourage, and support breastfeeding to realize these benefits [9].




2. Methods


This narrative review was carried out through three steps: executing the search, examining abstracts and full texts, and analyzing results. To achieve this, the databases PubMed, EMBASE, Scopus, ScienceDirect, Web of Science, and Google Scholar were explored to collect and select publications from 1990 to 2024 to find pertinent studies in line with this review’s development. The last search was carried out in December 2024. The search included randomized placebo-controlled trials, controlled clinical trials, double-blind, randomized controlled studies, and systematic reviews. The following combinations of keywords were used: “breastfeeding” OR “breast milk” OR “ human milk” AND “non-communicable diseases” OR “allergy” or “ autoimmune diseases” OR “cardiovascular disease” OR “dyslipidemia” OR “blood hypertension” OR “ type 2 diabetes mellitus” OR “ celiac disease” OR “overweight” OR “obesity” OR “weight excess” OR “microbiota”. We also performed a manual search of the reference lists of the selected studies. The search was limited to English-language journals and full papers only. Once the thorough search was conducted, the abstracts were reviewed to confirm that they pertain to the subject of interest. All copies were eliminated, and the abstracts of the leftover articles were evaluated to confirm that they meet the review inclusion criteria. As a result, the relevant studies concentrating on breastfeeding and its relationship with non-communicable disease were compiled and analyzed to create an integrated narrative review.




3. Breastfeeding (BF) and Allergy


Allergic diseases are prevalent in childhood and significantly affect morbidity and diminish quality of life [10]. In recent years, there has been a notable rise in the occurrence of conditions such as asthma, eczema, and allergic rhinitis [11]. Currently, more than 300 million individuals worldwide are impacted by asthma. Allergic rhinitis reportedly affects 10–30% of the global population. Both eczema and food allergies represent significant public health concerns, greatly influencing health-related quality of life [10]. The complexity and intensity of allergic diseases continue to escalate, particularly among children and adolescents, who experience the greatest impact from these conditions [12].



BF is believed to have a protective effect on allergic diseases’ development, though this topic is still debated. It is crucial for the optimal immune system development of infants, providing bioactive components and promoting the healthy establishment of the microbiome. Also, BM is the ideal food for babies, both for its immunomodulatory properties and its ability to protect against early infections. Since early infections are a significant risk factor for developing asthma and allergic diseases, the protective effects of BF may help shield against these conditions [10].



The intricate relationships among breastfeeding, the immune system of infants, and later allergic conditions are complicated and not completely comprehended. Numerous studies have investigated BF’s role in allergic disease development, yielding inconsistent results [13]. These discrepancies may be partly due to differences in methodological quality and study design. However, it is also likely that the true association depends on a combination of factors that are inconsistently evaluated across studies. These factors include the duration of BF, the timing of solid food introduction, population characteristics, cultural practices, and geographic regions [13,14].



3.1. Breastfeeding (BF) and Asthma


Asthma is a long-term condition characterized by recurring episodes of wheezing, coughing, and shortness of breath. These symptoms arise from increased airway sensitivity and inflammation of the airways. It is one of the more frequently reported chronic diseases of the respiratory tract [15]: the 2018 Global Asthma Report assumed that 339 million subjects suffer from asthma worldwide, and this figure is steadily increasing, especially among children. The development of asthma is influenced by multiple factors, including genetic predisposition and environmental factors such as early respiratory infections, antibiotic use, and exposure to smoking. Despite numerous studies on this topic, the relationship between BF and asthma remains challenging to clarify. This challenge is due to multiple factors, including recall bias regarding breastfeeding exposure, inconsistent management of confounding variables in statistical analyses, differing diagnostic definitions, and an overall scarcity of randomized controlled trials and robust cohort studies.



Some studies suggested that either any duration of BF or extended BF has a protective effect against asthma [16]. On the other hand, other studies showed no statistically significant association between BF and asthma [17].



It is recognized that bioactive substances in breast milk play a vital role in the development of newborns, and there are biologically feasible pathways through breastfeeding that may affect the development of asthma. A greater concentration of TGF-β1 has been linked to a reduced likelihood of wheezing by the age of one. The incidence of wheezing was found to decrease as TGF-β1 levels increased, which were derived from longer breastfeeding duration and higher concentrations of TGF-β1 in breast milk, in contrast to shorter breastfeeding duration and lower concentrations of TGF-β1 in breast milk. This relationship continues to hold significance even after accounting for factors such as sex, gestational age, maternal smoking, the presence of other children, maternal education, and maternal asthma. Given that wheezing is a risk factor for childhood asthma, this relationship is particularly significant [10].



However, BF duration does not seem to be linked to the development of lung function. In a prospective cohort study by Gorlanova et al., predominantly healthy, unselected children were monitored from birth to school age. At 6 years of age, their lung function was assessed using spirometry and body plethysmography. The research indicated that breastfeeding duration did not have a notable effect on lung function measures, such as airway obstruction, end-expiratory volume, and total lung capacity. These results were stable even after removing children who were diagnosed with asthma during their preschool years. Therefore, in contrast to earlier studies focused on asthma cohorts, such as the ISAAC Phase II study, which highlighted that breastfeeding was associated with higher predicted forced expiratory volume in one second in affluent countries only [11], this research observed no influence of breastfeeding on lung function in mostly healthy children. Research on the effect of BF on lung function varies in terms of age groups, risk factors, duration, and BF categories. Nonetheless, there is consistent evidence that BF does not positively affect lung function [18]. These findings reflected the ones in PROBIT studies, which similarly found no effect of BF on the development of lung function [19].



By integrating insights from these studies, we can hypothesize that the influence of BF on lung function development may be secondary, potentially mediated by a decreased vulnerability to early viral infections or chronic inflammatory conditions during preschool years, similar to those described in asthma [18].




3.2. Breastfeeding (BF) and Atopic Dermatitis and Allergic Rhinitis


There is limited-quality evidence suggesting that BF may be associated with a reduced risk of eczema within the first two years of life and a decreased risk of allergic rhinitis within the first five years [13].



Regarding eczema, this protective effect was observed in cohort studies only in children who had been exclusively breastfed for 3–4 months. After this age, the protective benefit of BF was no longer evident; in fact, there was limited evidence indicating a heightened risk. Subgroup analysis revealed that BF was linked to a higher risk of eczema in studies demonstrating poorer methodological design and extended recall periods of BF. These studies significantly impacted the combined estimates for eczema in individuals older than 2 years. BF seemed to provide enhanced protection against eczema in middle- and low-income nations, potentially because it guards against infections in early life, where viral rashes in infants could be mistaken for eczema. On the other hand, environmental elements could elevate the chances of eczema in affluent communities. Consequently, BF might only offer protection against the infantile eczema phenotype [13]. The PATCH Birth Cohort Study found that any form of BF, whether shorter or longer, exclusive or not, effectively reduces eczema up to the age of two years, unlike formula feeding [20].



Gorlanova et al. observed that a longer duration of BF was associated with a reduced risk of atopic dermatitis (AD) in girls: the risk of having atopic dermatitis was reduced by 4% for every week of BF duration [18].



A recent review suggests that human milk may protect against atopic dermatitis due to the presence of human milk oligosaccharides (HMOs), which support the infant gut microbiome and have immunomodulatory effects. The review highlights the diversity of HMOs, microbes, and metabolites among exclusively breastfed infants and states that specific microbial genes and products may be essential for this protective effect [21]. HMOs shape the infant’s gut microbiota and have immunomodulatory effects, which may protect from atopic dermatitis. The ability to metabolize specific HMOs may explain why human milk protects some infants from atopic dermatitis but not others. Human milk also contains immunoglobulins (Igs), such as secretory IgA and IgG, enzymes, and other protective factors, with variability in these components potentially influencing the development of atopy. Understanding these factors and the infant gut’s metabolic signatures is fundamental to understanding AD/eczema development. Further research is needed to elucidate the diversity of bacterial metabolism and bacterial metabolites involved in protection against AD/eczema in human infants [21,22].



Moreover, the protection of BF against allergic rhinitis in early childhood might also stem from the challenge of distinguishing between allergic rhinitis and viral rhinovirus infections in infants. The lower risk linked to BF in younger age cohorts might be due to BM-driven viral defense instead of protection against allergic rhinitis [13].




3.3. Breastfeeding (BF) and Food Allergies


BM has active immune components, including cytokines, inflammatory agents, signaling substances, and soluble receptors that could lower the likelihood of allergic conditions. The American Academy of Pediatrics indicates that the connection between the duration of breastfeeding and the occurrence of food allergies in early childhood remains uncertain [23].



BF appears to protect against several common childhood allergic diseases, but not against food allergies. This discrepancy may be attributed to several factors, including the limited number of studies on food allergies and potential inaccuracies in measuring outcomes. Furthermore, the delayed onset of the food allergy epidemic and changes in BF guidelines over time could have obscured any potential link between BF and food allergies in recent research [13]. Grimshaw et al. distinguished between IgE-mediated and non-IgE-mediated food allergies, finding that an earlier introduction of complementary feeding (CF) was significantly associated with non-IgE-mediated, but not with IgE-mediated food allergies, by the age of 2 years [24]. Venter et al. noticed that early (before 16 weeks) compared to late (after 16 weeks) CF introduction was associated with a significantly reduced risk of food allergies at both 1 and 3 years of age [25,26].



These two large birth cohort studies suggested that the early introduction of solid foods either has no impact on the development of food allergies or might have a negative effect. However, these studies encompassed both IgE-mediated and non-IgE-mediated food allergies, with a relatively small number of infants having IgE-mediated food allergies [24,25].



Lachover-Roth et al. noted that infants who were breastfed exhibited notably elevated rates of IgE-mediated food allergies in their first year, possibly as a result of substances consumed by the mother that were transferred into the BM. Ultimately, although the function of BM in the emergence of food allergies is not well understood, it is clearly recognized that the introduction of solid foods is an essential time for infant growth. Current guidelines recommend starting solid food introduction between 4 and 6 months while continuing BF. The introduction of potentially allergenic foods, such as peanuts and eggs, while the infant is breastfed may help reduce the risk of allergies. Delaying the introduction of these foods beyond six months does not appear to lower allergy risk [27].



In conclusion, despite the ongoing debate in the literature and the inability to definitively demonstrate a protective effect of BF against the development of allergic diseases, it remains advisable to promote exclusive BF for the first six months of life. This recommendation is based on the well-documented and widely acknowledged nutritional and immunological benefits provided by BM [28]; indeed, BM’s protective effect against asthma, eczema, and allergic rhinitis seems strongest in early life, possibly due to protection from viral diseases, misdiagnosis, or effects on specific phenotypes [13]. BF’s preventive effects appear to diminish with age, especially in children with a family history of allergies. The GINIplus data support BF for allergy prevention due to its beneficial effects in early life. Future studies are needed to confirm potential long-term protection against allergic diseases in children with a low family risk of allergies [29].



Further studies are needed to shed light on this topic, aiming to clearly define factors such as the definition of “exclusive BF”, the duration of such BF, the timing of introducing solid foods, the characteristics of the analyzed population, and the definitions of the diagnosis itself to minimize biases as much as possible.





4. Breastfeeding (BF) and Autoimmune Diseases


BM can help transfer the mother’s resident cutaneous bacterial population to the child, building the base for a healthy gut and skin microbiome [5]; therefore, it might have an impact on the development of autoimmune diseases. The effects of BF on the development of autoimmune diseases have been studied to different extents with varying success rates.



4.1. Breastfeeding (BF) and Type 1 Diabetes Mellitus


Many studies have been conducted in the past decade to investigate the association between BF and type 1 diabetes mellitus (T1DM). A meta-analysis conducted in 2012 by Cardwell et al. analyzed data from 43 observational studies involving 9874 subjects, finding a significant reduction in T1DM incidence in children exclusively breastfed for at least 2 weeks, compared with those breastfed for less than 2 weeks (0,86 O.R.; 95% CI 0.75–0.99; p = 0.04), only in selected studies with low heterogeneity (I2 = 0%; heterogeneity; p = 0.44), but no significant protective effect in longer durations of exclusive BF or any duration of nonexclusive BF was found. The authors remarked that it was not possible to discern more precisely which duration of exclusive BF, beyond 2 weeks, maintained a protective effect [30]. Güngör et al. investigated the correlation between ever vs. never BF, the duration of any BF, and the duration of exclusive BF, and T1DM incidence. The results showed limited evidence of an association between never being fed BM and T1DM, moderate evidence that a shorter duration of any BM feeding is associated with the incidence of T1DM, and limited evidence that a shorter duration of exclusive BM feeding is associated with a higher incidence of T1DM [31]. Lund-Blix et al. conducted a study on 155,392 Scandinavian children, following them from birth and administering questionnaires to their parents at 6 and 18 months of life: the data from this cohort study showed that never-breastfed vs. ever-breastfed children had a two-fold higher risk of developing T1DM. Interestingly, no difference between exclusive and any BF, or shorter and longer duration of BF, was found with regard to the incidence of T1DM [32,33].



Lund-Blix et al. screened 50,000 Scandinavian neonates for high-risk HLA genotypes, finding 908 neonates with a genetic predisposition for T1DM (of which 726 completed the entire follow-up), and followed up by taking blood samples and administering questionnaires at 3, 6, 9, and 12 months of age and then annually. The authors found that BF for 12 months or longer was associated with a lower incidence of T1DM and a lower percentage of progression from islet autoimmunity to T1DM, but no protective effect against the development of anti-islet immunity was detected [34]. As highlighted by the qualitative review conducted by Vieira Borba et al. and by many other studies, the available literature so far, is suggestive of a significant protective effect of BM and BF on T1DM, but, due to the nature of the issue, a lot of research is still needed to understand what duration and what exclusivity of BF are protective and in which populations. Large, prospective birth control studies are still ongoing and, hopefully, they will provide us with interesting information on this topic [5].




4.2. Breastfeeding (BF) and Other Autoimmune Diseases


In 2022, Holtz et al. conducted a meta-analysis of 15 studies and showed a significant protective effect of any BF vs. no BF against the development of multiple sclerosis (MS), and this correlation remained when stratifying subgroup analysis by study design and when restricting the analysis to low risk of bias studies [35]. Conradi et al. and Ragnedda et al. found an increased incidence of MS in children when BF duration was lower than 4 months [36,37]. On the contrary, the 2017 case-control study by Graves et al. analyzed various maternal and neonatal exposures (including BF) to MS incidence and found no correlation between MS incidence and BF [38].



The relationship between BF and the development of Juvenile Idiopathic Arthritis (JIA) is unclear: some studies found a protective effect of any or longer BF towards JIA development [39,40], whereas others found no association [41,42,43]. This discrepancy may be due to unaccounted-for confounding factors, heterogeneity in study populations and methods, or different statistical analyses. Moreover, larger prospective studies designed to control for possible confounders are needed to understand the true role of BF in the development of JIA.



Chen et al. conducted a meta-analysis to investigate the relationship between BF and Rheumatoid Arthritis (RA), and they found a statistically significant negative correlation between BF (1–12 months and >12 months) and the development of RA but no correlation between duration of BF and the reduction in RA incidence [44]. Alotiby et al. and Kindgren et al. examined the relationship between RA and BF; both studies showed that exclusive BF might have a protective effect against RA, as compared with exclusive formula feeding and mixed feeding [33]. In 1990, Fort et al. carried out a case-control retrospective questionnaire-based study to investigate the relationship between Hashimoto Thyroiditis (HT) and BF: they obtained a history of the feeding practices of 59 children with HT, 76 healthy siblings, and 54 healthy unrelated controls and found no difference in BF prevalence or duration in the three groups. However, this study found a much higher prevalence of early exposure to soy-based formula in the HT group compared with both healthy control groups [45]. As HT is one of the most common autoimmune diseases in the pediatric age, further research is needed to ascertain whether or not BF has any correlation with AT, also due to its potential clinical value [46].





5. Breastfeeding (BF) and Cardiovascular Diseases


Cardiovascular diseases (CVDs) continue to be the leading cause of death and illness in industrialized nations [47,48]. Numerous studies indicate that early atherosclerosis can be identified in childhood, and its development is influenced by various risk factors such as metabolic changes, hypertension, chronic inflammation, and possibly existing structural or functional heart disorders [49].



Inflammation can augment CVD risk through the so-called “dyslipidemic atherogenic triad” characterized by elevated triglycerides, low high-density lipoprotein (HDL) cholesterol plasma levels, and elevated low-density lipoprotein (LDL) cholesterol plasma levels [50].



Prevention is feasible and desirable starting from childhood to prevent risk factors (primordial prevention), to recognize and subsequently manage risk factors in childhood (primary prevention), and to mitigate the risk of further incidents in individuals who have already encountered coronary artery issues (secondary prevention) [50].



Primordial prevention with BF should start immediately after birth: indeed, early exposure to BM can have protective effects, thus reducing the development of CVDs in adulthood [51,52]. Antibodies, stem cells, hormones, HMOs, growth factors, and enzymes found in BM may promote the formation of cardiovascular tissue in the neonatal and infant phases [51]. Adiponectin and vascular endothelial growth factor (VEGF), which may be extremely important for the cardiovascular system, are also found in BM [51]. Adiponectin may cross the intestinal barrier and plays a variety of pleiotropic effects in controlling inflammatory and metabolic pathways [53], whereas VEGF is a major modulator of angiogenesis and vasculogenesis [4]. Furthermore, both cardiac and vascular cells are protected by adiponectin [54]. BM also contains lactoferrin, which is a component of the innate immune system that exerts antibacterial activity in infants. The greatest concentration of lactoferrin is present in colostrum, although it remains in breast milk during the entire lactation period. Lactoferrin also possesses anti-inflammatory qualities, and its receptors can be found in various tissues throughout the body, such as the heart and vascular system [55]. Various kinds of stem cells are also distinctly present in BM. Significantly, BM stem cells have demonstrated the ability to differentiate into various cell types, such as cardiomyocytes [56]. HMOs are taken in by infants and have significant functions in immune and inflammatory regulation [51]. According to the historical INTERHEART STUDY, cardiovascular disease can be influenced by numerous risk factors that are summarized in Figure 1 [57].



5.1. Weight Excess


The World Health Organization (WHO) defines obesity as “one of the most serious challenges of the 21st century” [49] and estimates that in 2022 overweight affected around 37 million children under the age of 5 globally, and that over 390 million children and adolescents aged 5–19 years were overweight worldwide. Infancy is an important stage of life to prevent overweight in childhood. Excess weight raises the likelihood of various non-communicable diseases, such as diabetes, cancer, and cardiovascular diseases. It has been proposed that BF might help to avoid the onset of overweight/obesity, not just during the early years of life but also in later years. In 2001, Gillman et al. conducted a survey of 8186 girls and 7155 boys, aged 9 to 14 years, discovering that those primarily fed breast milk during the initial 6 months of life had a reduced prevalence of overweight 9 to 14 years later, following the correction of variables indicating social, economic, and lifestyle characteristics, such as age, sex, sexual maturity, energy intake, television viewing time, physical activity, and mother’s body mass index [58]. Compared with subjects who had been predominantly fed infant formula, the estimated relative risk reduction was approximately 22% [58]. Horta et al. discovered 33 studies that discussed the impact of breastfeeding (BF) on the rates of overweight and/or obesity. They found that children with longer BF duration have a 10% lower prevalence of being overweight or obese [59]. However, socioeconomic status-related residual confounding provides an additional explanation for the results. This methodological issue should be taken into account when evaluating the evidence about the long-term effects of breastfeeding [59].



In conclusion, current evidence suggests that supporting BF holds promise in reducing the burden of obesity in this community, and the longer the duration of BF, the greater its preventive effectiveness.



BF’s protective role against weight excess development can act through various mechanisms, including the optimal nutrients provided by BM and its lower protein and higher fat content compared with formula milk [59], which in turn may predispose to increased early adiposity. Furthermore, BM contains the hormones adiponectin, ghrelin, and leptin, which may have a beneficial effect on the deposition of body fat [58,60,61,62]. Additionally, compared to baby formula-fed babies, breastfed babies might have greater control over how much milk they drink [63], which could help them better control their energy intake later in life. According to other research, BF might potentially have modulatory effects on the degree of expression of genes that predispose people to obesity [64,65]. Beneficial effects of breastfeeding in terms of weight excess prevention are summarize in Figure 2.




5.2. Blood Hypertension


In adult subjects, blood hypertension has a strong influence on the risk of coronary heart disease and stroke. It has been postulated that factors operating early in life (in utero, infancy, and childhood) may influence the value of blood pressure in adulthood [61], and that hypertension during childhood can have unhealthy consequences [62]. Naghettini et al. [62] evaluated 519 children aged 3 to 10 years, and they observed the protective effect of longer BF (>6 months) on the development of blood hypertension later in life. Data from 933 children at 2, 6, and 24 months were gathered by De Jonge et al. [63], who found no variations in blood pressure, fractional shortening, or heart architecture between breastfed and non-breastfed children. In a survey of 377 Japanese children aged seven, Hosaka et al. [61] highlighted that nursing had a preventive effect against childhood high blood pressure, even if exclusive breastfeeding may not be required to obtain the long-term blood pressure advantages. Järvisalo et al. [64] assessed cardiovascular risk variables and endothelial function in 1667 adults between the ages of 24 and 39. They discovered that adult males who were breastfed had better brachial endothelial function than those who were fed formula. In a cross-sectional study on health and lifestyle, Holmes et al. [65] looked at a group of schoolchildren between the ages of 12 and 15 who were followed into young adulthood until they were between the ages of 20 and 25. They found no significant differences in anthropometric measurements, blood pressure, or plasma lipid profiles between adults who were breastfed and those who were not. A cohort of 9377 subjects born within a week in England, Scotland, and Wales were periodically followed up from birth through adulthood by Rudnicka et al. [66] in 1958. Their findings demonstrated that there was no significant long-term protective effect of BF for more than a month on other CVD risk factors in adult life.



These findings are consistent with a small protective effect of BF against systolic blood pressure mostly in childhood, but residual confounding factors such as growth environment and socioeconomic and demographic characteristics cannot be ruled out [59].




5.3. Hypercholesterolemia


Dyslipidemia is considered an important modifiable risk factor for CVD. Nowadays, the prevalence of dyslipidemia in children and adolescents is epidemically increasing, and this emphasizes the importance of early intervention during childhood and adolescence to prevent the development of atherosclerotic CVD [67].



BM has a higher cholesterol content if compared with formula milk but, as demonstrated by Owen et al., higher intakes of cholesterol in the first months of life can help down-regulate hepatic hydroxy-methylglutaryl coenzyme A (HMG-CoA), thus reducing cholesterol synthesis: BF may have a long-term programming effect on blood cholesterol levels; therefore, adults who had been breastfed will have lower total cholesterol (TC) and low-density lipoprotein cholesterol (LDL-C) if compared with those who had been formula fed [59].



Previous research has indicated that feeding infants can influence long-term alterations in cholesterol metabolism [68], and initial BF (particularly when exclusive) may be associated with lower blood cholesterol concentrations later in life [68], even if other studies [59] show that the beneficial effect of BF on blood TC in adulthood is smaller than that estimated by earlier reviews [64,65,66,69].



A study conducted in 11.0 ± 0.5-year-old children shows a statistically significant association between triglyceride levels and breastfed patients, irrespective of the child’s BMI, socio-demographic, and lifestyle characteristics. This study did not find any difference between TC, LDL, and non-HDL levels among breastfed and formula-fed children. A positive association between HDL-C levels and BF was detected, even if this association was attenuated after adjustment for the child’s BMI [68]. Recently, Li et al. enrolled 12,110 Chinese children and adolescents aged 5–19 years and analyzed serum TC, LDL-C, and HDL-C levels. They found that in those children who had been breastfed for more than 12 months the TC, LDL-C, HDL-C, and TC/HDL-C ratio decreased by 6.225 (95% CI: −8.390, −4.059), 1.956 (95% CI: −3.709, −0.204), 1.273 (95% CI: −2.106, −0.440) mg/dL, and 0.072 (95% CI: −0.129, −0.015), respectively, compared with those who were not breastfed [70]. L.L. Hui et al. showed that exclusive BF in the first 3 months of life is related to lower serum TC and LDL-C levels in 17.5-year-old patients [71]. Similar results were obtained in preterm patients: the ratio of LDL to HDL cholesterol was significantly lower in adolescents who had been fed with banked BM compared with those who had received preterm formula (mean difference 14% lower) [72].



Li et al. looked into the conceivable mechanism behind the positive effects of BM. They found that the rate of cholesterol synthesis was inversely connected with the amount of cholesterol consumed through diet: BM has more cholesterol than formula milk (90–150 mg/L versus 0–4 mg/L) [70], which inhibits the production of endogenous cholesterol. Furthermore, BM contains a lot of bioactive substances that have antioxidative properties; additionally, the structure and composition of phospholipids in BM and formula milk are different, particularly in terms of molecules that are easier to absorb [70].




5.4. Glucose Metabolism


Over the past ten years, the amount of children impacted by type 2 diabetes mellitus (T2DM) has increased significantly. Findings from the National SEARCH for Diabetes in Youth study indicated that the prevalence of T2DM among individuals aged 10 to 19 years was 12.5 cases per 100,000 during 2011 and 2012, showing a yearly rise of 7.1% [73]. Limited evidence exists regarding the connection between BF and the occurrence of T2DM. A 2022 study linked BF to a reduction in ACAC-B gene expression, which provides protection against diabetes, along with an increase in PPAR-γ gene expression. No proof was discovered regarding BF’s impact on the expression levels of the BDNF, LXR-α, and PTEN genes among children who were ever breastfed compared to those who were never breastfed [74]. This condition might result from compounds present in BM that could induce epigenetic changes in infants in their early development [75]. A subset of 710 teenagers from Hong Kong’s “Children of 1997” birth cohort was examined at age 17: results revealed that teens who were breastfed during the first 3 months of life had reduced fasting insulin and HOMA IR (p-for-trend < 0.05), though not reduced fasting glucose [76].




5.5. Cardiac Morphology


There is evidence that there is a beneficial association between BM and cardiac morphology in adult life in subjects born prematurely [77]. Lewandowski et al. tracked 102 subjects from a group of 926 preterm infants who initially participated in a randomized controlled trial assessing postnatal milk-feeding strategies from 1982 to 1985, across five various centers in the UK. Out of these, 30 were assigned to exclusive breast milk and 16 to exclusive formula feeding. For the comparison group, they enlisted 102 healthy subjects who were born at term. They evaluated cardiac structure and function using MRI and found that preterm infants who were solely breastfed in infancy had higher left and right ventricular end-diastolic volume index (+9.73%, p = 0.04 and +18.2%, p < 0.001) and stroke volume index (+9.79%, p = 0.05 and +22.1%, p = 0.01) compared to preterm infants who were exclusively fed formula [78].



All the studies available to date support the WHO recommendations on BF. Nowadays, available studies show a strong association between the protective effect of BM and obesity. However, the correlation between BF and the development of dyslipidemia or alterations in glucose metabolism needs further investigation.



Further studies are needed, especially to evaluate the effectiveness of BF in adulthood. Moreover, there is a need for prospective studies focusing on the type and duration of BF, as in most studies conducted to date, these data were collected retrospectively, thus providing limited information.



Another limitation in the various studies is that the lifestyle of the patients in the post-BF period is seldom taken into account, so further research would be needed to adjust the results obtained to the type of diet and physical activity of the patients. Further future studies should also investigate the difference in the long-term effectiveness of BF on metabolism, depending on the mode of human milk delivery.





6. Breastfeeding and Microbiota


In addition to supplying essential nutrients for healthy growth, BM also provides commensal bacteria that further enhance the infant’s health [79]. The bacterial communities present in BM significantly impact infants’ health and development, contributing to the establishment of the gut microbiota in the early years of life, with positive effects that last throughout adulthood.



An adult microbiome that is comparatively stable is established by early microbial colonization of the infant’s gut. The earliest days and weeks of life have a significant impact on how the immune system, gastrointestinal tract, and adult microbiome develop. Conditions like obesity, food allergies, and inflammatory bowel diseases can be influenced by early environmental exposures to the microbiome [80].



While BM was once considered a sterile fluid and the microbes found in it were viewed as contaminants, it is now recognized that BM harbors a unique microbiome. The characteristics of this microbiome can be influenced by various factors such as the mother’s diet, age, metabolic state, genetics, and family lifestyle, although quantifying the contribution of each is complex [79].



Therefore, the development and maturation of the intestinal microbiota are dynamic and non-random processes characterized by both positive and negative interactions among major microbial taxa. These processes are influenced by various perinatal conditions such as mode of delivery, feeding type, and antibiotic use [81].



Numerous studies indicate that the composition of the infant gut microbiome is crucial for immune system development, especially in the first three months of life. Research has shown that early gut “dysbiosis” may be associated with immune dysregulation, both acute and chronic, leading to common conditions like allergies, asthma, diabetes, obesity, irritable bowel syndrome, and Crohn’s disease, in both childhood and adulthood [82].



The development of the intestinal tract, immune system programming, and related metabolism all depend on microbial colonization of the human gut. The microbiota and the host must communicate constantly in order to coordinate these physiological processes. Long-term physiological effects and health issues can result from gut “dysbiosis” that interferes with this conversation [79].



Through direct exposure to BM microbiota and indirect exposure to BM-derived factors and bioactive compounds that support bacterial growth and metabolism, BF affects the development of neonatal gut microbiota [79]. According to recent research, BM influences the child’s immune development in addition to offering passive protection by transferring a variety of immunological and microbiological factors from the mother. These early imprinting experiences have long-lasting consequences in adulthood and are essential for immunological and metabolic homeostasis [83].



Despite infant formula milk being designed to closely resemble human milk, the intestinal microbiome of formula-fed infants significantly differs from that of breastfed infants [84].



Numerous factors, including maternal diet, genetics, health status, delivery method, and demographic or environmental differences, can be responsible for variations in BM microbiota [85,86]. Numerous investigations have looked into how these factors affect BM microbiota. In their study of the impact of gestational age, delivery method, and lactation phase on BM microbiota, Khodayar-Pardo et al. discovered that, in comparison to vaginal delivery, cesarean section delivery was linked to higher total bacterial concentrations early in lactation, with significantly higher levels of Streptococcus spp. and lower levels of Bifidobacterium spp. Similar to this, Hermansson et al. found that the mode of delivery and intrapartum antibiotic exposure significantly altered the microbial composition of milk [79].



The intestinal flora of breastfed infants is typically dominated by Bifidobacterium and Lactobacillus species, whereas formula-fed infants exhibit a more diverse intestinal microbiota, with a higher presence of Escherichia coli, Clostridium, and Bacteroides [87].



Bifidobacteria typically dominate the intestinal microbial community in 3–4-month-old infants. These bacteria are likely enriched in the guts of breastfed infants due to the variety of oligosaccharides present in BM, which also serves as a source of live Bifidobacteria. Breastfed infants have been shown to host a more complex and abundant Bifidobacterium microbiota compared with formula-fed infants [81]. Bifidobacteria, as a dominant group, contribute to producing metabolites that allow other bacterial populations to permanently colonize the intestine later on [81].



Variations in the Bifidobacteria population among infants have led to comparisons on the status of the immune system between those with an abundance of these bacteria and those failing to expand. Lack of Bifidobacteria has been associated with increased neutrophils, basophils, plasmablasts, and memory CD8+ T cells, indicating immune activation both in innate and adaptive processes. In contrast, infants with abundant intestinal Bifidobacteria showed higher frequencies of non-classical monocytes, often considered anti-inflammatory, and regulatory T cells expressing CD39 receptor, a highly suppressive Treg subgroup [88,89].



Additionally, plasma proteins differed between these groups: infants lacking Bifidobacteria had elevated levels of TNF-α and IL-17A, key mediators of intestinal inflammation, as well as Th2 cytokines IL-13 and IL-1α, acting as danger signals released by necrotic cells and synergizing with TNF-α in a variety of cells. Conversely, infants with abundant Bifidobacteria showed higher levels of Treg-associated cytokines such as IL-27 and IL-10 and endogenous inhibitors of IL-1, which likely regulates innate IL-1β-mediated responses. Surprisingly, IL-6 was increased in infants with abundant Bifidobacteria [82].



Specifically, metabolites produced by Bifidobacterium have been demonstrated to influence pathogen-induced inflammation via the aryl hydrocarbon receptor (AhR) and NRF-2 pathways [90]. Research shows that the genes for HMO utilization expressed by Bifidobacteria and other helpful microbes in breastfed infants are linked to lower systemic inflammation and reduced Th2 and Th17-type responses [82]. BM contains abundant HMOs, complex glycans indigestible to the infant but representing the third most abundant component of human milk after lactose and lipids, nourishing bacterial communities in the infant gastrointestinal tract [79].



Maternal energy expenditure to create these complex sugars is justified by the selective nutritional advantage they offer to HMO-metabolizing beneficial microbes, with evolutionarily important functions in neonates. Bifidobacterium longum subsp. infantis (B. infantis) is one such strain adapted to metabolize HMOs and is common in breastfed infants in low-incidence countries for immune-mediated diseases [79].



HMOs function as prebiotics, serving as metabolic substrates that encourage the proliferation of beneficial microorganisms in the gut microbiome of infants. Along with fostering the development of beneficial bacteria, HMOs influence the reactions of intestinal epithelial cells and hinder pathogen attachment to the intestinal epithelium. Research indicates that beneficial microbes such as Bifidobacterium spp. adjust to metabolize HMOs in the gut of infants, simultaneously inhibiting the proliferation of potentially harmful bacteria [79].



HMOs can also alter gene expression related to commensal metabolic functions, thereby impacting the release of metabolites that may influence growth and inflammation [80]. Human BM contains a higher percentage of microRNAs compared with infant formulas. BM microRNAs play immune and metabolic roles, with a primary role in aiding the development of the infant’s immune system [79].



Secretory IgAs are the most abundant immunoglobulins in human milk, with higher concentrations early in lactation, representing 90% of all antibodies present. These antibodies are specific to numerous intestinal pathogens and commensals, facilitated by selective migration of B cells from mucosal membranes to the mammary gland. They provide neonates with excellent mucosal passive immunity and influence the composition of the intestinal microbiota, promoting colonization of beneficial bacteria such as Bacteroides, Bifidobacterium, and Lactobacillus. The absence of secretory immunoglobulins-A (IgAs) has been associated with alterations in the intestinal microbiome and gene expression in the intestinal epithelium, increasing susceptibility to intestinal inflammation later in life [80].



Microbial colonization can establish an immune–microbial balance or lead to varying degrees of intestinal and systemic inflammation, disrupting immune cell regulation [82].



This underscores the importance of early colonization of the microbiome during a critical window of immunological development, offering opportunities to integrate the intestinal microbiome with long-term health benefits for the child [82].



Recent studies suggest that altering intestinal microbiome balance during a critical period may have lasting consequences on immune-related pathologies. Cross-dialogue between commensals and mucosal surfaces of the body, facilitated by hos–-microbiome interactions in the early days of life or even during pregnancy, is crucial for immune defense development. This cross-dialogue suggests that disease risk is programmed in early life stages, including the prenatal period [81].



To summarize, the early development of the intestinal microbiome is a complex process with long-term implications for health. Although a number of factors affect microbial assembly, BF is thought to be one of the most important ones for the composition of the intestinal microbiome in infancy.



Differences in microbial communities between breastfed and formula-fed children are consistent and considered to mediate the relationship between BF and reduced risk of numerous diseases in early life [91]. The connection between human BM, intestinal microbiome, and chronic/atopic diseases is an active area of scientific research [91,92].




7. Breastfeeding (BF) and Gastrointestinal Diseases


7.1. Celiac Disease


Celiac disease (CD) is a multifactorial immune-mediated systemic disorder caused by a complex interaction between genetic and environmental factors. Genetic predisposition plays a major role in the development of CD. However, it has been observed that CD patients who were breastfed have a better long-term health status. This benefit could be attributed to the longer period between the introduction of gluten and the development of the disease, the lower incidence of gastrointestinal infections in breastfed children, and the prevention of gut “dysbiosis” [5]. BM can therefore be considered an influential environmental factor in this disease. Several cross-sectional studies have examined infant feeding by comparing it with the manifestations of CD [93]. BF has been shown to offer independent protection against CD if infants are breastfed during the introduction of gluten-containing foods. This protective effect is even stronger in children who continue to be breastfed after the introduction of gluten [94]. Biologically, the presence of BM during gluten introduction can increase the likelihood of developing oral tolerance to the relevant antigens [94]. During lactation, the mammary gland and the baby’s gut form an immunological dyad. BM contains several defensive factors, such as secretory IgA antibodies, the free secretory component, lysozyme, and lactoferrin, which protect the baby’s mucosal surfaces. This protection is crucial in the so-called ’window of opportunity’ before the baby’s immune system is completely developed. In addition, BM contains cytokines and leukocytes that can influence the baby’s immune system in a more sophisticated way, with potential long-term effects. The intestinal immune system can respond to foreign antigens in two distinct ways. The first mode is a tolerant-type response, often called oral tolerance, which depends on the amount of antigen introduced and is the default response of the intestinal immune system. The second mode is an aggressive response, useful for fighting viruses and bacteria.



The CD results from an inappropriate immune response to gluten in the gut. This response is characterized by a delayed hypersensitivity reaction dominated by the production of interferon γ by T cells. Gluten-responsive T cells primarily recognize modified (deamidated) gluten peptides by the enzyme tissue transglutaminase (TG2). This enzyme is induced by tissue destruction and inflammation. Intestinal infections increase TG2 expression, promoting the generation of deamidated gluten peptides. Simultaneously, this environment instructs the intestinal immune system to react aggressively. Therefore, an intestinal infection can trigger the harmful T-cell response perpetuated by gluten in CD. In addition, gastrointestinal tract infections can increase the permeability of the intestinal mucosa, allowing gluten to pass into the lamina propria, thus exacerbating the immune response [93].



The simplest model to explain the BM protective effect in CD is its ability to protect against intestinal infections. However, more complex models can be hypothesized, such as the activation of cytokine networks or idiotypes by milk components. These more sophisticated models need further study and investigation to be understood fully [93]. Thus, due to its immunomodulating effect, BF can modify the immune system’s response to antigen exposure [94]. A meta-analysis and systematic review, including studies conducted between 1966 and 2004, found that breastfed infants had a 52% lower risk of developing CD compared with those not breastfed at the time of gluten introduction [5]. Case-control studies showed that children with CD were less likely to have been breastfed or breastfed for a shorter period than children without CD [95]. The reduction in the risk of developing CD also relates to BF duration. A recent review of six studies showed that the risk of developing CD was significantly reduced in infants who were breastfed at the time of gluten introduction, compared with infants who were not breastfed. However, although BF may delay the onset of CD symptoms, it may not offer permanent protection against the disease [96]. In a case-control study, Ivarsson et al. investigated whether BF and the method of introducing gluten into the diet influenced the risk of CD in a sample of 627 Swedish celiac children compared to 1254 unaffected ones. They found that the risk of developing CD was lower in children who were breastfed when gluten was introduced into their diet [94]. Thus, epidemiological studies suggest that early infant feeding practices may play a role in the environmental risk factors contributing to the development of CD, indicating that BF may offer protection against the development of CD. However, we cannot establish whether BF provides permanent protection against the development of CD or only delays symptom onset [93]. In conclusion, BF during gluten introduction into the diet and a longer BF duration may offer protection against the development of CD. Nevertheless, further long-term studies are needed to determine the relationship between BF and CD [93].




7.2. Inflammatory Bowel Diseases


Inflammatory bowel diseases (IBDs) are chronic inflammatory conditions of the gastrointestinal tract, whose pathogenesis remains partly unknown. However, it is believed that a dysfunctional host immune response to gut flora, in genetically susceptible individuals, can be implied in their etiology [5]. The evolution of epidemiology over time and in different geographical areas suggests that environmental factors are crucial in promoting or modifying IBD expression. Critical events during childhood, such as birth, BF, and exposure to antibiotics, as well as experiences during growth, are considered potential risk factors for IBDs. Furthermore, it is recognized that the gut microbiota plays a central role in the development and exacerbation of inflammation in these forms of the disease. Although an individual’s genetics partially influence the composition of the gut microbiome, environmental exposures from childhood to adulthood continue to shape the structure and function of the gut microbiome. This can lead to a state of “dysbiosis”, thus contributing to the occurrence of IBDs [97]. The highest incidence of IBDs occurs in early adulthood, indicating that early exposures may force future susceptibility [5]. BM can influence the immune tolerance and bacterial colonization of the infant’s gut. Several studies have indicated that BF protects against IBDs, especially in the early stages of its onset. However, research conducted to test this hypothesis has not yet produced definitive or conclusive results [5]. Many studies did not precisely define the duration and exclusivity of BF. Moreover, it is not clear whether the studies compared exclusive to non-exclusive BF, or whether they compared non-exclusive breastfeeding to bottle-feeding. Consequently, it is not possible to establish with certainty whether the risk of developing IBDs is related to the absence of BF or the presence of bottle feeding [24]. However, considering that BF’s immunomodulatory effect offers protection against several diseases of autoimmune pathogenesis, it is plausible to postulate a similar protective effect against IBDs. Breastfed infants, during the development of the immune system, may acquire oral tolerance to specific microflora and food antigens, which may play a role in the pathogenesis of IBDs [98].



In the Canadian Healthy Infant Longitudinal Development (CHILD) cohort study, fecal samples from 4-month-old infants were examined to explore the link between gut microbiota makeup and several perinatal factors, such as the infant’s diet [99]. Actinobacteria and Firmicutes were the predominant phyla found in both groups, with reduced bacterial diversity noted in breastfed infants compared to those fed with formula. Infants fed with formula exhibited a greater presence of Peptostreptococcus, especially Clostridium difficile, which is linked to atopic reactions and allergic sensitization [99]. Intrapartum antibiotics during cesarean and vaginal deliveries are linked to “dysbiosis” in the gut microbiota of infants, and breastfeeding alters some of these impacts [100]. In animal research, Il10-/- mice showed lower levels of systemic TNF and IFNγ and less severe histological gut inflammation when given mouse breast milk [101]. Since 1961, a potential link between BF and the development of ulcerative colitis has been proposed [97]. A meta-analysis of 17 pertinent studies investigated the relationship between BF and IBDs, revealing a significant negative correlation with both Crohn’s disease (OR 0.45, 95% CI 0.26–0.79) and ulcerative colitis (OR 0.56, 95% CI 0.38–0.81) [98]. A systematic review concentrating on pediatric IBDs similarly showed a significant inverse relationship with early-onset disease [102]. The data supports the hypothesis that early or late changes in the gut microbiota, along with not being breastfed, could be significant risk factors for IBDs by affecting the development of the gut microbiome [97].



The relationship between BF and the analyzed non-communicable diseases is summarized in Table 1.





8. Conclusions


BF is of utmost importance, not only for the adequate and optimal growth of neonates and toddlers but also for its protective effects toward non-communicable disease development in the short and long run. All children benefit from BF in terms of development, health, and survival. It helps develop human capital and saves the lives of women. The advantages are available to people in low-, middle-, and high-income nations. BF offers mothers, children, and society immediate and long-term health, besides economic and environmental benefits. Political backing and monetary investment are required to safeguard, encourage, and support breastfeeding to realize these benefits. Thus, pediatricians should promote BF, support the mother–infant dyad, and consider BM a real “health voucher” that can last lifelong. However, further studies are needed to better define the extent and duration of BF’s protective power in this context and to analyze the relationship between BF and other categories of non-communicable diseases.
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	AD
	Atopic dermatitis



	BF
	Breastfeeding



	BM
	Breast milk



	CD
	Coeliac disease



	CF
	Complementary feeding



	CVD
	Cardiovascular disease



	HDL
	High-density lipoprotein



	HMGCoA
	Hydroxymethylglutaryl coenzyme A



	HMO
	Human milk oligosaccharides



	HT
	Hashimoto thyroiditis



	IBDs
	Inflammatory bowel diseases



	Ig
	Immunoglobulin



	JIA
	Juvenile idiopathic arthritis
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	Low-density lipoprotein



	MS
	Multiple sclerosis



	RA
	Rheumatoid arthritis



	TC
	Total cholesterol



	T1DM
	Type 1 diabetes mellitus



	T2DM
	Type 2 diabetes mellitus



	VEGF
	Vascular endothelial growth factor
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Figure 1. Risk factors that can influence atherosclerosis, modified from [57]. 
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Figure 2. Effects of BF on weight excess prevention. 






Figure 2. Effects of BF on weight excess prevention.



[image: Nutrients 17 00511 g002]







 





Table 1. Relationship between BF and non-communicable disease.
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	Non Communicable Disease
	BF Effect on Disease Development





	Asthma
	There is no direct effect of BF on development of lung function. However, a sort of protection may be secondarily due to a decreased vulnerability to early viral infections or chronic inflammatory conditions during preschool years.



	Eczema and allergic rhinitis
	The protective effect of BF on these diseases is controversial and may be seen mostly within the first years of life. Specific microbial genes and products (such as human milk oligosaccharides) of human milk have some immunomodulatory effects and may be essential for this protective effect.



	Food allergies
	BF appears to provide protection against various common childhood allergic diseases but not food allergies.



	T1DM
	Evidence of a protective effect of BF vs. no BF and of longer vs. shorter BF against T1DM.



	Other autoimmune disease
	Few studies suggest protective effects of BF against Rheumatoid arthritis and Multiple Sclerosis; no correlation found between BF and JIA, BF, and SLE; not enough studies looking into the effects of BF towards developing autoimmune thyroiditis.



	Overweight/obesity
	BF may reduce the incidence of weight excess and the longer the duration of BF, the greater the preventive effect.



	Blood hypertension
	BF has a small protective effect against systolic blood pressure, mostly in childhood, but other factors such as environment and socioeconomic and demographic characteristics cannot be ruled out.



	T2DM
	The relationship between BF and T2DM incidence is not yet fully understood.



	Hypercholesterolemia
	BM is richer in cholesterol than formula milk, which may result in the inhibition of endogenous cholesterol. Earlier studies showed BF may be associated with lower cholesterol concentration.



	Glucose metabolism
	The relationship between BF and T2DM incidence is not yet fully understood. BF may positively affect fasting insulin and HOMA but does not have an effect on fasting glucose.



	Cardiac morphology
	There is a beneficial association in subjects born prematurely, but there are not any studies about babies born at term.



	Celiac disease
	BF during the introduction of gluten into the diet, along with an extended duration of breastfeeding, may provide a protective effect against the onset of CD.



	Inflammatory bowel disease
	BF, by reducing early and late alterations of the microbiota, may play a protective role in the development of IBD.
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