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Abstract
Evidence suggests that breastfeeding protects the mother-infant dyad against the development and progression of 
nonalcoholic fatty liver disease (NAFLD). In this context, we aim to provide insight into the most notable and 
representative epidemiological studies published in the literature. Furthermore, we will delve into the potential 
underlying pathomechanisms that might be involved in this relationship. The current definitions of breastfeeding, 
lactation, mother-infant dyad, and nonalcoholic fatty liver disease (NAFLD) are provided. Next, the epidemiological 
evidence supporting potential benefits for the (long-term) lactating mother in terms of protection from the 
development and progression of NAFLD is reviewed. The putative mechanisms underlying this protection are also 
analyzed. Similarly, clinical and epidemiological studies evaluating the benefits of breastfeeding for the offspring 
are examined, together with a discussion of the putative underlying mechanisms. In conclusion, our understanding 
of breastfeeding (for the offspring) and lactation (for the mother) as protective factors from NAFLD development 
and fibrotic progression will provide further insight into unprecedented disease mechanisms shared by the mother-
infant dyad promising to interrupt the vicious cycle of NAFLD transmission across generations.
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INTRODUCTION
Definitions and history
Breastfeeding and lactation
Breastfeeding is an overarching term lacking distinction between the provider and recipient of human milk; 
both a mother and her infant can be termed as "breastfeeding"[1]. On the other hand, "lactation" precisely 
describes the physiological process of milk production and secretion from mammary glands, focusing on 
the mother's perspective[1].

To achieve the optimal growth of offspring, the World Health Organization (WHO) recommends exclusive 
breastfeeding (EBF) for infants till six months of age[2]. However, EBF remains under-practiced in many 
countries, and breastfeeding campaigns effectively increase EBF rates[3].

The mother-child dyad
The mother-and-offspring unit shares such a powerful bio-psycho-social relationship[4] as to suggest 
defining the “mother-child dyad”, to specifically focus on those maternal and infant characteristics that are 
associated with an excess infant mortality rate[5]. However, since 1967, when it was coined, the notion of 
mother-child dyad has been used extensively in a variety of settings to clearly distinguish the mother’s from 
the infant’s perspective in various clinical outcomes.

Nonalcoholic fatty liver disease
In the 1980s, two groups of clinical liver pathologists independently from each other described 
“nonalcoholic steatohepatitis” (NASH) and “nonalcoholic fatty liver disease” (NAFLD) as a spectrum of 
disorders indistinguishable from alcohol-associated liver disease though occurring in the nonalcoholic[6,7]. 
Individuals with NAFLD and NASH often have diabesity at the baseline or are prone to developing features 
of metabolic syndrome (MetS) over a short-term follow-up[8], indicating that NAFLD-related insulin 
resistance, oxidative stress, subclinical inflammation and perturbed metabolism of glucose and lipids 
strongly affect systemic milieu.

History
In the same years when NAFLD began to be described, other investigators reported that breastfeeding could 
protect from severe liver disease and early mortality among infants with alpha 1-antitrypsin deficiency[9]. 
This was the first published evidence that breastfeeding could affect liver disease.

Aims
Evidence suggests that breastfeeding protects the mother-infant dyad against the development and 
progression of NAFLD. In this context, we aim to provide insight into the most notable and representative 
epidemiological studies published in the literature. Furthermore, we will delve into the potential underlying 
pathomechanisms that might be involved in this relationship. Given that excellent reviews have already 
been published on this topic[10], the most recent publications are specifically focused here.

THE MOTHER’S SIDE OF THE DYAD
Epidemiological evidence
Compared to the benefits for the infant, the notion that breastfeeding may benefit the mother’s health (and 
particularly liver health) is less immediately intuitive. However, a consistent body of research showing the 
cardiometabolic benefits for the lactating mother conducting protracted breastfeeding[11-14] has prompted the 
evaluation of potentially favorable hepatic outcomes in NAFLD arena.



Page 3 of Lonardo et al. Metab Target Organ Damage 2023;3:16 https://dx.doi.org/10.20517/mtod.2023.17 12

The first study disclosing an association between duration of lactation and reduced risk of NAFLD was 
conducted by Ajmera et al. in 2019[15]. These authors reported that among 844 participants from the multi-
ethnic Coronary Artery Risk Development in Young Adults cohort study (48% black and 52% white, with a 
median age of 25 years) who delivered at least one child after enrollment, 25 years after entry in the study, 
longer duration of lactation protected from NAFLD (adjusted odds ratio (OR) 0.46; 95% CI: 0.22-0.97; P = 
0.04) comparing women who reported > 6 months lactation to those reporting 0-1 month. NAFLD was 
defined as liver attenuation ≤ 40 Hounsfield Units at computed tomography (CT) scanning in the absence 
of any competing etiologies of steatogenic liver disease. This study found that a longer duration of lactation 
(especially > 6 months) was associated with a reduced risk of NAFLD in mid-life and is, therefore, a 
modifiable risk factor for NAFLD.

Two years later, Park et al. assessed 6,893 Korean parous women (30-50 years) enrolled in the Korean 
National Health and Nutrition Examination Survey for the nexus linking lactation and NAFLD, which was 
assessed with the hepatic steatosis index, and found that 15.2% of women had NAFLD[16]. In a statistical 
model fully adjusted for confounding (metabolic, socioeconomic, and maternal) factors, breastfeeding ≥ 1 
month was associated with reduced NAFLD prevalence (OR, 0.67; 95% CI: 0.51-0.89). Interestingly, a clear 
dose-response curve was also found, implying that the longer the duration of lactation 
(≥ 1- < 3, ≥ 3- < 6, ≥ 6- < 12, and ≥ 12 months), the greater the protection from NAFLD [adjusted ORs (95% 
CI): 0.74 (0.49-1.11), 0.70 (0.47-1.05), 0.67 (0.48-0.94), and 0.64 (0.46-0.89)].

Mantovani et al. performed a meta-analysis incorporating the two aforementioned studies and found that 
breastfeeding conducted > 6 months was strongly associated with a 37% lower risk of NAFLD in later life 
among parous women (random-effects OR 0.63, 95% CI: 0.51-0.79, I2 = 0%), having breastfeeding lasting < 
1 month as a reference[17].

Finally, bringing this line of research further, Karachaliou et al. performed a cross-sectional analysis 
involving 422 women (median age 52) with biopsy-proven NAFLD from the Duke NAFLD Database and 
whose reproductive information was available[18]. These authors investigated the association of live birth and 
cumulative lifetime breastfeeding with metabolic and histologic features of NAFLD. Most women were 
white and had traits of the MetS, while 23% had advanced liver fibrosis. Interestingly, this study found that 
parous women had a significantly lower BMI than nulliparous, while no associations with other metabolic 
features were noted. Moreover, an intriguing discovery emerged, a longer history of lactation was linked to 
a reduced risk of portal inflammation and hepatic fibrosis, although it did not show any such associations 
with other fundamental characteristics of NASH histology. Notably, these associations were primarily 
observed among women aged 50 or younger at the time of their liver biopsy. It is important to note that this 
study has limitations, mainly stemming from its cross-sectional design and the lack of detailed data 
regarding exclusive versus combined formula breastfeeding. Nevertheless, these findings highlight the need 
for further experimental and epidemiological research to enhance our understanding of the roles of 
lactation as a contributing factor to NAFLD progression and parity's potential protective impact against 
obesity.

Putative mechanisms
Epidemiological evidence suggests that lactation positively affects a mother's cardiometabolic health, similar 
to the benefits of aerobic training. In a study by Butte et al., 40 lactating women were compared to 36 non-
lactating women[19]. The findings showed that breastfeeding mothers had lower glucose, lipids, and insulin 
levels in their blood. These changes were primarily attributed to the mammary gland's uptake of circulating 
glucose for milk production, independently of insulin. Another study by Farahmand et al. involved a 
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community-based cohort of 1,176 women, including 175 who had gestational diabetes mellitus (GDM)[20]. 
Over a median follow-up period of 16.3 years, it was found that longer breastfeeding duration was 
associated with a reduced risk of developing MetS. Specifically, for every additional month of lactation, 
there was a 2% decrease in the risk of MetS. Notably, women with GDM experienced an even greater 
reduction in the risk of MetS (a hazard ratio of 0.93, 95% CI: 0.88-0.98) compared to those without GDM. 
Taken together, these findings suggest that extended lactation provides protection against the risk of 
NAFLD via the mammary "sequestration" of circulating nutrients for milk production, as well as the risk 
reduction of developing insulin resistance (i.e., MetS). Moreover, breastfeeding mothers exhibit a reduced 
risk of diabetes. Aune et al. reported in their meta-analytic review that lactating mothers have a reduced risk 
of developing type 2 diabetes[21]. The summary relative risk (calculated after estimating the average of the 
natural logarithm of the RRs from each study weighted by the inverse of the variance, and then un-weighted 
by applying a random effects variance component which is derived from the extent of variability) for those 
with the highest duration of breastfeeding compared to the lowest was 0.68 (95% CI: 0.57-0.82). This 
beneficial metabolic effect can be attributed, in part, to lactation increasing a mother's energy requirements. 
Lactating mothers have a net increase in energy needs of 1.9 MJ per day compared to the energy 
requirements of individuals who are neither pregnant nor lactating[22]. This increment, based on calculation 
for a subject weighing 65 Kg, is roughly equivalent to engaging in 30-40 min of high-intensity biking 
exercise or 30-40 min of running. Consequently, lactation serves as a mechanism for consuming the energy 
reserves accumulated during pregnancy, estimated at an average of 321 to 325 MJ based on a weight gain of 
12 kg throughout pregnancy[22]. Additionally, this process assists in resetting the metabolic alterations that 
occur during pregnancy.

In the 1940s, it was initially believed that prolactin, like other hormones produced by the anterior pituitary 
gland, could potentially promote diabetes[23]. However, our understanding has since evolved. We now know 
that normal prolactin levels in the bloodstream have a relatively narrow range, and both levels below this 
range and levels above it are associated with an increased risk of metabolic disorders[24]. In contrast to 
pathological hyperprolactinemia, which represents a significant risk factor for cardiometabolic issues[25], the 
natural increase in prolactin during pregnancy serves the essential purpose of meeting the heightened 
metabolic demands that come with being pregnant. Therefore, rather than being beneficial, the fall in 
prolactin levels potentially accounts for the observed increased risk of NAFLD occurring in postpartum 
women without lactation. Mechanistically, this is plausible as prolactin exerts multiple metabolic effects by 
acting on beta cells, hepatocytes, adipose tissue, and hypothalamus[24] in addition to its role in lactation.  In 
support of this, genetically engineered mice lacking prolactin receptors display metabolic imbalances, 
including diabetes, obesity, and NAFLD[26]. Moreover, lower levels of prolactin are associated with an 
increased risk of NAFLD in both children and adults[27,28], while the administration of prolactin or 
overexpression of prolactin receptors in cell cultures (HepG2 cells) treated with free fatty acids improves 
hepatic steatosis via the CD36 pathway[28]. Taken together, the aforementioned data may indicate that a 
reduction in prolactin levels after weaning could potentially play a role in influencing the risk of NAFLD. 
However, additional investigation is needed to fully understand this relationship.

Further to disease development, lactation may also specifically protect from the fibrosing progression of 
NAFLD and NASH via hormonal route. In this connection, it has been postulated that high prolactin levels 
could eventually lead to suppression of YAP (a target of the Hippo kinase pathway) and inhibition of 
ductular reaction, portal inflammation, and hepatic fibrosis[29].

According to the “reset hypothesis” proposed by Stuebe and Rich-Edwards[30], weaning, not delivery, 
terminates the maternal metabolic effects of pregnancy. In this regard, the finding that obese women are at 
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increased risk of either not lactating or interrupting lactation prematurely[31] is of concern as much as it may 
lay the foundations of a dysmetabolic vicious circle.

Numerous pathways contribute to NAFLD pathogenesis. Enhanced hepatic influx of non-esterified fatty 
acids, driven by heightened visceral adiposity and peripheral insulin resistance, along with increased de 
novo lipogenesis and reduced VLDL export and fatty acid oxidation, collectively elevate NAFLD risk. 
Genetic variants associated with NAFLD risk[32] point to additional lipid metabolism pathways contributing 
to NAFLD development and progression. An experimental study involving postpartum women indicated 
the potential of serum prolactin to provide protection by lowering intrahepatic triglycerides, potentially 
through enhanced VLDL-triglyceride export, thus supporting liver health during lactation[33].

In conclusion, given that the apparent multiplicity of involved mechanisms remains incompletely 
characterized, additional studies will have to determine the array of anthropometric, hormonal, and 
metabolic determinants involved in reducing the risk of development and progression of NAFLD/NASH to 
enable more personalized approaches to disease prevention, diagnosis, and management among women of 
fertile age.

THE OFFSPRING’S SIDE
Epidemiological evidence
In 2009, Nobili et al., in their series of 191 consecutive NAFLD Caucasian children aged 3 to 18 years, 48% 
of whom had been breastfed for a median time of 8 months, were first in reporting that, compared to non-
breastfeeding, breastfeeding was associated with a reduced risk of NASH (OR 0.04, 95% CI: 0.01 to 0.10) and 
fibrosis (OR 0.32, 95% CI: 0.16 to 0.65)[34]. Interestingly, the risk of NASH (OR 0.70, exact 95% CI: 0.001 to 
0.87) and fibrosis (OR 0.86, exact 95% CI: 0.75 to 0.98) decreased in parallel with the length of breastfeeding, 
implying that breastfeeding dose-dependently prevents NASH and NASH fibrosis 3 to 18 years later.

The protective effects of breastfeeding on offspring NAFLD were also demonstrated in a population-based 
study by Ayonrinde et al. in 2017[35]. These authors utilized the Western Australian Pregnancy (Raine) 
Cohort study to identify a cohort of 1,170 adolescents, 15.2% of whom had NAFLD. Analysis of data 
showed that breastfeeding without supplementary milk 6 months was associated with a reduced risk of 
NAFLD (adjusted odds ratio [OR]: 0.64; 95% CI: 0.43-0.94, P = 0.02). Conversely, both maternal pre-
pregnancy obesity (adjusted OR: 2.29; 95% CI: 1.21-4.32, P = 0.01) and adolescent obesity (adjusted OR: 
9.08; 95% CI: 6.26-13.17, P < 0.001) were both associated with NAFLD independent of the dietary pattern 
followed at age 17. Collectively, data suggest that while NAFLD was usually facilitated by adiposity gains, 
breastfeeding for at least 6 months, together with other risk modifiers (such as avoidance of early 
supplementary formula milk feeding, and normal maternal pre-pregnancy BMI) protected from NAFLD 
during adolescence.

However, in 2021, a large community-based birth cohort study by Abeysekera et al. did not demonstrate 
significant protection from NAFLD conferred by breastfeeding among offspring at the age of 24 years[36]. 
Out of 4,021 initial participants, 2,961 individuals with valid CAP measurements for NAFLD, after 
excluding those with alcohol consumption, served as a final cohort for the analysis. Data have shown only 
non-significant protection on NAFLD in offspring exerted by exclusive (OR 0.92 [95% CI: 0.66-1.27]) and 
non-EBF ≥ 6 months [OR 0.90 (95% CI: 0.67-1.21)]. Conversely, there was an increased risk of offspring 
NAFLD in overweight pre-pregnancy maternal BMI OR 2.09 (95% CI: 1.62-2.68) and paternal BMI OR 1.33 
(95% CI: 1.07-1.65). Similarly, odds of offspring NAFLD with obese pre-pregnancy maternal BMI and 
paternal BMI was OR 2.66 (95% CI: 1.71-4.14) and OR 1.35 (95% CI: 0.91-2.00), respectively, with the ratio 
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of effect sizes OR 1.98 (95% CI: 1.05-3.74). Their data suggest that maternal and paternal pre-pregnancy 
BMI (conferring an increased risk) rather than breastfeeding (showing no protection) was associated with 
NAFLD in offspring.

Rajindrajith et al., in their study population comprising 499 adolescents (51.8% girls) born in 2000 and 
residents in Sri Lanka, in the area of Ragama Medical Officer of Health, found that having been breastfed 
for < 4 months was one of the significant risk factors for NAFLD (33.3% vs. 17.1 in controls, P = 0.02) 
identified with ultrasonography in the absence of alcohol consumption[37].

At variance with all the above studies, which utilized ultrasonography to diagnose steatosis, Cantoral et al. 
used hepatic fat fraction at magnetic resonance imaging (MRI) to gauge the amount of intrahepatic fat 
content in 97 young adults (mean age of 21 years) from the ELEMENT birth cohort in Mexico City. This 
study found no association between breastfeeding vs. non-breastfeeding and duration of breastfeeding with 
NAFLD and identified NAFLD in as few as 17 individuals among the 97 participants (17.5%)[38].

Two additional studies, one conducted among 70 infants (36 breastfed, 9 mixed-fed, and 25 formula-fed)[39] 
and the other a population-based prospective cohort study of 4,444 primary school children[40], found no 
significant differences in the median intrahepatic fat content between patients who were and were not 
breastfed.

Following their pioneering 2009 study[34], the group of investigators led by Mosca et al. published a second 
contribution based on an analysis of 182 children with overweight/obesity and biopsy-proven NAFLD[41]. 
This novel study found that not being breastfed was associated with a three-fold increased risk of hepatic 
fibrosis, suggesting that further to preventing disease development, breastfeeding could also mitigate its 
progression to fibrosing NASH in infants.

Finally, to provide a global perspective of published studies, Querter et al. included in their systematic 
review 33 published articles (six of which evaluated breastfeeding), which exhibited considerable 
heterogeneity regarding patient populations, diagnostic tools, and overall quality[42]. The authors found that 
breastfeeding conferred protection from NAFLD, NASH, and fibrosis, especially in studies evaluating 
breastfeeding conducted for at least 6 months or longer.

Putative pathomechanisms
In mammals, the mother transmits information regarding nutrient availability to the embryo, fetus, and 
infant, establishing a process by which early insults at critical stages of development may lead to permanent 
structural and functional tissue changes[43,44]. This process, named programming, collectively defines those 
adaptive responses implemented by the fetus or infant to environmental stimuli transmitted by the mother 
via placental and breastfeeding routes[44]. Programming accounts for the finding that the offspring of obese 
and/or diabetic women are exposed to greater risks of developing metabolic disorders, even during 
childhood, because maternal hyperglycemia leads to fetal hyperinsulinemia and fat deposition[45]. As shown 
by experimental studies conducted in rodents, the intake of fat by the mother, via impairment of 
metabolism of hepatocyte mitochondria and up-regulation of lipogenesis in the liver, may eventually 
enhance the risk of NASH occurring in adult offspring[46]. Coronary heart disease in adult offspring has 
longitudinally been associated with maternal obesity[47]. In this intriguing scenario, metabolic plasticity is 
not limited to the intrauterine phase of growth but also extends post-natally via breastfeeding, which may 
either exert a favorable “metabolic imprinting” or post-transcriptionally modulate the expression of genes 
involved in the development of the MetS, its individual traits, and NAFLD[48]. In this connection, the finding 
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that nutritional components of maternal milk, such as docosahexaenoic acid, could potentially exert anti-
fibrogenic activities by acting as PPAR-agonists[49] offers an additional, biologically credible, putative 
mechanism that could explain the “hepatotoprotective” effects of breastfeeding.

Prolonged breastfeeding carries innumerable benefits for the infant, particularly in the course of the first 
semester after birth, including a positive impact on the development of healthy intestinal microbiota[50]. 
However, breastfeeding shapes the infant intestinal microbiota based on the maternal intestinal 
microbiota[51]. Moreover, NAFLD and related metabolic disorders are typically associated with gut 
dysbiosis[52]. Therefore, it seems logical to postulate that mothers with metabolic disorders, particularly 
NAFLD, may transmit their dysmetabolism and NAFLD to the offspring via breastfeeding and inherent 
changes in the gut microbiota. Mechanistically, this occurs owing to the gut microbiota taking part in 
harvesting energy from nutrients, allowing the digestion of fibers and otherwise indigestible nutrients, and 
producing short-chain fatty acids, vitamins and chemical compounds involved in the regulation of whole-
body metabolism while triggering subclinical systemic proinflammatory responses which are major 
correlates of the MetS and NAFLD[52].

Recently identified variations in bacterial diversity, microbiota age, Bacteroidetes and Firmicutes ratio, and 
microbial pathways related to carbohydrate metabolism in infant gut microbiota associated with EBF 
(compared to non-EBF infants)[53] all contribute to substantiating additional mechanisms of intestinal origin 
involved in the beneficial metabolic effects of breastfeeding as seen from the infant side of the mother-
offspring unit.

Moreover, breastfeeding correlates with diminished offspring visceral adiposity at age 30, potentially 
curbing hepatic free fatty acid inflow[54]. The interaction with the FTO gene, a fat mass, and obesity-
associated gene, likely contributes to this effect, influencing appetite and energy expenditure regulation[54].

In principle, breastfeeding might exert beneficial effects on NAFLD-associated liver fibrosis via a variety of 
indirect mechanisms, including modulation of gut barrier function in early life through the processes of 
colonization and development of the gut microbiota, of the intestinal epithelium and immune system in 
infants[55,56]. Moreover, docosahexaenoic acid contained in human milk had initially attracted Researchers’ 
attention given that it can directly or indirectly act as PPAR agonist suppressing liver fibrosis by activating 
antioxidant defenses in experimental rodent models[49]. However, a more recent line of research has focused 
on human milk-derived extracellular vesicles (HMEVs). HMEVs comprise an external coat of phospholipid 
bilayer membrane containing a complex cargo of metabolically active molecules such as proteins and 
miRNAs, which are deemed to be critical for multiple physiological and pathological biological processes[57]. 
By inhibiting lipogenesis and increasing lipolysis, HMEVs alleviate steatosis and insulin resistance in a 
mouse model of high-fat diet-induced NAFLD and inhibit the FFA-induced accumulation of lipids in 
hepatocyte cultures[58]. Interestingly, HMEVs also inhibit the proliferation and the expression of fibrogenic 
mediators, including collagen, α-SMA and TIMP1, and upregulate PPAR- expression in hepatic stellate cells 
by altering the miRNA profile within such cells[59]. How long HMEVs, through breastfeeding, can affect 
offspring’s metabolism and biology remains elusive. However, the above findings may explain how 
mechanistically breastfeeding protects the offspring from NAFLD and NAFLD-related hepatic fibrosis and 
may pave the way for innovative treatment approaches in the NAFLD arena.

CONCLUSIONS
To sum up, several studies have evaluated the association between breastfeeding and NAFLD [Table 1]. 
Somewhat external, if not even frankly extraneous to the traditional risk modifiers of liver disease, 
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Table 1. Principal studies on the association of breastfeeding with NAFLD

Author, 
year [Ref.] Population description Findings Conclusion

Nobili et al. 
2009[34]

Three- to 18-year-old consecutive 
patients with biopsy-proven NAFLD (n = 
191) at a Liver clinic

After adjusting for confounding factors (age, WC, 
gestational age, and neonatal weight), patients who were 
breastfed exhibited reduced odds of NASH and fibrosis 
compared to those who were not breastfed (OR 0.04, 
95% CI: 0.01 to 0.10; OR 0.32, 95% CI: 0.16 to 0.65, 
respectively). Furthermore, the risks of NASH and fibrosis 
decreased with each additional month of breastfeeding. 
(OR 0.70, exact 95% CI: 0.001 to 0.87, OR 0.86, exact 
95% CI: 0.75 to 0.98, respectively)

Irrespective of the present 
or neonatal body size of 
children, breastfeeding 
protects offspring from 
NASH and hepatic fibrosis

Ayonrinde et 
al. 
2017[35]

A population-based cohort study 
including Australian adolescents (n = 
1,170) at the age of 17 years old: 94% 
exclusive breastfeeding more than 4 M: 
15.2% NAFLD by ultrasonography

Irrespective of dietary patterns of the participants, 
exclusive breastfeeding for ≥ 6, maternal pre-conceptional 
obesity, and adolescent obesity affected the risk of NAFLD 
(aOR: 0.64; 95% CI: 0.43-0.94, P = 0.02; aOR: 2.29; 95% 
CI: 1.21-4.32, P = 0.01; aOR: 9.08; 95% CI: 6.26-13.17, P < 
0.001, respectively)

Engaging in exclusive 
breastfeeding for ≥ 6 
months and having a 
normal maternal pre-
pregnancy BMI can help 
reduce the risk of NAFLD in 
offspring at age 17 years

Ajmera et al. 
2019[15]

Within a community-based longitudinal 
cohort (CARDIA), 844 women who 
gave birth to ≥ 1 child during the 25-year 
follow-up were characterized for 
cumulative breastfeeding duration and 
hepatic steatosis by CT at Year 25: 43% 
breastfeeding > 6M: 6% NAFLD by CT.

Compared to those reporting 0-1 month, Women with > 6 
M lactation exhibited a reduced risk of NAFLD without 
and with adjusting for clinical confounders (OR = 0.48, 
95% CI: 0.25-0.94; P = 0.03 and aOR 0.46; 95% CI: 0.22-
0.97; P = 0.04, respectively). 

A longer duration of 
lactation, particularly 
exceeding 6 months, is 
linked to a decreased risk of 
NAFLD among mothers in 
midlife

Abeysekera 
et al. 2021[36] 

In a community-based birth cohort 
(ALSPAC), 2,961 out of 10,018 
remaining active offspring participants 
who met the study criteria were 
characterized for CAP, breastfeeding 
history, and maternal and paternal pre-
conceptional BMI at 24 years

Any breastfeeding ≥ 6 months had a statistically non-
significant protective effect on NAFLD in offspring (OR 
0.92 [95% CI: 0.66-1.27] and OR 0.90 [0.67-1.21] 
respectively), while maternal as well as paternal 
preconceptual overweight and obesity significantly 
heightened the risk of NAFLD in offspring.

This 24-year birth cohort 
study did not find a 
significant protective effect 
of breastfeeding against 
NAFLD in offspring

Park et al. 
2021[16]

A total of 6,893 Korean parous women 
aged 30-50 years who participated in 
the KNHAHES were assessed for 
averaged breastfeeding duration per 
breastfed child and hepatic steatosis 
index: 80.3% breastfeeding ≥ 1M per 
breastfed child: 15.2% NAFLD by HSI

After adjusting for confounding factors, women with 
lactation ≥ 1 month vs. < 1 month per breastfed child 
showed a reduced risk of NAFLD (aOR, 0.67; 95% CI: 
0.51-0.89). The risk reduction followed a trend with 
increasing lactation duration, with an aOR of 0.74 for 1-3 
months and 0.64 for ≥ 12 months of lactation per 
breastfed child

Parous women at the age of 
30-50 years who breastfed 
their children for a longer 
duration exhibited a dose-
dependent protective effect 
against NAFLD in later life

ALSPAC: The Avon Longitudinal Study of Parents and Children; aOR: adjusted odds ratio; BMI: body mass index; CAP: controlled attenuation 
parameter; CARDIA: Coronary Artery Risk Development in Young Adults; CI: confidence interval; CT: computed tomography; HSI: hepatic 
steatosis index; KNHNES: Korean National Health and Nutrition Examination Survey; NAFLD: nonalcoholic fatty liver disease; NASH: nonalcoholic 
steatohepatitis; OR: odds ratio; TE: transient elastography; WC: waist circumference.

understanding breastfeeding as a potentially protective factor for NAFLD in the offspring was initiated by 
expert liver pediatricians in 2009[34]. Even more unexpectedly, this line of research has later come to 
investigate the notion that the mother also receives potential metabolic and hepatological benefits, leading 
to envisage breastfeeding as a novel NAFLD cofactor, adding to those recently described elsewhere in this 
journal[60].

Protection from NAFLD development and progression has not been universally found in all studies, 
particularly in as much as the infant side of the dyad is concerned. Importantly, the benefits of breastfeeding 
against the risk of NAFLD seem to diminish in adolescence and young adulthood[36,37]. The underlying 
reasons for this shift, whether it signifies a gradual decline in protection during this life stage or is attributed 
to disparities among birth cohorts, remain enigmatic. To gain clarity, a sequential assessment of a cohort 
spanning from childhood to adulthood is warranted.
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Figure 1. Lactation and breastfeeding may potentially prevent NAFLD development and progression on both sides of the mother-infant 
dyad. This cartoon schematically summarizes the potential benefits for both the lactating mother and the breastfed infant. While 
underlying mechanisms require further clarity, current evidence suggests breastfeeding engages diverse protective pathways, mitigating 
obesity, metabolic dysfunction, and NAFLD risk in both mothers and offspring. Collectively, as discussed in the text, these benefits may 
contribute to transforming the vicious circle of cross-generational transmission of NAFLD into a virtuous one[44,61]. NAFLD: nonalcoholic 
fatty liver disease.

Differences in the study populations and disease assessment methods probably account for such 
discrepancies. Therefore, to fill the gap in current knowledge, additional studies must be conducted 
accounting for confounding factors such as pre-pregnancy BMI of the mother and father, smoking habits, 
alcohol intake, a history of gestational diabetes, and obesity/diabetes at the time of NAFLD diagnosis. 
However, this innovative line of research undoubtedly has had the merit of putting together investigators of 
different cultural extractions, such as pediatricians, gynecologists, hepatologists, and endocrinologists. Their 
concerted research effort promises to interrupt the vicious cycle of NAFLD transmission across 
generations[61] while gaining further insight into unprecedented disease mechanisms shared by the mother-
infant dyad [Figure 1].

DECLARATIONS
Authors’ contributions
Study design, data acquisition, and writing of the first draft: Lonardo A
Editing and final revision of the manuscript: Lonardo A, Suzuki A

Availability of data and materials
Not applicable.

Financial support and sponsorship
None.



Page 10 of Lonardo et al. Metab Target Organ Damage 2023;3:16 https://dx.doi.org/10.20517/mtod.2023.1712

Conflicts of interest
All authors declared that there are no conflicts of interest.

Ethical approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Copyright
© The Author(s) 2023.

REFERENCES
Yourkavitch J, Chetwynd EM. Toward consistency: updating lactation and breastfeeding terminology for population health research. J 
Hum Lact 2019;35:418-23.  DOI

1.     

WHO. The optimal duration of exclusive breastfeeding: report of an expert consultation.Available from: https://
www.who.int/ publications/i/item/WHO-NHD-01.09 [Last accessed on 21 Oct 2023].

2.     

Haroon S, Das JK, Salam RA, Imdad A, Bhutta ZA. Breastfeeding promotion interventions and breastfeeding practices: a systematic 
review. BMC Public Health 2013;13 Suppl 3:S20.  DOI  PubMed  PMC

3.     

Tsang LPM, Ng DCC, Chan YH, Chen HY. Caring for the mother-child dyad as a family physician. Singapore Med J 2019;60:497-
501.  DOI  PubMed  PMC

4.     

Rose PA. The high risk mother-infant dyad--a challenge for nursing? Nurs Forum 1967;6:94-102.  DOI  PubMed5.     
Ludwig J, Viggiano TR, McGill DB, Oh BJ. Nonalcoholic steatohepatitis: mayo clinic experiences with a hitherto unnamed disease. 
Mayo Clin Proc 1980;55:434-8.  PubMed

6.     

Diehl AM, Goodman Z, Ishak KG. Alcohollike liver disease in nonalcoholics. a clinical and histologic comparison with alcohol-
induced liver injury. Gastroenterology 1988;95:1056-62.  PubMed

7.     

Ballestri S, Zona S, Targher G, et al. Nonalcoholic fatty liver disease is associated with an almost twofold increased risk of incident 
type 2 diabetes and metabolic syndrome. Evidence from a systematic review and meta-analysis. J Gastroenterol Hepatol 2016;31:936-
44.  DOI

8.     

Udall JN Jr, Dixon M, Newman AP, Wright JA, James B, Bloch KJ. Liver disease in alpha 1-antitrypsin deficiency. a retrospective 
analysis of the influence of early breast- vs bottle-feeding. JAMA 1985;253:2679-82.  PubMed

9.     

Bertrando S, Vajro P. NAFLD at the interface of the mother-infant dyad. Curr Pharm Des 2020;26:1119-25.  DOI  PubMed10.     
Gunderson EP, Jacobs DR Jr, Chiang V, et al. Duration of lactation and incidence of the metabolic syndrome in women of 
reproductive age according to gestational diabetes mellitus status: a 20-Year prospective study in CARDIA (Coronary Artery Risk 
Development in Young Adults). Diabetes 2010;59:495-504.  DOI  PubMed  PMC

11.     

Natland ST, Nilsen TI, Midthjell K, Andersen LF, Forsmo S. Lactation and cardiovascular risk factors in mothers in a population-
based study: the HUNT-study. Int Breastfeed J 2012;7:8.  DOI  PubMed  PMC

12.     

Nguyen B, Jin K, Ding D. Breastfeeding and maternal cardiovascular risk factors and outcomes: A systematic review. PLoS One 
2017;12:e0187923.  DOI  PubMed  PMC

13.     

Rajaei S, Rigdon J, Crowe S, Tremmel J, Tsai S, Assimes TL. Breastfeeding duration and the risk of coronary artery disease. J 
Womens Health 2019;28:30-6.  DOI  PubMed  PMC

14.     

Ajmera VH, Terrault NA, VanWagner LB, et al. Longer lactation duration is associated with decreased prevalence of non-alcoholic 
fatty liver disease in women. J Hepatol 2019;70:126-32.  DOI  PubMed  PMC

15.     

Park Y, Sinn DH, Oh JH, et al. The association between breastfeeding and nonalcoholic fatty liver disease in parous women: a nation-
wide cohort study. Hepatology 2021;74:2988-97.  DOI  PubMed

16.     

Mantovani A, Beatrice G, Zusi C, Dalbeni A. Breastfeeding duration and reduced risk of NAFLD in midlife of parous women.  Explor 
Med 2021;2:378-81.  DOI

17.     

Karachaliou GS, Suzuki A, Patel VA, Bastian LA, Diehl AM, Abdelmalek MF; Duke NAFLD Clinical Research Working Group. 
Longer breastfeeding duration is associated with decreased risk of hepatic fibrosis among young women with nonalcoholic fatty liver 
disease. Clin Gastroenterol Hepatol 2023;10:S1542-3565(23)00449.  DOI  PubMed

18.     

Butte NF, Hopkinson JM, Mehta N, Moon JK, Smith EO. Adjustments in energy expenditure and substrate utilization during late 
pregnancy and lactation. Am J Clin Nutr 1999;69:299-307.  DOI  PubMed

19.     

Farahmand M, Rahmati M, Azizi F, Ramezani Tehrani F. Lactation duration and lifetime progression to metabolic syndrome in 
women according to their history of gestational diabetes: a prospective longitudinal community-based cohort study. J Transl Med 
2023;21:177.  DOI  PubMed  PMC

20.     

Aune D, Norat T, Romundstad P, Vatten LJ. Breastfeeding and the maternal risk of type 2 diabetes: a systematic review and dose-21.     

https://dx.doi.org/10.1177/0890334419851488
https://www.who.int/publications/i/item/WHO-NHD-01.09
https://www.who.int/publications/i/item/WHO-NHD-01.09
https://dx.doi.org/10.1186/1471-2458-13-s3-s20
http://www.ncbi.nlm.nih.gov/pubmed/24564836
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3847366
https://dx.doi.org/10.11622/smedj.2019128
http://www.ncbi.nlm.nih.gov/pubmed/31663104
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6875823
https://dx.doi.org/10.1111/j.1744-6198.1967.tb01301.x
http://www.ncbi.nlm.nih.gov/pubmed/5180878
http://www.ncbi.nlm.nih.gov/pubmed/7382552
http://www.ncbi.nlm.nih.gov/pubmed/3410220
https://dx.doi.org/10.1111/jgh.13264
http://www.ncbi.nlm.nih.gov/pubmed/3872949
https://dx.doi.org/10.2174/1381612826666200122153055
http://www.ncbi.nlm.nih.gov/pubmed/31969089
https://dx.doi.org/10.2337/db09-1197
http://www.ncbi.nlm.nih.gov/pubmed/19959762
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2809964
https://dx.doi.org/10.1186/1746-4358-7-8
http://www.ncbi.nlm.nih.gov/pubmed/22713515
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3489591
https://dx.doi.org/10.1371/journal.pone.0187923
http://www.ncbi.nlm.nih.gov/pubmed/29186142
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5706676
https://dx.doi.org/10.1089/jwh.2018.6970
http://www.ncbi.nlm.nih.gov/pubmed/30523760
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6422010
https://dx.doi.org/10.1016/j.jhep.2018.09.013
http://www.ncbi.nlm.nih.gov/pubmed/30392752
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6599460
https://dx.doi.org/10.1002/hep.32034
http://www.ncbi.nlm.nih.gov/pubmed/34192367
https://dx.doi.org/10.37349/emed.2021.00056
https://dx.doi.org/10.1016/j.cgh.2023.05.027
http://www.ncbi.nlm.nih.gov/pubmed/37302447
https://dx.doi.org/10.1093/ajcn/69.2.299
http://www.ncbi.nlm.nih.gov/pubmed/9989696
https://dx.doi.org/10.1186/s12967-023-04005-w
http://www.ncbi.nlm.nih.gov/pubmed/36879241
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9987076


Page 11 of Lonardo et al. Metab Target Organ Damage 2023;3:16 https://dx.doi.org/10.20517/mtod.2023.17 12

response meta-analysis of cohort studies. Nutr Metab Cardiovasc Dis 2014;24:107-15.  DOI  PubMed
Butte NF, King JC. Energy requirements during pregnancy and lactation. Public Health Nutr 2005;8:1010-27.  DOI  PubMed22.     
Houssay BA, Anderson E. Diabetogenic action of purified anterior pituitary hormones. Endocrinology 1949;45:627-9.  DOI  PubMed23.     
Macotela Y, Triebel J, Clapp C. Time for a new perspective on prolactin in metabolism. Trends Endocrinol Metab 2020;31:276-86.  
DOI  PubMed

24.     

Papazoglou AS, Leite AR. Prolactin levels and cardiovascular disease: a complicate relationship or a confounding association? Eur J 
Prev Cardiol 2023;18:zwad176.

25.     

Shao S, Yao Z, Lu J, et al. Ablation of prolactin receptor increases hepatic triglyceride accumulation. Biochem Biophys Res Commun 
2018;498:693-9.  DOI

26.     

Zhang J, Guan J, Tang X, Xu J. Prolactin is a key factor for nonalcoholic fatty liver disease in obese children. Horm Metab Res 
2023;55:251-5.  DOI  PubMed  PMC

27.     

Zhang P, Ge Z, Wang H, et al. Prolactin improves hepatic steatosis via CD36 pathway. J Hepatol 2018;68:1247-55.  DOI28.     
Xu P, Zhu Y, Ji X, Ma H, Zhang P, Bi Y. Lower serum PRL is associated with the development of non-alcoholic fatty liver disease: a 
retrospective cohort study. BMC Gastroenterol 2022;22:523.  DOI  PubMed  PMC

29.     

Stuebe AM, Rich-Edwards JW. The reset hypothesis: lactation and maternal metabolism. Am J Perinatol 2009;26:81-8.  DOI30.     
Donath SM, Amir LH. Does maternal obesity adversely affect breastfeeding initiation and duration? J Paediatr Child Health 
2000;36:482-6.  DOI  PubMed

31.     

Stefan N, Cusi K. A global view of the interplay between non-alcoholic fatty liver disease and diabetes. Lancet Diabetes Endocrinol 
2022;10:284-96.  DOI

32.     

Ramos-Roman MA, Syed-Abdul MM, Casey BM, Alger JR, Liu YL, Parks EJ. Lactation alters the relationship between liver lipid 
synthesis and hepatic fat stores in the postpartum period. J Lipid Res 2022;63:100288.  DOI  PubMed  PMC

33.     

Nobili V, Bedogni G, Alisi A, et al. A protective effect of breastfeeding on the progression of non-alcoholic fatty liver disease. Arch 
Dis Child 2009;94:801-5.  DOI

34.     

Ayonrinde OT, Oddy WH, Adams LA, et al. Infant nutrition and maternal obesity influence the risk of non-alcoholic fatty liver disease 
in adolescents. J Hepatol 2017;67:568-76.  DOI

35.     

Abeysekera KW, Orr JG, Madley-Dowd P, et al. Association of maternal pre-pregnancy BMI and breastfeeding with NAFLD in young 
adults: a parental negative control study. Lancet Reg Health Eur 2021;10:100206.  DOI  PubMed  PMC

36.     

Rajindrajith S, Pathmeswaran A, Jayasinghe C, et al. Non-alcoholic fatty liver disease and its associations among adolescents in an 
urban, Sri Lankan community. BMC Gastroenterol 2017;17:135.  DOI  PubMed  PMC

37.     

Cantoral A, Montoya A, Luna-Villa L, et al. Overweight and obesity status from the prenatal period to adolescence and its association 
with non-alcoholic fatty liver disease in young adults: cohort study. BJOG 2020;127:1200-9.  DOI  PubMed

38.     

Gale C, Thomas EL, Jeffries S, et al. Adiposity and hepatic lipid in healthy full-term, breastfed, and formula-fed human infants: a 
prospective short-term longitudinal cohort study. Am J Clin Nutr 2014;99:1034-40.  DOI

39.     

Vogelezang S, Santos S, van der Beek EM, et al. Infant breastfeeding and childhood general, visceral, liver, and pericardial fat 
measures assessed by magnetic resonance imaging. Am J Clin Nutr 2018;108:722-9.  DOI

40.     

Mosca A, De Cosmi V, Parazzini F, et al. The role of genetic predisposition, programing during fetal life, family conditions, and post-
natal diet in the development of pediatric fatty liver disease. J Pediatr 2019;211:72-7.e4.  DOI

41.     

Querter I, Pauwels NS, De Bruyne R, et al. Maternal and perinatal risk factors for pediatric nonalcoholic fatty liver disease: a 
systematic review. Clin Gastroenterol Hepatol 2022;20:740-55.  DOI

42.     

Fowden AL, Giussani DA, Forhead AJ. Intrauterine programming of physiological systems: causes and consequences. Physiology 
2006;21:29-37.  DOI  PubMed

43.     

Nobili V, Cianfarani S, Agostoni C. Programming, metabolic syndrome, and NAFLD: the challenge of transforming a vicious cycle 
into a virtuous cycle. J Hepatol 2010;52:788-90.  DOI  PubMed

44.     

Boney CM, Verma A, Tucker R, Vohr BR. Metabolic syndrome in childhood: association with birth weight, maternal obesity, and 
gestational diabetes mellitus. Pediatrics 2005;115:e290-6.  DOI  PubMed

45.     

Bruce KD, Cagampang FR, Argenton M, et al. Maternal high-fat feeding primes steatohepatitis in adult mice offspring, involving 
mitochondrial dysfunction and altered lipogenesis gene expression. Hepatology 2009;50:1796-808.  DOI

46.     

Forsén T, Eriksson JG, Tuomilehto J, Osmond C, Barker DJ. Growth in utero and during childhood among women who develop 
coronary heart disease: longitudinal study. BMJ 1999;319:1403-7.  DOI  PubMed  PMC

47.     

Oben JA, Mouralidarane A, Samuelsson AM, et al. Maternal obesity during pregnancy and lactation programs the development of 
offspring non-alcoholic fatty liver disease in mice. J Hepatol 2010;52:913-20.  DOI

48.     

Toyama T, Nakamura H, Harano Y, et al. PPARalpha ligands activate antioxidant enzymes and suppress hepatic fibrosis in rats. 
Biochem Biophys Res Commun 2004;324:697-704.  DOI  PubMed

49.     

Hill CJ, Lynch DB, Murphy K, et al. Evolution of gut microbiota composition from birth to 24 weeks in the INFANTMET Cohort. 
Microbiome 2017;5:4.  DOI  PubMed  PMC

50.     

O'Neill IJ, Sanchez Gallardo R, Saldova R, et al. Maternal and infant factors that shape neonatal gut colonization by bacteria. Expert 
Rev Gastroenterol Hepatol 2020;14:651-64.  DOI

51.     

Sousa P, Machado MV. MAFLD under the lens: the role of gut microbiota. Metab Target Organ Damage 2022;2:14.  DOI52.     
Ho NT, Li F, Lee-Sarwar KA, et al. Meta-analysis of effects of exclusive breastfeeding on infant gut microbiota across populations. 53.     

https://dx.doi.org/10.1016/j.numecd.2013.10.028
http://www.ncbi.nlm.nih.gov/pubmed/24439841
https://dx.doi.org/10.1079/phn2005793
http://www.ncbi.nlm.nih.gov/pubmed/16277817
https://dx.doi.org/10.1210/endo-45-6-627
http://www.ncbi.nlm.nih.gov/pubmed/15402206
https://dx.doi.org/10.1016/j.tem.2020.01.004
http://www.ncbi.nlm.nih.gov/pubmed/32044206
https://dx.doi.org/10.1016/j.bbrc.2018.03.048
https://dx.doi.org/10.1055/a-2043-1044
http://www.ncbi.nlm.nih.gov/pubmed/36849108
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10076105
https://dx.doi.org/10.1016/j.jhep.2018.01.035
https://dx.doi.org/10.1186/s12876-022-02619-w
http://www.ncbi.nlm.nih.gov/pubmed/36526972
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9758822
https://dx.doi.org/10.1055/s-0028-1103034
https://dx.doi.org/10.1046/j.1440-1754.2000.00562.x
http://www.ncbi.nlm.nih.gov/pubmed/11036806
https://dx.doi.org/10.1016/s2213-8587(22)00003-1
https://dx.doi.org/10.1016/j.jlr.2022.100288
http://www.ncbi.nlm.nih.gov/pubmed/36162520
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9619182
https://dx.doi.org/10.1136/adc.2009.159566
https://dx.doi.org/10.1016/j.jhep.2017.03.029
https://dx.doi.org/10.1016/j.lanepe.2021.100206
http://www.ncbi.nlm.nih.gov/pubmed/34806068
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8589711
https://dx.doi.org/10.1186/s12876-017-0677-7
http://www.ncbi.nlm.nih.gov/pubmed/29187144
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5708084
https://dx.doi.org/10.1111/1471-0528.16199
http://www.ncbi.nlm.nih.gov/pubmed/32145139
https://dx.doi.org/10.3945/ajcn.113.080200
https://dx.doi.org/10.1093/ajcn/nqy137
https://dx.doi.org/10.1016/j.jpeds.2019.04.018
https://dx.doi.org/10.1016/j.cgh.2021.04.014
https://dx.doi.org/10.1152/physiol.00050.2005
http://www.ncbi.nlm.nih.gov/pubmed/16443820
https://dx.doi.org/10.1016/j.jhep.2010.02.010
http://www.ncbi.nlm.nih.gov/pubmed/20392513
https://dx.doi.org/10.1542/peds.2004-1808
http://www.ncbi.nlm.nih.gov/pubmed/15741354
https://dx.doi.org/10.1002/hep.23205
https://dx.doi.org/10.1136/bmj.319.7222.1403
http://www.ncbi.nlm.nih.gov/pubmed/10574856
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC28284
https://dx.doi.org/10.1016/j.jhep.2009.12.042
https://dx.doi.org/10.1016/j.bbrc.2004.09.110
http://www.ncbi.nlm.nih.gov/pubmed/15474484
https://dx.doi.org/10.1186/s40168-016-0213-y
http://www.ncbi.nlm.nih.gov/pubmed/28095889
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5240274
https://dx.doi.org/10.1080/17474124.2020.1784725
https://dx.doi.org/10.20517/mtod.2022.15


Page 12 of Lonardo et al. Metab Target Organ Damage 2023;3:16 https://dx.doi.org/10.20517/mtod.2023.1712

Nat Commun 2018;9:4169.  DOI  PubMed  PMC
Horta BL, Victora CG, França GVA, et al. Breastfeeding moderates FTO related adiposity: a birth cohort study with 30 years of 
follow-up. Sci Rep 2018;8:2530.  DOI  PubMed  PMC

54.     

Korpela K, de Vos WM. Infant gut microbiota restoration: state of the art. Gut Microbes 2022;14:2118811.  DOI  PubMed  PMC55.     
Wells JM, Gao Y, de Groot N, Vonk MM, Ulfman L, van Neerven RJJ. Babies, bugs, and barriers: dietary modulation of intestinal 
barrier function in early life. Annu Rev Nutr 2022;42:165-200.  DOI  PubMed

56.     

Wu Y, Chen W, Guo M, et al. Metabolomics of extracellular vesicles: a future promise of multiple clinical applications. Int J 
Nanomedicine 2022;17:6113-29.  DOI  PubMed  PMC

57.     

Jiang X, Wu Y, Zhong H, et al. Human milk-derived extracellular vesicles alleviate high fat diet-induced non-alcoholic fatty liver 
disease in mice. Mol Biol Rep 2023;50:2257-68.  DOI

58.     

Reif S, Atias A, Musseri M, Koroukhov N, Gerstl RG. Beneficial effects of milk-derived extracellular vesicles on liver fibrosis 
progression by inhibiting hepatic stellate cell activation. Nutrients 2022;14:4049.  DOI  PubMed  PMC

59.     

Lonardo A, Singal AK, Osna N, Kharbanda KK. Effect of cofactors on NAFLD/NASH and MAFLD. a paradigm illustrating the 
pathomechanics of organ dysfunction. Metab Target Organ Damage 2022;2:12.  DOI  PubMed  PMC

60.     

Stevanović-Silva J, Beleza J, Coxito P, Costa RC, Ascensão A, Magalhães J. Fit mothers for a healthy future: breaking the 
intergenerational cycle of non-alcoholic fatty liver disease with maternal exercise. Eur J Clin Invest 2022;52:e13596.  DOI  PubMed

61.     

https://dx.doi.org/10.1038/s41467-018-06473-x
http://www.ncbi.nlm.nih.gov/pubmed/30301893
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6177445
https://dx.doi.org/10.1038/s41598-018-20939-4
http://www.ncbi.nlm.nih.gov/pubmed/29416098
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5803210
https://dx.doi.org/10.1080/19490976.2022.2118811
http://www.ncbi.nlm.nih.gov/pubmed/36093611
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9467569
https://dx.doi.org/10.1146/annurev-nutr-122221-103916
http://www.ncbi.nlm.nih.gov/pubmed/35697048
https://dx.doi.org/10.2147/ijn.s390378
http://www.ncbi.nlm.nih.gov/pubmed/36514377
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9741837
https://dx.doi.org/10.1007/s11033-022-08206-2
https://dx.doi.org/10.3390/nu14194049
http://www.ncbi.nlm.nih.gov/pubmed/36235702
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9571732
https://dx.doi.org/10.20517/mtod.2022.14
http://www.ncbi.nlm.nih.gov/pubmed/36090199
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9453927
https://dx.doi.org/10.1111/eci.13596
http://www.ncbi.nlm.nih.gov/pubmed/34120338

