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Intakes of human milk components have been associated with infant body composition, which is likely partially

implicated in the reduced risk of developing childhood obesity among breastfed infants.

systematic review  human milk intake  early life nutrition  breastfeeding

1. Protein

Total protein was the most frequently studied HM macronutrient (7/10 studies, Figure 1. Four out of seven studies

(57%) found no significant relationships between total protein intake and infant anthropometry or BC .

Three studies found positive relationships with infant anthropometry , FFM , and adiposity ; however, one

of these studies also reported a change in the direction of the relationship with infant adiposity (skinfold gain) from

positive to negative from 3 months of age onwards .

Three studies reported on the effect of HM casein intake and concentration on infant anthropometry and BC .

Casein intake was positively associated with infant whole body adiposity (FM, %FM, and FMI)  as well as

subcutaneous-abdominal adiposity  and negatively with FFM , but not with mid-arm and mid-thigh lean and fat

areas . The same three studies also analysed the effect of whey protein on infant BC outcomes and found no

relationships after accounting for multiple comparisons.
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Figure 1. Summary of the results of quantitative synthesis for studies investigating relationships between human

milk macronutrient intake and infant anthropometry, fat-free mass, and adiposity. Each cell represents one or

multiple significant or non-significant results reported by the study. Significance level was determined by the study

and, where multiple comparisons adjustment was performed (indicated by #), only results significant after the

adjustment are presented; if no adjustment was performed, the results for p < 0.05 are presented. MFGM, milk fat

globule membrane lipid species .

2. Carbohydrates

Six out of ten studies analysed relationships between HM lactose intake and BC outcomes . Most

studies (67%, 4/6) found predominantly positive relationships between lactose intake and infant anthropometry 

, FFM , and adiposity parameters . However, two studies reported a change in the direction of the

relationship, similar to protein, from positive to negative. Negative relationships were found with infant BMI and

FFMI between 5 and 12, at 12 months of age , and with weight gain after 3 months of age onwards . No

relationships with the concentration of lactose were shown.
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In addition to lactose, three studies from the same cohort analysed associations between 24 h intake of HM total

carbohydrates and infant anthropometry and BC with contradicting results. One study of the two that investigated

regional BC did not find any associations with infant lean and fat limb areas , while a study of infant

subcutaneous-abdominal adiposity reported positive associations with total carbohydrate intake . The third study

investigated whole BC and reported opposite associations for intakes and concentrations of total carbohydrates

. Infant FM associations were positive with total carbohydrate intake and negative with concentration, yet for

FFM, the associations were negative with intake and positive with concentration.

Only one study investigated relationships between HM glucose intake and infant BC outcomes, reporting that a

higher glucose intake was associated with an increased head circumference .

3. Fat

Four studies analysed 24 h HM fat intake relationships with infant anthropometry and BC. Two longitudinal studies

that measured total fat intake did not report any relationships with either anthropometry  or skinfold gains .

The third longitudinal study that assessed intakes of individual MFGM lipid species found a large number of time-

dependent positive correlations for 99 of the 166 measured species with infant weight, head circumference, and

WLZ, with head circumference relationships being the strongest . Cross-sectionally, at 3 months postpartum, a

higher 24 h total fat intake was found among high weight gain infants compared with low weight gain infants .

Studies assessing fat concentration in addition to intake did not establish any relationships with BC or growth .

It is of note that only one study calculated fat intake by sampling HM pre-/post-feed over 24 h , with the other

three studies estimating fat intake based on two (morning and evening) pre-feed samples  or a single mid-stream

 or post-feed sample . As fat concentration progressively increases during a breastfeed , the results are

unlikely to be representative of true intake, as demonstrated by George et al. .

4. Twenty-Four-Hour Intakes of Bioactive Molecules and
Infant Body Composition

4.1. Metabolic Hormones

Positive relationships between intakes of metabolic hormones and infant BC and anthropometry were found in

several studies.

Four studies investigated 24 h intake of HM adiponectin . Cross-sectionally, at 3 months postpartum, skim

milk adiponectin intake was higher in infants with high weight gain compared with the low weight gain group . In a

longitudinal cohort, whole milk adiponectin intake was significantly associated with infant whole BC, positively with

adiposity, and negatively with FFM . After adjusting for multiple comparisons, no significant associations with

infant regional BC (visceral and subcutaneous-abdominal adiposity , as well as mid-arm and mid-thigh lean and

fat areas ) were found.
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The four studies that investigated adiponectin also measured HM leptin . Two of the studies, which

measured leptin in whole milk, found daily intakes were positively associated with infant whole body adiposity

(higher leptin intakes at 12 months were associated with increased changes in infant FM and %FM between 2 and

12 months) . No association was shown with visceral and subcutaneous-abdominal adiposity . One study

measured leptin in both whole and skim milk, with multiple skim milk leptin associations contrasting the whole milk

leptin results . In the cross-sectional study, higher skim milk leptin intakes were found in infants with high weight

gain compared with the normal weight gain group at 2 months, while skim milk leptin concentrations were

significantly higher in milk consumed by the infants with normal weight gain compared with the low weight gain

group at 3 months of lactation .

The cross-sectional study was also the only one to assess HM IGF-1 and found, at 3 months postpartum, milk with

a higher IGF-1 concentration was consumed by infants with high weight gain compared with the low weight gain

group, and higher intakes IGF-1 were found in the groups of infants with high and normal weight gain compared

with the low weight gain group .

The same study  also reported that, at 1 month postpartum, HM ghrelin concentrations were significantly higher

in milk consumed by infants with high weight gain compared with those with normal weight gain, and by infants with

normal weight gain compared with those with low weight gain. However, there was no difference between groups

by infant intake of ghrelin at any lactation time points.

HM insulin intake was also assessed by one study, reporting no relationships with infant BC or anthropometry .

4.2. Immunomodulatory Proteins

Three studies from the same cohort analysed relationships between intakes of HM lactoferrin, lysozyme, and

secretory immunoglobulin A (sIgA) and infant BC development during the first 12 months of lactation .

Higher HM lysozyme intake during the first 12 months of lactation was associated with increased whole body

adiposity (FM, FMI), while higher lysozyme intake at 12 months of age was associated with a decrease in infant

FFMI between 5 and 12 months . The association of lysozyme intake with infant mid-arm fat areas was time-

dependent, positive at 2, 5, and 9 months of age and negative at 12 months . After adjusting for multiple

comparisons, no association was reported between lysozyme intake and visceral and subcutaneous-abdominal fat

areas  or between lysozyme concentration and whole BC .

Increased HM lactoferrin intake during the first 12 months was associated with a decrease in infant FFMI , with

no significant relationships with infant regional adiposity  or regional lean mass . Lactoferrin concentration

was positively associated with infant visceral depth at 5 and 9 months and negatively at 2 and 12 months .

After adjusting for multiple comparisons, no significant associations with either intake or concertation of HM sIgA

were reported .
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4.3. Human Milk Oligosaccharides

Four studies investigated either combined total (calculated as a subtraction of lactose concentration from total

carbohydrate concentration)  or multiple individual HMOs  and found relationships with infant BC.

Three studies from the same longitudinal cohort analysed relationships between intakes of total HMOs and infant

whole  and regional  BC. After adjusting for multiple comparisons, no associations between intake of total

HMOs and infant FFM or FM parameters were found, yet a higher total HMO concentration was associated with

greater infant FFM and FFMI, and decreased FMI, %FM, and FM/FFM ratio at 5, 9, and 12 months (increased at 2

months) . Total HMO intake did not relate to infant visceral and subcutaneous-abdominal adiposity , but was

time-dependently associated with infant mid-arm fat area , negatively at 2 and positively at 5, 9, and 12 months of

age.

In a recent larger cross-sectional study, positive associations were shown between intakes of six individual HMOs

(2′-fucosyllactose (2′FL), 3-fucosyllactose (3FL), difucosyllactose (DFLac), difucosyllacto-N-hexaose (DFLNH),

difucosyllacto-N-tetrose (DFLNT), and sialyl-lacto-N-tetraose (LSTb)) and multiple infant BC (FFM, FM) and

anthropometry measures . However, while the direction of intake relationships was positive, the concentration

relationships did not match the intakes for all but one HMO (DFLNH), being either absent (2′FL and DFLac) or

negative (ucosyllacto-N-hexaose (FLNH), lacto-N-neotetraose (LNnT), and lacto-N-fucopentaose III (LFNP III)).

Additionally, relationships with infant BC were dependent on maternal secretor status .
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