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Abstract: Background: Breast milk protein content changes with the phases of lactation, whereas it
is relatively static in infant formula (IF). The “early protein hypothesis” posits that higher protein
intake in infancy increases insulin and IGF-1 secretion, exacerbating weight gain and increasing
the risk of cardiometabolic disease. In addition, the FGF-21 hormone also regulates metabolism
by enhancing fat oxidation, energy expenditure, and insulin sensitivity. It is strongly induced by
dietary protein restriction in adults and is inversely associated with growth rates in infancy. Here, we
examined metabolic hormones in infants fed from 0 to 360 days, either standard or sequential IFs with
age-adapted protein content, compared to breast-fed infants. Methods: Infants were randomized
into two groups: 1. Standard Regimen-1 (n = 233): Standard IF (SIF = 1.85g protein/100kcal;
0–90 days) + Follow-up formula (FuF = 1.50g protein/100kcal; 90–360 days); 2. Age-adapted Regimen-
2 (n = 227): New IF (2.50g protein/100kcal; 0–30 days) + SIF (30–90 days) + FuF (90–360 days).
Breast-fed infants (n = 231) served as a reference. Plasma insulin, C-peptide, IGF-1, and FGF-21 were
measured at 30, 120, and 360 days by ELISA. Results: Insulin and C-peptide concentrations remained
similar in Regimen-1 and -2 across 360 days and were significantly higher (up to +64%) than in
breast-fed infants. Moreover, both IF regimens showed similar IGF-1 levels that were significantly
higher (up to +26%) than breast-fed infants at 120 and 360 days. At 30 days, FGF21 levels were similar
in BF and Regimen-1 but significantly lower in Regimen-2 infants. At 120 days, breast-fed infants
showed a striking increase in FGF-21 levels (+42 and +74% higher vs. Regimen-1 and -2, respectively).
At 360 days, FGF-21 in the breast-fed group remained significantly higher than Regimen-2 but not
Regimen-1. These differences in FGF-21 levels were more prominent in males. Discussion: Overall,
IGF-1, insulin, and C-peptide concentrations were similar between both IF regimens and significantly
higher than in the breast-fed group. In contrast, FGF-21 levels were generally higher in the latter.
Interestingly, the lower protein content of SIF in the first month (Regimen-1) brought FGF-21 levels
closer to those observed in breast-fed infants. This study highlights FGF-21 as a possible novel
mediator underpinning the early protein hypothesis.
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