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Clinical Trials: Nutrition and Growth
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ABSTRACT 

Objectives: Protein overfeeding in infants can have negative effects, such as 
diabetes and childhood obesity; key to reducing protein intake from formula 
is improving protein quality. The impact of a new infant formula [study for-
mula (SF)] containing alpha-lactalbumin, lactoferrin, partially hydrolyzed 
whey, and whole milk on growth and tolerance compared to a commercial 
formula (CF) and a human milk reference arm was evaluated.
Methods: This randomized, double-blind trial included healthy, singleton, term 
infants, enrollment age ≤14 days. Primary outcome was mean daily weight 
gain. Secondary outcomes were anthropometrics, formula intake, serum amino 
acids, adverse events, gastrointestinal characteristics, and general disposition.
Results: Non-inferiority was demonstrated. There were no differences 
between the formula groups for z scores over time. Formula intake [−0.33 
oz/kg/day, 95% confidence interval (CI): −0.66 to −0.01, P = 0.05] and mean 
protein intake (−0.13 g/kg/day, 95% CI: −0.26 to 0.00, P = 0.05) were lower 
in the SF infants, with higher serum essential amino acid concentrations 
(including tryptophan) compared to the CF infants. Energetic efficiency was 
14.0% (95% CI: 8.3%, 19.7%), 13.0% (95% CI: 6.0%, 20.0%), and 18.1% 
(95% CI: 9.4%, 26.8%) higher for weight, length, and head circumference, 
respectively, in SF infants compared to the CF infants. SF infants had sig-
nificantly fewer spit-ups and softer stool consistency than CF infants.
Conclusions: The SF resulted in improved parent-reported gastrointesti-
nal tolerance and more efficient growth with less daily formula and protein 
intake supporting that this novel formula may potentially reduce the meta-
bolic burden of protein overfeeding associated with infant formula.
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Human milk (HM), the recommended source of nutrition, is not 
available for all infants. HM research guides infant formula (IF) 

What Is Known

• Protein levels in infant formula often exceed human 
milk.

• Protein overfeeding in early infancy is hypothesized 
to impact endocrine and metabolic programming 
contributing to negative outcomes including diabe-
tes and childhood obesity.

• Trials confirm that feeding infants formulas with 
lower protein content supports adequate growth; 
however, protein quality must be considered.

What Is New

• Results demonstrate that macronutrient profile favor-
ably impacts energetic efficiency, amino acid levels, 
and parent-reported gastrointestinal tolerance.

• Infants fed formula with a high-quality protein blend 
and whole milk grew adequately with less formula 
and protein intake compared to a standard formula.

Received January 24, 2022; accepted March 24, 2022.

From the *ByHeart, Inc, New York, New York, the †University of North Carolina 
at Chapel Hill, Chapel Hill, NC, the ‡University of California Davis, Davis, 
CA, the §University of Alberta, Edmonton, Alberta, Canada, the ‖Memorial 
Sloan Kettering Cancer Center, New York, NY, the ¶Cleveland Clinic Foun-
dation, Cleveland OH, and the #University of Illinois, Urbana, IL.

Address correspondence and reprint requests to Devon Kuehn, MD, 
ByHeart, Inc, 131 Varick Street, 11th Floor, New York, NY 10013 
(e-mail: Devon@byheart.com).

The study was registered at clinicaltrials.gov registration numbers: 
NCT04218929 and NCT04389606.

Sources of Funding: This trial was funded by ByHeart, Inc. No funding 
was received from National Institutes of Health (NIH), Wellcome Trust, 
Howard Hughes Medical Institute, or other sources.

S.Z. receives an honorarium as part of the ByHeart Scientific Advisory Board. 
Bruce German receives an honorarium as part of the ByHeart Scientific 
Advisory Board. C.F. receives an honorarium as part of the ByHeart 
Scientific Advisory Board. S.D. receives an honorarium as part of the 
ByHeart Scientific Advisory Board and has received research grants 
from ByHeart. In addition, S.D. serves on Scientific Advisory Boards for 
Austnutria, Danone North America, Danone Institute International, and 

the National Dairy Council. She currently receives grant funding from 
General Mills, International Foods and Fragrances, Kyowa Hakka Bio, 
the National Dairy Council, National Institutes of Health (NIH), and the 
U.S. Department of Agriculture. B.L. receives an honorarium as part of 
the ByHeart Scientific Advisory Board and has received research grants 
from ByHeart. The remaining authors report no conflicts of interest.

This article has been developed as a Journal CME and MOC Part II Activity 
by NASPGHAN. Visit https://learnonline.naspghan.org/ to view instruc-
tions, documentation, and the complete necessary steps to receive CME 
and MOC credits for reading this article.

Supplemental digital content is available for this article. Direct URL cita-
tions appear in the printed text, and links to the digital files are provided 
in the HTML text of this article on the journal’s Web site (www.jpgn.org).

Copyright © 2022 The Author(s). Published by Wolters Kluwer on behalf of 
European Society for Pediatric Gastroenterology, Hepatology, and Nutri-
tion and North American Society for Pediatric Gastroenterology, Hepa-
tology, and Nutrition. This is an open-access article distributed under the 
terms of the Creative Commons Attribution-Non Commercial-No Deriva-
tives License 4.0 (CCBY-NC-ND), where it is permissible to download and 
share the work provided it is properly cited. The work cannot be changed 
in any way or used commercially without permission from the journal.

DOI: 10.1097/MPG.0000000000003490

See Invited Commentary: ‘‘Welcome to a New Infant  
Formula’’ by Baker and Merritt on page 389.

mailto:Devon@byheart.com
https://learnonline.naspghan.org/
www.jpgn.org
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


522 www.jpgn.org

Kuehn et al JPGN • Volume 75, Number 4, October 2022

design, yet gaps in composition and outcomes remain. Formula-fed 
infants consume more energy and protein and gain more weight than 
HM-fed infants (1–3), increasing the risk of adverse short- and long-
term outcomes (4–6). Protein quality and content in IF have a signifi-
cant role (7,8). To compensate for the lower bioavailability of amino 
acids (AA), the established minimum protein content of IF is higher 
than are levels in mature HM to ensure the provision of sufficient 
essential AA to support protein synthesis (9–12). However, excessive 
protein intake in early infancy is hypothesized to change endocrine 
and metabolic programming with potential impacts on obesity and 
disease risk (5,6,13). Therefore, it is essential for IF to supply the nec-
essary essential AA without exceeding the quantity of protein infants 
can utilize. Trials examining the safety of lower protein formulas 
to reduce the risks of protein overfeeding have confirmed adequate 
growth, yet recent research suggests that protein quality must be con-
sidered in addition to protein quantity (6,9,14–16).

Informed by HM research, a new IF that contains a high-
quality protein blend with alpha-lactalbumin, lactoferrin, partially 
hydrolyzed whey proteins, and whole bovine milk was developed. 
This trial evaluated the growth, safety, and tolerance of infants fed 
this new formula compared to those fed a commercial formula and 
an HM-fed reference group.

METHODS

Participants
Infants were recruited from 35 US locations. Healthy, sin-

gleton, term (≥37 and ≤42 weeks) infants with a birth weight of 
≥2500 g, ≤14 days, between fifth and 95th percentile of World Health 
Organization (WHO) Growth Standards (17) whose parent(s)/legal 
guardian(s) had already decided to formula feed and were exclusively 
consuming and tolerating cow’s milk-based IF before enrollment, or 
HM for the reference group, were eligible. Exclusion criteria were 
anatomic or physiologic conditions or use of medications that would 
interfere with normal growth, development, or feeding, maternal 
history with known adverse effects on the fetus or newborn infant, or 
history of cow’s milk protein or soy intolerance/allergy.

Design and Procedures
The protocol was approved by an independent institutional 

review board and was conducted according to International Coun-
cil for Harmonisation Good Clinical Practice Guidelines and in 
compliance with the principles of the Declaration of Helsinki. The 
trial was conducted as a 16-week trial with an 8-week extension 
and was registered at www.clinicaltrials.gov (NCT04218929 and 
NCT04389606 January 6, 2020 and May 15, 2020, respectively). 
Written informed consent was obtained from all participating 
infant’s parents(s)/legal guardian(s).

The study was a multisite, randomized, double-blind, con-
trolled, non-inferiority trial. Enrolled infants were randomized to 
receive either the study formula (SF) or a commercial formula 
(CF) for a total of 24 weeks. A statistician, with no other involve-
ment in the trial, generated the randomization sequence (stratified 
by sex). Site randomization occurred via Interactive Web-Based 
Randomization System (IWRS). Investigators and parent(s)/legal 
guardian(s) were blinded throughout the trial.

Following enrollment, participants were evaluated at 11 vis-
its (8 in person and 3 by telephone). Infants in the HM reference 
group completed identical study procedures.

Trial Formulas
Both the SF (ByHeart, Inc, New York, NY) and the CF (Enfa-

mil, Mead Johnson, LLC, Chicago, IL) were isocaloric (100 kcal/5 
fluid oz/150 mL), contained identical amounts of protein (2 g/100 

kcal), and similar amounts of lipids (5.6 g/100 kcal ByHeart; 
5.3 g/100 kcal Enfamil), carbohydrates (10 g/100 kcal ByHeart; 
11.3 g/100 kcal Enfamil), and micronutrients (Table 1, Supple-
mental Digital Content, http://links.lww.com/MPG/C828). The 
SF differed from the CF in that it contained whole milk (bovine), 
alpha-lactalbumin enriched whey, lactoferrin, partially hydrolyzed 
whey protein, and a single prebiotic [galacto-oligosaccharide 
(GOS)]. The CF contained skim milk (bovine), whey protein con-
centrate, and a combination of GOS/polydextrose. Infants were fed 
ad libitum.

Measurements
The primary objective was to demonstrate non-inferiority 

in mean daily weight gain of infants fed the SF compared to CF 
between baseline and 24 weeks of age. Secondary objectives were 
to evaluate additional anthropometric measurements, serum AA 
concentrations, formula intake volume, adverse events (AE), gas-
trointestinal characteristics, and general disposition.

At the baseline visit, following informed consent and 
randomization, a physical exam and anthropometric evaluation 
[weight, length, and head circumference (HC)] occurred. Mater-
nal and infant history, demographics, and prior and concomitant 
medications were reviewed, and instruction was provided for for-
mula preparation and how to complete the 3-day formula intake 
diary. At each in-person follow-up visit, anthropometric measure-
ments were obtained by 2 trained study personnel per standard-
ized protocol. Two measurements were taken for weight (without 
clothing on a calibrated digital electronic scale), length (in the 
recumbent position by calibrated length board), and HC (by mea-
suring tape), and in the case of a predefined difference, a third was 
obtained.

Parent(s)/legal guardian(s) recorded formula intake on a 
3-day formula/diet record. Consistent with recommendations from 
the American Academy of Pediatrics, parent(s)/legal guardian(s) 
were discouraged from feeding their infant foods other than 
assigned formula during the first 16 weeks of the trial. At each visit, 
investigators monitored feeding compliance, complementary food 
intake, AE, medications, tolerance, and general disposition. AE 
were clinically assessed for severity and relatedness. Gastrointesti-
nal tolerance outcomes reported were stool frequency (number/d), 
stool consistency (5-point scale), spit-up (number/d), and amount 
of gas (3-point scale). General disposition included fussiness 
(4-point scale) and total crying time (h/d).

Amino Acid Analysis
At approximately 16 and 24 weeks of life, venous blood 

(1 mL) was drawn, and serum was stored frozen until analysis. 
Blood draw was delayed in the case of illness until the illness was 
resolved for 48 hours. A subgroup of infants in the per-protocol (PP) 
population without any complementary food intake were identified, 
equally distributed by sex between groups, for analysis. Serum AA 
were analyzed on a Hitachi L-8900Amino Acid Analyzer.

Calculation of Energetic Efficiency
The energetic efficiency (EE) was calculated as a ratio of 

mean daily weight, length, or head circumference gain (g/d or 
mm/d) to average energy intake in kilocalories and grams of pro-
tein [converted from mean formula intake (oz/d) by 20 kcal/oz or 
2 g/5 oz].

Statistics
Sample size was based on a non-inferiority hypothesis that 

weight gain velocity (g/d) in SF infants was non-inferior to CF 
infants based on the established margin of −3 g/d (18). Assuming 

www.clinicaltrials.gov
http://links.lww.com/MPG/C828
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a standard deviation in weight gain of 6.0 g/d and 90% power, 70 
participants per formula group would demonstrate non-inferiority 
with a one-sided type I error of 0.025. Assuming a 25% attrition 
rate and up to 5% of participants with a major protocol violation, 
a target sample size of 200 formula-fed infants (100 per arm) was 
determined. Both sample sizes and statistical analyses were deter-
mined a priori.

All analyses were conducted in the PP population, a subset 
of infants who completed the 24-week trial with no more than 9 
days during the trial where all feedings were non-study formula and 
consumed no more than 24 single non-study feedings. Infants in the 
HM group were included for analysis if they were receiving HM as 
the predominant source of nourishment.

All mixed-effect model for repeated measures (MMRM) used 
sex, age at enrollment, formula, site, visit, formula by site interac-
tion, and formula by visit interaction as factors (additional factors 
noted by model). Models for growth and parent-reported tolerance 
and disposition outcomes included SF, CF, and HM; models for for-
mula intake and EE included only SF and CF. From these models, 
contrast effect estimates, and P values were calculated to evaluate 
comparisons between SF and CF, and SF and HM groups, where 
applicable. When both formula and HM comparisons were tested, a 
Bonferroni corrected alpha level of 0.025 was used. EE was com-
pared between SF and CF as percent difference based on raw values 
and in MMRM models. Serum AA concentrations were compared 
between SF and CF using Wilcoxon rank-sum test. Days of gastro-
intestinal AE were calculated for each infant and compared between 
SF and CF, and SF and HM using the Wilcoxon rank-sum test.

RESULTS
Between April 2019 and June 2021, 350 infants were 

screened, with 211 infants randomized (106 in the SF group, 105 

in the CF group) and 100 enrolled in the HM group (Fig. 1). The 
coronavirus disease 2019 (COVID-19) pandemic resulted in slowed 
enrollment but with limited impact on study completion (9 partici-
pants in the PP population with a missed visit, similarly distributed 
among the formula groups). For analysis, there were 61 (57.5%) 
infants in the PP population in the SF group and 67 (63.8%) in the 
CF group. Fifty-seven (57.0%) infants were included in the HM 
reference group.

Baseline demographic data between formula groups were 
similar (Table 2, Supplemental Digital Content, http://links.lww.
com/MPG/C828 and Table 3, Supplemental Digital Content, http://
links.lww.com/MPG/C828).

Growth Outcomes
Mean daily weight gain velocity (g/d) between trial enroll-

ment and 24 weeks was 26.7 [standard deviation (SD) = 5.2] in the 
SF group and 26.1 (SD = 4.7) in the CF group. In the PP popula-
tion, non-inferiority at 24 weeks was demonstrated with the lower 
limit of the 95% confidence interval of the difference in model-
based mean daily weight gain between formula groups of −0.99 g/d. 
Non-inferiority was also confirmed in the intention to treat (ITT) 
population.

No differences were observed over time between SF and 
CF for weight-for-age, length-for-age, HC-for-age, and weight-
for-length z scores (Fig. 1A–D, Supplemental Digital Content, 
http://links.lww.com/MPG/C828). Differences of limited clini-
cal significance were intermittently detected between the groups 
at individual visits. Growth in the SF group was different from 
HM, consistent with established literature, and as expected (2) 
(Table 4, Supplemental Digital Content, http://links.lww.com/
MPG/C828).

FIGURE 1. Flow diagram of study progression. Flow diagram of participants from study enrollment to completion.

http://links.lww.com/MPG/C828
http://links.lww.com/MPG/C828
http://links.lww.com/MPG/C828
http://links.lww.com/MPG/C828
http://links.lww.com/MPG/C828
http://links.lww.com/MPG/C828
http://links.lww.com/MPG/C828
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Formula Intake and Energetic Efficiency
Formula intake by weight (oz/kg/d) was estimated to be 

lower in the SF group (−0.33 oz/kg/d, 95% CI: −0.66 to −0.01, 
P = 0.05) than in the CF group. This translates to a decreased 
protein intake in the SF group of −0.13 g/kg/d (95% CI: −0.26 to 
0.00, P = 0.05) compared to the CF group.

EE by weight was different between treatment groups over 
time (interaction P = 0.02; Fig.  2A). EE was also higher in the 
SF group for length (P = 0.002; Fig. 2B) and for HC (P < 0.001; 
Fig.  2C). EE per oz/mL of formula was 14.0% (95% CI: 8.3%–
19.7%), 13.0% (95% CI: 6.0%–20.0%), and 18.1% (95% CI: 
9.4%–26.8%) higher for weight, length, and HC, respectively, in 
SF group compared to CF group.

Serum Amino Acid Analysis
In a subgroup of 74 infants, the combination of the 

essential and conditionally essential AA was greater in the 
SF group compared to the CF group (P = 0.048). Tryptophan 
and threonine concentrations, the ratios of tryptophan to large 

neutral amino acids (LNAA) concentrations and of tryptophan 
to branched-chain amino acid (BCAA) concentrations were 
higher in the SF group compared to the CF group (P = 0.019,  
P = 0.042, P = 0.007, P = 0.026, respectively). There was no 
difference in concentrations of the other essential and condition-
ally essential AA, the BCAA, and LNAA between the 2 formula 
groups. Infants fed the SF had greater concentrations of some 
AA compared to HM-fed infants; however, a majority (90%) 
were within one standard deviation of the HM group (Table 1, 
Table 5, Supplemental Digital Content, http://links.lww.com/
MPG/C828).

Gastrointestinal Tolerance
MMRM demonstrated significantly fewer mean number of 

spit-ups over time in the SF group compared to the CF group (P = 
0.01). The SF group experienced fewer spit-ups at weeks 8-14 than 
the CF group (Bonferroni corrected P < 0.025). No statistically 
significant differences were observed in mean number of spit-ups 
between the SF group and the HM group at any time point except 

A B

C

FIGURE 2. Model-based mean energetic efficiency by feeding group and study visit in the PP population. Results from MMRM using previ-
ously described factors plus weight, length or head circumference at baseline, and food intake to account for introduction of supplementary 
solid food introduced during the study period; weight (A), length (B), HC (C). Error bars represent standard error of the mean. HC = head 
circumference; MMRM = model for repeated measures; PP = per-protocol.

http://links.lww.com/MPG/C828
http://links.lww.com/MPG/C828
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week 4 (Fig.  3A, Table 6, Supplemental Digital Content, http://
links.lww.com/MPG/C828).

Mean stool consistency was softer in the SF group compared 
to the CF group (mean score difference 0.39, 95% CI: 0.27–0.52, 
P < 0.001). No statistically significant differences were observed in 
mean stool consistency between the SF group and the HM group 
at any timepoint except weeks 16 and 20 (Fig. 3B). No differences 
were observed in mean number of stools per day between the SF and 
CF groups, and the occurrence of moderate or excessive gas was 
less in the SF group, although not statistically significant (Table 6, 
Supplemental Digital Content, http://links.lww.com/MPG/C828).

General Disposition
There was no difference between SF and CF groups for level 

of fussiness or average number of hours of crying per day.

Adverse Events
At least one AE was reported in 52 infants (85%) in the SF 

group, compared to 54 (81%) in the CF group, and 48 infants (84%) 
in the HM group (Table 7, Supplemental Digital Content, http://
links.lww.com/MPG/C828). Investigators classified all AEs as mild 
or moderate. Most (86%) AEs were designated as not related to 

TABLE 1. Serum essential and conditionally essential amino acid concentrations and ratios (µmol/L) in a subgroup of the PP population at 
week 16 by feeding group

 Study formula (n = 21) Commercial formula (n = 28) Human milk (n = 25) 

Cysteine 7 (8) 5 (7) 7 (5)

Histidine 120 (43) 104 (32) 151 (72)

Isoleucine 105 (24) 97 (20) 89 (29)

Leucine 150 (29) 152 (33) 142 (42)

Lysine 211 (51) 201 (44) 191 (53)

Methionine 32 (8) 33 (8) 27 (7)

Phenylalanine 76 (14) 78 (18) 75 (18)

Threonine 282 (88)* 234 (70) 221 (83)

Tryptophan 96 (15)* 86 (17) 78 (17)

Valine 237 (33) 243 (47) 209 (58)

Total essential and conditional amino acids† 1344 (236)* 1197 (206) 1229 (348)

Total BCAA‡ 493 (81) 492 (98) 440 (128)

Total LNAA§ 667 (110) 666 (130) 616 (163)

Tryptophan to LNAA ratio 0.146 (0.026)* 0.130 (0.018) 0.130 (0.030)

Tryptophan to BCAA ratio 0.20 (0.04)* 0.18 (0.03) 0.19 (0.05)

Mean (SD). BCAA = branched-chain amino acid; CF = commercial formula; LNAA = large neutral amino acids; PP = per-protocol; SD = standard 
deviation; SF = study formula. *Significant difference between SF and CF, P < 0.05. †The essential and conditionally essential amino acid group was the sum 
of cysteine, histidine, isoleucine, leucine, lysine, methionine, phenylalanine, threonine, tryptophan, valine. ‡The BCAA group was the sum of isoleucine, 
leucine, and valine. §The LNAA group was the sum of isoleucine, leucine, phenylalanine, tyrosine, valine. 

A B

FIGURE 3. Model-based mean number of spit-ups and stool consistency by feeding group and study visit in the PP population. Results from 
MMRM using previously described factors plus stool consistency or number of spit-ups reported at baseline; number of spit-ups (A), stool 
consistency on a 5-point scale; 1=hard, 5=watery (B). MMRM = model for repeated measures; PP = per-protocol.

http://links.lww.com/MPG/C828
http://links.lww.com/MPG/C828
http://links.lww.com/MPG/C828
http://links.lww.com/MPG/C828
http://links.lww.com/MPG/C828


526 www.jpgn.org

Kuehn et al JPGN • Volume 75, Number 4, October 2022

formula/HM. At least one possibly related AE was reported in 10 
infants (16%) in the SF group, compared to 12 infants (18%) in the 
CF group and to 2 infants (4%) in the HM group (Table 7, Sup-
plemental Digital Content, http://links.lww.com/MPG/C828). The 
number of days of gastrointestinal AEs was less in the SF group 
than in the CF group [median: 34 d, interquartile range (IQR): 
9–138 vs median: 80 d, IQR: 41–152, P = 0.08]. The SF group 
received less medications for gastrointestinal and metabolism con-
ditions than did the CF group (22, 36% vs 28, 42%) (Table 8, Sup-
plemental Digital Content, http://links.lww.com/MPG/C828).

DISCUSSION
Infants in the SF group grew as well as infants in the CF 

group; there were no differences in z scores over time. Interest-
ingly, infants fed the SF consumed less average daily formula and 
less total protein, had higher essential AA concentrations, and had 
a higher EE, demonstrating that this novel IF, made with a high-
quality protein blend and whole milk, results in improved protein 
utilization and more efficient growth per oz of formula than a com-
mercial IF. Parents of infants in the SF group reported gastrointes-
tinal benefits, less spit-up, and softer stool.

EE is a measure of the impact of macronutrient components 
on growth, enabling the comparison per equivalent intake between 
sources of nutrition (16). Fledderman et al (16) found that the 
quality of protein ingredients (particularly whey predominance 
and alpha-lactalbumin and, thus, a higher tryptophan content) in 
addition to more palmitic acid in the sn-2 position (improved fat 
absorption) in IF are drivers of EE (16,19). The inclusion of these 
components in the SF resulted in 13-18% more efficient growth 
per oz of formula consumed, similar to what has been reported in 
HM-fed infants (16). As a result of this improved EE, infants in 
the SF group consumed less daily protein while maintaining ade-
quate growth. This decrease is equivalent to a reduction in formula 
protein content from 2 g/100 kcal to 1.85–1.9 g/100 kcal based on 
established typical formula intake for an infant at the 50th percen-
tile for weight.

Growth is limited by the availability of essential nutrients, 
including AA, necessary for protein synthesis. HM contains a rela-
tively high proportion of these AA relative to total protein com-
pared to bovine milk (20,21). IF has traditionally been formulated 
with protein levels that exceed those of HM to ensure adequate pro-
vision of essential AA (9–12). Previous studies demonstrated that 
reduced protein formulas with extensively and partially hydrolyzed 
proteins (22,23), whey predominance (24–26), alpha-lactalbumin 
(27), or with a modified AA profile (9) could result in adequate 
growth.

Alpha-lactalbumin, the predominant protein in mature HM, 
is recognized for its high proportion of essential AA, notably tryp-
tophan, cysteine, and BCAA (20,28). Multiple trials have shown 
that the enrichment of alpha-lactalbumin in IF supports reduced 
protein content without negative impact on growth (19,27,29–31) 
and higher levels of serum essential AA including tryptophan 
(19,30–32). Due to the abundance of alpha-lactalbumin, HM con-
tains double the amount of tryptophan as bovine milk (proportion of 
total protein) (20,21). In the current trial, the SF was enriched with 
alpha-lactalbumin at levels consistent with mature HM. Infants fed 
the SF had a higher level of total essential and conditionally essen-
tial AA, higher levels of tryptophan, and a higher tryptophan to 
LNAA ratio than infants in the CF group. As tryptophan is usually 
the most limiting AA for infants, adequate provision is essential 
for growth; levels of tryptophan have been suggested as a measure 
of protein adequacy in IF (20,28,33). Additionally, tryptophan is a 
precursor to serotonin, known for its regulation of central nervous 

system activity, including sleep (34). Animal studies have shown 
the tryptophan to LNAA ratio is a reliable indicator of brain tryp-
tophan and serotonin concentrations, and human trials have shown 
that a higher tryptophan to LNAA ratio decreases sleep latency in 
infants (35–37).

The outcomes of reduced spit-ups and softer stools in the SF 
were expected based on previously reported outcomes from mul-
tiple components included in the SF. Alpha-lactalbumin improves 
formula digestion tolerability (29,31). Hydrolyzed proteins and 
alpha-lactalbumin reduce regurgitation in infants (29,31,38–41). 
The whey predominance of the SF likely further contributes, as 
gastric emptying of whey protein is faster than casein (42). In 
several trials, infants fed a GOS-containing formula had a softer 
stool consistency (43–45). Palmitic acid is better absorbed when 
esterified to the sn-2 position of a triglyceride; poorer absorption 
of palmitic acid in sn-1 and sn-3 positions results in calcium-fatty 
acid soaps in the intestine, contributing to harder stool (46,47). In 
HM, 70%–88% of the palmitic acid is in the sn-2 position, which is 
greater than found in vegetable oils (5%–20%) typically used in IF 
(46,48). Bovine milk has approximately 40% of palmitic acid in the 
sn-2 position (48). Manios et al (48) observed an improvement in 
stool consistency in infants fed a formula with whole bovine milk. 
In addition to the use of whole milk, omission of palm oil in the 
SF likely also contributed to softer stools. Palm oil, due to the high 
proportion of palmitic acid in the sn-1 and sn-3 positions, results in 
harder stools (49).

This study has several notable strengths. First is its design, 
which resulted in a generalizable demographic distribution. The 
inclusion of the HM-fed reference group allows for comparison to 
the recommended nutrition standard. Lastly, concordance of serum 
analysis, formula intake data, EE calculations, and anthropometrics 
validate the conclusion.

There are also several limitations. Enrollment of the HM 
group occurred before the formula-fed infants, the latter coinciding 
with the start of the COVID-19 pandemic. However, this should 
not have impacted growth and tolerance outcomes. It was not pos-
sible to calculate EE for the HM group (volume was not measured), 
and the finding of similar reported EE in this population should be 
verified. Another limitation is the comparison of the SF to only one 
control formula; however, this formula is considered a standard in 
the field. The conclusion regarding protein quality was based on 
previous literature on the SF proteins and the trial outcomes, not 
on the Digestible Indispensable Amino Acid Score (DIAAS). It is 
important to note that the gastrointestinal tolerance and general 
disposition data are subjective. In addition, the plasma AA analy-
sis was performed in a subgroup of infants in the PP population; 
however, the effect size was large. Collection of data on infant sleep 
patterns may have illustrated the impact of the higher tryptophan to 
LNAA ratio in the SF.

Finally, although the SF did not impact one of the known 
early risk factors in infants for the development of obesity and 
disease risk, weight gain, it is possible that the reduction in pro-
tein intake and improved EE may have positively impacted other 
outcomes, including metabolic and endocrine programming and 
improvements in body composition. Previous literature has shown 
that differences in body composition were observed in infants 
despite no differences in measured weight (50). A longer study 
period may have demonstrated weight differences as beneficial 
effects of lower protein provision on weight have been observed to 
emerge after 6 months of age (6). Additionally, the proteins in the 
SF, and particularly alpha-lactalbumin, contribute high proportions 
of BCAA, increasing serum concentrations in the SF infants and 
potentially counter-balancing a decrease in these concentrations 
that may have been seen from a lower protein intake.

http://links.lww.com/MPG/C828
http://links.lww.com/MPG/C828
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CONCLUSIONS
The macronutrient composition of the SF, including a whey-

predominant protein blend with alpha-lactalbumin, lactoferrin, par-
tially hydrolyzed proteins, and whole milk, was chosen to reflect 
advances in HM research. The outcomes of this trial support the 
conclusion that this novel formula decreases parent-reported gas-
trointestinal discomfort and allows for less total protein consumed 
with more efficient growth, potentially reducing the metabolic bur-
den of protein overfeeding associated with IF.
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