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Clinical Response to Two Formulas in 
Infants with Parent-Reported Signs of 
Formula Intolerance: A Multi-Country, 
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Abstract
Background: Signs of feeding intolerance are common in formula-fed infants. We evaluated the clinical response 
to a partially hydrolyzed 100% whey protein formula with high sn-2 palmitate and reduced lactose (FA) and to 
an alpha-lactalbumin-enriched whey-predominant intact protein formula with full lactose (FB) in healthy full-term 
infants with parent-reported signs of feeding intolerance.
Methods: In a double-blind, parallel-group trial in 6 Asian study centers, exclusively formula-fed infants aged 30 
to 90 days, whose parents reported fussiness-crying for ≥2 hours/day plus gassiness and/or stooling difficulty, and 
intended to switch formula, were randomly assigned to FA (n = 130) or FB (n = 129) for 14 days. Primary endpoint 
was daily duration of fussiness-crying. Secondary endpoints included gassiness, spitting-up, vomiting, sleep pattern, 
Infant Gastrointestinal Symptom Questionnaire (IGSQ) Index, infant temperament and maternal anxiety.
Results: Mean ± SE minutes/day of fussiness-crying in the 256 analyzed infants (FA, n = 127 and FB, n = 129) 
substantially decreased from baseline to study end in FA (291 ± 14 to 140 ± 8; –52%, P < .001), and FB (313 ± 14 
to 153 ± 11, –51%, P < .001) with no difference between groups. Similarly, gassiness, spitting-up, vomiting and sleep 
pattern significantly improved by study end for both formulas. Mean ± SE IGSQ index scores significantly decreased 
from baseline to study end (FA: 44.5 ± 0.9 to 28.6 ± 0.7; FB: 44.5 ± 0.8 to 29.0 ± 0.7; P < .001) with no differences 
between groups. Infant temperament and maternal anxiety also improved significantly in both groups by study end.
Conclusion: Switching from standard, full-lactose, intact whey/casein infant formulas to either study formula resulted 
in an improvement of gastrointestinal symptoms and associated behaviors in infants with signs of feeding intolerance.
Trial Registration: https://clinicaltrials.gov, NCT02021058
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Highlights

What Do We Already Know About This 
Topic?

Signs of feeding intolerance in otherwise healthy term 
infants are frequently observed in formula-fed infants in 
the first months of life and adjustments in formula com-
position may alleviate these signs.

How Does Your Research Contribute to the 
Field?

We provide novel clinical data on how signs of feeding 
intolerance improve in formula-fed infants after switch-
ing from standard, full-lactose, intact whey/casein infant 
formulas to formulas that are compositionally adjusted 
for formula tolerability.

What Are Your Research’s Implications 
Toward Theory, Practice, or Policy?

Switching to formulas designed to improve formula tol-
erability could be beneficial and should be considered 
by parents and healthcare professional concerned about 
formula tolerability, especially when cow’s milk allergy 
formulas or extensively hydrolyzed formulas are not 
clinically indicated.

Background

Signs of potential feeding intolerance in otherwise 
healthy term infants are frequently observed in for-
mula-fed infants in the first months of life.1,2 Feeding 
intolerance can manifest itself as gastrointestinal (GI) 
symptoms, such as infrequent stooling and hard stools, 
spitting-up, gassiness, and as behaviors of discomfort, 
such as fussiness, crying, and dysregulated sleep.1,3,4 
The specific underlying etiology of these GI symptoms 
and behaviors is multifactorial and elusive. It has been 
proposed that they are the result of multiple indepen-
dent factors including biological disturbances due to an 
immature GI tract, neurodevelopmental changes, psy-
chosocial, and environmental factors.3,5-7 Additionally, 
alterations in the infant gut microbiome might be linked 
with these factors and contribute to the symptoms of 
feeding intolerance.8,9 Signs of feeding intolerance 
cause parental concern and anxiety which drives the 
parents not only to seek professional healthcare but also 
to switch formula. It has been reported that 28% of all 
pediatric consultations are due to mild GI disorders1 
and that up to 50% of all infants experience at least one 

change in infant formula due to parent-perceived feed-
ing intolerance including colic or common infant symp-
toms, such as excessive fussing and crying. Switching 
to a non-cow’s milk based formula is often unrelated to 
cow milk allergy or clinical diagnosis and initiated 
without any nutritional or medical guidance.10,11

Different adjustments in formula composition, such 
as high sn-2 palmitate, partially hydrolyzed (PH) pro-
tein, reduced lactose or α-lactalbumin enrichment of 
whey protein, have been proposed as appropriate 
approaches to alleviate signs and symptoms of feeding 
intolerance and to improve formula tolerability. 
Increasing the content of sn-2 palmitate in infant for-
mula has been shown to promote softer stool most 
likely due to reduced formation of soaps from palmitic 
acids and other fatty acids, a principal factor in decreas-
ing stool hardness.12,13 Combining a fat blend high in 
sn-2 palmitate with PH protein, prebiotic oligosaccha-
ride (OS) along with a reduction in lactose softened 
stools in formula-fed infants14,15 and reduced crying 
and colic episodes in a randomized controlled trial 
with colicky infants.16 In an observational study, GI 
symptoms of minor feeding problems improved in 
infants within 2 weeks of switching to a PH protein, 
low-lactose formula with OS.17 In very or extremely 
fussy infants, a PH protein, low lactose formula signifi-
cantly reduced the mean scores of fussiness, gassiness, 
spit-up, and crying compared with baseline measures 
within 1 day of formula intake.18 α-lactalbumin 
enriched infant formula has been shown to be better 
accepted and tolerated by infants than standard infant 
formula.19,20

The aforementioned studies have shown that infant 
formulas with at least one compositional adjustment, 
such as PH proteins, high sn-2 palmitate, reduced lac-
tose or α-lactalbumin, are safe and support age-
appropriate infant growth and provided scientific 
evidence that such adjusted formulas can potentially 
help to improve formula tolerability. However, to 
date, no study has investigated the clinical response 
to adjusted formulas in an infant population with a 
broad range of GI symptoms and behaviors related to 
feeding intolerance, but without colic. Therefore, the 
objective of this double-blind randomized 14-day 
feeding study, was to investigate the clinical effects 
of switching from a standard, full lactose, intact cow’s 
milk protein formula to either a PH protein, low lac-
tose formula with high sn-2 palmitate or to a α-
lactalbumin enriched formula on symptoms of feeding 
intolerance in a well-defined population of healthy 
term infants with high rates of fussiness, crying, gas-
siness and stooling difficulties.
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Methods

Study design and intervention

We conducted a double-blind randomized 14-day feed-
ing study in 3 study centers in Taiwan and 1 study cen-
ter each in Hong Kong, Thailand and the Philippines 
from March 2014 to November 2015. Eligible infants 
were randomly assigned to 1 of 2 study formulas using 
dynamic allocation algorithm from Medidata Balance 
(New York). Baseline infant GI symptoms and associ-
ated behaviors were assessed for 3 consecutive days 
prior to the start of the intervention. Infants then 
received exclusive feedings with 1 of the 2 study for-
mulas for 14 days, in amounts recommended by their 
pediatrician and suitable for their weight, age and appe-
tite. Eligible infants switched from a standard, full lac-
tose, intact cow’s milk protein formula to either study 
formula A (FA), which was a formula with 100% PH 
whey protein, reduced lactose (54% of total carbohy-
drates) and with a fat blend enriched in sn-2 palmitate 
(S26-Comfort Gold, Wyeth Nutrition), or study formula 
B (FB), which was an α-lactalbumin-enriched formula 
with 65% intact whey protein, 35% casein, full lactose 
(100%) and a non sn-2 palmitate enriched fat blend 
(S26-Gold, Wyeth Nutrition). The macronutrient com-
position of the 2 study formulas is shown in Table 1. 
The study formulas were provided in powder form in a 
400 g can and the parents were instructed by the study 
personnel to reconstitute the study formulas according 
to the instructions on the formula label. Parents, inves-
tigators and study personnel were masked to the study 
formulas; formulas were coded by the manufacturer 
(Wyeth Nutritionals Ireland, Askeaton, Co. Limerick, 
Ireland) using 3 non-speaking codes per formula 
group. Standard safety monitoring included collection 

of adverse events (AEs) information throughout the 
study.

Participants

Two hundred and ninety (290) healthy, term, singleton 
infants aged 30 to 90 days were assessed for eligibility in 
the 6 study centers. The included infants were screened 
for parent-reported “fussiness and crying” (often, 
2-3 hours per day, or very often, more than 3 hours per 
day), and in addition were either ‘gassy’ (moderate or 
extreme) or experiencing stooling difficulties (or both 
gassy and experiencing stooling difficulties) during the 
3 consecutive days prior enrolment, using an eligibility 
criteria form. Additional main inclusion criteria were: 
(1) exclusive consumption of a standard, full-lactose, 
intact cow’s milk protein formula for a minimum of 3 
consecutive days prior to enrolment, (2) parents must 
have decided independently to exclusively formula feed 
their infants prior to enrolment, (3) parents reported 
their infant has signs or symptoms of feeding intoler-
ance and indicated they are willing to switch infant for-
mula and (4) weight-for-age ≥5th and ≤95th percentile 
according to World Health Organization Child Growth 
Standards.21 Exclusion criteria included: (1) family his-
tory of siblings with cow’s milk protein intolerance/
allergy, (2) major congenital illnesses or other systemic 
diseases, (3) participation in any other clinical trial, and 
(4) receiving any medication, herbal supplements, or 
pre- or probiotics known to affect digestion, absorption 
and/or metabolism.

Fussiness-Crying and Sleep Pattern

Duration (minutes/day) of fussiness-crying (primary 
endpoint), and sleep pattern (duration and awakening 
episodes from 12 am to 8 am) were assessed using Baby’s 
Day Diary (BDD), a validated tool for the observation of 
infant activity.22 Briefly, the BDD is a parent-reported 
diary measuring 5 infant behaviors (awake and content, 
crying, fussiness, sleep, and feeding). The parents 
recorded these behaviors continuously (in 5-minute 
intervals) on a 24-hour basis. The BDD was completed 
on the 3 days prior to start of the intervention (baseline) 
and on a daily basis during the 14-day feeding period. 
The BDD was linguistically translated from English into 
Thai, Tagalog, traditional and simplified Chinese accord-
ing to guidelines from the International Society for 
Pharmacoeconomics and Outcomes Research (ISPOR).23 
Fussiness and crying were analyzed combined because a 
distinction between the two is sometimes difficult to 
make and fussiness in the eyes of one parent may be seen 
as crying by another and vice versa.

Table 1.  Macronutrient composition of the 2 study 
formulas.

Macronutrients Formula A Formula B

Energy, kcal/L 670 670
Protein, g/L 15.5 13.4
  Partially hydrolyzed 

whey proteins, %
100 0

  α-lactalbumin enriched 
intact whey protein, %

0 65

  Intact casein protein, % 0 35
Fat, g/L 36 36
  sn-2 palmitic acid, mg/L 3400 796
Carbohydrate, g/L 71 73
  Lactose, % 54 100
  Corn syrup, % 23 0
  Maltodextrin, % 23 0
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Stooling and Other GI Outcomes

Episodes of gassiness, spitting-up and vomiting, as 
well as stool characteristics (frequency and consis-
tency) were recorded on a daily basis during the 14 days 
of feeding using a parent-reported infant symptom 
diary (ISD). For baseline assessment, the ISD was also 
applied on the 3 days before the intervention started. 
Stool consistency data was recorded on a 5-point scale 
as: 1 = Watery, 2 = Runny, 3 = Soft Mushy, 4 = Formed, 
5 = Hard.24 The ISD was linguistically translated from 
English into the relevant study languages according to 
ISPOR guidelines.23

Overall GI symptom burden was measured by the 
Infant Gastrointestinal Symptoms Questionnaire (IGSQ) 
at baseline before the intervention started and at study 
end after 14 days of intervention. The IGSQ is a 13-item, 
validated, questionnaire administered to parents by a 
trained study staff that allows parents to describe the fre-
quency and intensity of their signs and symptoms of GI 
distress during the previous 7 days.25 The questionnaire 
includes 5 domains: stooling, spitting up/vomiting, cry-
ing, fussiness and gassiness. An overall index score was 
calculated based on the individual scores for each ques-
tion. The IGSQ index score is a measure of overall GI 
symptom burden, and it ranges from 13 to 65, wherein 
13 indicates low and 65 indicates high GI burden.25 
The IGSQ was linguistically translated from English 
into the relevant study languages according to ISPOR 
guidelines.23

Infant Temperament and Maternal Anxiety

Parent-perceived infant temperament was assessed at 
baseline and at study end after 14 days of intervention 
using the Infant Characteristics Questionnaire (ICQ).26 
The 24 questions of the ICQ are scored on a 7-point 
Likert scale and are divided into 4 subscales, fussy-dif-
ficult (score range 6-42), unadaptable (score range 
4-28), dull (score range 3-21) and unpredictable (score 
range 3-21). Higher scores indicate a more difficult tem-
perament. A priori, the fussy-difficult subscale was iden-
tified as the most relevant measurement of infant optimal 
and difficult temperament.26 With permission and advice 
from the developer,26 the questionnaire was translated 
from English into the languages of the 4 study countries 
according to ISPOR guidelines23 to ensure the accuracy 
and cultural sensitivity of the translation.

Maternal anxiety was measured at baseline and study 
end using the self-reported State-Trait Anxiety Inventory 
(STAI).27 STAI has a well-established construct and dis-
criminant validity. Local language translations of the 
STAI were obtained from the developer. It is based on 
two 20-item scales and each item is rated on a 4-point 

Likert scale. The two STAI scales are used to calculate 
the S-anxiety and T-anxiety scores which differentiate 
between the temporary condition of “state anxiety” and 
the more general and long-standing quality of “trait anx-
iety.” The range of the two STAI scales is 20 to 80, the 
higher score indicating greater anxiety. A cut-off of 39 to 
40 has been suggested to detect clinically significant 
symptoms for the S-Anxiety scale28 while only norma-
tive values are available for T-anxiety in adults, college 
students, and psychiatric populations.27

Statistical Analysis

The statistical analysis was conducted using the soft-
ware Statistical Analysis System (SAS, version 9.2). 
Demographic characteristics and fussiness-crying, gas-
siness and stooling difficulties from the eligibility crite-
ria form at screening were compared between the 2 
study groups using independent t-test and chi-square 
test. For GI symptoms and associated behaviors recorded 
by BDD and ISD, the average combined duration, aver-
age number of episodes/frequency or average mean 
score was derived for 5 different day ranges as follows: 
(1) baseline (3 days range prior to intervention); (2) day 
1 to day 4 (4-day range); (3) day 5 to day 7 (3-day 
range); (4) day 8 to day 11 (4-day range); (5) day 12 to 
day 14 (3-2day range). The changes from baseline to 
any of the other day ranges in fussiness-crying, sleep 
duration, awakening episodes from 12 am to 8 am, spit-
ting-up episodes and stool characteristics (frequency 
and consistency) were compared between the 2 study 
groups by mixed model repeated measures (MMRM) 
analysis of covariance (ANCOVA). The MMRM model 
included baseline mean values of the respective param-
eters, age group, birth order, gender, country, day range, 
formula group and day range by formula group interac-
tion as fixed effects and subject as random effect. For 
stool characteristics, birth order and gender were not 
included as fixed effects in the MMRM model. Data of 
gassiness and vomiting episodes were not normally dis-
tributed; hence, the between study group comparisons 
were made using Mann–Whitney U-Test at baseline and 
at the other day ranges. Between group comparison for 
the changes from baseline to study end in the IGSQ 
index score, in the 4 subscales of the ICQ and in the 
STAI scores were analyzed by ANCOVA with the base-
line score as the covariate and age group, country and 
formula group as fixed effects in the model. Paired t-test 
were used for all analysis of within group changes from 
baseline to the first 24 hours and to any of the day ranges. 
All the statistical analyses were conducted in the intent-
to-treat population and significance was set at P < .05. 
AEs are reported for the safety analysis set.
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The sample size was based on showing a statistically 
significant difference between formula groups in fussi-
ness-crying after 14 days of feeding. It was expected that 
the duration at baseline will be 140 minutes and the 
duration will be reduced by 30% in the FA group and 
12% in the FB group. Assuming a standard deviation of 
62 minutes, 125 subjects per group were required for 
90% power to show a statistically significant difference 
at the 0.05 level. To allow for some subjects to be lost 
from analysis, 130 per group were required.

Ethical Approval and Informed Consent

Parents or legal guardians provided written informed 
consent before trial participation. The research protocol 
was conducted in accordance with the Declaration of 
Helsinki and received institutional review board/ethics 
committee approval in all 4 countries: Hong Kong: The 
Joint Chinese University of Hong Kong—New 
Territories East Cluster Clinical Research Ethics 
Committee (CRE-2013-414-T); Taiwan: Mackay 
Memorial Hospital Institutional Review Board (13.10.
INF/13CTO42b) and Chang Gung Medical Foundation, 
Human Trial Ethic Committee (102-331B); the 
Philippines: Asian Hospital and Medical Center 
Institutional Review Board (2013-03-I); and Thailand: 
Institutional Review Board, Faculty of Medicine, 
Chulalongkorn University (363/56).

Results

Study Population

A total of 290 infants were assessed for eligibility, with 
130 and 129 randomized to receive FA or FB, respec-
tively (Figure 1). Five infants in the FA group and 2 
infants in the FB group did not complete the 14-day 
feeding period. Reasons for not completing the feeding 
period were withdrawal by the parents (FA, n = 2; FB 
n = 1), AEs (FA, n = 2; FB n = 0) and lost to follow-up 
(FA, n = 1; FB n = 1). From the 130 randomized infants 
in the FA group, 2 infants never received the interven-
tion and 1 infant did not have valid baseline data for the 
primary endpoint. Therefore, the intent-to-treat analysis 
set included a total of 256 infants (FA, n = 127 and FB, 
n = 129) defined as infants who were randomized, 
received at least one serving of their assigned study for-
mula and had valid baseline data for the primary end-
point. In the safety analysis set, the infant not having 
valid baseline data for the primary endpoint was 
included, resulting in n = 128 for FA and n = 129 for FB.

Baseline infant and maternal characteristics are sum-
marized in Table 2 including the screening data on fuss-
iness-crying, gassiness and stooling difficulty used as 

inclusion criteria. There was no difference in age, sex, 
gestational age, delivery mode, and birth order between 
the two formula groups (P > .05) and fussiness-crying, 
gassiness and stooling difficulty at screening were simi-
lar (P > .05) with >70% and >20% of infants present-
ing often or very often fussiness-crying behavior, 
respectively, and >50% of infants experiencing gassi-
ness very often prior to enrolment. Incidence of parent-
reported and physician-confirmed AEs were similar 
between the 2 groups, occurring in 62 infants (48%) in 
the FA group and in 54 infants (42%) in the FB group 
(P = .317). One infant (0.8%) in the FA group and 5  
infants (3.9%) in the FB group experienced a serious 
adverse event (SAE). One SAE (gastroenteritis) in the 
FB group led to the discontinuation of the study product. 
No SAE was considered study-product related. One AE 
in the FA group (mild GI hypomotility) was considered 
related to study product but did not lead to study with-
drawal or discontinuation of study product. Two AEs in 
the FB group (1.6%; 1 constipation, 1 gastroenteritis) 
and 3 AEs in the FA group (2.3%; 1 feces discolored and 
2 crying) lead to discontinuation from study product.

Fussiness-Crying, Sleep Pattern and GI 
Outcomes

The mean ± SE duration of fussiness-crying combined 
(minutes/day) substantially decreased for FA from base-
line (291 ± 14) to study end (140 ± 8, P < .001) by 52%, 
and by 51% from 313 ± 14 to 153 ± 11 minutes/day, for 
FB (P < .001). There was also a significant within group 
change from baseline to all day ranges before study end 
for both formula groups (Figure 2A). Similarly, the mean 
number of episodes per day of gassiness (both formula 
groups P < .001), vomiting (FA: P < .001; FB: P < .05), 
spitting-up (both formula groups P < .001) and awaken-
ings during night (FA: P < .001; FB at day range 5 to 7 
and 12 to 14: P < .01; FB at day range 8 to 11: P < .001) 
declined significantly from baseline values within both 
formula groups at all day ranges except for vomiting at 
day range 5 to 7 (P = .089) and awakenings during night 
at day range 1 to 4 (P = .133) in the FB group (Figures 
2B-F). Within-group changes from baseline for sleep 
duration (minutes/day) showed a significant increase in 
total sleeping minutes at all day ranges (P < .001) with a 
total increase in sleep duration of 10 to 15% more min-
utes per day compared with baseline within both formula 
groups (Figure 2F). Additionally, there were significant 
reductions in several GI symptoms and behaviors occur-
ring within the first 24 hours in the FA and FB group 
(Fussiness-crying: 29%, 29%; gassiness: 23%, 15%; 
vomiting: 67%, 65% (P = .061); and spitting-up: 18%, 
15%, in FA and FB groups, respectively, all P < .001 
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except where noted). Between-group comparisons of 
changes from baseline to any of the day ranges showed 
no significant differences for all of the GI symptoms and 
associated behaviors.

Stool consistency scores (mean ± SE) between the 
two formula groups were comparable at baseline (FA: 
3.27 ± 0.07 and FB: 3.31 ± 0.07); both scores represent 
a stool consistency that is between soft and formed 
(Figure 2G). Within-group changes in stool consistency 
scores declined significantly from baseline by 4 to 5% 
in the FA group at day ranges 1 to 4, 5 to 7, and 8 to 11 
(P = .006, .049, and .036, respectively), and by 4 to 6% 
in the FB group at all day ranges: 1 to 4, 5 to 7, and 8 
to 11 and 12 to 14 (P = .018, .008, .002, and .005, 

respectively) with lower stool consistency scores in both 
groups at the end of the intervention (FA: 3.14 ± 0.05 
and FB: 3.11 ± 0.04), indicating a change to a slightly 
softer stool from baseline. Comparison between groups 
on changes in stool consistency scores from baseline to 
any of the day ranges showed no significant differences 
(all P > .05). Stool frequency did not change signifi-
cantly from baseline in either formula group, nor were 
there any significant differences between groups in 
change from baseline stool frequency for any day range 
(all P > .05; Figure 2H).

IGSQ index scores (mean ± SE) were similar 
between groups at baseline (FA: 44.5 ± 0.9 and FB: 
44.5 ± 0.8) and at study end (FA: 28.6 ± 0.7 and FB: 

Figure 1.  Study subject disposition. Formula A, 100% partially hydrolyzed whey protein, reduced lactose and enriched in sn-2 
palmitate; Formula B, α-lactalbumin-enriched with 65% intact whey protein and 35% casein, full lactose and not enriched in 
sn-2 palmitate.
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29.0 ± 0.7). The reduction from baseline index scores 
was significant within each formula group (FA: –16.0; 
95% CI: –17.9 to –14.1, P < .001; FB: –15.5, 95% CI: 
–17.5 to –13.5, P < .001) and accounted for a decline in 
IGSQ scores by approximately 35%, indicating a reduc-
tion in overall GI burden in both groups (Figure 3). 
When compared between formula groups, the change 
from baseline IGSQ scores was not significantly differ-
ent, (P = .526).

Infant Temperament and Maternal Anxiety

Baseline ICQ subscale scores (mean ± SE) for each 
temperament category were similar between groups 
for fussy/difficult (FA: 27.0 ± 0.6; FB: 26.9 ± 0.6), 
unadaptable (FA: 14.0 ± 0.4; FB: 13.7 ± 0.4), dull (FA: 
10.8 ± 0.3; FB: 10.6 ± 0.3) and unpredictable scores 
(FA: 12.0 ± 0.3; FB: 12.3 ± 0.4; Figure 4). In both 

groups, the 4 subscale scores improved significantly 
from baseline to study end (P < .001) with similar per-
cent reductions in each subscale score: fussy/difficult 
(FA: 30%; FB: 28%), unadaptable (FA 22%; FB: 18%), 
dull (FA: 17%; FB: 16%) and unpredictable (FA: 27%; 
FB: 28%), indicating an improvement in infant temper-
ament. In the between-group comparison, no statisti-
cally significant difference in the change from baseline 
to study end was observed between FA and FB in any 
factor score (P > .05).

State anxiety index scores (mean ± SE) were compa-
rable between groups at baseline (FA: 38.3 ± 0.9; FB: 
37.4 ± 1.0; Figure 5A) and close to the cut point sug-
gested for clinical relevance.28 From baseline to end of 
intervention, there was a significant 17% and 14% 
reduction in state anxiety index scores in the FA and FB 
groups, respectively (FA: 32.9 ± 0.8; FB: 31.2 ± 0.8, 
P < .001) with no statistically significant difference in 

Table 2.  Baseline infant and maternal characteristics in the two formula groups including fussiness-crying, gassiness and 
stooling difficulty used as inclusion criteria at screening.

Characteristic Formula A (n = 127) Formula B (n = 129)

Infant characteristic
Age (days) 55.3 ± 15.5a 56.6 ± 14.4
Males (%) 50.4 47.3
Gestational age (weeks) 38.5 ± 1.0 38.5 ± 1.1
Cesarean section delivery (%) 33.9 28.7
Ethnicity (%)
  Chinese 2.4 0.8
  Filipino 62.2 61.2
  Taiwanese 11.0 13.2
  Thai 24.4 24.8
First born 42.5 41.1
Fussiness-crying
  Often (%) 71.7 76.7
  Very often (%) 28.3 23.3
Gassiness
  Mild (%) 3.1 3.9
  Moderate (%) 40.2 30.2
  Extreme (%) 56.7 65.1
Stooling difficultyb

  Less than 3 stools/week (% yes) 31.5 24.0
  Hard stools (% yes) 29.9 39.5
  large fecal mass in the rectum (% yes) 9.4 14.0
Maternal characteristic
Age (years) 28.4 ± 6.0 28.9 ± 6.1
Highest level of education (%)  
  Elementary/middle/high school 25.1 21.7
  Vocational school 26.0 27.1
  Associate/college/post graduate degree 48.9 51.2
Employed, full-time (%) 51.2 51.2

Formula A, 100% partially hydrolyzed whey protein, reduced lactose and enriched in sn-2 palmitate; Formula B, α-lactalbumin-enriched with 
65% intact whey protein and 35% casein, full lactose and not enriched in sn-2 palmitate.
aData presented as mean ± standard deviation unless otherwise noted.
bStooling difficulty was defined as at least one of the following 3 symptoms: Less than 3 stools/week, hard stools, and large fecal mass in the 
rectum (physician assessed).
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Figure 2.  Changes in fussiness-crying, sleep pattern, gastrointestinal symptoms and stool characteristics from baseline to 
study end. FA, Formula A, 100% partially hydrolyzed whey protein, reduced lactose and enriched in sn-2 palmitate; FB, Formula 
B, α-lactalbumin-enriched with 65% intact whey protein and 35% casein, full lactose and not enriched in sn-2 palmitate. Values 
are Mean ± SE. *,†,§ P-value of within group change from baseline (paired t-test); *Significantly different than baseline, P < .05; 
† Significantly different than baseline P < .01; § Significantly different than baseline P < .001.
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change from baseline scores between groups (P > .05). 
Trait anxiety scores (mean ± SE) were comparable 
between groups at baseline (FA: 39.3 ± 0.8; FB: 
38.6 ± 0.8; Figure 5B) and improved slightly but signifi-
cantly by study end in both formula groups by 7% in the 
FA group and by 10% in the FB group. The mean scores 
at study end were 35.7 ± 0.8 and 33.6 ± 0.7 in FA and 
FB, respectively, with no statistically significant differ-
ence between groups in change from baseline scores to 
study end (P = .066).

Discussion

This study demonstrated that in infants between 1 and 3 
months of age, switching from basic standard infant for-
mulas to a PH protein, reduced lactose and high sn-2 
palmitate formula or to an α-lactalbumin enriched for-
mula improved parent-reported GI symptoms and asso-
ciated feeding behaviors in infants with signs of feeding 
intolerance. The treatment effect was seen as soon as 
24 hours and maintained or further improved after 
14 days of formula consumption, with the largest effects 
seen for fussiness-crying, gassiness and vomiting 
(reductions of approximately 50% or more). Both study 
formulas were well-tolerated by infants as demonstrated 
by improved overall GI burden, the small number of 
formula-related AEs and the high subject retention rate 
in both formula groups. We assume that a substantially 
higher number of parents would have withdrawn from 
the study, if the formula switch would not have brought 

relief to their infants and that more than only 5 infants 
would have been discontinued from the study formulas 
if there would have been an increase in signs or symp-
toms with the newly introduced study formulas.

Based on previous scientific evidence, both study 
formulas were modified in composition which could 
explain the improvement in signs and symptoms of 
feeding intolerance. FA was adapted with 3 ingredients 
(fat blend high in sn-2 palmitate, PH protein, low-lac-
tose), aiming to alleviate GI symptoms. The fat blend 
high in sn-2 palmitate was incorporated in the FA to 
mirror the fatty acid composition of human milk. In 
human milk, the majority of palmitic acid is esterified 
to the sn-2 position in the triacylglycerols (up to 86%) 
and retained in the 2-monoacylglycerol during lipolysis 
making it readily available for absorption. However, in 
standard infant formulas, which commonly use vegeta-
ble oils as source of fat, palmitic acid is bound to the 
sn-1 and sn-3 positions and released during lipolysis. 
Free palmitic acid forms insoluble salts with calcium 
that are excreted in the feces and are associated with 
hard stools and constipation.29 Several studies reported 
softer stools in infants fed formula high in sn-2 palmi-
tate compared with their peers fed with low sn-2 palmi-
tate formula13,14,30 and consumption of a high sn-2 
palmitate formula positively influenced infant crying 
patterns during the first weeks of life, possibly due to 
improved stool characteristics.31 In our study, 30 to 
40% of parents reported hard stools in their infants and 
the stool consistency score at baseline was approxi-
mately 3.3 in both groups which can be considered as 
normal.24 The minimal change in stool consistency 
from baseline to study end in both study groups sug-
gests that the reduction in crying and fussiness may not 
be related to stool consistency but is more likely related 
to the improvement of other GI factors which affect 
gassiness, spitting-up and vomiting. This may include 
gastric mixing, transit time or large protein molecule 
permeating the intestine and promoting fussiness, gas, 
or other GI distress.18,32,33 PH protein as in FA is indeed 
associated with a softer, more easily digested curd in 
the stomach that facilitates gastric mixing, decreases 
transit time, and reduces the potential for larger protein 
molecules to permeate the intestine.18,32,33 Additionally, 
the reduction in lactose in FA might also have played a 
role by improving symptoms of feeding intolerance 
related to lactose malabsorption or low lactase activity 
as indicated by previous studies with reduced or lactose 
free formulas.4,34,35 Similarly as in our study, crying, 
fussiness, gassiness and spitting-up from baseline to 
28 days of feeding was reduced in infants fed a PH pro-
tein, low-lactose formula.18 In infants with colic or 
regurgitation and/or constipation, a formula combining 

Figure 3.  Gastrointestinal tolerance based on the IGSQ 
index score at baseline and study end. Formula A, 100% 
partially hydrolyzed whey protein, reduced lactose and 
enriched in sn-2 palmitate; Formula B, α-lactalbumin-
enriched with 65% intact whey protein and 35% casein, full 
lactose and not enriched in sn-2 palmitate. IGSQ, Infant 
Gastrointestinal Symptom Questionnaire. Bars represent 
mean IGSQ scores with the SE as whiskers. The IGSQ index 
score ranges from 13 to 65. † Significantly different than 
baseline score using paired t-test (P < .001).
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PH protein, low-lactose, high sn-2 palmitate and OS 
reduced crying time in a randomized controlled trial as 
well as in an observational prospective trial.16,17

FB was adjusted with α-lactalbumin enriched whey 
protein. α-Lactalbumin is the major protein in human 
breast milk accounting for 20 to 25% of total protein.36 
It has several physiological functions in the neonatal 
period, such as providing essential amino acids,36 and 
has been associated with improved GI tolerance and 
associated behaviors in previous studies.19,20 Infants 
fed with α-lactalbumin enriched formula showed 
superior acceptability and tolerance ratings than the 
control group20 and had a GI tolerance profile similar 
to breastfed infants with significantly lower constipa-
tion and regurgitation compared to the control 
groups.19 Furthermore, formulas enriched with α-
lactalbumin and probiotics have been shown to reduce 
feeding-related GI side effects, such as crying and agi-
tation behavior in infants with colic compared with a 
control group.37,38 The findings from these previous 
studies are in agreement with the reduction in 

fussiness-crying and spitting-up episodes observed 
in our study for FB. The exact mechanisms behind 
the better tolerability of α-lactalbumin enriched for-
mulas are unknown, but are possibly related to the 
growth stimulation of beneficial bacteria while inhib-
iting the growth of potential pathogenic bacteria in the 
infant GI tract.39 The improved sleeping pattern in the 
present study is likely an indirect effect of the overall 
improved GI symptoms and associated behaviors, 
such as gassiness or fussiness-crying. However, in the 
FB group, α-lactalbumin might also have played a 
role. α-Lactalbumin is a good source of tryptophan, a 
precursor for the synthesis of the neurotransmitter 
serotonin which plays a key role in the regulation of 
sleep.40 Research suggests that feeding infants with 
tryptophan-supplemented formula at night does sig-
nificantly improve the development of the wake/sleep 
cycle.40,41 Therefore, formulas enriched with α-
lactalbumin may positively influence the wake/sleep 
rhythm by providing a relatively high concentration of 
tryptophan available for serotonin synthesis.42

Figure 4.  Maternal perception of infant temperament assessed using the ICQ at baseline and study end. Formula A, 100% 
partially hydrolyzed whey protein, reduced lactose and enriched in sn-2 palmitate; Formula B, α-lactalbumin-enriched with 65% 
intact whey protein and 35% casein, full lactose and not enriched in sn-2 palmitate. ICQ, infant characteristics questionnaire. 
4A, fussy-difficult subscale score (possible range: 6-42). 4B, unadaptable subscale score (possible range: 4-28). 4C, dull subscale 
score (possible range: 3-21). 4D unpredictable subscale score (possible range: 3-21). Bars represent mean subscale scores with 
the SE as whiskers. † Significantly different than baseline scores using paired t-test (P < .001).
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We found a large decrease in the IGSQ index score 
in both study groups. It has been suggested that IGSQ 
index scores greater than 30 indicate clinically mean-
ingful digestive distress and that values above 40 are 
distinctive for parent-reported formula intolerant 
infants.25 In both study groups, the IGSQ index scores 
were above 40 at baseline. This finding indicates that 
the study’s eligibility criteria correctly identified the 
infants with signs of feeding intolerance, the target pop-
ulation for the present study. At study end, the IGSQ 
index scores in both study groups improved and were 
comparable to scores observed in infants without sig-
nificant GI burden. The IGSQ was designed to charac-
terize typical GI functioning utilizing 5 symptom 
domains: stooling, spitting up/vomiting, gassiness, cry-
ing, and fussiness. In our study, we also assessed indi-
cators of these 5 domains separately by using ISD and 
BDD and we found improvements in fussiness-crying, 
gassiness and vomiting, but not in stooling characteris-
tics. Hence, the decrease in the IGSQ index score was 

likely driven by changes in all domains except the 
stooling characteristics domain.

Parental perception of infant temperament can be an 
important factor influencing the parents’ intention to 
change their infants’ formula. We assessed infant tem-
perament using the ICQ of which the fuss-difficulty sub-
scale was designed to measure parental perception of 
difficult infant temperament. In both study groups, the 
subscale for fuss-difficulty improved by approximately 
30% from baseline to study end indicating a substantial 
change in how parents perceived their infant’s tempera-
ment. Our findings are comparable with a previous 
study in which very or extremely fussy infants improved 
their ICQ scores after switching to either a soy-based 
formula or a PH protein, low-lactose formula. However, 
ICQ scores in our study infants were lower at baseline 
and study end than in the previous study.18 Parental anx-
iety is another factor that could influence parents’ inten-
tion to change their infants’ formula. To our knowledge, 
this is the first study using STAI to examine parental 
anxiety in conjunction with symptoms of feeding intol-
erance in infants. Our findings suggest that symptoms of 
feeding intolerance are associated with parental anxiety 
and parental anxiety might be an important driver for a 
switch in formula.

Our study focused on infants with signs and symp-
toms of feeding intolerance, the infant population that is 
likely to benefit most from infant formulas tailored with 
evidence-based ingredients aimed at improving feeding 
tolerance. Prior to enrolment, all study infants were con-
suming a standard, full-lactose, intact whey/casein for-
mula not enriched in α-lactalbumin and were 
experiencing GI distress symptoms. We felt it would 
have been unethical not to switch infants to a formula 
that did have any added compositional benefits or 
expected better tolerability. Because of this ethical stan-
dard, this study did not include a true control group 
(standard formula/no formula switch) and this may have 
contributed to our inability to demonstrate superiority of 
one formula over the other. A strength of our study was 
the daily assessment of symptoms and infant behaviors 
using validated diaries for a short intervention period of 
14 days. This allowed us to measure the immediate 
effect of the formula switch and decreased the likeli-
hood that the observed improvement was due to the 
often transient nature of feeding problems or due to the 
infant’s maturation.43 Duration of fussiness-crying is 
highest during the first 6 weeks of life and significantly 
decreases after 8 to 9 weeks of age.44 Our study was 
designed to evaluate the effects of the infant formulas 
during the peak period of fussiness-crying. To assure 
equal distribution of infants across peak fussiness-cry-
ing times in the 2 study groups, randomization was strat-
ified by age. One possible limitation of our study is that 

Figure 5.  Maternal anxiety at baseline and study end using 
the State-Trait Anxiety Inventory. Formula A, 100% partially 
hydrolyzed whey protein, reduced lactose and enriched 
in sn-2 palmitate; Formula B, α-lactalbumin-enriched with 
65% intact whey protein and 35% casein, full lactose and 
not enriched in sn-2 palmitate. 5A, state (S)-anxiety score 
(possible range: 20-80). 5B, trait (T)-anxiety score (possible 
range: 20-80). Bars represent mean subscale scores with the 
SE as whiskers. † Significantly different than baseline scores 
using paired t-test (P < .001).
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we relied on measurements that are parent-reported. 
Although parent diaries and questionnaires have 
become the standard tools for studying infant behavior, 
they are still subjective and require a high degree of 
parental cooperation. In our study, this limitation was 
partially overcome by the double-blind nature of our 
study. Nevertheless, we cannot fully exclude that our 
results were influenced by the expectations of the par-
ents who by switching the formula were likely to antici-
pate certain benefits. It is however unlikely that the 
strong beneficial effects we found were solely driven by 
the parents’ expectations.

Conclusion

We did not see a difference between the two tested for-
mulas for any of the study outcomes indicating that the 
compositional adjustments in both study formulas are 
favorable for ameliorating GI symptoms and associated 
behaviors in infants with signs of feeding intolerance. 
Both formulas had a strong beneficial effect on the over-
all GI burden and on symptoms of feeding intolerance, 
such as fussiness-crying, gassiness, spitting-up, vomit-
ing and dysregulated sleep. We cannot exclude these 
findings were in part due to the natural evolution of 
these symptoms observed in infants of similar age.44 
Nevertheless, the findings of this study suggest that 
switching to formulas designed to improve formula tol-
erability could be beneficial and should be considered, 
especially when cow’s milk allergy formulas or exten-
sively hydrolyzed formulas are not clinically indicated. 
Infant formulas adjusted to mitigate and resolve signs of 
feeding intolerance are well-positioned alternatives for 
parents and healthcare professional concerned about 
formula tolerability, and can help to reduce the risk of 
mistakenly/inappropriately diagnosed gastro-esophageal 
reflux disease, food allergies and lactose intolerance in 
babies with signs of feeding intolerance.5
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