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Abstract
Backg Infant is a4 phenomenon causing worldwide parental distress and anxiety. Parental reassurance and dietary

advices regarding feeding techniques and volumes are helpful in the management. Guidelines also recommend the use of thickened formula.
However, the impact of thickened feeding on the frequency of acid reflux is still a matter of debate. Therefore, we evaluated the effect of a
casein pred formula thickened with a specifically selected and treated cornstarch on the frequency and duration of acid reflux episodes.

Methods. Ninety-six formula-fed infants with amean age of 93 days, presenting with episodes of regurgitation and vomiting occurring mare
than five times a day and with an abnormal oesophageal pH moniloring, were randomised to a regutar infant formula (n=45) or comstarch
thickened casein predominant formula (n=51) for 28 days. A second pH monitoring was performed at the end of the study period (26+ 5
days). Symptoms were daily recorded in a diary by the parents for 28 days.

Results, At inclusion, the pH-metric parameters did not differ between the control and the intervention group. Results of pH monitoring
at baseline and at the end of the study did not differ in the control group on the regular infant formula. However, in the group with the casein
d comstarch thickened formula, all pH-metric parameters (reflux index (% of the investigation time with a pH < 4.0), number of refiux
episodes >3 min, duration of the longest reflux episode) decreased significantly. The frequency of vomiting and regurgitation did not differ
between both groups at baseli ined unch d in the control group, but decreased significantly in the intervention group.

Conclusion. A casein dominant formula thickened with a specifically treated cornstarch reduces oesophageal acid exposure, and reduces
the frequency of clinical symptoms.
© 2004 Editrice Gastroenterclogica Italiana S.r.1. Published by Elsevier Ltd. All rights reserved.
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1. Introduction

Gastro-oesophageal reflux (GOR) is defined as the in-
voluntary passage of gastric contents into the oesophagus.
Virtually all infants experience some degrec of GOR with
symptoms ranging from a simple burp to persistent vomiting
[1]. The frequency of regurgitation peaks at 3 months of age
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and usually resolves by 6—12 months [2]. Worldwide, about
20% of parents seek medical help because of the episodes
of regurgitation (2]. Thickening of the feeds has been since
many years the standard treatment approach for infantile re-
gurgitation [3]. However, parental reassurance alone was also
suggested to reduce episodes of regurgitation as shown in the
first placebo-controlled wrial [3]. Thickening agents such as
rice cereals (poputar in USA) and bean gum starch (popu-
lar in Europe) are frequently added to infant formula [4].
Thickened infant formula with cornstarch and potatostarch,
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rice and bean gum has been developed and commercialised
[-71.

Although not all GOR is acid, acid GOR is likely to be the
target since acid exposure is related to symptoms such as dis-
comfort, irritability, pain and cesophagitis. Although infant
irritability is not only caused by oesophageal acid reflux [8],
exposure of the oesophageal mucosa to acid reflux remains a
major pathophysiological mechanism of GOR-disease. Mon-
jtoring oesophageal pH is considered to be the gold stan-
dard to quantify the frequency and duration of acid refiux
episodes. The technique is safe and results are reproducible
9.

The aim of this prospective, randomised intervention study
was to evaluate the efficacy of an infant formula thickened
with a specifically treated comstarch versus standard infant
formula to reduce ocsophageal acid exposure time in exclu-
sively formula-fed infants with regurgitation.

2. Patients and methods

Study patients (n=96) were recruited in four centres:
Thessaloniki (Greece), Rabbat (Morocco), Le Havre (France)
and Brussels (Belgium). Participation to a double blind,
prospective, randomised (with scaled envelopes) trial was
proposed to the parents of infants who were presented be-
cause of troublesome regurgitation and/or vomiting. Al-
though the formulae were blinded, it is obvious that par-
ents were able to observe that the thickened formula had a
higher viscosity, although the cornstarch thickened formula
has the particularity to be only slightly more viscous when
ingested, and to thicken mainly in the stomach. At inclu-
sion, all infants were exclusively formula-fed, and had not
been treated before. All infants were ‘healthy’, except for
the excessive regurgitation and/or vomiting. I infants were
very irritable, had haematemesis, passed black stools, had
chronic cough, had episodes of cyanosis, or had any other
medical problem, they were excluded. As a consequence, all
infants were on a regular starter formula, A dietetic formula
(hydrolysate, soy, . ..) was considered as a therapeutic inter-
vention meaning thal the infant was not healthy except for
the regurgitation or vomiting, and thus not eligible for inclu-
sion.

The composition of both test formulae, presented to the
parents in identical presentation, is listed in Table 1. The
formula change was the only therapentic intervention. The
caloric content of both formulae was identical. The thick-
ened formula is casein predominant and contains a moderate
amount of medium chain triglycerides. The starch is specially
treated re-gelatinised cornstarch.

At baseline, frequency of regurgitation (effortless passage
of refluxed gasiric contents into the oral pharynx and the
mouth with effortiess drooling out of the mouth), vomiting
(forceful expulsion of the refluxed gastric contents from the
mouth) and number of stools were recorded in a diary. Par-
ents recorded regurgitation, vomiting and defecation in a di-

Table 1

Composition of normal and thickened infant formula {per 100ml)
Standard infant formula Thickened formula

Energy (keal) 65 645

Protein () 1.6 1.7

Casein/whey (%) 50/50 80720

Lipid (g) 33 31

MCT (%} 18.6 19.4

Carbohydrates (2) 72 74

Lactose (%) 70 75

Maltodextrins (%) 30

Starch (%) 25

ary during the whole intervention period. The data presented
concern the diary data of the 3 days before inclusion and the
last 3 days of the intervention period. Data on volume in-
take were not recorded (since it was estimated that ingested
volumes would be biased by the volume that was regurgi-
tated).

The tirst pH monitoring was performed at baseline and had
10 be abnormal to be cligible for inclusion (reflux index (%
of the tnvestigation time with a pH <4.0) >5%); the second
pH monitoring was performed after 26 £ 5 days. The hard-
ware and software used for pH monitoring were identical in
the four centres. Methodology of oesophageal pH monitor-
ing was according to ESPGHAN recommendations [10]. The
formula intake during the pH monitorings was standardised
at a range of 130-160 ml/(kg day) and divided over four to
six feedings. The following parameters were analysed: reflux
index, the number of reflux episodes per hour, the number of
reflux episodes lasting more than 5 min, the duration of the
longest reflux episode.

The statistical significance of difference was tested by ei-
ther a two-tailed unpaired z-test or Wilcoxon singed rank test,
whichever was appropriate. p-values of less than 0.05 were
regarded as significant. The protocol was submitted to and
approved by the ethical committee of the Hippocration Hos-
pital; all parents signed an informed consent.

3. Results

At inclusion, antropometric data betwcen both groups
did not differ (Table 2). The mean age of the 96 infants at
inclusion was 93 4 35 days. Weight gain during the inter-
vention (mean 26+ 5 days) was 746+ 246g in the group
receiving the comstarch thickened formula in comparison
10 6424229 in the group on regular infant formula, or
daily weight gain in the comstarch thickened group was
28.5+12.1 and 24.3 8.1 g/day in the regular infant for-
mula group. The difference in daily weight gain between both
groups is 17.3%, but just did not reach statistical significance
(p=0.06).

Results of cesophageal pH monitoring at inclusion were
abnormal in all children and did not differ between both
gronps (Table 2). The second pH monitoring was performed
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Table 2
Patient characteristics at baseline and after 4 weeks
Regular formula Thickened fomula  p

Number of infants 45 51

Age
Baseline (days) 94£32 92435

Weight (2)
Baseline 4803 £ 707 4905 + 836 0.54
4 weeks 5411 +638 5649 £707 0.10
Gainf4 weeks 642 £220 746 + 246 008
Gain/day 243£8.1 285121 0.06

Episodes of regurgitation/day
Baseline 471+£235 5.60£4.15 0.69
After 4 weeks 4314201 2574271 0.0001
P 036 <0.0001

Episodes of vomiting/day
Baseline 309+124 4344242 0.04
After 4 weeks 2744137 145+ 1.65 0.001t
I3 0.39 <0.0001

No. of stools/day
Baseline 3.8042.34 2.62+0.77 0.05
After 4 weeks 3541203 2.60+081 0.08
P 0.78 082

after a mean duration of intervention of 26 (5 days). None of
the patients dropped out. No side effects due to the interven-
tion were recorded. After all pH studies had been performed,
the code was broken, and the pH-monitoring results at the
end of the study were analysed. In the control group, all four
pH-metric parameters at baseline and at the end of the study
were extremely comparable (differences NS) (Table 3). But
in the intervention group, all four pH-metric parameters bad
decreased significantly (all p <0.001).

Table 3
pH-monitoring results at baseline and after 4 weeks
Baseline 4 weeks P
Reflux index
Regular formula (2= 45) 133164 114220 0.18
Thickened formula (#=51) 1494102 6.8+6.2 <0.001
P 0.30 <001
No. reflux ep/h
Regular formula (n=45) 10.6+58 8.7+49 0.09
Thickened formula{r=51)  11.5+133 62+£102 <0.001
P 0.60 0.14
No. R ep>5 min
Regular formula (n=45) 6.1+37 54142 0.38
‘Thickened formula (2=51) 7.0%45 29434 <0.0001
r 0.27 0.03
Long R Ep
Regular formula (r=45) 2384140 1931105 0.09
Thickened formula (n=51)  30.8£348 108189 <0.001

P 0.20 <0.001

No. reflux ep/h: number of reflux episodes per hour; No. R ep>5 min: num-
ber of reflux episodes lasting more than 5 min; Long R Ep: duration longest
reflux episode {in minutes).

4. Discussion

The study population co g with
excessive regurgilation and/or vomiting and the percentage
of oesophageal exposure time had to be more than 5% [11).
However, infants did not present with symptoms suggesting
GOR-disease. Infant regurgitation in formula-fed infants is
a frequent cause of parental concemn. According to literature
published till now, thickening of formula feeding has been
demonstrated o reduce almost consistently the frequency and
volume of regurgitation [3,4,12~15). However, again accord-
ing to published literature, the impact of thickened formula on
acid reflux is at borderline or absent [3,12]). Recently, Wenz!
et al. [12] suggested a non-significant decrease in non-acid
reflux, without any diffcrence in oesophageal height reached
by the remaining reflux episodes. Thus, there is a discrepancy
between the clinical observation (decrease in regurgitation)
and the resulis of investigation techniques such as pH-metry
and impedancemetry (no change in acid and non-acid refiux).

Because of this clinical efficacy, thickened formula has
become very popular. Also regarding comstarch, when used
as a thickening agent, this clinical efficacy has been well es-
tablished previously {13,16]. This raised concemn that dietary
treatment which alleviates symptoms such as regurgitation
and/or vomiting but without decreasing acid exposure to the
oesophageal mucosa may be inappropriate for subjects with
oesophagitis or severe GOR-disease. But, Ramirez-Mayans
et al. [13] reported previously that a formula that was pre-
thickened with re-gelatinised cornstarch did not only result in
a significant reduction of episodes of regurgitation and vom-
iting, but also reduced significantly acid reflux: the number
of acid reflux episodes, the duration of the longest reflux and
the reflux index (% of the investigation time with a pH <4.0)
decreased significantly. The design of the study by Ramirez-
Mayans was comparable to the design of the study discussed
here: ‘healthy” infants, except for excessive regurgitation and
vomiting were randomised to a formula thickened with rice
cereal or a formula thickened with cornstarch, The rice cereal
thickened formula decreased regurgitation but not vomiting,
whereas comstarch thickened formula reduced regurgitation
and vomiting. Bean gum has been shown to be more effective
than rice cereal [17]. Rice cereal did not decrease oesophageal
acid exposure since oesophageal pH-monitoring parameters
at baseline and at the end of the study (after 1 month) had not
changed. However, pH-monitoring parameters had signifi-
cantly decreased in the cornstarch thickened formula group
[13].

The benefit of thickened infant formula has to be consid-
ered against the risk for side effects, as was suggested by
the Nutritional Committee of the European Socicty of Paedi-
atric Gastroenterology, Hepatology and Nutrition [18]. Bean
gum, which is used in some thickened formulae, may oc-
casionally cause malabsorption of micronutrients and may
cause abdominal distension and discomfort since the colonic
flora ferments bean gum [19]. Good nutrition is essential for
normal growth and development of infants. The significant

d of infants pr
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decrease of regurgitation, vomiting and acid reflux i
in a better weight gain in the group with the cornstarch for-
mula in comparison to the standard formula. This nutritional
bencfit outweighs eventual side effects as hypothetically sug-
gested by the ESPGHAN Nutritional Committee [18].

Comstarch is an appropriate carbohydrate to add to for-
mula as a thickening agent for several reasons. Children less
than 6 months of age can easily digest cornstarch {201. Since
in comparison to bean gum, cornstarch provides additional
calories, the amount of the other nutrients providing calo-
ries in the formula was adapted in order to in an equal
caloric content in both formulae. Comstarch does not inter-
fere with the absorption of other nutrients, such as may be
the case for micronutrients with bean gum thickened for-
mula [20]. Casein forms a milk curd, which delays gastric
emptying, and may result in a reduction of reflux [21]. Com-
mercialised bean gum casein predominant thickened formula
results in a reduction of regurgitation and vomiting, but no
decrease in the number of long lasting reflux episodes [3].
Comstarch causes an intragastric dispersion of the casein
curd, resulting in a normalisation of gastric emptying [22].
The addition of medium chain triglycerides also accelerates
gastric emptying [23,24]. However, it remains unclear why
comstarch thickened formula reduces oesophageal acid expo-
sure. Speculatively, it can be hypothesised that because of the
theoretically normal or enhanced gastric emptying time with
cornstarch in comparison to rice or bean gum, the number of
transient lower oesophageal sphincter relaxations, the major
mechanism favouring GOR, is reduced. However, since nei-
ther the gastric emptying nor the transient relaxations were
measured, this theoretical concept is only hypothetic.

It cannot be excluded that part of the effect observed is the
consequence of the natural evolution of a decrease in regurgi-
tation [2]. However, the significant difference in improvement
between the thickened and standard formula chailenges this
hypothesis thoroughly.

In conclusion, this blinded, prospective, randomised
trial performed with a casein dominant formula thickened
with a specifically treated comstarch shows a significant
reduction in acid exposure to the ocsophageal mucosa [13].
This observation cannot be confirmed with other thickening
agents such as carob bean [3] or rice [13,15]. The results
suggest the benefit of comstarch over bean gum and rice
starch in controlling acid reflux. Further data are needed to
confirm that comstarch is superior to rice starch or locust
bean. Further data are also needed to evaluate how corstarch
decreases acid GER. Moreover, since it can be hypothesised
that comstarch thickened formula reduces both acid and
non-acid reflux, future research using impedancemetry in
infants with GOR-disease presenting with irritability [8]
would be welcomed.
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