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Effect of a Low-Allergen Maternal Diet on Colic Among Breastfed
Infants: A Randomized, Controlled Trial

David J. Hill, FRACP*}; Neil Roy, FRACPS; Ralf G. Heine, MD, FRACP*1|;
Clifford S. Hosking, MD, FRACP*; Dorothy E. Francis, APD*; Jennifer Brown, RN*; Bernadette Speirs, RN§;
Joel Sadowsky, FRACPS; and John B. Carlin, PhDF||{

ABSTRACT. Background. There is controversy re-
garding whether hypersensitivity to food proteins con-
tributes to colic among breastfed infants.

Methods. A randomized, controlled trial of a low-
allergen maternal diet was conducted among exclusively
breastfed infants presenting with colic. In the active arm,
mothers excluded cow’s milk, eggs, peanuts, tree nuts,
wheat, soy, and fish from their diet; mothers in the con-
trol group continued to consume these foods. Outcomes
were assessed after 7 days, as the change in cry/fuss
duration over 48 hours, with validated charts. The pri-
mary end point was a reduction in cry/fuss duration of
=25% from baseline. Mothers also assessed the re-
sponses to diet with categorical and visual analog scales.

Results. Of 107 infants, 90 completed the trial (mean
age: 5.7 weeks; range: 2.9-8.6 weeks; 54 male infants).
Infants in both groups presented with significant dis-
tress (geometric mean: low-allergen group: 690 minutes
per 48 hours; control group: 631 minutes per 48 hours). In
follow-up assessments on days 8 and 9, there were sig-
nificantly more responders in the low-allergen group
(74% vs 37%), ie, an absolute risk reduction of 37% (95%
confidence interval: 18-56%). Cry/fuss duration per 48
hours was reduced by a substantially greater amount in
the low-allergen group; the adjusted geometric mean ra-
tio was 0.79 (95% confidence interval: 0.63—-0.97), ie, an
average reduction of 21% (95% confidence interval:
3-37%). Mothers’ subjective assessments of the responses
to diet indicated little difference between the groups.

Conclusion. Exclusion of allergenic foods from the
maternal diet was associated with a reduction in dis-
tressed behavior among breastfed infants with colic pre-
senting in the first 6 weeks of life. Pediatrics 2005;
116:e709—-e715. URL: www.pediatrics.org/cgi/doi/10.1542/
peds.2005-0147; breast milk, colic, crying, elimination diet,
food allergy, infant.

ABBREVIATION. VAS, visual analog scale.
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first months of life.1> Colic symptoms usually
peak at ~6 weeks of age and improve gradually

over the following weeks.® In a recent Canadian
study, 6.4% of infants had persistent colic symptoms
at 3 months of age. For breastfed infants with colic,
episodes of distress are usually clustered in the late
evening and early morning hours,>¢ which may
cause significant disruption of family interactions”-®
and may lead to maternal exhaustion and distress.’
Colic is also associated frequently with secondary
feeding difficulties.!® Generally, colic is thought to
represent a transient, nonorganic, behavior dysregu-
lation among otherwise healthy infants.®!! However,
the cause of infantile colic has remained un-
clear.291112 Several psychosocial factors and mater-
nal smoking have been shown to increase the risk of
infantile colic.!314

The role of diet in infantile colic is controversial.®
Among formula-fed infants with colic, use of exten-
sively hydrolyzed casein- and whey-based prepara-
tions is associated with significant improvement in
colic symptoms.!5>16 Breastfeeding does not seem to
be protective against infantile colic.2 However, sev-
eral studies reported a reduction in persistent crying
after elimination of cow’s milk and other food pro-
teins from the maternal diet.””'® A systematic re-
view examining studies on maternal diet modifica-
tion and colic suggested a possible therapeutic
benefit but findings remained inconclusive, mainly
because of limitations in the studies included in the
meta-analysis.?°

In our previous colic study,'” the greatest treat-
ment benefit of 1-week maternal food allergen elim-
ination was observed among breastfed infants <6
weeks of age. The statistical power in that study,
however, was insufficient for drawing firm conclu-
sions. In the present trial, we tested prospectively the
significance of the findings; we evaluated the effect
of a hypoallergenic maternal elimination diet on per-
sistent crying among breastfed infants presenting
with colic in this age group.

Infantﬂe colic affects up to 28% of infants in the

METHODS

Study Design

We performed a randomized, controlled trial to test the hypoth-
esis that, among breastfed infants with colic presenting in the first
6 weeks of life, elimination of multiple, major, allergenic food
proteins from the maternal diet is associated with a reduction in
crying and fussing. The trial compared infants’ cry/fuss duration
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before and 1 week after implementation of a low-allergen mater-
nal elimination diet. The study was approved by the Ethics in
Human Research Committee at the Royal Children’s Hospital, and
written informed consent was obtained from the parents before
randomization.

Recruitment

Between 2000 and 2002, exclusively breastfed infants <6 weeks
of age with colic were recruited from metropolitan, community-
based, well-infant centers in Melbourne, Australia. The recruit-
ment phase was conducted by a lactation consultant (B.S.), who
had no access to the randomization schedule. Only well, term
infants (gestational age of >37 weeks) who were the result of a
normal singleton pregnancy and who had an otherwise unevent-
ful perinatal history (ie, no significant obstetric complications or
history of maternal substance abuse) and no perinatal morbidity
other than distress (ie, no perinatal asphyxia or perinatal infection)
were enrolled.

Mothers were told the study was comparing the effects of 2
different diet programs that had been found previously to be of
benefit in the treatment of infantile colic.'” Mothers on strict vegan
diets were excluded from randomized treatment; 3 mothers on
balanced ovo-lacto-vegetarian diets were included in the study.

Baseline Assessment

After recruitment, all infants underwent a detailed physical
examination performed by a consultant neonatologist (N.R. or
J.S.), and satisfactory breastfeeding technique was confirmed by a
lactation consultant (B.S.) at the Royal Women’s Hospital. A ques-
tionnaire to document sociodemographic data was administered.
Mother-infant dyads were then referred to the Department of
Allergy for diet randomization and completion of the study. For 3
dyads, this appointment was delayed for up to 3 weeks but
distress continued; these 3 were assigned randomly to their diets
at 7.4, 8.0, and 8.6 weeks of age. All other dyads commenced the
intervention before completion of the sixth week of life (Table 1).
Randomization occurred strictly in sequence of referral, following
the randomization schedule provided by the statistician. Before
they commenced the intervention program, mothers were asked
to keep a detailed food diary while maintaining their usual diet
and to record infant cry/fuss behavior on previously validated
charts (days 1 and 2).62!

For the purposes of recruitment for the study, colic was defined
on the basis of parent-reported estimation of distress exceeding
180 minutes per 24 hours on 3 days in the week before presenta-
tion. For all except 3 infants, parental perceptions of distress were
in agreement with the subsequent cry/fuss chart recordings for
the 48 hours before commencement of the diet (days 1 and 2). For
these 3 infants, the recorded cry/fuss durations were 300, 330, and
345 minutes per 48 hours.

Interventions

The effects of 2 maternal diet programs, ie, a low-allergen diet
that excluded major food allergens and a control diet that included
these foods, were compared. Both diets avoided food preserva-
tives, colors, and additives. Mothers were assigned to one of the
diets by the research dietitian (D.E.F.), on the basis of a random-
ization schedule provided by the statistician (J.B.C.). The dietitian
explained the diet and provided detailed written information but
played no role in the collection or analysis of cry/fuss outcome
data. The diet intervention commenced at 6 aM on day 3 and
continued until 6 AM on day 10. Contact between the mothers was
avoided, to prevent contamination of information between the
groups. All infants were breastfed exclusively for the duration of
the study. The diet regimens were isoenergetic and designed to
provide adequate energy (1.16 MJ/day) and protein (protein 115
g/day) for breastfeeding mothers. Adherence to the diet was
monitored with diet diaries maintained for 48 hours on days 8
and 9.

Low-Allergen Diet

For the low-allergen diet, mothers were instructed to exclude
all foods containing dairy products, soy, wheat, eggs, peanuts, tree
nuts, and fish from their diet. Their diet included a rice milk drink,
meats, vegetables, fruits, and cereals (corn and rice). A calcium
supplement (1.2 g/day) was prescribed. Mothers were supplied
with a rice-based drink in powder form (500 mL/day), as well as
a daily supply of fresh rice bread.

Control Diet

The control diet included all of the food items excluded from
the low-allergen diet. Mothers received 7 days of rations of a soy
and cow’s milk powder mixture to make 500 mL of a milk drink
per day (equivalent to 200 mL of soy milk and 300 mL of cow’s
milk). Mothers were asked to eat 1 serving of peanuts, 1 serving of
wheat, and 1 chocolate muesli bar per day, which were supplied.
Mothers also were encouraged to maintain their usual intake of
vegetables, meats, rice, and other cereals.

Outcomes

Cry/fuss charts were recorded by mothers for 48 hours starting
at 6 AM on day 1 of the study (baseline data, ie, days 1 and 2).
Cry/fuss charts for outcome assessment were completed from 6
AM on day 8 to 6 AM on day 10 (outcome days 8 and 9). Cry/fuss
charts were scored by the study nurse (J.B.) and an independent
reviewer, both of whom were blinded to the diet allocations. For
each 48-hour assessment period (days 1 and 2 or days 8 and 9), the
total duration of crying/fussing was calculated independently by
the 2 reviewers and the mean of the 2 assessments was used for
analysis.

TABLE 1. Demographic Characteristics of Study Cohort and Infants Withdrawn Before Study Completion
Completers Noncompleters

Low-Allergen Diet Control Diet Low-Allergen Diet Control Diet
No. of infants 47 43 6 11
Gender, no. (male/female) 28/19 26/17 4/2 8/3
First child, no. (%) 28 (59.6) 19 (55.6) 5(83.3) 6 (54.5)
Mean age of onset of distress, wk 1.9 (<1-4) 2.1 (<1-5) 2.1 (1-3) 2.1 (<1-3.5)
Mean age at first telephone contact, wk 4.6 (2.3-6) 5.0 (2.3-6) 4.7 (3.3-6) 5.6 (3.6-6)
Mean age at start of diet, wk 5.5 (3.0-8.6) 5.9 (3.1-8.0) 5.7 (4.0-7.4) 6.3 (4.3-6.9)
Mean distress duration at start of diet, wk 3.2(1-7) 3.4 (1-6.0) 3.0 (1-5.5) 3.7 (2-5.5)
Prior colic medication, no. (%) 8 (17.0) 11 (25.6) 0 (0) 2(18.2)
Prior diet change, no. (%) 2(4.3) 24.7) 0(0) 0(0)
Mother’s age, y 31.8 (20-40) 32.2 (22-40) 25.7 (18-34) 31.7 (27-38)
Mother Australian born, no. (%) 35 (74.5) 37 (86.0) 4 (66.7) 8(72.7)
Maternal education, y 14.2 (10-19) 15.1 (10-21) 12.8 (10-17) 14.3 (11-17)
Maternal atopy, no. (%) 23 (48.9) 24 (55.8) 3 (50.0) 4 (36.4)
Single mother, no. (%) 1(2.1) 2(4.7) 3 (50.0) 3(27.3)
Father’s age, y 33.7 (22-50) 34.1 (25-49) 28.5 (22-36) 34.0 (24-40)
Father Australian born, no. (%) 37 (78.7) 36 (83.7) 4(66.7) 6 (54.5)
Paternal education, y 13.9 (10-19) 14.8 (10-24) 10.7 (10-17) 14.3 (10-16)
Paternal atopy, no. (%) 11 (23.4) 8 (18.6) 1(16.7) 1(9.1)
Eczema, no. (%) 4(8.5) 49.3) 0 1(9.1)

Values are number (percentage) or mean (range).
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The primary end point of the study was a reduction in cry/fuss
duration of =25% between days 1 and 2 and days 8 and 9.
Additional analyses were based on comparison of mean cry/fuss
durations between groups. Analyses of the effects of diet were
limited to infants for whom colic reportedly exceeded >3 hours/
day for >3 days/week and had persisted for =3 weeks, according
to the criteria described by Wessel et al.?2 A final analysis was
restricted to dyads for which complete adherence to the assigned
diet was demonstrated.

Secondary outcomes involved maternal assessment of the in-
fant’s response to maternal diet change. On the morning of day 10,
the research nurse (J.B.) asked mothers to categorize their infant’s
colic behavior as better, same, or worse. In addition, mothers
graded their infant’s level of distress on a 10-cm visual analog
scale (VAS) of 0 (no crying/fussing) to 10 (maximal crying/fuss-
ing). Measurements were read to the closest 0.5-cm marking.

Sample Size

Sample size was determined on the assumption of a 50% re-
sponse rate for the control group and an 80% response rate for the
low-allergen group; these were judged to be conservative esti-
mates on the basis of the results of our previous study.!® These
assumptions led to a requirement for 45 patients in each group to
provide a power of 80%, with a 2-sided significance level of .05.23

Statistical Analyses

The primary analysis (intention-to-treat) compared the re-
sponse rates between the 2 groups. We report the estimated dif-

ference in proportions with a standard 95% confidence interval
and x? test. The distribution of cry/fuss duration was skewed
positively; therefore, we used logarithmically transformed values
for analysis and reported geometric means as summaries, with
ratios for comparison between groups. Analyses of the continuous
cry/fuss data used analysis of covariance (with logarithmic val-
ues) to compare the cry/fuss duration between groups (expressed
in relative terms, as the geometric mean ratio), with adjustment for
group differences in baseline crying duration.

Maternal assessment categories (better, same, and worse) were
compared between treatment groups with x? analysis. The mean
VAS score was calculated for each group, and values were com-
pared with a 2-sample ¢ test.

RESULTS
Study Groups

Recruitment, reasons for noncompletion, and
study progress are detailed in Fig 1. Of the 107
infants who entered this study, 90 (84%) completed
the randomized trial (mean age at the time of diet
allocation: 5.7 £ 1.1 weeks; range: 2.9-8.6 weeks; 54
male infants). The completion rates were 47 (89%) of
53 for the low-allergen group and 43 (80%) of 54 for
the control group (x> = 1.64, P = .20). The demo-
graphic characteristics of the study cohort (compl-
eters and noncompleters) are summarized in Table 1.

Assessed for eligibility
n=211

Excluded (n = 104)
o Not meeting inclusion criteria (n = 91)

y

\4

* Refused to participate (n = 11)
e Spontaneous improvement (n = 2)

Randomly assigned
(n =107)

:

!

Group 1: Low-allergen diet
(n=53)

!

Did not complete study (n = 6)
¢ Did not attend for follow-up (n = 2)
¢ Hospitalized for gastroenteritis (n = 1)
e Weaned to formula (n = 1)
e Maternal illness (n = 1)
e Commenced naturopathic
treatment (n = 1)

!

Analyzed (n = 47)

'

Group 2: Control diet
(n = 54)

\4

Did not complete study (n = 11)

¢ Did not attend for follow-up (n = 7)

o Gastroesophageal reflux (n = 1)

o Postnatal depression/admission to
Mother-Infant Unit (n = 2)

e Commenced naturopathic
treatment (n = 1)

v
Analyzed (n = 43)

Fig 1. Diagram of patient enrollment and study progress.
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Primary Outcome

On the basis of a reduction in cry/fuss duration of
=25%, 35 (74%) of 47 infants responded to the low-
allergen diet program, compared with 16 (37%) of 43
infants on the control diet, ie, an absolute risk reduc-
tion of 37% (95% confidence interval: 18-56%; P <
.001) (Table 2). Changing the cutoff value to 20% or
30% did not alter these results substantially (Table 3).
If all noncompleters were analyzed as nonre-
sponders, then there was a 36% risk reduction for the
low-allergen diet (P < .001) (Table 4). At the end of
the study, 61 of 90 infants still had colic, ie, cry/fuss
duration of =360 minutes per 48 hours (low-allergen
group: 30 of 47 infants; control group: 31 of 43 in-
fants; x> = 0.70, P = .40). Figure 2 plots the individ-
ual data for the study participants.

Table 2 summarizes mean cry/fuss durations and
assesses between-group differences. There was a
small average difference in cry/fuss duration be-
tween the 2 arms of the study at baseline, before
commencement of the diet (days 1 and 2). At the end
of the study, however, the cry/fuss duration per 48
hours was reduced by a substantially greater amount
in the low-allergen group; the adjusted geometric
mean ratio was 0.79 (95% confidence interval: 0.63—
0.97; P = .028), ie, an average reduction of 21% (95%
confidence interval: 3-37%). This corresponds to re-
ductions in adjusted geometric mean of distress lev-
els of 40% (274 minutes per 48 hours) in the low-
allergen group and 16% (102 minutes per 48 hours)
in the control group (Table 2).

Of the 90 mother-infant dyads that completed the
study, 80 (89%) fulfilled the definition of colic pro-
vided by Wessel et al*?> (=3 hours of distress, on 3
days/week, for =3 weeks). Of these, 41 were as-
signed to the low-allergen diet and 39 to the control
diet. Results were very similar in this subgroup,
compared with the entire study cohort. In primary
outcome analysis, 31 (76%) of 41 responded to the
low-allergen diet, compared with 16 of 39 (41%) re-
sponding to the control diet (P = .002).

Secondary Outcomes

The categorical and VAS assessments were com-
pleted by 42 (89%) of 47 mothers in the low-allergen
group and by 39 (91%) of 43 in the control group.
There were no significant differences in the maternal
categorical assessments of treatment responses (bet-
ter, same, or worse) or continuous assessments with
the VAS on day 10 between the 2 diet groups (Table
2).

Adherence to Diet Programs

At baseline (days 1 and 2), complete diaries were
available for 87 of 90 patients (low-allergen diet: 46 of
47 patients; control diet: 41 of 43 patients). Before the
study, there were only minor differences in diet be-
tween the groups. Patients assigned randomly to the
control diet had a higher intake of wheat protein
(mean intake: 31.2 g per 48 hours vs 26.2 g per 48
hours; P < .05), whereas the intake of peanut protein
was higher in the group assigned to the low-allergen
diet (mean intake: 2.0 g per 48 hours vs 0.9 g per 48
hours; P = .05). Intakes of milk, eggs, and chocolate
were similar for the 2 groups at baseline.

At completion of the study (days 8 and 9), inter-
pretable diet diary records were available for 45
(96%) of 47 patients on the low-allergen diet and 41
(95%) of 43 control patients. In the low-allergen
group, 44 (98%) of 45 mothers were deemed compli-
ant with the diet and had avoided all wheat, dairy,
eggs, peanuts, and chocolate successfully; 1 noncom-
pliant mother (identification number 93, responder)
had eliminated milk, eggs, and chocolate but had
continued to ingest wheat (23 g of wheat protein per
48 hours) and peanut (6.8 g of peanut protein per 48
hours). In the control diet group, complete diet ad-
herence was achieved by 24 (59%) of 41 patients; the
remaining 17 (41%) of 41 patients were partially com-
pliant and had eliminated up to 3 food items on days
8 and 9. All had continued to ingest wheat, and none
had commenced the full low-allergen diet. For the
control diet group, the median protein intakes were

TABLE 2. Rate of Response to Treatment and Change in Cry/Fuss Scores at Baseline (Days 1 and 2) and Follow-Up (Days 8 and 9)
Assessments
Low-Allergen Control Diet Difference, % 95% Confidence P Value
Diet (Mean), or Ratio Interval
(Geometric Mean)
Categorical analysis, no. (%)
Improvement of =25% (days 1 35 of 47 (74) 16 of 43 (37) 37 18-56 <.001
and 2 versus days 8 and 9)
Cry/fuss duration of =360 min 30 of 47 (64) 31 of 43 (72) 8 —-11-27 402
per 48 h (days 8 and 9)
Continuous analysis, min per 48 h
(geometric mean and 1-SD range)
Days 1 and 2 690 (498-963) 631 (433-925) 1.1
Days 8 and 9 431 (252-742) 509 (270-953) 0.85 0.66-1.08 .18
Days 8 and 9 adjusted* 416 529 0.79 0.63-0.97 .028
Secondary outcomes
VAS score (mean * SD) 43+25 50+28 0.7 —0.43-1.87 218
Maternal categories, no.
Better 29 22
Same 8 9 45
Worse 5 8

* Comparison adjusted for baseline differences with analysis of covariance.
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TABLE 3. Treatment Response Rates With Different Cutoff Criteria
Reduction in Cry/ No. (%) Difference, % P Value
Fuss Durati
Hss Hration Control Diet Low-Allergen Diet
=10% 24 (56) 38 (81) 25 010
=20% 17 (40) 36 (77) 37 <.001
=25% 16 (37) 35 (74) 37 <.001
=30% 13 (30) 29 (62) 32 .003
=40% 11 (26) 18 (38) 12 197
=50% 9(21) 9(19) -2 833
TABLE 4. Effect of Handling of Noncompleters in Statistical Analyses
Handling of Noncompleters in Responders (Reduction of Difference, % P Value
Statistical Analyses >25%), No. (%)
Low-Allergen Diet  Control Diet
Assume all are responders 41 of 53 (77) 27 of 54 (50) 27 .003
Assume all are nonresponders 35 of 53 (66) 16 of 54 (30) 36 <.001
Exclude all from analyses 35 of 47 (74) 16 of 43 (37) 37 <.001
[e] ID 6
P = o2+
®
1500 ® 1500 |
d °
Fig 2. Crying duration at baseline (days
1 and 2) and outcome (days 8 and 9) in 00 O9
response to low-allergen and control s 4 P
diets. An outlier in the control group < 1000 1000 ® L/
(identification number 6) is shown in g o ® O9
square brackets. Horizontal bars depict “ %o
the geometric means of cry/fuss dura- 8 8‘..
tion. *Comparison adjusted for baseline c
differences with analysis of covariance. S 500 5001
v
0 0
T T T T
Days 1 and 2 Days 8 and 9 Days 1 and 2 Days 8 and 9
Low-allergen diet Control diet
n =47 n =43

31 g of wheat, 39 g of cow’s milk, 6 g of eggs, 6 g of
peanuts, and 7.6 g of chocolate per 48 hours.

There were 41 control group dyads with interpret-
able diet diaries, including 16 (39%) responders and
25 (61%) nonresponders. Of the 16 control group
responders, 14 (88%) had adhered strictly to the diet,
whereas only 10 (40%) of 25 nonresponders were
deemed compliant. The remaining 15 mothers who
had failed to respond to the control diet had subse-
quently removed food allergens from their diet, in-
cluding the milk/soy drink (n = 4), eggs (n = 11),
peanuts (n = 6), and chocolate (n = 4). Therefore,
mothers of nonresponders in the control group were
significantly more likely to breach the diet protocol
than were those of responders (rate of noncompli-

Downloaded from www.pegi\ll atri

ance in the control group: 2 of 16 responders vs 15 of
25 nonresponders; x> = 7.22, P = .007). When the
primary outcome analysis was restricted to dyads
that adhered fully to the assigned diet on days 8 and
9, as documented by dietary records, 33 (75%) of 44
responded in the low-allergen group, compared with
14 of 24 (58%) in the control group (x> = 2.02, P =
15).

DISCUSSION

The present study demonstrated that elimination
of several major food allergens from the diet of
breastfeeding mothers for 1 week was associated
with a significant reduction in their infant’s cry/fuss
duration. The primary outcome analysis, based on
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cry chart information, showed a response rate for the
low-allergen diet of 74%, ie, a risk reduction of 37%,
compared with the control diet. The mean difference
in cry/fuss duration between the 2 groups at the end
of the study was ~3 hours per 48 hours. When the
primary outcome analysis was restricted to mother-
infant dyads with distress, according to the defini-
tion of colic proposed by Wessel et al,?? the results
were very similar. These findings suggest that ma-
ternal intake of food allergens is an important factor
in the pathogenesis of infantile colic among breastfed
infants.

The subjective maternal assessments of the re-
sponses to the diets did not reflect the differences
demonstrated by cry charts. Previous studies vali-
dated the cry/fuss charts against voice-activated au-
diotapes,?! and their specificity and sensitivity have
been confirmed among infants with and without col-
ic. Unlike the cry/fuss charts, the instruments used
for the subjective maternal assessments had not been
validated against objective measures and might not
have been sufficiently sensitive. In addition, the sub-
jective maternal assessments might have been af-
fected by confounding psychosocial factors associ-
ated with infantile colic.!3!* Several mothers of
infants who had failed to respond to dietary treat-
ment, as indicated by the cry charts, categorized their
infants as “better” at the end of the study, which
suggests that the assessments might also have been
influenced by placebo and/or Hawthorne effects.

One third of the infants in the low-allergen group
failed to respond. Some of their mothers might have
inadvertently continued low intakes of eliminated
food items. Although adherence to the low-allergen
diet was good, dietary records are known to be prone
to recall bias and might not have reflected the actual
dietary intakes. Food antigens have been detected in
breast milk for up to 9 days after dietary elimina-
tion, 2425 and the duration of this study might not
have been sufficient to achieve complete dietary an-
tigen elimination from breast milk for all infants.
Therefore, a longer period of dietary restriction
might have improved the response rate. However,
the current study was designed to test prospectively
the findings from our previous 1-week study.! In
addition, the low-allergen diet might have failed to
exclude clinically relevant food antigens.

Adherence in the control group was influenced
significantly by the infant’s behavior during the trial.
Among responders, for whom remission of symp-
toms occurred despite continued intake of potential
food allergens, adherence was excellent. Conversely,
more than one half of the mothers of nonresponding
infants had modified their diets and eliminated food
items. These observations highlight the difficulties of
conducting clinical trials of dietary interventions, be-
cause subjects cannot be blinded with respect to
treatment allocation. When the primary outcome
analysis was limited to those dyads that complied
fully with the dietary programs, the apparent treat-
ment benefit for the low-allergen group was re-
duced. However, this analysis is difficult to interpret
because noncompliance in the control arm was asso-
ciated with a lack of early response to diet. This

might have resulted in a form of reverse causation
(ie, a lack of early response to diet increased the risk
of noncompliance and thus biased the remaining
compliant control dyads toward a better treatment
outcome).

The self-limiting nature of colic has precluded the
use of invasive investigations to establish a patho-
physiologic model of infantile colic. The mechanisms
through which maternally ingested food proteins
elicit colic symptoms among breastfed infants thus
remain speculative. Cow’s milk,?® egg,? peanut,?
and wheat? antigens have been detected in human
milk and may evoke gastrointestinal mucosal im-
mune responses.’? Mucosal IgE-containing plasma
cells were increased in upper jejunal biopsies from
infants with cow’s milk-induced colic.3! Previous
studies demonstrated that macromolecular gut per-
meability is increased among infants with colic,
which may predispose these infants to food sensiti-
zation,3>33 as well as gastrointestinal®* and cutane-
ous®® manifestations of food allergies during early
childhood. Infants with colic also show abnormali-
ties in gastrointestinal hormones and regulatory in-
testinal peptides, including cholecystokinin and mo-
tilin.353¢ The effects of reduced cholecystokinin
levels in colic are poorly understood but may involve
impaired central regulation of satiety and behavior.3¢
The finding of increased serum motilin levels among
infants with colic provides indirect evidence of al-
tered gut motility for these infants.3> Motilin, a reg-
ulatory gut polypeptide, is the main stimulant for
interdigestive migrating gut contractions.3” We spec-
ulate that these propulsive gut contractions may
cause visceral pain and trigger episodes of distress.
Motilin has been found in human milk3® and may
trigger endogenous release of motilin among breast-
fed infants.3® There is some evidence that maternal
smoking, a recognized risk factor for colic, may cause
gastrointestinal motility disturbances through in-
creased plasma and intestinal motilin levels.*0 The
effects of motilin are inhibited by atropine, which
may explain why atropine and similar anticholin-
ergic compounds ameliorate colic symptoms.*+42 It is
unclear whether food proteins are able to stimulate
endogenous motilin secretion either directly or indi-
rectly, through immune-mediated mechanisms.

This study is the first randomized, controlled trial
to demonstrate a clear effect of maternally ingested
food proteins on colic symptoms among breastfed
infants. Our observations were based on a represen-
tative, community-based sample of infants with
colic, with age and clinical characteristics similar to
those in previous interventional studies of colic.1>-1?
The study had several limitations. Because of the
nature of the intervention, the study could not be
conducted as a double-blind trial, although mothers
in both diet groups had to make substantial changes
to their diets. Therefore, the outcomes might have
been affected by a placebo effect. Furthermore, chal-
lenges were not performed to demonstrate relapse of
symptoms after reintroduction of food proteins into
the maternal diet.

Our investigation was designed to provide proof
of the concept and to test prospectively the observa-
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tions from our previous study,!” rather than to eval-
uate the role of individual food proteins in infantile
colic. However, it is acknowledged that factors other
than diet may also be involved in the pathogenesis of
infant distress. Elimination diets have associated
risks, particularly if sustained for long periods, and
the nutritional progress of the infant and the mother
needs to be monitored closely by an experienced
dietitian.*> Additional studies are needed to define
the pathophysiologic features and role of maternal
elimination diets in infantile colic.
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