A low allergen diet is a significant
intervention in infantile colic: Results of a
community-based study
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Background: The effect of diet change in 38 bottle-fed and 77 breast-fed “colicky” infants,
referred from community-based pediatric facilities was studied over a 1-week period in a
double-blind (within each feeding mode), randomized, placebo-controlled trial.

Methods: Bottle-fed infants were assigned to either casein hydrolysate or cow’s milk formula.
All mothers of breast-fed infants were started on an artificial colorfree, preservative-free,
additive-free diet and also randomized to an active low allergen diet (milk-, egg-, wheat-, nut-
free) or a control diet.

Results: The response to diet was assessed on day 1 and day 8 with the use of a previously
validated infant distress chart on which parents recorded distress levels. If successful outcome
was defined as a reduction in distress of 25% or more, after adjusting for age and feeding
mode, infants on active diet had a significantly higher rate of improvement than those on the
control diet (odds ratio, 2.32; 95% confidence interval, 1.07-5.0; p = 0.03). Analysis of the
day 8 to day 1 distress ratio, again adjusted for age and feeding mode, showed that infants on
the active diet had distress reduced by 39% (95% confidence interval, 26-50) compared with
16% (95% confidence interval, 0-30) for those on the control diet (p = 0.012).

Conclusion: The results suggest a period of dietary modification with a low allergen diet and
appropriate nutritional support should be considered in healthy infants with colic. (] ALLERGY

CLIN IMMUNOL 1995,96:886-92.)
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Infantile colic (i.e., unexplained paroxysms of
crying or fussing) affects between 15% and 40% of
infants in the first 4 months of life.!® It is worse in
the first 6 weeks of life, but then spontancous
improvement begins.* The role of dietary factors in
colic is controversial.®

Jacobsson and Lindberg® reported that 53% of
breast-fed infants experienced symptomatic im-
provement when cow’s milk protein was excluded
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Abbreviations used
CI:  Confidence interval
LR: Logistic regression
MANOVA: Multivariate analysis of variance
OR: Odds ratio

from the maternal diet, but the significance of
these findings was questioned because of the study
design.” Evans et al.® could not confirm the find-
ings of Jacobsson and Lindberg® but noted a
positive association between the number of food
types in the maternal diet and severity of colic.
Lothe et al.> 1% reported the benefit of cow’s milk
protein exclusion with regard to colic in bottle-fed
infants, but Forsyth,!! in a crossover study, ob-
served that this benefit was only transient. Half of
the infants in one study by Loecthe et al® had
classical features of allergy to cow’s milk and other
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foods by the age of 6 months, suggesting that some
of these patients initially had cow’s milk allergy, of
which colic is but one symptom.'?

In this investigation the effect of dietary modifi-
cation over a 1-week period on bottle-fed and
breast-fed infants with colic was studied. Infants
were randomly allocated to an active or control
diet program. The study used a validated distress
measurement tool,> 4 was designed to be of suf-
ficient duration to detect behavioral changes, and
was performed in a randomized, double-blind,
controlled manner, taking account of the mode of
feeding, sex of the infant, and whether the infant
was older or younger than 6 weeks of age. Because
the study was designed to assess the effect of diet
change, supportive contact between the research
team and the subjects was discouraged until final
assessments had been made.

The primary hypothesis to be tested was that the
active diet would be more beneficial than the
control diet; that is, this was a study of the efficacy
of diet change in the treatment of colic. Secondary
hypotheses, that the effect of diet would be differ-
ent in different age or feeding mode strata, were
also examined.

METHODS
Patients

Information regarding the study was distributed to
pediatricians and community-based Maternal and Child
Health nurses in the Melbourne metropolitan area.
Infants with colic, who were otherwise healthy, were
included if they were between the ages of 4 and 16
weeks, were the result of an uncomplicated pregnancy of
more than 37 weeks’ duration, and had an uneventful
perinatal period.

Colic was defined as unexplained bouts of irritable
and distressed behavior present for more than 3 hours
per day, for more than 3 days per week, and of more
than 3 weeks’ duration.*> Infants with colic and a history
of significant vomiting, diarrhea, eczema, persistent skin
eruptions, or other symptoms suggestive of food protein
intolerance or hypersensitivity were excluded from the
study.> 1620 Patients receiving medication for treatment
of colic continued receiving it throughout the study.

Conduct of study

Patients were assessed by one of two trained allergy
research nurses who obtained informed consent and
data, including age, sex, and feeding mode (breast or
bottle) of the child. The research nurses issued parents
with and instructed them in the use of a 24-hour distress
score chart,'® which mothers were asked to complete,
beginning on the morning after the first interview (day 1)
and on the final day (day 8).

Infants were randomly allocated to the active or
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control diet. The maternal diet or infant formula con-
tinued unchanged during the first 24 hours to document
baseline behavior from 6:00 am on day 1. On day 2 the
diet program commenced and continued until review on
day 9. The distress charts were scored by an independent
“blinded” assessor. The study was approved by the
Royal Children’s Hospital Ethics Committee.

Diet programs

Breast-fed babies. All mothers who were breast-feed-
ing were given a diet that excluded food dyes, additives,
and preservatives. The active diet was oligo-antigenic.
The following foods were allowed in the diet: rice,
buckwheat, apple, pear, water, weak tea, weak coffee,
potato, pumpkin, zucchini, marrow, lettuce, carrot, cau-
lifiower, squash, lamb, beef, chicken, veal, turkey, fish,
milk-free margarine, safflower oil, honey, sugar, salt, and
pepper; all other foods were to be avoided. The control
diet ensured a normal intake of cow’s milk, meat, egg,
wheat, nuts, and a wide range of fruits and vegetables.
Suggested menus and instructions regarding the quantity
of food required to ensure adequate nutrition were
included on the diet sheets.

Bottle-fed babies. The infants in the active diet group
received a hypoallergenic casein hydrolysate preparation
(Pregestimil; Mead Johnson); infants in the control
group received a modified cow’s milk preparation (En-
falac Reduced Iron; Mead Johnson).

Study design

Infants were randomly allocated to the active or
control diets within the strata defined by sex, feeding
mode, and age. Treatment allocation was balanced for
every four infants in the strata.

The study was double-blind and placebo-controlled in
that formulas were dispensed in identical sealed tins
(bottle-fed), diets were dispensed in sealed envelopes
(breast-fed), and neither the participant nor the assessor
was aware of the type of diet allocated to the patients.

Although the formulas had different tastes and the
maternal diets had different levels of restriction, it is
unlikely that the study was “unblinded” by the parents
because patients were drawn from a wide geographic
area, over a long period of time, and had no planned
contact with each other. We are unaware of any un-
planned contact, which could have allowed comparison
of diets.

Sample size calculations

On the basis of previous studies of breast-fed infants
with colic, a 20% spontaneous remission rate and a 50%
rate of response to the active diet program was esti-
mated;® a sample size of 36 infants in each group was
required (alpha = 0.05, beta = 0.2). For the bottle-fed
infants, a similar spontaneous remission rate was used,
and the response rate to diet was expected to be
60%® 19 thus, 20 bottle-fed infants were required to be
in the active and control diets (alpha = 0.05, beta = 0.2).
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Criteria for response to diet

As a primary outcome, “total distress levels” in min-
utes per 24 hours on day 1 and day 8 were measured
from the distress score charts. The total distress levels
were the sum of the duration of: (1) negative vocaliza-
tions (crying) and (2) fussing (agitated motor behavior)
recorded on the distress score charts. A correlation
between total distress levels and audiotaped duration of
distress has been demonstrated.’® This total distress
score has been used to distinguish infants with colic from
infants without colic.*

Two criteria used to assess the primary outcome of the
study were: (1) the incidence of reduction in total
distress of more than 25% in the active and control diet
groups, a level of improvement previously used to mea-
sure the result of interventions,?>?? and (2) a compari-
son of distress ratios day 8 to day 1 between infants on
the active and control diets.

The secondary outcome measure was based on the
maternal assessment. On day 9, mothers were asked
whether they believed distressed behavior occurred less
frequently on day 8 than on day 1. This assessment was
undertaken to determine whether changes in distress
scores were associated with benefits that could be per-
ceived at a clinical level.

Analytical methods

Primary outcome: Reduction in distress of more than
25%. Categorical variables were analyzed by chi square,
and odds ratios (ORs) and confidence intervals (Cls)
were calculated.”® Adjustment for confounding factors
was made by logistic regression (LR).2* Main effects of
all stratifiers and their interactions with diet were en-
tered into the LR model. The results were reported as
ORs, 95% Cls, and associated p values.

Comparison of distress ratios. The ratio of day 8 to day
1 distress for the active and control diet groups was
analyzed by tabulating the median values and calculating
the Mann-Whitney U test and Fisher’s exact test.>> A
multivariate analysis of variance (MANOVA) of the
log-transformed ratio tested for a possible differential
effect of diet according to the sex, age, and feeding mode
of the infant. These stratifying variables were entered
into the MANOVA model as single main effects and
two- and three-way interaction with diet. Results were
reported as predicted proportional changes, 95% Cls,
and associated p values.?> 25

Secondary outcome. Infants were classified according
to whether or not their mothers believed colic was less
frequent on day 8 than on day 1.

Statistical computation of MANOVA and LR analysis
were performed with the GLIM 3.77 package (Numeri-
cal Algorithms Group, Oxford, U.K.).?” Outlier detec-
tion was performed with leverage and residual analy-
sis.?®2% Initial and post hoc power analyses were
performed according to the methods of Pocock® and
Donner.?® Statistical significance was achieved at a p
value of less than 0.05, and all tests were two-sided.
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RESULTS

At the outset, the study was expected to be
completed within 12 months, but as it progressed,
many sources of referral commenced implementa-
tion of the diet modification being tested by this
research study, and patient referral ceased. There-
fore after 3 years, the study was terminated, al-
though the proposed number of bottle-fed infants
had not reached the sample size sought. Thirty-six
infants did not complete the second assessment,
and after exclusion of this group, 122 infants
remained. Fifty-four infants received the active
diet, 67 received the control diet, and one was
incorrectly allocated. Thirty-eight ‘infants were
bottle-fed, 77 were breast-fed, and seven were fed
with both modes. Thirty-four were younger than
6 weeks of age, and 87 were older than 6 weeks
of age. All mothers who attended the 1-weck
follow-up reported compliance with their allocated
diet.

Because there was an insufficient number of
infants in the mixed feeding mode group (n = 7) to
allow analysis, this group was omitted, leaving 115
sets of results.

Table I shows the demographic features of the
study and dropout groups. Chi square analysis and
t tests showed no significant difference in these
features between the groups. Of the 36 dropouts,
12 were younger than 6 weeks of age, and 24 were
older than 6 weeks of age; 16 were bottle-fed (8
active, 4 control, 4 data incomplete), and 17 were
breast-fed (8 control, 8 active, 1 data incomplete);
the remaining three patients had incomplete feed-
ing mode data recorded.

For the cohort of 115 infants, the mean age of
the 54 patients assigned to the active diet was 7.0
weeks, and the mean age of those assigned to the
control diet was 7.9 weeks. The mean day 1 total
distress score for the active diet group was 330.5
minutes, and for the control diet group, 268.0
minutes (p = 0.12).

Primary outcome: Reduction in distress of more
than 25%. Of the 115 infants, 61% on active diet
(33 of 54) improved compared with 43% of those
on the control diet (26 of 61) (OR, 2.12; 95% CI,
1.00-4.46; p = 0.047) (Table II).

The possible differential effect of diet depending
on whether the infants were younger or older than
6 weeks of age, bottle-fed or breast-fed, and male
or female, was examined, and each factor was
adjusted by LR analysis. The effects of gender were
not significant and are not reported.

Irrespective of diet and feeding mode, 46 of
81 infants (57%) older than 6 weeks of age
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TABLE I. Demographic and clinical features of study groups
Group
Variable Active Control Dropout
No. of cases 54 61 36
First child 26 (48%) 33 (54%) 21 (58%)
Second child 21 (39%) 16 (26%) 9 (25%)
Mother’s age (yr) 291 +43 294 + 38 28.6 +4.2
Mother: Australian born 44 (81%) 48 (79%) 26 (72%)
Mother’s education (yr) 13.6 + 2.8 132 +24 133 +35
Mother: On Social Security 5 (9%) 4 (T%) 3(8%)
Single mother 3(6%) 4 (7%) 1(3%)
Father’s age (yr) 311 +6.1 31.7+50 30.8 + 4.7
Father: Australian born 45 (83%) 43 (70%) 26 (72%)
Father’s education (yr) 14.1 + 4.0 132 + 42 13.5 + 2.7
Father: On Social Security 3 (6%) 3 (6%) 1 (3%)
Residence owned 39 51 28
Colic data
Mean age at onset (wk) 224+ 1.7 20+ 1.7 2.4 4+ 2.6
Duration (wk) 51+3.0 59+31 47+29
Prior colic medication 46 (83%) 56 (92%) 32 (89%)
Seen Dr. more than once 23 (43%) 34 (56%) 17 (47%)
in past
Current colic medication 33 (61%) 46 (75%) 24 (67%)
Previous diet changes 33 (61%) 38 (62%) 19 (53%)
Data are expressed as absolute numbers with percentages in parentheses or as mean + 1 SD.
improved compared with 13 of 34 infants (38%)  TABLE Il. Effects of diet on colic
younger than 6 weeks of age (OR, 2.12; 95% CI,  'mprovement
0.87-5.23; p = 0.07). Of the 34 infants younger than 6 Clinical outcome
weeks of age, 9 of 18 (50%) on the active diet and 4 -
of 16 (25%) on the control diet improved (OR, 3.0; _ Not Statistics
? ’ Improved* improved* OR (95% CI)

95% CI, 0.57-17.37; p = 0.13). Of the 81 infants older
than 6 weeks of age, 24 of 36 (67%) on the active diet
and 24 of 45 (49%) on the control diet improved
(OR, 2.09; 95% CI, 0.77-5.74; p = 0.10). The LR
model showed that age (i.e., <6 weeks and >6 weeks
old) was a significant factor in determining improve-
ment (OR, 2.36; 95% CI, 1.01-5.5; p = 0.047).

Improvement was analyzed according to whether
the infants were breast-fed or bottle-fed. Overall, 38
of 77 (49%) breast-fed infants improved compared
with 21 of 38 (55%) bottle-fed infants, irrespective of
whether they received the active or control diet
program (OR, 1.27; 95% CI, 0.54-2.98; p = NS). LR
showed no significant effect of feeding mode on colic
improvement.

The LR model prediction for infants younger than
6 weeks of age was 47% improved on active diet
compared with 28% on the control diet. For infants
older than 6 weeks of age, the prediction was 68%
improved on the active diet compared with 48% on
the control diet. After adjustment for age and feed-
ing mode, infants on the active diet had a significantly

Overall outcome

Active diet 33 21 2.12 (1.00-4.46)
Control diet 26 35 p=0.047
Final outcomet 2.32 (1.07-5.0)
p =003

*Improved indicates a fall of more than 25% in distress score
between day 1 and day 8; not improved indicates less change
in distress scores between day 1 and day 8.

TOutcome after logistic model adjusted for effect of age (> or
<6 weeks) on colic (see text).

higher rate of improvement than those on the control
diet (OR, 2.32; 95% CI, 1.07-5.0; p = 0.03).

Comparison of distress ratios. For the total 54
patients on active diet, the median (day 8 to day 1)
ratio was 0.70, a reduction of 90 min/24 hr, com-
pared with 0.87, a reduction of 37 min/24 hr, for 61
infants on the control diet (p = 0.09).

The effect of diet change for the 115 infants was
examined in each age group (<6 weeks or >6
weeks) and feeding mode stratum (breast-fed or
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TABLE lll. Overall effect of diet on colic distress ratio after adjustment for age and feeding mode

95% Cl
Predicted predicted
mean distress Improvementt improvement
Diet ratio* (%) p Valuet
Active 0.61 26-50
0.012
Control 0.84 0-30

*Adjusted (day 8 to day 1) distress ratio: adjusted for age and feeding mode.
FChange in distress over baseline (as percent), i.e., (Day 8-Day 1)/Day 1 based on adjusted means: adjusted for age and feeding

mode.
fAs determined by MANOVA.

bottle-fed). An initial analysis performed on the
subgroups showed a highly significant difference in
the change in distress ratios between active and
control diet for the breast-fed infants younger than
6 weeks of age (p = 0.006). No other effect of diet
on the other subgroups was noted. To provide an
overall analysis of all the subgroups, a MANOVA
was used.

A preliminary MANOVA identified three
bottle-fed infants with extreme values for their
mean distress ratios with large residuals and lever-
age; two had distress reduced by more than 85% (1
on active diet, 1 on control diet) and one had
distress increased by 295% (control diet). These
outliers were omitted from the MANOVA in order
to comply with the model’s assumptions.

The MANOVA on the data from the remaining
112 patients showed that after correcting for feed-
ing mode (p = 0.059) and age (p = 0.013), the
mean day 8 to day 1 ratio was 0.61 for the 52
infants on active diet compared with 0.84 for the 60
infants on the control diet (p = 0.012) (Table III).
These changes correspond to a reduction in dis-
tress time of 39% (95% CI, 26-50) for the active
diet (a reduction of 117 min/24 hr), and 16% (95%
CI, 0-30) for the control diet (a reduction of 46
min/24 hr).

No significant differential effect of diet accord-
ing to age, feeding mode, or sex was found by
testing two-way or three-way interactions in the
MANOVA model. These results appeared to con-
flict with the above-mentioned data, which showed
a marked ecffect of diet on breast-fed infants
younger than 6 weeks of age; the breast-fed infants
younger than 6 weeks of age on the control diet
had distress increased by 34% (67 min/24 hr),
whereas those on the active diet had distress
reduced by 24% (73 min/24 hr). However, a post
hoc power analysis on the data from all the pa-

tients showed there were insufficient numbers to
detect interaction between age and feeding mode
(Appendix).

Secondary outcome. Overall, 49 of 115 mothers
reported that infant colic was improved by the end
of the study. Forty-cight percent (26 of 54) of
infants assigned to an active diet were rated as
improved by the mother, compared with 38% (23
of 61) of those on the control diet (OR, 1.53, 95%
Cl, 0.73-3.23; p = NS).

DISCUSSION

According to the results of this study, diet is one
factor that contributes to infant distress in the colic
syndrome. This study was designed to investigate
the effect of diet change on distressed behavior in
infants in a community setting while minimizing
the potentially confounding effects of counseling
and support. The lack of supportive contact be-
tween the research team and patients may have
contributed to the high dropout rate. Because the
patients were receiving anticolic medication and
had previously been treated with diet modifica-
tions, these infants were probably at the more
intractable end of the colic scale.

After correction for age and feeding mode,
significantly more infants had distress reduced by
25% or more if they were on the active diet
compared with the control diet (p = 0.03). The
ratio of distress day 8 to day 1, again corrected for
age and feeding mode, showed that the infants on
the active diet had reduced median distress scores
by 117 minutes compared with 46 minutes for
those on the control diet (p = 0.012). These results
were achieved in a double-blind study with a
consecutive cohort of patients, whose contact was
restricted to the study period, irrespective of pre-
vious use of anticolic medications, dietary manip-
ulation, or presence of psychosocial factors likely
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to contribute to colic.*® The findings have general
applicability because infants were not hospitalized
but referred by community-based pediatricians,
family practitioners, and child health practitioners;
and they had distress times comparable with in-
fants in other investigations of diet'®1%3! and
behavior intervention strategies®> ! in colic.

Relevant to the secondary hypothesis, the great-
est difference in the response to the diet was seen
in the breast-fed infants younger than 6 weeks old
in whom the decrease in distress for the active diet
group contrasted with the increase in distress for
the control group. This benefit of the active diet
may have been accentuated because the natural
history of colic is to deteriorate during the first 6
weeks of life.!? The number of bottle-fed infants
under the age of 6 weeks was too small to show a
significant differential effect between active and
control diets. In the infants 6 weeks of age and
older, all groups recorded a reduction in distress,
which was greater, but not significantly so, for the
active diet group. Whether this improvement in
distress in the control group represents the natural
history of colic or the natural history combined
with a placebo effect is a moot point. However, if
the improvement in distress was due to a control
effect, it was not seen among the infants younger
than 6 weeks of age in whom the distress of the
placebo-treated group increased. Whatever the
basis for improvement in distress after 6 weeks of
age, the proportion of the infants able to respond
to diet change decreases, as does the statistical
power to detect such a response.

There was no difference in the response to diet
change between bottle-fed and breast-fed infants in
that 57% of breast-fed infants, and 65% of bottle-fed
infants assigned to an active diet had distress reduced
by more than 25%. These rates of improvement are
similar to Swedish studies, which have reported the
benefit of cow’s milk exclusion in breast-fed and
bottle-fed infants.5 '° However, our “active” diet for
breast-feeding mothers not only excluded cow’s milk
but also restricted other common food allergens,
which may have added to the benefit of the active
diet.® That 38% of breast-fed infants and 50% of
bottle-fed infants assigned to the control diet pro-
gram improved highlights the frequency with which
spontaneous improvement of colic occurs.

The apparent benefits of diet for the whole study
group need to be tempered with the following
limitations of the study. First, not all subgroups
showed a benefit of the diet; however, a post hoc
power analysis demonstrated that only one sub-
group, breast-fed infants older than 6 weeks of age,
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had sufficient numbers to adequately test our sec-
ondary hypothesis. Thus the subgroup results
should be cautiously interpreted. Second, the anal-
ysis was restricted to patients who completed the
study and excluded dropouts; a more conservative
analysis according to intention to treat, including
dropouts classified as not improved, showed 47%
of those on active diet improved compared with
36% of those on the control diet (OR, 1.61; 95%
CI, 0.78-3.34; p = 0.16). Third, the maternal
assessment did not show a significant benefit of the
active diet over the control diet, although a posi-
tive association between reduction of distress and
maternal assessment of this factor was demon-
strated. However, the question asked of mothers
could not discriminate different levels of improve-
ment in colic, although 48% of mothers of infants
on the active diet reported improvement compared
with 38% of mothers of those on the control diet.
Finally, the study was not of crossover design; such
a design introduces further complexity because the
period for crossover and washout required to
induce remission and relapse of colic symptoms
caused by adverse food protein reactions varies
among patients and may take up to a week,
depending on associated markers of immune hy-
persensitivity.'2- 16 18, 32, 33

In this study colic has been used to describe
healthy infants with distressed behavior and should
not be assumed to denote a specific pathologic basis
for this syndrome. Our findings suggest that diet is
one factor that contributes to this entity. It is not
clear whether this effect of diet is global or whether
there is a subpopulation of distressed infants respon-
sive to it, but the results suggest that in particular,
breast-fed infants younger than 6 weeks of age may
benefit from this intervention. Future investigations
should focus on this younger age group. Possibly,
some infants have colic because of transient protein
intolerance,'t which improves spontaneously from
about 6 weeks of age,* but distress may persist longer
because of other factors, including disturbed parent-
infant interaction.% 33435 A period of up to 2 weeks
of dietary modification, with appropriate specialist
nutritional support, should be considered in healthy
infants with colic.
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APPENDIX
Post hoc power analysis

The initial determination of sample size, based on

the data available,® 1° underestimated the incidence
of spontaneous improvement by up to 30%. A post
hoc power analysis®® showed that the numbers re-
quired to test the secondary hypothesis was achieved
only in the group of breast-fed infants older than 6
weeks of age.



