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Abstract

Background: Infantile colic is a common problem during the first three months of life. This randomized, double-
blind, placebo-controlled trial conducted in an urban hospital in Delhi, India evaluated the efficacy and safety of oral
lactase in management of infantile colic.

Methods: One hundred sixty-two clinically healthy infants aged <5 months age [mean (SD) =63.5 (30.5) days]
fulfilling the Rome-1V diagnostic criteria for infantile colic were enrolled. Eligible children were randomly allocated to
receive 5 drops of lactase (600 FCC units/mL) (n=80) or placebo (n =82) mixed with breast milk or formula feed four
times a day for a duration of 4 weeks. Primary outcomes were duration of crying or fussing (min/d), and number of
days with colic lasting > 3 h/d; secondary outcomes were parental satisfaction and adverse events.

Results: At the end of four weeks, mean (SD) crying or fussing time (min/d) was significantly shorter in infants receiv-
ing lactase in comparison to placebo [89.9 (115.2) vs.178.5 (153.2); P=0.001]. The mean (SD) number of days with colic
was also significantly less in the lactase group as compared to placebo group at the end of the treatment [12.1 (7.8) vs
17.6 (84); P<0.001]. By the end of 4™ week, parental satisfaction in terms of infant’s mood, activity, alertness, comfort
and oral intake was better in intervention group. The adverse event profile was comparable between two groups.

Conclusions: Oral lactase treatment in infantile colic results in symptomatic relief in terms of shortening of duration

of crying or fussing, and better parental satisfaction.

Trial registration: Clinical trial registry of India (CTRI/2017/12/010930) registered on 20/12/2017.
Keywords: Crying, Fussy infant, Infantile colic, Lactase, Treatment

Background

Infantile colic — unexplained and inconsolable crying
episodes without any identifiable cause in otherwise
healthy infants is a common problem [1]. It may result
in parental distress, child abuse and early breast-feed-
ing cessation [2]. Currently, there is no well-established
treatment of infantile colic. Systematic reviews are avail-
able on pharmacological treatment, parent training pro-
gram, dietary modification and probiotics in prevention
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on infantile colic [3—8]. Most treatment strategies have
failed to document significant improvement [9]. The
use of complementary and alternative medicine (CAM)
is increasing in various conditions such as cardiovascu-
lar disease, diabetes, and infantile colic [10, 11] where
there is no definite ‘cure’ CAM strategies in infantile colic
include spinal manipulations, herbal medicine and pain-
relieving agents, and acupuncture [12]. The evidence for
efficacy of pain-relieving agents like simethicone, dicy-
clomine, cimetropium bromide, and herbal medicines
for treatment of infantile colic is sparse [3]. The effective-
ness and safety of parent training programme for man-
aging infantile colic is also inconclusive [5]. There is no
clear evidence that probiotics such as Lactobacillus,
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Bifidobacterium and Streptococcus are more effective
than placebo at preventing infantile colic; however, daily
crying time appeared to reduce with probiotic use com-
pared to placebo in babies with infantile colic [7].

Infantile colic has been postulated to be caused due
to painful intestinal contractions, lactose intolerance,
altered gut microbiota, aerophagy, food hypersensitivity
and behavioral factors [13]. Presence of low-grade sys-
temic inflammation as evident by increased systemic and
gut inflammatory biomarkers along with abnormal gut
microbial composition has also been documented to be
associated with infantile colic [14, 15].

Transient lactose intolerance is considered an imme-
diate cause of infantile colic. Research is still ongoing to
investigate the role of lactose in infantile colic [16, 17].
Lactase is located on the brush border of the small intes-
tine which hydrolyzes lactose to glucose and galactose.
Undigested lactose produces lactic acid and hydrogen
in infants, which may cause bloating, diarrhea and flatu-
lence [9]. As the only diet for infants below 6 months is
milk, lactase enzyme supplementation with milk may
have the propensity to mitigate these colic symptoms.
Two randomized, double-blind, placebo-controlled
crossover studies showed significant reduction in cry-
ing time through incubation of milk feed (breast or bot-
tle) with lactase, an enzyme that digests the disaccharide
lactose [16, 17]. However, both these trials did not utilize
currently used stringent definition of colic as per Rome
criteria [18] and had a small sample size. Lack of a defi-
nite theory regarding the cause of infantile colic and very
scarce research on the role of lactase in treating infantile
colic call for further research assessing the efficacy of
lactase enzyme in infantile colic treatment. Based on the
knowledge about the role of lactose intolerance in infan-
tile colic due to an immature digestive system, we aimed
to evaluate the efficacy and safety of oral lactase enzyme
supplements in management of infantile colic with pri-
mary objectives of comparing crying or fussing duration
and number of colic days, and secondary objectives of
comparing the parent satisfaction and adverse effects in
children receiving lactase or placebo.

Methods

This randomized, double-blind, placebo-controlled trial
was conducted from February 2018 to February 2020 in
the division of Pediatric Gastroenterology, Hepatology
and Nutrition, Department of Pediatrics at a medical
school affiliated hospital in Delhi, India. The study proto-
col was approved by the Institutional Ethics Committee
— Human Research (IEC-HR) of the institute, and writ-
ten informed consent was obtained from the parent(s) or
caregiver of included infants.
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Study population

Infants (age<5 mo) fulfilling the Rome-IV diagnostic
criteria for infantile colic [18] with no evidence of acute/
chronic illness were eligible for inclusion. Rome-IV diag-
nostic criteria defines infantile colic as recurrent and pro-
longed periods of crying, fussing or irritability reported
by caregivers that occur without any obvious cause in an
infant who is less than 5 months of age when symptoms
start and stop and cannot be prevented or resolved by
caregivers; and no evidence of failure to thrive, fever or
illness” For clinical research purpose, diagnosis of infan-
tile colic also includes both of the following “(i) caregiver
reports infant has cried or fussed for 3 or more hours
per day during 3 or more days in 7 days in a telephone
or face-to-face screening interview; and (ii) total 24-h
crying plus fussing in the selected group of infants is
confirmed to be 3 h or more when measured by at least
one prospectively kept, 24-h behaviour diary” Parents
who reported their infant to be crying excessively were
screened on outpatient basis. Colic was then defined
by study pediatricians in those infants whose cry/fuss
behaviors, as recorded in the diary for preceding 7 days,
fulfilled Rome IV criteria. Infants born before completing
34 weeks of gestation or birth weight <2500 g, and inad-
equate weight gain (<125 g/wk) were excluded from the
trial. Infants with known gastrointestinal disorders, pre-
vious abdominal surgery, known galactosemia or diabe-
tes mellitus were also excluded from the study.

Clinical assessment

Medical evaluation of enrolled infants was performed
by pediatricians, which included detailed medical, fam-
ily and social history, complete physical and systemic
examination, and review of past records. Anthropomet-
ric parameters such as weight, length and head circum-
ference were recorded. Blood investigations at enrolment
included complete blood count, blood sugar, serum bili-
rubin, alanine- and aspartate-aminotransferase, urea and
electrolytes. An ultrasonography of the abdomen was
performed for infants at the clinical discretion of study
investigators.

Randomization and blinding

Sequence based on block randomization with vari-
able block size was generated using an online calculator
(available at www.randomization.com). This sequence
was concealed in sequentially numbered opaque sealed
envelopes in form of multiple codes (3 each for drug and
placebo) to avoid guessing of code by investigators. Each
bottle (15 mL) containing lactase or placebo was coded
with one of these six codes. Randomization sequence and
codes were generated by a person not directly involved
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with the study. The bottles were coded by the pharmacy.
Parents of participants, study investigators and outcome
assessors were blinded to the treatment assigned. The
intervention and placebo were packaged identically, and
were designed to be similar in taste (sweet); both were
odorless and colorless. At the time of statistical analy-
sis, three codes for drug or placebo were combined,
and analysis was carried out between two intervention
groups. The final code was broken at the end of the statis-
tical analysis and tabulation of the results.

Intervention and comparison

Enrolled infants were randomly assigned to receive five
drops (0.2 mL) of the lactase enzyme preparation (Yamoo
drops, Walter Bushnell Pvt. Ltd; 600 FCC units/mL) or
placebo (clear, colourless, odourless syrupy liquid with
the same ingredients as lactase enzyme preparation
except for lactase). In breastfed babies, mothers were
instructed to express the 10 mL fore-milk, which has the
highest lactose content [17], into a tea-spoon or other
sterile container, and then five drops of the lactase or pla-
cebo were added. After 30 min this mixture was given to
the baby and then breast-feeding continued as usual. In
formula-fed babies, mothers were instructed to add five
drops of lactase or placebo to 50 mL of infant formula
(when it was warm). She was asked to wait for 30 min,
shake the formula occasionally and then feed the baby.
Both formulations were administered in four times in a
day for 28 days. During the study, parents were instructed
to refrigerate the drug when it was not in use. Parents
were instructed to continue their usual feeding habits
and asked to avoid any additional medication apart from
the formulation supplied to them. They were advised to
use cuddling, rocking, and other comforting methods to
pacify the infants if needed.

Monitoring and follow-up

Parents were instructed to complete 24-h diaries of
infant crying and other behavior based on the criteria
laid by Barr et al. for 28 consecutive days following enrol-
ment [19]. The crying duration was recorded to an accu-
racy of 5 min using the ‘Time rulers’ in the diary card as
recommended by Barr et al. Parents were also instructed
to record stool characteristics and frequency, and any
solicited (vomiting/milk regurgitation, diarrhea and con-
stipation) or unsolicited adverse events (AEs) observed
on each day of the study. Parental satisfaction based on
their perception of child’s mood, activity, alertness, oral
intake, vomiting and comfort was assessed on a five-
point Likert scale. The responses on Likert scale were
1: getting worse, 2: no improvement, 3: some improve-
ment, 4: marked improvement, and 5: completely well
[20]. Enrolled infants were called for follow-up visits on
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Day 7, 14, 21 and 28. Symptom diary and infant’s weight
were checked at every visit. All the bottles were collected
from the parents at the end of the study. Adherence was
assessed by examining the volume of medication left;
residual volume being more than 20% of the calculated
volume (dose dispensed — dose prescribed) was consid-
ered non-compliance.

Study outcomes

The primary outcomes of the study were: duration of
crying or fussing (that starts and stop without obvious
cause) in minutes/days during 4 weeks of use of drug/
placebo and number of days with colic (that lasts>3 h/
day) [21]. The secondary outcomes included parental sat-
isfaction (on a Likert scale) and occurrence of AEs (e.g.
milk regurgitation, vomiting, diarrhea, constipation).
AEs such as illness signs, or symptoms that occurred or
got worse during the course of the study were assessed
through parental interview after examination of their
daily records maintained in the dairy.

Sample size and statistical analysis

Sample size was calculated based on data from a previous
study [22] evaluating efficacy of a probiotic in 167 infants
(age<3 months) with colic, which documented that
mean (SD) duration of crying or fussiness was 191 (103)
min/day in placebo group. To detect a reduction of 30%
in duration of crying and fussing at the end of 4 weeks by
the use of lactase drops, the sample size was calculated
to be 73 infants in each group with type I error as 5%
and power of study as 90%. Accounting for 10% attrition,
total of 160 (80 in each group) infants were planned to be
enrolled.

Data related to daily crying and fussing duration were
presented for every week separately. For overall duration
of crying during study period, data for the whole 4-week
follow-up period was combined and averaged. Descrip-
tive statistics were used to describe continuous variables
as mean (SD). The crying and fussing time was compared
with Student t test, whereas parental satisfaction was
compared in two groups by Mann Whitney test for every
week as well as for the entire duration. Proportions were
compared using Chi square test or Fischer Exact test as
applicable. A P value of less than 0.05 was considered to
be statistically significant.

Results

A total of 162 children (99 boys and 63 girls) were
included in the study; 154 completed the follow-up of
4 weeks (Fig. 1). Baseline characteristics of the infants
enrolled in the study in Table 1 show crying duration in
study and control group was comparable (Table 1). Over
three-fourths of infants in both groups were exclusively
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Accessed for eligibility
(0=310) Excluded (n=148)

Acute Infection or illness (n=55)

Gestation <34 weeks (n=36)

Not given consent (n=29)

Birth weight < 2500 grams (n=16)

Weight gain < 125 grams/week (n=7)

Immune deficiency/ chronic disease (n=3)

GI surgery (n=1)

Allergic or anaphylaxis (n=1)

Total subjects randomized
(n=162)
[ |
Allocated to intervention Allocation Allocated to Placebo
(n=80) (n=82)
Lost to follow up (n=2) Follow up Lost to follow up (n=6)
(non-contactable) (non-contactable)
Analyzed . Analyzed
(n=78) Analysis (n=76)
Fig. 1 Study flow chart

Table 1 Baseline characteristics of the infants enrolled in the study
Variable Intervention (n =80) Placebo (n=82) P-value
Age (mo), mean (SD) 2.08 (0.99) 2.16 (1.04) 0612
<3mo, n (%) 66 (82%) 65 (81%) 0.601
Male gender, n (%) 48 (60%) 51 (62%) 0.774
Exclusively breastfed n (%) 60 (75%) 66 (80%) 0.401
Birth weight (g) 2986.9 (403.4) 2909.8 (365.6) 0.204
Mean (SD)
Enrolment weight (g) 4509.9 (844.9) 46654 (1081.15) 0.309
Mean (SD)
Length (cm) 56.2 (3.7) 56.2 (3.7) 0.899
Mean (SD)
Hemoglobin (g/dL) 12901.7) 13.1(1.9) 0616
Mean (SD)
Crying or fussing duration (min/d); Mean (SD) 3784 (88.9) 373.05(100.34) 0.721
Crying duration (min/d); Mean (SD) 206.63 (47.8) 211.0(59.1) 0.607
Fussing duration (min/d); Mean (SD) 1719 (62.4) 165.2 (57.0) 0.481

breast fed. All infants not on breast feeds were receiving

normal term infant formula feeds.

the groups but was significantly lesser in infants receiv-

Table 2 presents the results of crying and fussiness at
the end of 4 weeks and also after the end of each week.
The mean daily duration of crying or fussing showed
a progressive decline from first to fourth week in both

ing lactase in comparison to those receiving placebo, at
the end of every week of assessment. Considering cry-
ing and fussing duration for all 4 wks of study, the mean
(SD) duration of crying and fussing was 155.1 (101.4) min
while in case of placebo group it was 234.1 (127.1) min.
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Table 2 Evaluation of primary outcome variables during the treatment in both the groups
Outcome Lactase Placebo Mean Difference (95% CI) Pvalue
Mean (SD) Mean (SD)
Week 1
Crying or fussing duration (min/d) 240.7 (109.4) 301.7 (112.0) -61.1 (-95.3,-26.6) 0.001
Crying duration (min/d) 137 (59.3) 172.2 (66.4) -35.1 (-54.7,-15.6) 0.001
Fussing duration (min/d) 103.7 (58.5) 130.9 (56.3) -27.1(-44.9,-9.3) 0.003
Week 2
Crying and fussing duration (min/d) 174.8 (120.3) 2417 (1264) -66.8 (-105.2,-28.4) 0.001
Crying duration (min/d) 986 (67.1) 138.8 (76.5) -40.2 (-62.6,-17.7) 0.001
Fussing duration (min/d) 79.2 (59.7) 105.8 (59.5) -26.6 (-45.1,-8) 0.005
Week 3
Crying and Fussing duration (min/d) 1103 (114.7) 199.4 (144.8) -89.1 (-1304,-47.7) 0.001
Crying duration (min/d) 61.3(61.8) 113.5(82.9) -522 (-754,-29) 0.001
Fussing duration (min/d) 49.0 (57.5) 86.0 (67.1) -36.9 (-56.7,-17.2) 0.001
Week 4
Crying and fussing duration (min/d) 89.9(115.2) 1785 (153.2) -88.6(-131.8,-45.4) 0.001
Crying duration (min/d) 49.9 (63.54) 100 (86.0) -50 (-74.1,-25.9) 0.001
Fussing duration (min/d) 39.9 (55.2) 785 (71.1) -38.5(-58.9,-18.2) 0.001
Average (over 4 weeks)
Crying or fussing duration (min/d) 155.1 (101.5) 2341 (127.1) -79.1 (-114.7,-43.4) <0.001
Crying duration (min/d) 86.55 (54.8) 1324 (72.8) -45.9 (-66.0,-25.9) <0.001
Fussing duration (min/d) 68.6(51.3) 101.8 (59.2) -33.2(-504,-16.0) <0.001
Colic days 12.1(7.8) 17.6 (84) -5.5(-8.0,-2.3) <0.001

Infants receiving lactase had a mean reduction in cry-
ing or fussing time by 35.1-52.2 min/day. The reduction
in crying or fussing duration was higher during 3* and
4™ week of intervention (Table 2). After a period of four
weeks, better parental satisfaction in terms of perception
of their child’ mood, alertness, activity and oral intake
was observed in infants receiving lactase in comparison
to placebo (Table 3).

The residual volume of drug was within 20% of that
expected on basis of calculated dose in all the partici-
pants. Overall, the treatment was well tolerated in both
the groups; 43 infants had mild AEs such as vomiting,
regurgitation of feeds, constipation and diarrhea that
resolved (Table 3) without the need of any other medica-
tion or hospitalization.

Discussion

In this randomized controlled trial, we documented a
significant reduction in crying and fussing duration in
children receiving lactase drops added to milk formula
or breast milk prior to feeding in comparison to those
receiving placebo during the entire 4-week treatment
period. This also translated into a lesser number of days
with colic, and better parental satisfaction in terms of
positive change in child’ mood, alertness, activity and
oral intake. The treatment with lactase was well tolerated

Table 3 Parental satisfaction score and adverse events during
four weeks of treatment in both the groups

Outcome Lactase Placebo Pvalue
Median (IQR) Median (IQR)
(n=78) (n=76)
At the end of Treatment
Mood 54,5) 3(2,4) <0.001
Activity 5(4,5) 4(3,5) 0.005
Alertness 5(4,5) 4(3,5) 0.002
Comfort 5(4,5) 32,4 <0.001
Vomiting 5(4,5) 4(3,5) 0.021
Fluid Intake 54,5) 4(3,5) 0.033
Adverse events 12 31 0.27
Constipation 0 1
Diarrhea 3 3
Vomiting 4 9
Regurgitation of feeds 3 11
Eating poorly than usual 1 0
Cutaneous reaction 0 1
Fever 1 4
Others 0 2
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by all the infants as no serious adverse event was reported
during the treatment.

Regarding the treatment of infantile colic, earlier stud-
ies reported decreased crying duration when lactase
preparation was administered as an intervention [16,
17, 23]. A randomized, double-blind, cross-over trial of
lactase and placebo drops added to milk formula of 13
infants with infantile colic showed significant reduction
in crying time [16]. A double-blind randomized pla-
cebo-controlled crossover study in 53 infants with colic
resulted in significant reduction in both cry time and
breath hydrogen with pre-incubation of feed with lactase
[17]. A double-blind placebo controlled randomized
clinical trial conducted in 104 infants aged 0—6 months
with infantile colic also showed significant improvement
in duration of crying in infants who received lactase
enzyme supplement before each breast-feed [23]. How-
ever, lactase had no significant effect on crying duration
when given orally after feeds [24]. It was assumed that
lactase gets inactivated in the stomach when given after
feed. In contrast, lactase showed improvement in other
children when given with food [25]. Our results sug-
gested that lactase drops when added to milk formula
or breastfeed prior to feeding resulted in a significant
reduction in crying in infant with colic. This suggests the
lactase drops may require prior incubation with milk and
helps in reduction of colic days.

Theories proposed relating various infantile colic fac-
tors can be classified as gastrointestinal or non-gastro-
intestinal. The gastrointestinal causes include lactose
intolerance, altered gut micro-organisms, increased
motilin receptors or cow milk hypersensivity. The non-
gastrointestinal causes include behaviour causes or
altered child-parent interaction. As majority of infants
in our study showed reduction of crying duration after
administration of lactase drops, lactose intolerance
may have significant contribution to causation of infan-
tile colic. The risk of symptoms after lactose ingestion
depends on the dose of lactose, lactase expression, intesti-
nal flora, and sensitivity of gastrointestinal tract [26]. The
capacity of colonic microbes to process lactose can adapt
to increased flux of lactose into the colonic lumen [27].
Colonic adaptation occurs mainly in lactase-deficient
individuals and is possibly responsible for the increased
tolerance to lactose after a lactose-feeding period. Spon-
taneous recovery of colic by 5-6 months in infants who
continue on milk diet alone also may be related to adap-
tation of colonic microbes to continuing lactose stimula-
tion of gut. However, there might be sub-group of lactose
deficient infants where colonic adaptation does not occur
to a desired extent and their lactase level further depletes.
This might be the reason for higher quantum of ben-
efit in 3" and 4™ week of supplementation in our study.
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However, we do not have direct evidence to substantiate
this hypothesis.

Infantile colic can also be viewed as a behavioral prob-
lem. It may result into inadequate parental reactions, or
parental distress or depression. This may also affect the
parent—child relationship [28]. Better parental satisfac-
tion in those receiving lactase in our study might help
to address these problems, but there are no similar data
to compare our results with. Our study showed a posi-
tive change in parental satisfaction for management of
infantile colic. On Day 28, an improvement was reported
in child’s mood, activity and alertness. Their feed intake
also increased in both the groups. We observed no seri-
ous AEs in both the groups, regurgitation of feeds and
diarrhea were the most common AEs with mild effects. A
prior study also demonstrated the safety of lactase for the
management of infantile colic without any AEs [29].

Our study generated some important findings in real
world scenario and had strengths like use of stringent
criteria to define colic, placebo-controlled design, focus
on functional outcomes, and maintenance of symptom
dairy for recording by parents throughout the study thus
minimizing recall bias. Parents/caregivers who provided
the intervention and assessed the outcome were blinded.
The limitation of our study includes a short period of
follow-up of 4 weeks that precluded us to comment on
any persistent effect of intervention beyond 4 weeks.
Moreover, we did not perform hydrogen breath test to
investigate for lactose intolerance in study infants, and
also did not measure it during follow-up. This precluded
analysis of any association between relief of colic symp-
toms in these neonates and presence of demonstrable
lactose intolerance by breath tests. The application of
lactase enzyme supplement would improve infant colic
due to lactose intolerance, but the supplement will have
no impact on infantile colic caused by reasons other than
lactose intolerance. As infantile colic is a complex multi-
factorial problem due to lactose intolerance, altered gut
microbiota, aerophagy, food hypersensitivity and behav-
ioral factors, and a large majority of included infants were
breast-fed, the results of this study may only be applica-
ble to the subgroup of predominantly breast-fed infants
where lactose intolerance is a major causative factor.
This study has reported the symptomatic relief in infant
crying by lactase supplement for shorter period of time.
However, long-term follow-up study is a must to deter-
mine the efficacy of lactase supplements correctly [6].

Regarding direct comparison of lactase supplement
with other interventions for colic, a previous pub-
lished study [29] suggested that APT198K (xyloglucan
plus heat-killed Lactobacillus reuteri SGLO1 and Bifi-
dobacterium brevis SGB01) was more efficacious than
lactase supplement. This was randomized, multicenter,
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open-label, parallel group, active-controlled study, in 46
infants aged 3-16 weeks with infantile colic, receiving
APT198K or a lactase dietary supplement for 10 days.
Number and duration of crying episodes decreased
significantly versus baseline in both groups. The mean
duration of crying per episode was significantly shorter
in the APT198K group compared with the lactase
group from day 8 to day 11. We did not compare lac-
tose against any other intervention, and thus cannot
comment on its superiority or otherwise over other
existing interventions such as probiotics.

As all included infants in this study were born at
term with adequate birth weight, most were exclusively
breast fed and were thriving well, these results may not
be generalizable to preterm, low birth weight babies
and those receiving formula/bottle feeds. It is possible
that in bottle- or formula-fed infants, aerophagy rather
than lactase intolerance is more likely cause of colic,
and lactase may not work as well. Also, as Rome IV cri-
teria for diagnosis of colic uses stringent parameters,
these results should not be extrapolated to any infant
with reported excessive crying, unless these colic-defin-
ing criteria are satisfied. This may form the basis for
further investigation and different treatment options.
Further, large scale trials in different sub-groups of
infants are needed to support the routine use of lactase
supplement in infantile colic. Moreover, as the process
of adding lactase and waiting for 30 min may be incon-
venient for both mother and baby, alternative modes of
administration such as intermittent direct administra-
tion of oral lactase (without adding to breast feeds) or
waiting for shorter duration after adding lactase to the
milk needs to be explored.

We conclude that oral lactase drops may result in sig-
nificant symptomatic relief in infantile colic in terms
of reducing the crying or fussing duration and number
of colic days, resulting in better parental satisfaction.
A short course of oral lactase drops may be offered
to infants with colic who fit the Rome IV diagnostic
criteria.
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