Journal of Pharmaceutical Research International

33(15): 45-55, 2021; Article no.JPRI.66211

ISSN: 2456-9119

(Past name: British Journal of Pharmaceutical Research, Past ISSN: 2231-2919,
NLM ID: 101631759)

Pediatric Functional Constipation and Whey Protein:
A Randomized Clinical Trial

Fateme Motavasselian', Majid Emtiazy'?, Mehrdad Shakiba’
and Majid Aflatoonian®

1Department of Persian Medicine, School of Persian Medicine,

Shahid Sadoughi University of Medical Sciences, Ardakan, Yazd, Iran.

?The Research Center of Persian Medicine, Shahid Sadoughi University of Medical Sciences,
Yazd, Iran.

3Chidren Growth Disorder Research Center, Shahid Sadoughi University of Medical
Sciences, Yazd, Iran.

Authors’ contributions

This work was carried out in collaboration among all authors. Author FM and MA designed the study,
performed the statistical analysis, wrote the protocol, and wrote the first draft of the manuscript.
Author MS and Author ME managed the analyses of the study. Author ME managed the literature
searches. All authors read and approved the final manuscript.

Article Information

DOI: 10.9734/JPRI/2021/v33i1531286

Editor(s):

(1) Dr. Debarshi Kar Mahapatra, Rashtrasant Tukadoji Maharaj Nagpur University, India.
Reviewers:

(1) Carmen Alicia Sanchez Ramirez, University of Colima, México.

(2) Chieng Jin Yu, Universiti Putra Malaysia, Malaysia.

Complete Peer review History: http://www.sdiarticle4.com/review-history/66211

Received 06 January 2021
Accepted 12 March 2021
Published 23 March 2021

Original Research Article

ABSTRACT

Background: Functional constipation is a chronic gastrointestinal disease in children.
Pharmacological treatment of constipation is mostly based on the prescription of laxatives. In
addition to this treatment, complementary therapies were also proposed to treat constipation. In this
study, the effect of whey protein in the treatment of constipation was investigated.

Method and Materials: A total of 56 children with functional constipation within the age range of 1
to 16 years were included in the study. Patients were randomly divided into the intervention (n=28)
and control (n=28) groups. The intervention group received 15 g whey protein and the control group
received 15 g placebo. Both groups received 0.4 - 0.8 gr/lkg PEG powder. The amount of PEG was
adjusted every four days based on having soft stools. Demographic information were collected and
recorded. Furthermore, fecal consistency, stool frequency, symptoms of stool retention, fecal
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fourth weeks of the intervention.

the results of this study.

incontinence, and abdominal pain were recorded prior to the intervention and at the second and

Results: All patients had soft daily stools at the end of the intervention. At the end of the fourth
week, the mean required amounts of PEG powder were respectively 0.62 and 0.28 g/kg in the
control and intervention groups, which showed a significant difference (p value <0.001).

Conclusion: Based on these findings, whey protein is safe and can improve constipation.
However, more studies with larger sample size and longer follow-up period are needed to confirm

Keywords: Functional constipation; children; whey protein.

ABBREVIATIONS
Polyethylene glycol (PEG)
1. INTRODUCTION

Constipation is a common disorder in children
that manifests itself in a range of symptoms such
as decreased stool frequency, hard and thick
stools, stools with pain, fecal incontinence, and
abdominal pain [1]. Constipation is a symptom of
large intestine dysfunction. Constipation can be
caused by impaired intestinal movement or
impaired rectal function and fecal control
mechanisms [2,3].

The muscular and nervous systems of the
intestine are the two important parts of the
intestinal motility. Intestinal motility is also
affected by factors such as bile acid metabolism,
mucus secretion, intestinal microorganisms,
immune system, and composition of its contents.
The imbalance between these factors can lead to
intestinal motility disorders [4]. A large number of
microorganisms live in the colon that have
positive effects on their host. These living
organisms play a role in the evolution and
stimulation of the intestinal nervous system and
the brain [5].

The Lactobacillus and Bifidobacterium species in
animal models normalize the large intestine
movements [6]. These organisms ferment
undigested oligosaccharides, as prebiotics, that
reach the colon [7]. Some foods can play a
prebiotic role, such as milk lactose and protein
[8]. Milk, as a functional food, plays an important
role in human health. Cow's milk contains
positive physiological effects and has long been
consumed by humans as a part of the food
pyramid [9]. The main proteins in milk are casein
and whey (20%), which contains alpha-
lactalbumin, beta-lactoglobulin, albumin, and
immunoglobulins, lactoferrin [10]. Whey protein is
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usually obtained as a by-product of the cheese
production from milk. During the cheese
production process, the milk whey protein,
lactose, and oligosaccharides are separated. The
isolated fluid contains 1% whey and 5% lactose
[11].

Whey protein plays a role in the long intestine
function [12]. The literature suggested its role in
regulating the immune system, increasing
muscle strength, and improving antimicrobial
activity [13-15]. Studies also reported the positive
effect of whey protein on human health,
considered its prebiotic role [16-17]. Laxatives
such as polyehytlen glycol (PEG) are common
medicines in treating constipation [18]. PEG has
osmotic properties and softens the stool, but it
should be consumed for more than six months or
longer and has a treatment response of about 50
to 60% [19]. Long-term duration of treatment and
incomplete response have necessitated finding
another treatment that address mechanism of
this disorder. more appropriate effectiveness.
Given the physiological roles of whey protein, it
was hypothesized that this supplement may play
arole in treating constipation.

2. METHODS AND MATERIALS
2.1 Participants

In this study, we investigated 1-16 year-old
children with functional constipation who referred
to a pediatric gastrointestinal clinic in 2018-2019.
Functional constipation was diagnosed based on
Roman 1V criteria. Patients' information including
demographic characteristics, age of disease
onset, associated symptoms including abdominal
pain, fecal incontinence, fecal retention,
consistency of feces, medications, milk intake,
and history of bovine protein allergy were
recorded in the checklists. Feces consistency
was determined based on the Bristol stool scale
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[20], and the pain intensity was determined from
0 to 100 based on visual criteria.

Exclusion criteria included finding a sign of
organic disease in the history or examination of
the patient, having neurological and
psychological disorders, having a history of
anorectal surgery, being treated for constipation
for more than six months, and having a history of
cow milk protein allergy and lactose intolerance.

This study was conducted in accordance with
Helsinki principles. Consent forms were obtained
from parents and children.

2.2 Study Material
2.2.1 Whey protein powder

The whey powder made by Nik Pharmaceutical
Company was prepared in packages of 300 g.
The powder composition contained 9% whey
protein, 60% lactose, 28% maltodextrin, and ph
4.7. Because whey protein contains maltodextrin
we used maltodextrin powder as a placebo that
prepared from the School of Pharmacy and
packaged in similar packages.

2.2.2 Study design

In this single-blind clinical trial that adheres to
CONSORT guidelines., after obtaining a history
and examination of children with chronic
functional constipation, the participants were
divided into the control and intervention groups
according to the random number table.
Enrollment was done by the pediatric
gastroenterologist. Disimpaction was performed
in the case that fecal impaction was diagnosed in
patients. All participants were provided with toilet
training. If any child consumed more than 750 cc
of cow's milk in 24 hours, the value was reduced
to lower than 750 cc. The control group members
were asked to consume 0.4-0.8 g PEG 3350
powder per kg of body weight daily. They were
also instructed to dissolve all 15 g of the powder
in 200 g of water. Furthermore, they were
required to dissolve 15 g of the placebo in 150 cc
of water and consume it before breakfast.

The intervention group received 0.4-0.8 g PEG
powder per kg of body weight. Furthermore, they
were supposed to dissolve 15 g whey powder in
150 cc water and consume it before breakfast.
The recommended amount of powder was
prescribed based on personal experiences of the
physicians. Parents were instructed to adjust the
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amount of PEG powder every four days, so that
the children had soft daily stools. The Persian
traditional medicine students collected the study
informations from parents or patients on days 15
and 30 of the study by telephone call. To this
end, a checklist was used including the following
information: stool frequency, feces consistency
(pased on the Bristol stool scale), fecal
incontinence (Yes/ No), abdominal pain (Yes/
No, severity based on visual criteria), adherence
to medications, and drug side effects including
abdominal pain, nausea, vomiting, skin
manifestations, irritation, etc.

Furthermore, patients’ and parents' acceptance
rates regarding consumption of PEG and whey
powder were asked based on the following
criteria.

1. The child eats easily and eagerly; 2. The child
eats without resistance; 3. The child eats with
protest; 4. The child eats with a lure; 5. The child
eats by force and coercion; 6. The child resists
eating even by force and coercion, but in the
case of eating, s/he tolerates; 7. If the child eats
anyway, s/he vomits.

Patients with an adherence rate of less than
75%, those who consumed other laxatives or
drugs with motility effects, and participants who
could not be followed up on were removed and
their data were discarded.

In case of drug complications, the patient was
asked to stop using the drugs and alternative
therapy was started. In this case, information
related to the drug side effects was included in
the statistical analysis.

2.2.3 Outcome

The primary outcome of the study was the
patients in the intervention group have soft stool
with a 50% reduction in PEG consumption.

2.2.4 Sample size

Considering the significant level of 5%, test
power of 80%, and results of the pilot study, the
approximate standard deviation of PEG dose
was estimated at s 5. Furthermore, 50%
decrease of drug dose was considered
significant clinically and the total sample size was
calculated as 25 people in each group.
Randomization was performed using the
Random Allocation Software.
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2.2.5 Statistical analysis

Statistical analysis was performed using SPSS,3.
Descriptive statistics were reported in terms of
mean * standard deviation, median, and range.
In order to determine the difference between the
two groups, the T-test and Mann-Whitney test
were run for continuous data and the Chi-square
test was used for categorical data. The Repeated
Measures test was also applied for in-group
analysis.

3. RESULTS

A total of 56 patients were included in the study,
and they were randomly categorized into the
intervention (n=28) and control (n=28) groups.
During the study, four patients were excluded
from the analysis due to lack of follow-up. Fig. 1
illustrates the participants' information. Fig. 1.

No significant difference was observed between
the two groups in terms of age, gender, height,
and body mass index. The average frequency of
stools in these 52 patients was twice a week,
their feces consistency was 1.4 based on the
Bristol stool scale, 82.1% of the patients had
abdominal pain, and 38.35% reported fecal
incontinence (Table 1).

3.1 PEG Dose

At the beginning of intervention, the mean
starting dose of PEG was 0.65 and 0.67 gr/ kg in
the control and intervention groups, respectively.
In the second week of intervention, the PEG
dose decreased in both groups, but no
statistically significant difference was found
between the two groups (P-value= 0.141). In the
fourth week, the amount of PEG decreased
significantly in the intervention group (0.28gr/kg)
and showed a significant difference compared to
the control group (0.62gr/kg) (P-value <0.001).
According to Fig. 2, repeated measures test, and
P-value < 0.001, change in the mean dose of
PEG over time was significant between the
intervention and control groups. The amount of
PEG was decreased to zero in 11 patients of the
intervention group in the fourth week, while no
patient in the control group could stop PEG until
the fourth week. The treatment results are
presented in Table 2.

3.2 Feces Consistency

Based on the Bristol stool scale, most children
with constipation had feces consistency of type
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one or two and no difference was observed
between the two groups in this regard. After two
weeks of treatment, feces consistency decreased
and became softer. The mean Bristol scores
were 3.8 and 4 in the control and intervention
groups, respectively; no significant difference
was observed between the two groups (P-value
0.531). In the fourth week, no significant
change was found between the two groups in
terms of fecal consistency (P = 0.266). Moreover,
the mean feces consistency did not change
significantly between the second and fourth
weeks of intervention.

3.3 Stool Frequency

At the beginning of the study, the mean stool
frequency was not significantly different between
the two groups (twice a week in the control group
and 1.9 times a week in the intervention group).
In the second week of intervention, the frequency
of stools increased to 6.5 and 7.5 times per week
in the control and intervention groups,
respectively. In the fourth week of intervention,
the average frequency of stools per week
increased to 6.7 and 7.9 in the control and
intervention groups, respectively. No significant
difference was found between the two groups in
the second and fourth weeks (P-value =0.131).

3.4 Fecal Incontinence

At the beginning of the study, 40.7% of the
intervention group and 36% of the control group
members had fecal incontinence; no significant
difference was found between the two groups (P-
value 0.781). In the second week, fecal
incontinence was completely controlled in both
groups.

3.5 Abdominal Pain

Prior to the intervention, 82.1% of the patients
reported abdominal pain; 68% in the control
group and 96.3% in the intervention group. The
abdominal pain complaint was significantly
higher in the intervention group (P-value = 0.01).
In the second week of intervention, the
abdominal pain complaint decreased in the
control (12%) and intervention (7.4%) groups, but
the two groups were not significantly different in
this regard (P- value =0.662). In the fourth week,
no change was reported in the abdominal pain
complaints in the intervention group, but
abdominal pain complaints decreased to 4% in
the control group. However, no significant
difference was observed between the two study
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groups (P-value=1). In terms of pain intensity, and fourth weeks, no significant difference was
the mean pain intensity rates were respectively found between the two groups. The mean
53.33 and 72.38 in the control and intervention changes of pain intensity over time were
groups at the beginning of the study, which significant in both groups based on repeated
showed no significant difference. In the second measures test (P <0.001).

CONSORT 2010 Flow Diagram

[ Enroliment ] Assessed for eligibility (n= 60)

Excluded{n=4)
+ Motmeetinginclusion criteria (n=4.)

Randomized (n=56)

I

¥ { Allocation | y
Allocatedto control group (n=28) Allocatedto intervention group (n=28}
- [ Follow-Up ] v
LS A
Lostto follow-up (n=3} Lostto follow-up (n="1)
Mo contact after enroliment Mo contact after enroliment
v [ Analysis ] v
Analysed(n=25) Analysed(n=27)

Fig. 1. The participants’ information

Table 1. Patients characteristic at baseline

Peg(n=25) Peg & Whey (n=27) p

Sex 0.75
Male (%) 11(44) 9(33.3)

Female (%) 14(56) 18(66.7)

Age at enroliment (Y) 4.9612.14 5.7+2.76 0.253
Weight (kg) 17.36+4.93 19.8149.09 0.230
Height (cm) 105.76+14.82 112.204+16.39 0.145
Mean body mass (kg) 15.33+1.71 15.05+2.81 0.673
Number of bowel movement per week 2+1.24 1.96+£1.28 0.915
Stool consistency according to Bristol scale 1.44+0.5 1.441+0.5 0.975
Abdominal pain (%) 17(68) 26(96.3) 0.01
Severity of abdominal pain 53.33448.62  55.78+36.45 0.245
fecal incontinency(%) 9(36) 11(40.7) 0.781
Retentive posturing (%) 17(68) 21(77.8) 0.536
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PEG dose g/kg

weekl week?

Time point

=@ PEG  enpum PEGRWheY

Fig. 2. Mean dose of PEG in the intervention and control groups. repeated measures test
showed a significant difference between groups (p<0.001) over time
Fig. 2. Effect of whey protein powder on PEG dose in children with constipation over time. Intervention group (red
line) received PEG and whey protein powder and control group (blue line) received PEG and Placebo. After a
fourth week mean dose of PEG in the intervention group was 0.28+0.31 g/kg and in the control group was
0.62+0.42 g/kg. The repeated measures test showed a significant difference between groups (p<0.001) over
time.

3.6 Complications and Acceptance of
the Drug

During the first week of the intervention, two
patients developed complications. In the control
group, one patient had 3.5% abdominal pain and
in the intervention group, one patient reported
3.5% anal irritation. Acceptance of PEG was
appropriate in both groups, as 84.6% of patients
accepted the drug easily. Although the
acceptance rate was higher in the intervention
than the control group, this difference was not
significant (P-value= 0.69). Acceptance of the
whey powder in the intervention group was lower
than PEG in the control group, but the difference
was not significant (P-value= 0.830).

4. DISCUSSION

In this study, we investigated the effect of whey
protein on the treatment of functional
constipation in children. To this end, 52 children
with functional constipation were included in the
study. The control group received PEG powder
and placebo, while the intervention group
received whey powder and PEG powder. The
treatment response (soft stool) was observed in
all patients at the fourth week of intervention. The
amount of PEG needed to produce soft stools
decreased significantly in the intervention
compared to the control group.
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In a study of children with constipation, 63% had
hard stools, 30.6% had fecal incontinence, and
64% complained about abdominal pain [21]. In
another study among 222 children with functional
constipation, 41.4% complained about abdominal
pain and 33.8% had fecal incontinence [22]. In
our research, abdominal pain was more frequent
in the studied patients, which can be due to the
differences in the sample size, participants' age,
and tertiary nature of the study center.

According to the latest guidelines provided by
ESPGHAN, PEG is considered as a first-line
treatment for constipation. According to this
guideline, the starting dose of PEG is 0.2-0.8 gr /
kg, which is adjusted based on the patient's
response [18-23]. The optimal dose can vary
depending on the condition of each patient [24].
A study reported the optimal dose of 0.84 g / kg
for PEG to control constipation in children. In this
study, PEG acceptance was at an appropriate
level and no serious side effects were reported
for this drug [25]. In another study, the
appropriate dose of PEG was 0.63 mg / kg for
controlling constipation [26]. In the present study,
the optimal dose of PEG was 0.62 mg / kg to
control constipation in the fourth week of
intervention, but this amount decreased to 0.28
mg / kg in the group receiving whey protein. The
amount of PEG was zero in 40% of the patients.
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Table 2. Treatment results

Peg Peg & whey P

Week 1 Week 2 Week 4 Week 1 Week 2 Week 4 Week2 Week 4
Peg dose (gr/kg) 0.65+0.23 0.61£0.19  0.62+0.42 0.67+0.22 0.43+0.43 0.28+0.31 0.141 0.000
Number of bowel movement per week 2+1.24 6.58+1.16  6.7+0.96  1.96%+1.28 7.58+3.97 7.9914.03 0.230 0.131
Stool consistency according to Bristol 1.44+0.50 4+0.28 3.9+0.20 1.44+0.50 4+0.78 4.03+0.58 0.531 0.266
scale
Abdominal pain (%) 17(68) 3(12) 1(4) 26(96.3) 2(7.4) 2(7.4) 0.662 1.000
Severity of abdominal pain 53.33+48.62 8.88+22.98 1.11+4.71 72.38+36.45 9.52+30.07 9.52+30.37 0.654 0.571
fecal incontinency(%) 9(36) 3(12) 1(4) 26(96.3) 2(7.4) 2(7.4) 0.662 1.000
Retentive posturing (%) 53.33148.62 8.88+22.98 1.11+4.71 72.38+36.45 9.524+30.07 9.52+30.37 0.654 0.571
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The whey protein, a healthy and nutritious source
of protein, is obtained from the coagulation
reaction in producing cheese from milk [27].
Separation of whey proteins of cow milk is
accompanied by separation of lactose and
oligosaccharides [8]. After enzymatic digestion,
the whey lactose can be converted to GOS
(Galacto-oligosaccharides ), which is consumed
as a substrate by intestinal microbes [11]. These
studies investigated the role of whey protein in
gastrointestinal function and showed that it can
increase Lactobacillus and Bifidobacterium, two
organisms effective in intestinal motility [24]. The
literature suggested a regulatory role for
antimicrobial immunity to increase muscle
strength for this protein [15]. Whey protein
exhibits a different behavior when it is digested in
the gastrointestinal tract. Whey protein is rapidly
excreted from the stomach and has a slow transit
in the small intestine, which helps its digestion
and absorption and also increases motility in the
terminal ileum [28-29]. Some animal studies
showed that whey protein reduced distal colon
motility, but other studies reported that this
protein, especially its hydolysis-type, could
increase stool frequency and soften stools [12]
[30-32]. Following the digestion of whey protein,

some peptides are formed that have
physiological effects on the gastrointestinal tract
and body. In addition, lactose and

oligosaccharides from whey play a prebiotic role
in the body [8]. These compounds produce

SCFA  (Short-chain  Fatty  Acids) after
fermentation in the gastrointestinal tract, which is
an important mediator between the

gastrointestinal tract and its natural flora [11,33].
The lactose in whey protein is also consumed by
beneficial intestinal microbes, such as
Bifidobacterium and Lactobacillus, leading to the
production of lactate which is beneficial for
gastrointestinal health [4.11].

Patients with constipation have significantly lower
Bifidobacterium and Lactobacilli counts and
higher methane production than healthy
individuals [4] [34-35]. Intestinal microbes play an
important role in the development of ENS
(enteric nervous system). Abnormal composition
of the intestinal microflora can lead to changes in
gastrointestinal motility [4]. Animal studies
showed that bowel movements were different
between mice with no microbes in the large

intestine and normal mice. In other words,
colonization of the intestine by some
microorganisms normalizes the bowel

movements [36]. Administration of Lactobacillus
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in mice indicated its effect on bowel movements
[6]. Food-induced changes in the gastrointestinal
microbiota in animal models have confirmed their
effects on gastrointestinal  motility  [37].
Propionate and butyrate stimulate colonic muscle
contraction in rats [38]. In human studies, SCFA
also increased ilium motility [33]. In patients with
constipation, prescription of probiotics had
positive effects on its treatment, although some
studies did not confirm this effect [39-40].
Moreover, some studies showed that
constipation improved with SCFA changes [41].

This study showed the beneficial effect of whey
protein powder in treating constipation. This
result can be attributed to various factors, such
as the role of probiotics in immune regulation and
motility of whey protein as well as its
oligosaccharides and lactose. This study was
single blind due to the taste of whey protein
powder and was conducted using a small sample
size with a four-week follow up period. A study
with a larger sample size and longer follow up
over the changes in probiotics and SCFA can be
more helpful in determining the effect of whey
protein on constipation.

5. CONCLUSION

Functional constipation is a chronic disorder that
requires long-term treatment. Considering the
beneficial effects of whey protein, as a
supplement, on gastrointestinal tract and
mechanisms of constipation, such as changes in
motility and gastrointestinal flora, it can be
considered as a suitable treatment along with
conventional drugs.
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