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Abstract

Background: Currently, the role of calcium in reducing the duration and severity of diarrhea and its consequences has been
considered as a topic of concern. The aim of this study was to evaluate the effect of oral calcium on the duration of acute
gastroenteritis in children.

Methods: This single-blind randomized clinical trial was performed from 2014 to 2016 at Ali Asghar Children’s Hospital, Tehran,
Iran. Totally, 124 patients (one month to twelve years old) with acute gastroenteritis were enrolled in this study. The patients were
divided equally into intervention and placebo groups and received the calcium gluconate 10%, 0.Scc/kg/day and distinct water,
respectively. Data analysis was performed using the statistical software SPSS version 20.0 for windows (SPSS Inc., Chicago, IL) and
p<0.05 was considered significant.

Results: The mean age of the intervention and placebo groups was 26.43+3.74 and 20.84+2.70 months, respectively, and the
difference was not significant (p=0.228). The duration of diarrhea in the intervention and placebo groups was 5.27+2.01 and 6.71 +
2.44 days respectively (p=0.001). In the placebo group, the plasma calcium level was less than 8mg/dl in 1 (1.6%), 8 - 10 mg/dl in 55
(88.7%) and more than 10mg/dl in 6 cases (9. 7%). In the intervention group, there were 7 (11.3%), 55 (88.7%) and 0 (0%) cases in
three groups, respectively (p=0.005).

Conclusion: The oral calcium gluconate might shorten the duration of acute gastroenteritis. Therefore, it could be considered as an
adjunctive therapy. Whether the formulation of the oral rehydration solution (ORS) will be updated in the future with adding the
calcium salts remains to be defined and needs more investigations.
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Introduction

Diarrhea is still a leading cause of malnutrition among
under -5 year- old children (1-5). According to the reports
of the World Health Organization (WHO), 9%-34% of the
childhood mortality in developing countries is due to diar-
rheal diseases (1), and nearly, half of these deaths are due

Corresponding author: Dr Mahnaz Sadeghian, sadeghian.m@iums.ac.ir

! Research Center of Pediatric Infectious Diseases, Institute of Immunology and
Infectious Diseases, Iran University of Medical Sciences, Tehran, Iran

z Department of Pediatrics, School of Medicine, Hazrat-e Ali Asghar Pediatrics
Hospital, Iran University of Medical sciences, Tehran, Iran

3 Department of Pediatrics, School of Medicine, Tehran University of Medical
Sciences, Tehran, Iran

to dehydration (6). Therefore, the mainstay of the treat-
ment is based on rehydration therapy.

Although the fatality rate has been noticeably decreas-
ing since the usage of oral rehydration therapy (ORT) in
children (7, 8), the duration and severity of diarrhea have

1tWhat is “already known” in this topic:

Intestinal calcium-sensing receptor (CaSR) is a part of the anti-
diarrheal receptor system and if activated, can reverse the
process of both secretory and inflammatory diarrheas.

— What this article adds:

In this study, oral calcium glucomate could shorten the duration
of acute noncolitis diarrhea. Calcium might be adjunctive to the
standard therapy of acute gastroenteritis in the future. Whether
the formulation of ORS will be changed in the future is yet to
be studied.
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not been changed (3). Therefore, novel, simple, as well as
inexpensive and available anti-diarrheal therapies are
needed, especially in poor resource countries. In recent
years, many efforts have been made to find new treat-
ments to expedite remission of this disease. Currently, the
role of calcium in reducing the duration and severity of
diarrhea and its consequences has been considered as a
topic of concern.

Intestinal calcium-sensing receptor (CaSR) is a part of
the anti-diarrheal receptor system involved, not only in
intestinal secretion, absorption and motility, but also in the
gut permeability and inflammatory response. When acti-
vated, it can reverse the process of both secretory and in-
flammatory diarrheas (3).

The CaSR is expressed by enteric mucosal cells along
the entire small and large intestine. It is also localized in
the enteric nervous system, with the role of modulating
the intestinal fluid secretion induced by bacterial entero-
toxins as well as viral enterotoxins (9, 10). Indeed, CaSR
activation has the advantage of antidiarrheal mechanism
that is not only anti-secretory but also anti-motility and
anti-inflammatory (3).

Calcium as a CaSR-based nutrient might be useful in
the conditioning of the gut microenvironment and intesti-
nal homeostasis, accordingly, effective in the prevention
and treatment of enterocolitis and secretory diarrheal dis-
eases (11).

A study by Cheng and colleagues showed that diarrhea
in immunocompromised children was successfully ceased
within 1-2 days, following the administration of intrave-
nous calcium, indicating the role of calcium in ameliorat-
ing diarrhea in these patients (12).

The clinical evidence supporting the effect of calcium
on the improvement of diarrhea in immunocompetent
children has been very limited, and the number of papers
to show the effect of calcium on the improvement of diar-
rhea in the pediatric population is very scarce (13). Thus,
this study was designed to evaluate the role of oral calci-
um on the duration of acute non-colitis diarrhea in immu-
nocompetent pediatric patients.

Methods

Design and Ethics

This clinical trial was designed as a randomized, con-
trolled, interventional, single-blind (patient blind) trial
with two intervention and placebo groups.

After receiving approval from the ethics review com-
mittee of Iran University of Medical Sciences (institution-
al review board (IRB) approval  number:
IR.IUMS.REC.1393.9211165009), the research was con-
ducted from June 22nd, 2014 to March 19th, 2016 at Ali
Asghar Children’s Hospital, Tehran, Iran.

The written informed consent was obtained from the
guardians before enrollment. The study was in accordance
with the principles of the Declaration of Helsinki. This
trial was registered on May 26th, 2014 in the Iranian Reg-
isty of Clinical Trials (IRCT), ID number
IRCT2015110624900N1 (http://www.irct.ir/).
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Participants

Patients aged one month to twelve years hospitalized
with acute gastroenteritis were enrolled in this study in a
sequential manner. Indications of hospitalization included
intractable vomiting, severe dehydration and unstable vital
signs.

Diarrhea was defined as a daily passage of three or more
loose or liquid stools; or more frequent passages than usu-
al for the individual (1).

According to Vesikari scale, mild, moderate, and severe
diarrhea were defined as <7, 7-10, and >10 episodes of
diarrhea per day, respectively (14).

Based on the WHO definition, from three clinical types
of diarrhea (acute watery diarrhea, acute bloody diarrhea,
and persistent diarrhea) (1) the patients with watery (acute
non-colitis) diarrhea were enrolled. Based on laboratory
examination, acute non-colitis diarrhea was defined as an
increase in the number and/or consistency of the stool
lasting less than two weeks with white blood cells(WBC)
count and red blood cells(RBC)count less than 5 per high
power field in stool examination and negative stool cul-
ture for bacteria (15, 16).

Children with inflammatory diarrhea and diarrhea asso-
ciated with other diseases (such as urinary tract infection
(UTI), sepsis, metabolic and endocrine disorders or anti-
biotic consumption), and those with gastroenteritis for
more than two weeks (persistent/chronic diarrhea), and
those who withdrew from further cooperation with this
investigation were excluded. Other exclusion criteria were
congenital GI abnormality, intestinal surgery, short bowel
syndrome, allergic gastroenteritis, immunodeficiency,
vasculitis, and inflammatory bowel disease. Meanwhile,
if the diagnosis was changed during the study, the case
was excluded in the same way.

From 178 cases enrolled, some patients were excluded
during the study mainly due to non-compliance of the
parents to continue to participate in an investigational
study. Moreover, some cases enrolled first with a diagno-
sis of acute gastroenteritis eventually developed other
diagnoses during hospitalization (e.g., urinary tract infec-
tion) and were excluded. Finally, 124 patients entered the
study in two groups of intervention and placebo after the
exclusion of 54 cases (Fig. 1).

Sample size

After a thorough review of the literature, a similar study
was not found; therefore we first performed a pilot study
with 60 cases, and after analyzing the results obtained, the
total sample size of 124 cases was identified.

According to the conducted pilot study, the mean num-
ber of days that the patients were involved with diarrhea
in the intervention and placebo groups was 5.8+4.8 and
8.0+4.0 respectively. Considering the confidence coeffi-
cient of 0.05 and the study strength of 80%, the sample
size was calculated by the formula below:

(@ —%+ z1 — B)? = (s12 + s22)
B (11 - p2)?
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Fig. 1. Flowchart of participants

ul =58, u2=28.0,S1=48,82=4.0,Z 1-0/2 =1.96, Z1-f =
0.85

Randomization, Allocation Concealment, and Blinding

After calculating the sample size, the randomization was
performed based on the random allocation rule. Subjects
were randomized using the random function of the Mi-
crosoft excel software, without being subjected to stratifi-
cation. One random number was selected as an interven-
tion subject and another one was selected as a placebo
subject and this circuit continued alternatively. Each se-
lected number was dropped from the number list and nev-
er selected again.

Ultimately, 124 patients were enrolled in this study (Fig.
1). The calcium and distinct water were given by a similar

container, and the color of the liquids was the same. The
guardians (mother or caregiver) and the patients were not
aware of which product was received. In the hospital, the
number of episodes of diarrhea was charted by a pediatric
resident, who knew the contents of the container and was
aware of which one was given to the patients. She also
asked the mother or guardian about the number of diarrhe-
al episodes by phone when the patient was discharged
until the end of the disease.

Intervention and Procedures

The two groups were treated with the same method for
rehydration therapy and correction of the electrolyte and
acid-base disorders. Both groups were treated with zinc
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sulfate (5mg and 10 mg for under and over 6 months of
age, respectively) and probiotics (Kidilact 1gram,
ZistTakhmir, Iran), one sachet daily as well without any
antibiotics. In the intervention group, we had a single-
blind trial using calcium gluconate 10%, 0.5cc/kg/day
orally divided into three doses for three days. The diet was
similar in both groups. The electrolytes were measured in
two groups of intervention and placebo 2 days after start-
ing treatment.

Outcomes

Duration and frequency of diarrhea, and probable treat-
ment side effects were monitored during hospital admis-
sion and after discharge. Laboratory tests such as serum
sodium, potassium, calcium, bicarbonate, PH, stool exam
and culture, and also the severity of dehydration at the
time of starting treatment, were measured. The electrolyte
levels were followed in the two groups 2 days after start-
ing treatment.

The primary outcome was the duration of diarrhea dur-
ing hospitalization and afterward, and secondary outcomes
included adverse events secondary to oral usage of calci-
um (e.g., nausea, vomiting, constipation, and abdominal

pain).

Statistical Analyses

The qualitative variables displayed as percentiles.
Qualitative variables were compared applying the Chi-
square test or Fisher exact test. Quantitative variables
were considered as mean and standard deviation for nor-
mal distribution. The normality of variables was checked
by the Kolmogorov-Smirnov test. Comparison between
quantitative variables was performed using the Independ-
ent Samples T-test and Paired Samples T-Test. Analysis
of covariance (ANCOVA) and multiple linear regression
analysis were used to conduct the adjustment for potential
confounding variables.

Data analysis was performed using the statistical soft-

ware SPSS version 20.0 for windows (SPSS
Inc., Chicago, IL) and p<0.05 was considered signifi-
cant.

Results

The flowchart of the participants has been shown in Fig.
1. The mean age of the cases in the intervention and pla-
cebo groups was 26.43+3.74 and 20.84+2.70 months, re-
spectively; and the difference was not significant
(p=0.228).

Among intervention and placebo groups, 34(60.7%) and
41(60.3%) subjects were male, respectively, and there was
not any significant difference between the two groups
(p=0.96).

The type of diarrhea in all patients was acute non-colitis
type. The duration of diarrhea for intervention and placebo
groups was 5.27+2.01 and 6.71+2.44 days, respectively;
and was significantly different (p=0.001, Table 1).

The frequency and dehydration level of diarrhea was
categorized into mild, moderate, and severe, in the “inter-
vention” and “control group “and shown in Table 1. At the
baseline, there was no significant difference between the
two groups regarding frequency and dehydration.

The serum level of sodium, potassium, calcium, and bi-
carbonate in the intervention and placebo group was
shown in Table 1. The difference of the indexes, including
sodium, potassium and bicarbonate between intervention
and placebo groups, was not significant. In both groups,
the total serum calcium level was measured before starting
treatment. None of the patients had a serum calcium level
of less than 8mg/dl or more than 10 mg/dl. In addition, the
clinical signs and symptoms of hypocalcemia were not
seen.

The serum calcium difference was statistically signifi-
cant between these groups. The serum albumin and total
protein were in the normal range in both groups.

In the intervention and placebo groups, 12 cases
(19.35%) and 14 cases (22.5%) had serum bicarbonate

Table 1. Baseline comparison of serum calcium, sodium, potassium and HCO3 levels in the intervention and placebo groups

Variables Intervention Placebo p

<8 7(11.3%) 1(1.6%) 0.003
Calcium (mg/dl) N (%) 8-10 55(88.7%) 55(88.7%)

>10 0 6(9.7%)

<130 8(12.9%) 4(6.5%) 0.212
Sodium (mEq/L) N (%) 130-150 53(85.5%) 57(91.9%)

>150 1(1.6%) 1(1.6%)

<3.5 8(12.9%) 5(8.1%) 0.183
Potassium (mEqg/L) N (%) 3.5-5.5 53(85.5%) 57(91.9%)

>5.5 1(1.6%) 0

<15 12(19.35%) 14(22.5%) 0911
HCO3 (mEg/L) N (%) 15-20 26(41.93%) 27(43.74%)

>20 24(38.7%) 21(33.87%)

Mild 2(3.2%) 1(1.6%) 0.873
Frequency of diarrhea N (%) Moderate 45(72.6%) 40(64.5%)

Severe 15(24.2%) 21(33.9%)

Mild 15(24.2%) 8(12.9%) 0.821
Dehydration N (%) Moderate 44(71%) 50(80.6%)

Severe 3(5.4%) 4(6.5%)
Duration of diarrhea (day) 5.27+£2.01 6.71+2.44 0.001
Calcium (mg/dl) Mean+SD 8.82+0.48 8.81+1.27 0.976
Sodium (mEq/L) Mean+SD 135.98+4.78 137.04+5.32 0.249
Potassium (mEq/L) Mean+SD 3.71+£0.40 3.63+0.27 0.215
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Table 2. Baseline and 2nd day of hospitalization values according the treatment in study groups

Variable Intervention Placebo P value for
Baseline After 2 days Change Baseline After 2 days Change changes**
Sodium (mg/L) Mean+SD 135.98+4.78 137.96+2.14* 1.98+4.26 137.04+5.32 138.70+£3.31* 1.66+3.38 0.643
Potassium (mg/L) Mean+SD 3.71+0.40 3.84+0.30* 1.9844.26 3.63+£0.27 3.72+0.19* 0.09+0.23 0.316
Calcium (mg/L) Mean+SD 8.82+0.48 8.97+0.39* 0.15+0.26 8.81+1.27 8.95+0.42 0.14+1.11 0.928

*P<0.05 VS. baseline (obtained from Paired Samples T test)
** Obtained from Independent Samples T test.

Table 3. Multiple linear regression to assess the association between study variables and duration of diarrhea

Variables Crude model Adjusted model* Backward model

B 95% ClI for B P value B 95% CI for P value B 95% CI for B P value
Age -0.02 -0.4- -0.007 <0.001 -0.02 -0.03--0.003 <0.001 -0.02 -0.03- -0.004 <0.001
Gender -0.37 -1.2--0.52 0.413
Frequency of diarrhea -0.05 -0.56- 0.46 0.842
Dehydration 0.04 -0.88-0.97 0.924
Study Group** -0.05 -0.56--0.46 0.001 -1.28 -2.11--0.46 0.003 -1.34 -2.17--0.51 0.002
Sodium at baseline -0.05 -0.14-0.03 0.202
Potassium at baseline -1.23 -2.46- 0.002 0.051 -0.80 -1.98-0.37 0.178
Calcium at baseline -0.21 -0.66- 0.23 0.347

*All variables with p<0.2 were enrolled in the model.
*Study group: (1=Placebo, 2=Intervention)

less than 15, respectively; and the difference was not sig-
nificant (p=0.9).

The stool white blood cells were <5/HPF and stool cul-
tures were negative in both groups.

Besides vomiting, which was reported in 5 cases (8%)
after ingestion of calcium gluconate 10%, and was not
repeated in re-medication in 1-2 hours later, no other doc-
umented side effects were reported during the course of
the disease and afterward with this dose and composition
of calcium. The baseline values and values of the 2nd day
of hospitalization according to the treatment in study
groups have been shown in Table 2.

A one-way ANCOVA was used to compare the mean of
serum calcium, sodium, and potassium levels in the inter-
vention and placebo groups whilst controlling the baseline
variations of these variables. Levene’s test and normality
checks were conducted and the assumptions met. There
was a significant difference in serum potassium
[F(1,120)=6.08, p=0.01] levels between the intervention
and placebo groups after controlling the baseline potassi-
um level. Comparing the estimated marginal means
showed that the mean of serum potassium was higher in
the intervention group (mean=3.82 +0.02 mg/L) compared
to the placebo group (mean=3.74 + 0.02 mg/L). Moreover,
there were no significant differences between the mean of
serum calcium [F(1,120)=0.86, p=0.35], and sodium
[F(1,120)=0.86, p=0.35] levels in the intervention and
placebo groups after controlling the baseline serum varia-
tions of these variables.

In multiple linear regression analysis, there were signif-
icant associations between age (B= -0.02, 95% CI: -0.4- -
0.007, p<0.001) and study group (B= -0.05, 95% CI: -
0.56- 0.46, p= 0.001) with duration of diarrhea in the
crude model. In adjusted model, after adjustment for vari-
ables with p<0.2, there were still significant association
between age (= -0.02, 95% CI: -0.03- 0.003, p<0.001)
and study group (p=-1.28, 95% CI: -2.11- 0.46, p= 0.003)
with duration of diarrhea. In the backward linear regres-
sion model, only two variables of age (= -0.02, 95% CI: -
0.03- 0.004, p<0.001) and study group (B=-1.28, 95% CI:

-2.17- -0.51, p= 0.002) were significant and remained in
the model in the final step (Table 3).

Discussion

ORS has been used for nearly 40 years and has saved
millions of children's lives. Currently, we need a solution
not only for rehydration therapy but also for shortening
the duration and reducing the severity of diarrheal symp-
toms by enterotoxin-mediated excessive secretion inhibi-
tion, increased absorption, and recovery of compromised
barrier function, and in a word, rapid relief of diarrheal
symptoms. Since the discovery of CaSR, the time of up-
dating the formulation of ORS to reach this target has
been coming closer. It should always be taken into con-
sideration that one death is too many, in preventable dis-
eases such as diarrhea, and the goal is to end the child's
death secondary to diarrhea by 2025(17).

As far as we are aware, this is a novel study evaluating
the effect of oral calcium on reducing the duration of
acute non-colitis diarrhea in an immunocompetent pediat-
ric population. We revealed that oral calcium could de-
crease the duration of diarrhea for about 1.5 days in com-
parison to the control group. Although this reduction does
not seem very significant at the first glance, it may de-
crease the morbidity, duration of hospitalization and pre-
vent the post-infectious malnutrition secondary to pro-
tracted diarrhea in underdeveloped countries with poor
resources.

Although there is no well-rounded study on the calcium
role in the improvement of diarrhea in the immunocompe-
tent children, some studies have revealed that using calci-
um in diarrhea could improve the course of the disease
(18, 19). A study by Cheng et al. revealed a reduction of
1-3 days in the duration of diarrhea after intravenous or
oral use of Imeg/kg calcium (12). However, the cases in
this study were immunocompromised, and the diarrhea
was chronic. In addition, all of their cases were hy-
pocalcemic. It must be noticed that in our study, the num-
ber of hypocalcemic patients in the intervention group was
more than placebo group (7cases versus 1patient). How-
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ever, 88.5% of the patients were eucalcemic in the inter-
vention group. Therefore, calcium usage may be efficient
regardless of serum calcium status but more studies are
needed to make this conclusion definitively.

Bovee-Oudenhoven et al. compared the two groups with
regular calcium diet (1100mg/day) and placebo
(60mg/day) when ingested live but attenuated enterotoxi-
genic Escherichia coli (ETEC), and showed one-day re-
duction in duration of diarrhea in the intervention group
(20). The results of our study were close to this study.
However, their cases were all adults, and healthy volun-
teers without any risk factors.

A study by Devrajani et al. revealed a significant differ-
ence between the serum calcium level in patients with
diarrhea and control group indicating that gastroenteritis
might cause hypocalcaemia (21).

Interestingly, a study by Agustina et al. showed that
during a 6- month period of observation the amount of
calcium diet (regular vs. low calcium milk) did not show
any significant effect on the reduction of the occurrence of
diarrhea in Indonesian children. Therefore, no correlation
between the amount of food calcium content and preven-
tion of diarrhea was found (13).

Since watery diarrhea results in electrolyte loss, the risk
of reduced calcium may be increased. Hence, the oral con-
sumption of calcium may reduce the risk of hypocalcae-
mia. In our study, the difference of serum calcium level
between the intervention and placebo groups was signifi-
cant. However, most of the patients were eucalcemic in
both groups. So, calcium administration might be effective
not only in hypocalcemic but also in eucalcemic patients.

Our study had some limitations:

1. Since we did not perform viral study due to technical
and financial problems, we could not claim that the evalu-
ated cases had exactly viral gastroenteritis. Anyhow, most
cases that were included in this study in term of acute non-
colitis type had clinically and epidemiologically viral diar-
rhea. However, it may not be very important because the
aim of this study was the evaluation of calcium effect on
the non-colitis- type (acute watery) diarrhea and not exact-
ly viral diarrhea.

2. We could not compare the volume of diarrhea in the
intervention and placebo patients because we could not
weight the diapers in younger children.

3. The design of this study was not double blind.

4. We did not check the serum calcium level during the
course of disease because the extra blood sampling was
not accepted by the guardians of participants.

Although we only included acute non-colitis diarrhea,
this does not mean that calcium has no effect on the
course of other types of diarrhea. So, it is suggested to
design a similar study with larger sample size including all
types of diarrhea.

In addition, further studies with other forms of calcium
salts and other concentrations of calcium are suggested so
that the comparison of the results in decreasing the dura-
tion and recovery of diarrhea would possibly provide
some advancement.
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Conclusion

Our study revealed that oral calcium might shorten the
duration of acute non-colitis diarrhea in children. Alt-
hough, the result of this research is not sufficient to con-
clude that oral calcium gluconate is effective in reduction
of the duration of acute gastroenteritis, it may be an open-
ing research toward the advancement of the formulation of
ORS.
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