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Introduction 

Diarrhea remains a major cause of child morbidity and 
mortality worldwide [1]. Diarrhea is a major cause of illness and 
death among children in developing countries, where around 
1.3 billion episodes and 3.2 million deaths occur in children 
under 5 years of age. About 80% of deaths from diarrhea 
occur in the fi rst two years of life [2]. Malnourished children 
are at increased risk of complications. In some countries, the 
rate of income increases due to gastroenteritis, malnutrition, 
comorbidity and electrolyte imbalances (especially 
hyponatremia and hypokalaemia). The length of hospital stay 
is also longer than that of her non-native colleagues. The costs 

for the gastroenteritis community are enormous, but are often 
underestimated. In addition, family costs, including lost work, 
are often not taken into account [3]. Worldwide, most cases of 
gastroenteritis are caused by viral infections, with rotaviruses 
being the most common. Viral infections damage the enterocytes 
of the small intestine and cause mild fever and watery diarrhea. 
Rotavirus infection is seasonal in temperate climates and 
peaks in late winter, but occurs throughout the year in the 
tropics. Rotavirus strains vary depending on the season and 
geographically within the countries [4]. Bacterial pathogens 
such as Campylobacter jejuni and Salmonella spp. penetrate the 
lining of the small and large intestine and cause infl ammation. 
Children with bacterial gastroenteritis are more likely to have 

Abstract

Background: Acute Gastroenteritis (AGE) is one of the most common pediatric disorders, causes signifi cant morbidity and is associated with electrolyte imbalances, 
some of which can be too dangerous.

Materials and methods: A prospective cross-sectional study was performed on 473 children admitted to the Children’s Medical Center Hospital emergency room for 
gastroenteritis. These patients received various treatments for gastroenteritis, such as oral rehydration therapy, antiemetic drugs, probiotics and intravenous fl uids. The 
serum electrolyte, urea and creatinine levels of all patients were checked regularly and recorded on the data forms.

Results: A total of 437 children participated in this study. Of these, 243 (51%) were men and 231 (49%) women. 4.4% of the patients had mild dehydration, 78.7% had 
moderate dehydration and 20.8% of the children had severe dehydration. The serum Na range was 116 to 156 mmol / L (mean value 136.61 ± 8.85). The serum potassium 
level was 3 to 6 mmol / L (mean 4.2 ± 0.64). According to this study, the prevalence of sodium disorders in the study group was 41.6% (4% of severe hyponatraemia with 
serum Na <120 meq / L, 23.6% with serum Na 120 meq / L at 135 meq / L and 14% hypernatremia with serum Na> 145 meq / L). In our study group there was 17.2% 
potassium disorder, 13% hypokalaemia (serum K <3.5 mmol / L) and hyperkalaemia 3.7% (serum K> 5.5 mmol / L).

Research Articles

Incidence and type of 
electrolyte abnormalities 
Iranian children with acute 
gastroenteritis
Fateme Mosav1, Iran Malekzdeh2 and Mastaneh 
Moghtaderi3* 
1Pediatrician, Children’s Medical Center, Tehran University of Medical Science, Tehran, Iran

2Associated Professor of Pediatrics, Children’s Medical Center, Tehran University of Medical Science, 

Tehran, Iran

3Associated Professor of Pediatric nephrology, Department of pediatric nephrology, Chronic kidney 

disease Research Center, Children’s Medical Center, Tehran University of Medical Science, Tehran, Iran 

Received: 14 April, 2020
Accepted: 28 May, 2020
Published: 29 May, 2020

*Corresponding author: Dr. Mastaneh Moghtaderi, 
Associate Professor of Pediatric Nephrology, Pediatric 
Nephrology, Tehran University of Medical Sciences, Iran, 
Tel: +989127183199; E-mail:  

 

Keywords: Gastroenteritis; Hyponatraemia; Hypoka-
laemia; Electrolyte imbalance

https://www.peertechz.com

https://crossmark.crossref.org/dialog/?doi=10.17352/ojpch.000024&domain=pdf&date_stamp=2020-05-29


012

https://www.peertechz.com/journals/open-journal-of-pediatrics-and-child-health

Citation: Mosav F, Malekzdeh I, Moghtaderi M (2020) Incidence and type of electrolyte abnormalities Iranian children with acute gastroenteritis. Open J Pediatr Child 
Health 5(1): 011-015. DOI: https://dx.doi.org/10.17352/ojpch.000024

a high fever and may have blood and white blood cells in their 
stools. Bacterial pathogens sometimes spread systemically, 
especially in young children. Infection with Escherichia coli 
or Shigella dysenteriae, which produce Shiga toxin, can cause 
hemorrhagic colitis (with severe bloody diarrhea), which can 
be complicated by hemolytic uremic syndrome [5]. The clinical 
manifestations of acute diarrhea are related to the severity of 
the lack of water and the type of electrolyte imbalance. As a 
result, the clinical detection of water and electrolyte disorders, 
especially hyponatremic dehydration, becomes important due 
to their serious neurological consequences [6]. Because the 
osmolality and volume of extracellular fl uid are determined by 
their sodium content, this ion plays a key role in the regulation 
of water and electrolytes. In this sense, the biochemical change 
in children suffering from dehydration can be hyponatremic, 
isonatremic or hypernatremic. Other observed biochemical 
changes are hypokalaemia and metabolic acidosis [7]. The 
clinical impression of the type of dehydration and electrolyte 
changes was fairly in agreement with the values of the serum 
electrolytes. Bloating and abdominal distention correlated 
positively with hyponatraemia and hypokalaemia. Routine 
monitoring of serum electrolytes is not required. However, 
it is important if an electrolyte imbalance is suspected for 
clinical reasons and if they do not respond satisfactorily with 
routine fl uid and electrolyte therapy [8]. Disorders of sodium 
and potassium levels in diarrhea-related dehydration cases can 
be a medical emergency that requires quick and appropriate 
diagnosis and treatment [9].

Material and methods

This prospective cross-sectional study that was carried out 
on 73 children with gastroenteritis who were admitted to the 
emergency center of the children’s center of the medical center 
from July 2016 to June 2018. Acute diarrhea in this study was 
defi ned as unusually loose or watery bowel movements at least 
three or more times in a 24-hour period that lasted less than 14 
days. All patients with acute watery diarrhea between the ages 
of 2 months and 14 years were examined by their pediatrician in 
their emergency room according to WHO criteria. The following 
signs were considered signs of severe dehydration: lethargy or 
loss of consciousness, sunken eyes, poor alcohol consumption 
or inability to drink, oliguria and reduced skin turgor. If at least 
two of these signs were present, this was referred to as severe 
dehydration. The story was made by highlighting whether the 
participants had taken oral rehydration salts with salts (ORS) 
or not. Blood samples were taken before each IV therapy. The 
levels of urea, creatinine, sodium, potassium and chloride 
as well as blood gases were checked with the ISE method 
(Prolyte machine). Age, urea, creatinine, electrolyte levels and 
results were recorded on an SPSS form and an information 
sheet (version 20) by a pediatrician who conducted the study. 
Potassium levels below 3.6 mmol/l and above 5.5 mmol/l were 
classifi ed as hypokalaemia and hyperkalaemia, respectively. 
Sodium levels below 130 mmol/l and above 150 mmol/l were 
assumed to be hyponatremia and hypernatremia, respectively. 
Chloride levels below 98 mmol/l and above 108 mmol/l were 
classifi ed as hypochloremia and hyperchloremia, respectively. 
Exclusion criteria include a history of diabetes insipidus, 
pituitary or hypothalamic disorders, acute or chronic lung 

diseases, and a history of kidney failure. Patients with bloody 
stools and patients who received intravenous fl uids within 6 
hours of the presentation or blood draw were also excluded 
from the study. SPSS (version 20) was used to analyze the data 
collected. The value of p <0.05 was considered to be statistically 
signifi cant. The ethical approval was obtained from the ethics 
committee of the Medical University of Tehran University 
(Batch number: IR.TUMS.MEDICINE.REC.1397.903).

Results

A total of 437 children met the inclusion criteria of the 510 
children with diarrhea during the study period. Of these, 243 
(51%) were men and 231 (49%) women. 4.4% of the patients 
had mild dehydration and 78.7% had moderate dehydration. 
20.8% of the children suffered from severe dehydration. The 
youngest patient was 61 days old and the oldest was 10 years 
old. The mean age of the study population was 20.5 ± 25-8 
months and a median of 3.6 months. The range of serum 
Na was 116-156 mmol / l (mean 136.61 ± 8.85). The serum 
potassium levels were 3 to 6 mmol / l (mean value 4.2 ± 0.64). 
The sexual prevalence of electrolyte imbalance in dehydrated 
patients is shown in Table 1. Analysis of the statistical data 
showed that only the Na level showed signifi cant differences 
between boys and girls. In addition, according to the ANOVA 
analysis, there was a signifi cant difference in serum Na and 
potassium levels compared to the severity of dehydration. [Na: 
F (2.425) = 9.596, p-value <0.001 and K: F (2.424) = 11.211, 
p-value <0.001]. The post-hoc test in Turkey showed that with 
severe dehydration, the Na and K levels were signifi cantly 
more susceptible than in moderately dehydrated patients, as 
shown in Table 2. According to this study, the prevalence of 
sodium changes in the study group was 41.6% (4% of severe 
hyponatremia with serum Na <120 meq / l and 23.6% with 
serum Na 120 meq / l at 135 meq / l and hypernatremia at 14% 
with serum Na> 145 meq / l). In our study group there was 
a variation of 17.2% potassium, 13% hypokalaemia (serum K 
<3.5 mmol / l) and 3.7% hyperkalaemia (serum K> 5.5)). The 
relationship between potassium changes and patient age is 
shown in Figure 1. The ANOVA analysis showed that the average 

Table 1: Sex differences in electrolyte disturbances.
Factor Gender Type Mean Deviation P Value

Na
Boy 137.06166 8.64554

0.045
Girl 135.8514 9.34220

K Boy 4.0139 0.60779
0753

Girl 4.0343 0.69122

Table 2: Level of sodium and potassium disturbances according to dehydration 
severity.

Electr
olyte

Severity of 
dehydration

Mean Deviation

95% confi dence 
interval for mean

Minimum Maximum
Lower 
bound

Upper 
bound

Na

Mild 35.0000 5.65685 .64258 185.8248 131.00 139.00
Moderate 137.8605 5.51903 137.2692 138.4519 124.00 155.00

High 133.2809 16.02341 129.9055 136.6563 116.00 156.00
Total 136.8949 8.96836 136.0428 137.7469 116.00 156.00

K

Mild 4.2500 .35355 1.0734 7.4266 4.00 4.50
Moderate 4.0949 .60055 4.0305 4.1594 3.00 6.00

High 3.7427 .72392 3.5902 3.8952 3.00 6.00
Total 4.0222 .64258 3.9611 4.0834 3.00 6.00
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age is lower in hyperkalemic patients than in other patients. 
There is no signifi cant difference between the other groups and 
refl ects the small sample size. Table 3 shows the average age of 
the children affected. ANOVA analysis of various sodium levels 
has shown that there is a lower average age in hyponatremic 
patients, but in reality, there is no signifi cant difference in all 
types of hyponatremia and may only refl ect the small size of 
the sample population (Figure 2). Table 4 shows the average 
age in each patient group. Regarding sexual relationship to 
electrolyte abnormalities, analysis of the Ki score showed 
no signifi cant relationship between sexual and potassium 
disorders (p-value <0.520), as shown in Table 5. In contrast 
in sodium changes there is a signifi cant difference between 
gender and serum sodium. (P value <0.001) as shown in Table 6. 
Regarding the type of dehydration and the electrolyte content, 
there is a signifi cant relationship between gender and sodium 
or potassium level (p-value <0.001) according to the Ki-square 
test, as shown in Tables 7,8.

Discussion

Disorder of sodium in dehydration associated with diarrhea 
can be a medical emergency that requires quick and appropriate 
diagnosis and treatment [9]. Different studies have shown a 
different prevalence of hyponatremia and hypernatremia in 
children with dehydration. A study by Samadi et al. including the 

Figure 1: Relation of potassium disturbance and age of patients.

Table 3: Relation of potassium disturbances and age.

Serum Potassium 
Level

Average 
Age

Standard 
deviation

95% Confi dence Interval for 
Mean

Lower Bound Upper Bound
Hypokalemia 21.960 29.5324 14.264 29.656

Normal 20.600 25.1412 17.965 23.236
Hyperkalemia 14.563 28.6146 -0.685 29.810

Total 20.562 25.8843 18.100 23.024

Figure 2: Relation of the age and sodium state of the paitients.

Table 4: Relation of age and sodium state.

Na disturbances Mean Standard deviation
95% Confi dence Interval for Mean
Lower Bound Upper Bound

Severe 
hyponatremia 

6.963 5.5012 4.311 9.614

Hyponatremia 18.284 28.4673 12.287 24.281
Normal 21.699 24.4433 18.691 24.708

Hypernatremia 22.906 30.0633 15.397 30.416
Total 20.515 25.8718 18.057 22.973

Table 5: Sex distribution of patients according to serum potassium.

Gender
Type of potassium derangement

Total
hypokalemia Normal Hyperkalemia

 Female Number 27 140 8 175
Percent 15.4% 80% 4.6% 100%

Male Number 32 212 8 252
Percent 12.7% 84.1% 3.2% 100%

Total Number 59 352 16 427
Percent 13.8% 82.4% 3.7% 100%

Table 6: Sex distribution of patients according to serum sodium changes.

Gender
Type of Na derangement Total

Severe 
hyponatremia

Hyponatremia Normal Hypernatremia Total

Female
Number 5 53 90 27 175
Percent 2.9% 30.3% 51.4% 15.4% 100%

Male
Number 14 36 166 37 253
Percent 5.5% 14.2% 65.6% 14.6% 100%

Total
Number 19 89 265 64 428
Percent 4.4% 20.8% 59.8% 15% 100%

Table 7: Distribution of dehydration severity and sodium level.

Dehydration 
severity

Sodium state
TotalSevere 

hyponatremia
Hyponatremia Normal Hypernatremia

Mild
Number 0 1 1 0 2
Percent 0.0% 50.0% 50.0% 0.0% 100%

Moderate
Number 0 51 255 31 337
Percent 0.0% 15.1% 75.7% 9.2% 100%

High
Number 19 37 0 33 89
Percent 21.3% 41.6% 0.0% 37.1% 100%

Total
Number 19 89 256 64 428
Percent 4.4% 20.8% 59.8% 15.0% 100%

Table 8: Distribution of dehydration severity and potassium level.

Dehydration severity
Potassium state

Total
Hypokalemia Normal Hyperkalemia

Mild
Number 0 2 0 2
Percent 0.0% 100% 0.0% 100%

Moderate
Number 23 298 15 336
Percent 6.8% 88.7% 4.5% 100%

High
Number 36 52 1 89
Percent 40.4% 58.4% 1.1% 100%

Total 
Number 59 352 16 427
Percent 13.8% 82.4% 3.7% 100%
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children admitted for diarrhea, it was found that hyponatraemia 
and hypernatraemia were present in 20.8% and 6.4% of cases, 
respectively [10]. The study by Shah et al. showed that 56% 
of the cases with diarrhea and dehydration had hyponatremia, 
whereas hypernatremia only occurred in 10% of the cases [11]. 
So, his result was similar to our study. Many studies have been 
conducted in the past to determine the prevalence of various 
electrolyte disorders in children with gastroenteritis. These 
studies show that sodium disorders are more common in 
children with severe dehydration. Studies in South Asia show 
that hyponatremia is more common in pediatric age groups 
than hypernatremia. This study shows that hypernatremia 
is more common than hyponatremia in children with severe 
dehydration [12]. In particular, 89.2% of the population 
examined showed at least one or more forms of electrolyte 
imbalance [13]. Matthias Mariere Okposio and others have 
found electrolyte imbalance in more than three quarters of the 
affected children [14]. In the Ritika study, isonatremia was the 
most common dehydration (71.5%), followed by hyponatremic 
dehydration (22%) and hypernatremic dehydration (6.5%). 170 
children (85%) had normokalaemia and 30 cases (15%) had 
hypokalaemia and none of the cases had hyperkalaemia. Six 
cases of hyponatraemia were associated with hypokalaemia. 
Of the 21 children who received appropriate ORS rehydration 
therapy before admission, only 5 had hyponatremia and none of 
them had hypernatremia. Therefore, the concentration of ORS 
made at home has played an important role in the electrolyte 
imbalances that occur with gastroenteritis. Using diluted ORS 
often leads to hyponatremia [2]. ORT seems to be the optimal 
way of rehydration for most children [14]. Dehydration and 
electrolyte imbalance are common complications of acute 
diarrhea in children [15]. In fact, children have signifi cant 
physiological differences compared to adults due to their entire 
body surface area, immature kidney structures and endocrine 
systems, as well as a higher metabolic rate. Each of these 
factors causes them to develop fl uctuations in the water and 
electrolyte balance [16]. 

Conclusion

This study, like others before, found electrolyte imbalance 
in more than half of the gastroenteritis children. Hyponatremic 
dehydration was the most common type of dehydration 
observed in our patients (27.5%). This has also been observed 
in other studies. Hyponatremic dehydration is most common in 
older infants and children with gastrointestinal infections [17, 
18]. These children are often treated with low-sodium liquids 
such as water, fruit juices, ginger ale, soda or tea. In addition, 
the antidiuretic hormone that is released in most affected 
children, increases thirst and more water consumption. Most 
of it is also absorbed in the kidneys, which dilutes the content 
of intravascular solutes [19]. In summary, it can be said that 
electrolyte disturbances are very common in children with 
acute diarrhea. The degree of dehydration and the age of 
less than 12 months seem to be good prognostic factors for 
electrolyte imbalance. Early diagnosis and treatment are very 
important to prevent complications.

What we already know

Severe gastroenteritis can cause various electrolyte 
disorders, which have been reported differently in previous 
studies. 

What this study adds

The most common electrolyte disorder in gastroenteritis is 
hyponatremia.
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