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Association of Serum 

Electrolyte Derangements with Severity of Dehydration 

in Children with Acute Diarrhea 
Muhammad Aamir, Maliha Shahid, Faiza Mukhtar  

ABSTRACT 

Objectives: To see the association of serum electrolyte derangement with severity of dehydration. 

Study Design: Observational / descriptive study.  

Place and Duration of Study: This study was conducted at the Department of Peadiatric Medicine, Nishtar Medical 

College and Hospital, Multan from March 2016 to August 2016.  

Materials and Methods: Consecutive 107 children with acute diarrhea having dehydration were included in this 

cross-sectional study. Serum sodium and potassium levels were analyzed to see their association with severity of 

dehydration by applying ANOVA test using SPSS – 20.  

Results; Out of these 107 children having acute diarrhea, 59 (55.1%) were boys and 48 (44.9%) were girls and their 

mean age was noted to be 19.12 ± 8.89 months (range; 7 months to 36 months). Mean age of the boys was 15.29 ± 

7.25 months while that of girls was 23.83 ± 8.49 months (p=0.000) and 58 (54.2%) were aged more than 1 year. 

Sixty five (60.7%) were from urban areas, 82 (76.6%) had poor background, 65 (60.7%) had history of stools less 

than 6 during last 24 hours. Mean duration of diarrhea was 5.13 ± 2.23 days and 74 (69.2%) presented with duration 

of less than one week of onset of the diarrhea. Fever was present in 65 (60.7%) and associated vomiting was present 

in 91 (85%) our study cases. Mean serum sodium level in our study was 133.65 ± 3.18 nmol/L while mean serum 

potassium level was 3.82 ± 0.625 nmol/L 

Conclusions: High frequencies of serum electrolyte derangement was noted in our study and this serum electrolyte 

derangement (hyponatremia and hypokalemia) was significantly associated with severity of the dehydration. 

Severity of dehydration is a predictor of hyponatremia and hypokalemia which ultimately lead to disease morbidity 

and mortality, hence these patients need to be monitored appropriately for better clinical outcomes. 
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INTRODUCTION 

Worldwide diarrheal illnesses are responsible for 1 out 

of 9 deaths among children and is categorized as 2
nd

 

most common causes of death in pediatric population. It 

is estimated to cause approximately 800, 000 death 

every year in children under 5 years of age 
1,2

. Diarrhea 

itself accounts for approximately 4.1% of total global 

burden of all illnesses. Etiological agents may include 

many different kinds of viruses, different bacterial 

pathogens and some parasites as well 
3
. Some of these 

culprits may include “rotavirus A, norovirus GI and 

GII, adenovirus, sapovirus, astrovirus, Salmonella, 

Campylobacter jejuni, Shigella spp. and enterotoxigenic 

Escherichia coli (ETEC)” 
4, 5

.  
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Global statistics from different parts of the world 

indicate that burden of these etiological agents vary 

with regards to demographic distribution, personal 

hygienic behaviors and social stratification among 

community. From available data from different 

countries like South Asian countries, Europe, Africa, 

Middle & far eastern nations, South Americal countries 

and USA  have documented different variety of 

enteropathogens being reported in varying frequencies 

and patterns 
6 - 13

.  

In children having diarrhea, co – infection with many 

different kinds of pathogens is also common which 

leads to severe illness and adverse outcomes  

when compared with disease caused by a single 

pathogen 
14, 15 

.   

Deaths due to diarrheal diseases may be due to 

immediate or long term complications of the illness 
16

. 

The immediate complications may include electrolyte 

and/or fluid derangements which leads to imbalance in 

acid base equilibrium in body as extracellular fluid 

osmolality and volumes are controlled by sodium levels 

in body which has a key role in water and electrolyte 

balance in the bodies 
17

. Hence such biochemical 

disturbances may lead to hyponatremia, isonatremia 

and even hypernatremia particularly among children 
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with dehydration while other biochemical 

derangements may also be noted such as hypokalemia 

and metabolic acidosis 
18-20

. Dehydration remains most 

common and more dangerous complication of acute 

diarrhea in children which is associated with significant 

morbidity and mortality in children having acute 

diarrhea so evaluation of these electrolyte parameters at 

presentation have significant impact on the treatment 

protocol as well as disease prognosis 
21

. 

This prospective study was done to determine the 

association of various grades of dehydration with serum 

electrolyte derangement and to relate them with 

severity of disease as there was no local data found on 

this topic. 

MATERIALS AND METHODS 

One hundred and seven children having acute diarrhea 

with different grades of dehydration were taken in this 

cross-sectional study. The parents of these children 

were asked for consent after briefing them objectives of 

this study. Diarrhea was defined as “Passage of more 

than three watery stools within 24 hours, for duration of 

less than 2 weeks”. Dehydration was graded as mild, 

moderate and severe as per WHO criteria. It was 

defined as mild “if general condition is restless, eyes 

look normal, drinks normally and skin pinch goes back 

quickly”, it was defined as moderate “if general 

conditions is restless and irritable, with sunken eyes, 

drinks eagerly and is thirsty and skin pinch goes back 

slowly” and it was graded as severe “If the child is 

lethargic or unconscious, having sunken eyes, drinks 

poorly or not able to drink and skin pinch goes back 

very slowly”. The children with persistent or bloody 

diarrhea, having associated systematic illnesses and 

those who got relevant electrolyte therapy were 

excluded from this study. A questionnaire was used to 

record these findings. Data regarding child’s age, 

gender, duration of illness, no. of stools passed in a day, 

fever, vomiting, severity of dehydration and serum 

electrolyte derangements was taken and was analyzed 

by SPSS – 20. ANOVA test was applied to see the 

association of serum electrolyte derangement with 

regards to the severity of the dehydration.  

RESULTS 

Out of these 107 children having acute diarrhea, 59 

(55.1%) were boys and 48 (44.9%) were girls and their 

mean age was noted to be 19.12 ± 8.89 months (range; 

7 months to 36 months). Mean age of the boys was 

15.29 ± 7.25 months while that of girls was 23.83 ± 

8.49 months (p=0.000) and 58 (54.2%) were aged more 

than 1 year. Sixty five (60.7%) were from urban areas, 

82 (76.6%) had poor background, 65 (60.7%) had 

history of stools less than 6 during last 24 hours. Mean 

duration of diarrhea was 5.13 ± 2.23 days and 74 

(69.2%) presented with duration of less than one week 

of onset of the diarrhea. Fever was present in 65 

(60.7%) and associated vomiting was present in 91 

(85%) our study cases. Mean serum sodium level in our 

study was 133.65 ± 3.18 nmol/L while mean serum 

potassium level was 3.82 ± 0.625 nmol/L.  

 
Figure No. 1: Various grades of dehydration. 

 
Figure No. 2: Hyponatremia in study cases. 

 
Figure No. 3: Hypokalemia in study cases.  

Distribution of different study parameters with regards 

to severity of dehydration is given in table – 1. 
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Table No. 1: Distribution of various parameters with 

severity of dehydration. 

Parameter Mild Moderate Severe 
P – 

value 

Gender 
Male 00 49 10 0.00

1 Female 16 08 24 

Disease 

duration 

1 week 16 32 26 0.00

2 >1week 00 25 08 

Fever 
Yes  16 24 25 0.00

1 No 00 33 09 

Vomiting 
Yes 08 49 34 0.00

1 No 08 08 00 

Hypona-

tremia 

Yes 00 32 34 0.00

1 No 16 25 00 

Hypoka-

lemia 

Yes 00 08 34 0.00

1 No 16 49 00 

Table No. 2: Analysis of variance (ANOVA) of 

serum electrolyte levels in different grads of 

dehydration. 

Serum 

Electrolytes 
Mild Moderate Severe 

P – 

value 

Serum 

Sodium level 

(In nmol/L) 

137.5± 

0.51 

134.59±

2.26 

130.26± 

1.79 
0.001 

Serum 

Potassium 

level 

(In nmol/L) 

4.40±0.

206 

4.08±0.5

0 

3.12±0.0

8 
0.001 

DISCUSSION 

Out of these 107 children having acute diarrhea, 59 

(55.1%) were boys and 48 (44.9%) were girls and their 

mean age was noted to be 19.12 ± 8.89 months (range; 

7 months to 36 months). A study conducted by Bilal et 

al 
22 

from Rawalpindi also reported similar results with 

61 % children with acute diarrhea were boys which is 

similar to our results. Okposio et al 
 23 

from Nigeria has 

also reported similar results with more boys than girls 

as there were 57 % boys, similar to our findings. Rocha 

et al
24 

from Brazil also reported male gender 

predominance with 53 % boys which is close to our 

findings. Mean age of the boys was 15.29 ± 7.25 

months while that of girls was 23.83 ± 8.49 months 

(p=0.000) and 58 (54.2%) were aged more than 1 year. 

Bilal et al
 22 

from Rawalpindi 1.9 ± 1.4 years mean age 

of the children with acute diarrhea which is close to our 

results. Okposio et al
23 

from Nigeria has also reported 

14.6 ± 10.5 months mean age in children with acute 

diarrhea which is close to our results. Rocha et al 
24 

from Brazil also reported 16.5 ± 17.8 months mean age 

which is close to our findings.  

Sixty five (60.7%) were from urban areas, 82 (76.6%) 

had poor background, 65 (60.7%) had history of stools 

less than 6 during last 24 hours. Okposio et al
23 

from 

Nigeria has also reported 70.3 % children with acute 

diarrhea had history of stools less than 6 during last 24 

hours which is same as our study results. Rocha et al
24 

from Brazil also reported 32.3% children with diarrhea 

presented with history of more than 5 stools within 24 

hours which is similar to our study results.  

Mean duration of diarrhea was 5.13 ± 2.23 days and 74 

(69.2%) presented with duration of less than one week 

of onset of the diarrhea. Bilal et al
 22 

from Rawalpindi 

has also reported 3.2 ± 1.7 days mean duration of 

diarrhea which is close to our results. Okposio et al
23 

from Nigeria has also reported similar results.  

  Fever was present in 65 (60.7%) and associated 

vomiting was present in 91 (85%) our study cases. 

Okposio et al 
23 

from Nigeria has also reported fever in 

58.9 % children with acute diarrhea while vomiting in 

83.8 % which is same as that of our study results. 

Rocha et al 
24 

from Brazil also reported fever in 63.8 % 

while vomiting was present in 88.7 % children with 

diarrhea which is close to our study results.  

Mean serum sodium level in our study was 133.65 ± 

3.18 nmol/L and hyponatremia was present in 61.6 % 

our study cases. while mean serum potassium level was 

3.82 ± 0.625 nmol/L and hypokalemia was present in 

42 (39.3%) our study cases. Bilal et al
 22 

from 

Rawalpindi has also reported 32.5 % hyponatremia and 

55 % hypokalemia, hence indicating majority of 

patients having serum electrolyte derangement which is 

in compliance with our findings. Okposio et al
 23 

from 

Nigeria has also reported 60.5% hyponatremia while 

hypokalemia was present in 35.1 % which is same as 

that of our study results.  

Dehydration was mild in 14.9 %, moderate in 53.27 % 

and severe in 31.8 % our study cases. In our study, 

ANOVA revealed that there was significant association 

between severity of dehydration and serum electrolyte 

derangement (p = 0.001). Okposio et al 
 23 

from Nigeria 

has also reported mild dehydration in 22.2%, moderate 

in 61.6% and severe in 16.2 % which is similar to our 

study results. Okposio et al 
 23 

from Nigeria has also 

observed increasing serum electrolyte derangement 

with increasing severity of the dehydration which is 

similar to our study results. 

CONCLUSION 

High frequencies of serum electrolyte derangement was 

noted in our study and this serum electrolyte 

derangement (hyponatremia and hypokalemia) was 

significantly associated with severity of the 

dehydration. Severity of dehydration is a predictor of 

hyponatremia and hypokalemia which ultimately lead 

to disease morbidity and mortality, hence these patients 

need to be monitored appropriately for better clinical 

outcomes.  

Conflict of Interest: The study has no conflict of 

interest to declare by any author. 

REFERENCES 

1. Liu L, Johnson HL, Cousens S, Perin J, Scott S, 

Lawn JE. Global, regional, and national causes of 

Elec
tro

nic
 Cop

y



Med. Forum, Vol. 28, No. 5  May, 2017 129 

child mortality: an updated systematic analysis for 

2010 with time trends since 2000. Lancet 

2012;379:2151-6 

2. Liu L, Oza S, Hogan D, Perin J, Rudan I
5
, Lawn JE, 

et al. Global, regional, and national causes of child 

mortality in 2000-13, with projections to inform 

post-2015 priorities: an updated systematic analysis. 

Lancet 2015;385(9966):430-40. 

3. Das J.K., Salam R.A., Bhutta Z.A. Global burden of 

childhood diarrhea and interventions. Curr Opin 

Infect Dis 2014;27:451–458.  

4. Pathania M., Jayara A., Yadav N. Clinical study of 

acute childhood diarrhoea caused by bacterial 

enteropathogens. J Clin Diagn Res 2014;8:1–5.  

5. Bicer S., Col D., Erdag G.C., Giray T., Gurol Y., 

Yilmaz G. A retrospective analysis of acute 

gastroenteritis agents in children admitted to a 

university hospital pediatric emergency unit. 

Jundishapur J Microbiol  2014;7:e9148.  

6. Chhabra P, Payne DC, Szilagyi PG, Edwards KM, 

Staat MA, Shirley SH. Etiology of viral 

gastroenteritis infections in children <5 years of age 

in the United States, 2008–2009. J Infect Dis 2013; 

208:790–800. 

7. Albert MJ, Faruque AS, Faruque SM, Sack RB, 

Mahalanabis D. Case–control study of 

enteropathogens associated with childhood diarrhea 

in Dhaka, Bangladesh. J Clin Microbiol 1999; 

37:3458–3464.  

8. Kabayiza JC, Andersson ME, Nilsson S, Bergström 

T, Muhirwa G, Lindh M. Real-time PCR 

identification of agents causing diarrhea in Rwandan 

children less than five years of age. Pediatr Infect 

Dis J 2014:1.  

9. Elfving K, Andersson M, Msellem MI, Welinder-

Olsson C, Petzold M, Björkman A. Real-time PCR 

threshold cycle cutoffs help to identify agents 

causing acute childhood diarrhea in Zanzibar. J Clin 

Microbiol 2014;52:916-23.  

10. Lindsay B, Ramamurthy T, Sen Gupta S, Takeda Y, 

Rajendran K, Nair GB. Diarrheagenic pathogens in 

polymicrobial infections. Emerg Infect Dis 2011; 

17:606–611.  

11. Randremanana R, Randrianirina F, Gousseff M, 

Dubois N, Razafindratsimandresy R, Hariniana ER. 

Case–control study of the etiology of infant 

diarrheal disease in 14 districts in Madagascar. PLoS 

One 2012;7:e44533.  

12. Liu J, Kabir F, Manneh J, Lertsethtakarn P, Begum 

S, Gratz J. Development and assessment of 

molecular diagnostic tests for 15 enteropathogens 

causing childhood diarrhoea: a multicentre study. 

Lancet Infect DiS 2014;14:716–724.  

13. Bonkoungou IJ, Haukka K, Österblad M, Hakanen 

AJ, Traoré AS, Barro N. Bacterial and viral etiology 

of childhood diarrhea in Ouagadougou, Burkina 

Faso. BMC Pediatr 2013;13:36.  

14. Bhavnani D, Goldstick JE, Cevallos W, Trueba G, 

Eisenberg JN. Synergistic effects between rotavirus 

and coinfecting pathogens on diarrheal disease: 

evidence from a community-based study in 

northwestern Ecuador. Am J Epidemiol 2012; 

176:387–395. 

15. Li LL, Liu N, Humphries EM, Yu, JM,
 

Li S, 

Lindsay BR, et al. Aetiology of diarrhoeal disease 

and evaluation of viral-bacterial coinfection in 

children under 5 years old in China: a matched case-

control study. Clin Microbiol Infect 2016; 

22(4):381.e9-381. 

16. Bhutta ZA, Das JK, Walker N, et al. Interventionto 

address deaths from childhood pneumonia and 

diarrhoea equitably: what works and at what cost? 

Lancet 2013; 381: 1417–1429.  

17. Boschi-Pinto C, Velebit L, Shibuya K. Estimating 

child mortality due to diarrhoea in developing 

countries. Bull World Health Organ 2008;86: 

710–717.  

18. Kosek M, Bern C, Guerrant RL. The global burden 

of diarrheal disease, as estimated from studies 

published between 1992 and 2000. Bull World 

Health Organ 2003; 81(3): 197–204.  

19. Canavan A, Arant BS. Diagnosis and management 

of dehydration in children. Am Fam Physician 2009; 

80(7): 692–696.  

20. Webb A, Starr M. Acute gastroenteritis in children. 

Aust Fam Physician 2005;34: 227–231. 

21. Kocaoglu C, Selma Solak E, Kilicarslan C, Arslan S. 

Fluid management in children with diarrhea-related 

hyponatremic-hypernatremic dehydration: a 

retrospective study of 83 children. Med Glas 

(Zenica) 2014;11(1):87-93. 

22. Bilal A, Sadiq MA, Haider N. Frequency of 

hyponatraemia and hypokalaemia in malnourished 

children with acute diarrhoea. J Pak Med Assoc 

2016;66(9):1077-1080. 

23. Okposio MM, Onyiriuka AN, Abhulimhen-Iyoha 

BI. Point-of-Admission Serum Electrolyte Profile of 

Children less than Five Years Old with Dehydration 

due to Acute Diarrhoea. Trop Med Health 2015; 

43(4):247-52.  

24. Rocha MC, Carminate DL, Tibiriçá SH, Carvalho 

IP, Silva ML, Chebli JM. Acute diarrhea in 

hospitalized children of the municipality of Juiz de 

Fora, MG, Brazil: prevalence and risk factors 

associated with disease severity. Arq Gastroenterol 

2012 Dec;49(4):259-65”. 
 

Elec
tro

nic
 Cop

y

https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20L%5BAuthor%5D&cauthor=true&cauthor_uid=25280870
https://www.ncbi.nlm.nih.gov/pubmed/?term=Oza%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25280870
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hogan%20D%5BAuthor%5D&cauthor=true&cauthor_uid=25280870
https://www.ncbi.nlm.nih.gov/pubmed/?term=Perin%20J%5BAuthor%5D&cauthor=true&cauthor_uid=25280870
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rudan%20I%5BAuthor%5D&cauthor=true&cauthor_uid=25280870
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lawn%20JE%5BAuthor%5D&cauthor=true&cauthor_uid=25280870
https://www.ncbi.nlm.nih.gov/pubmed/25280870
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20LL%5BAuthor%5D&cauthor=true&cauthor_uid=26724990
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20N%5BAuthor%5D&cauthor=true&cauthor_uid=26724990
https://www.ncbi.nlm.nih.gov/pubmed/?term=Humphries%20EM%5BAuthor%5D&cauthor=true&cauthor_uid=26724990
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yu%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=26724990
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20S%5BAuthor%5D&cauthor=true&cauthor_uid=26724990
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lindsay%20BR%5BAuthor%5D&cauthor=true&cauthor_uid=26724990
https://www.ncbi.nlm.nih.gov/pubmed/26724990
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kocaoglu%20C%5BAuthor%5D&cauthor=true&cauthor_uid=24496346
https://www.ncbi.nlm.nih.gov/pubmed/?term=Selma%20Solak%20E%5BAuthor%5D&cauthor=true&cauthor_uid=24496346
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kilicarslan%20C%5BAuthor%5D&cauthor=true&cauthor_uid=24496346
https://www.ncbi.nlm.nih.gov/pubmed/?term=Arslan%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24496346
https://www.ncbi.nlm.nih.gov/pubmed/24496346
https://www.ncbi.nlm.nih.gov/pubmed/24496346
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bilal%20A%5BAuthor%5D&cauthor=true&cauthor_uid=27654723
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sadiq%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=27654723
https://www.ncbi.nlm.nih.gov/pubmed/?term=Haider%20N%5BAuthor%5D&cauthor=true&cauthor_uid=27654723
https://www.ncbi.nlm.nih.gov/pubmed/27654723
https://www.ncbi.nlm.nih.gov/pubmed/?term=Okposio%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=26865828
https://www.ncbi.nlm.nih.gov/pubmed/?term=Onyiriuka%20AN%5BAuthor%5D&cauthor=true&cauthor_uid=26865828
https://www.ncbi.nlm.nih.gov/pubmed/?term=Abhulimhen-Iyoha%20BI%5BAuthor%5D&cauthor=true&cauthor_uid=26865828
https://www.ncbi.nlm.nih.gov/pubmed/?term=Abhulimhen-Iyoha%20BI%5BAuthor%5D&cauthor=true&cauthor_uid=26865828
https://www.ncbi.nlm.nih.gov/pubmed/26865828
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rocha%20MC%5BAuthor%5D&cauthor=true&cauthor_uid=23329220
https://www.ncbi.nlm.nih.gov/pubmed/?term=Carminate%20DL%5BAuthor%5D&cauthor=true&cauthor_uid=23329220
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tibiri%C3%A7%C3%A1%20SH%5BAuthor%5D&cauthor=true&cauthor_uid=23329220
https://www.ncbi.nlm.nih.gov/pubmed/?term=Carvalho%20IP%5BAuthor%5D&cauthor=true&cauthor_uid=23329220
https://www.ncbi.nlm.nih.gov/pubmed/?term=Carvalho%20IP%5BAuthor%5D&cauthor=true&cauthor_uid=23329220
https://www.ncbi.nlm.nih.gov/pubmed/?term=Silva%20ML%5BAuthor%5D&cauthor=true&cauthor_uid=23329220
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chebli%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=23329220
https://www.ncbi.nlm.nih.gov/pubmed/23329220

	Association of SerumElectrolyte Derangements with Severity of Dehydrationin Children with Acute Diarrhea

