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Original Article 

Abstract 

Background/Aim: Community-acquired electrolyte disorders have been associated with poor prognosis following 

hospitalization and treatment for various illnesses. The aim of the study was to estimate the prevalence of abnormalities of 

serum sodium and potassium concentrations in patients with new-onset type 1 diabetes with ketoacidosis at presentation 

in the paediatric emergency departments of two Nigerian teaching hospitals. 

Method: A retrospective medical records review was performed on all paediatric patients with new-onset type 1 diabetes 

complicated by ketoacidosis seen in two Nigerian hospitals (University of Benin Teaching Hospital and Lagos University 

Teaching Hospital) over a period of 5 years. Information obtained included age at diagnosis, gender, presenting complaints 

and outcome (dead or alive). Data on serum electrolyte concentrations (sodium, potassium, chloride, bicarbonate) as well 

as blood glucose before initiation of fluid resuscitation and insulin therapy were extracted. The anion gap and effective 

osmolality were computed. 

Results: Overall, 25(53.2%; 95% Confidence interval, CI= 38.9-67.5) of the 47 patients had abnormalities in serum 

sodium, potassium or a combination of both. With regard to serum sodium, isolated abnormalities were found in 14(29.8%; 

95% CI =16.7-42.9) of 47 patients.  Hyponatremia occurred in 25.5% (95% CI=19.1-31.9) and hypernatremia occurred in 

2.1% (95% CI = 0.01-4.2). Of the 47 patients, 10(21.3%; 95% CI =15.3-27.3) had isolated serum potassium abnormalities. 

The frequency of hypokalemia and hyperkaliemia were 8.5% (95% CI= 4.4-12.6) and 10.6%(95% CI= 6.6-15.1), 

respectively.  The hypokalemia was severe (< 2.5mmol/L) in 2.1% of cases. The frequency of combined hyponatremia and 

hypokalemia was 2.1%. The mean anion gap was 18.6±0.6 (95% CI =18.4-18.8). The mean time for resolution of 

ketoacidosis was 2.8±0.6 days (95% CI= 2.6-3.0). Five (10.9%) of the 47 patients were toddlers (1 to 3 years old). Polyuria, 

weakness and anorexia were the key presenting complaints in toddlers with DKA. Of the 28 patients from UBTH, one 

(3.4%) died and the patient had severe mixed electrolyte disturbances (hyponatremia, hypokalemia and acidosis).  

Conclusion: At point of hospitalization for paediatric new-onset diabetes with ketoacidosis, disturbances in serum sodium 

and potassium concentrations were common. Polyuria, weakness and anorexia were the key presenting complaints in 

toddlers with DKA. 
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Although it is estimated that a total body potassium deficit 

of 3-6mmol/kg occurs at presentation of DKA, 

pretreatment serum potassium levels are usually normal 

due to the intracellular shift of potassium that occurs with 

metabolic acidosis and insulin deficiency (10). In this 

regard, hypokalemia occurs only in 5-10% of patients at 

presentation of DKA but very rarely is the concentration 

less than 2.5mmol/L (12, 13). The principal factor 

responsible for DKA-associated potassium depletion is 

increased renal losses due to the osmotic diuresis and 

ketoacid anion excretion (10). In addition, insulin plays a 

major role in mediating muscle potassium uptake to 

control the plasma potassium concentration (14, 15) via 

regulation of Na+/K+-ATPase activity (6). Davis et al in 

Colorado, USA reported a case of an 8-year-old girl with 

profound hypokalemia (1.3mmol/L) accompanied by 

cardiac dysrhythmia at presentation of DKA (15).  In that 

study (15) insulin infusion was delayed until after serum 

potassium has risen above 2.5mmol/L with treatment, as 

recommended by ISPAD (4). A similar approach has been 

recommended by Murthy et al (16).  

This mode of management was possible because the 

physician had knowledge of the serum potassium level at 

point of admission. Such knowledge prevents iatrogenic 

morbidity and mortality with regard to hypokalemia (14).  

In a Pakistani retrospective study involving children less 

than 15 years old, the prevalence of hypokalemia was 

8.0% (17). Despite low total body potassium, severe 

hyperkalemia may be associated with DKA as a result of 

deficit in body fluid, mainly caused by osmotic diuresis, 

and diminished renal function (18).  As therapy is begun, 

serum potassium declines, sometimes precipitously due to 

continued urinary loss of potassium, dilution of 

extracellular fluid, correction of acidosis and administered 

insulin causing re-entry of potassium into the cells (18). 

Profound hyper- or hypokalemia, even if transient, could 

be dangerous or prove fatal (19). Some studies have 

shown that physiologically, significant racial differences 

exist in sodium and potassium homeostasis (20, 21). To 

the best of our knowledge, there is no published Nigerian 

study on details of serum sodium and potassium profiles 

of children and adolescents with new-onset diabetes 

complicated by ketoacidosis.  

The purpose of the study was to estimate the prevalence 

of abnormalities of serum sodium and potassium 

concentrations in patients   with new-onset type 1 diabetes 

mellitus with ketoacidosis at presentation in the paediatric 

emergency departments of two Nigerian teaching 

hospitals. 

Introduction 

Serum electrolytes play an important role in many 

physiologic and metabolic processes in the body. In the 

paediatric age group, community-acquired electrolyte 

disorders have received very little attention despite its 

potential in influencing prognosis (1). Among acutely ill 

children and adolescents, alterations in serum sodium and 

potassium concentrations are common, leading to 

increased morbidity and mortality (2).  The American 

Diabetes Association (ADA) and the International Society 

for Pediatric and Adolescent Diabetes (ISPAD) 

consensus statements for managing diabetic ketoacidosis 

(DKA) recommend determining the serum potassium 

concentration prior to commencement of insulin therapy 

(3, 4).   Such a recommendation is aimed at preventing 

iatrogenic morbidity and mortality associated with 

profound hypokalemia which may potentially complicate 

insulin therapy.  

DKA is characterized by hyperglycemia, ketonemia 

(ketonuria) and metabolic acidosis (with elevated anion 

gap). In patients with DKA, serum sodium concentration 

is variable, reflecting the balance between the 

hyperglycemia-induced movement of water from 

intracellular to extracellular compartment that lowers 

serum sodium concentration by dilution and the 

glycosuria-induced osmotic diuresis which tends to 

elevate the serum sodium concentration (5). 

In addition to this effect of hyperosmolality, insulin is 

known to stimulate the activity of sodium-potassium 

ATPase (Na+/K+-pump) whose activity extrudes 

sodium from cells in exchange of potassium at a ratio of 

3:2, respectively (6). The resultant effect is alteration in the 

distribution of sodium and potassium in the intra- and 

extracellular fluid spaces in conditions of insulin 

insufficiency. In this regard, Beukhof et al reported that 

independent of hyperglycemia, diabetes mellitus per se is 

associated with hyponatremia (7). In the presence of 

hyperglycemia, an elevated or normal serum sodium 

concentrations indicate a clinically significant deficit in 

total body water (8). The report of one study suggested 

that high serum sodium and glucose levels represent the 

most important determinants for the occurrence of 

rhabdomyolysis (9), a known rare complication of DKA 

(4, 10).  In a study in USA involving children aged below 

17 years with DKA, 33% of the patients had 

hypernatremia (11).  In addition, the authors concluded 

that there is increased likelihood of children with new-

onset diabetes presenting with hypernatremia (11). 
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Materials and Methods 

In this retrospective study, the medical charts of all 

children and adolescents with newly diagnosed type 1 

diabetes complicated by DKA who presented at the 

paediatric emergency departments of two Nigerian 

hospitals namely, University of Benin Teaching Hospital 

(UBTH) and Lagos University Teaching Hospital 

(LUTH) over a 5-year-peroid (1st January, 2012 to 31st 

December, 2016) were retrieved and audited. The Health 

Research and Ethics Committee of LUTH approved the 

study and waived the requirement for informed consent.  

Diabetic ketoacidosis was diagnosed based on the 

presence of hyperglycemia (blood glucose > 11.1mmol/L 

or 200mg/dl), ketonuria and metabolic acidosis (serum 

bicarbonate < 15mmol/L) (4).  These patients were first 

admitted into the paediatric emergency departments for 

stabilization and were subsequently transferred to the 

wards for continuation of management.  

The detailed evaluation of each patient at presentation 

included measurement of the following biochemical 

parameters blood glucose, serum electrolytes, full blood 

count, serum creatinine and urine ketones.  Serum sodium 

and potassium concentrations were estimated by flame 

photometer. Hourly monitoring of vital signs, neurologic 

status and blood glucose were performed and recorded.  

The ketoacidosis was considered to have resolved if 

serum bicarbonate rose above 15mmol/L with a normal 

anion gap and stabilization of the patient’s clinical 

condition (presence of normal vital signs and absence of 

vomiting). Additional information obtained from the case 

files included age, gender, time of resolution of DKA and 

final outcome (dead or alive). Effective osmolality was 

calculated, using the formula: Effective osmolality = [2 x 

(serum sodium) + (blood glucose in mmol/L)].  Anion 

gap was calculated using the formula: Anion gap = [Serum 

sodium – (Serum chloride + serum bicarbonate)] (4). 

Definition of terms:  

Hyponatremia = serum sodium below 135mmol/L; 

severe hyponatremia = serum sodium below 120mmol/L; 

hypernatremia = serum sodium above 150mmol/L; 

hypokalemia = serum potassium below 3.5mmol/L; 

severe hypokalemia = serum potassium below 

2.5mmol/L; hyperkalemia = serum potassium above 

5.5mmol/L.  

Data Analysis 

The data were collected and entered into an Excel spread  

 

sheet. Accuracy of the data entered was double checked. 

Data were analyzed, using Microsoft Excel and SPSS 

(Statistical Package for Social Sciences) version 20.0. 

Descriptive statistics such as frequencies, means, standard 

deviations were used in describing all the variables. 

Confidence intervals, frequency distribution, percentages 

and ratios were calculated.  Student’s t-test was used in 

ascertaining the significance of difference between two 

means with p-value set at < 0.05. 

Results 

A total of 53 case files of the relevant patients were 

available but six were excluded because of incomplete 

information, leaving 47 (88.7%) which constituted the 

study population.  Of the 47 patients, 28 (59.6%) were 

from UBTH and 19 (40.4%) were from LUTH, giving a 

ratio of 1.5:1. As shown in Table 1, majority of the 

patients were above 10 years old and there were more girls 

than boys (female to male ratio 1.4:1). Five (10.9%) of the 

47 patients were toddlers. Among these toddlers, the 

presenting complaints were polyuria (defined by 

excessively wet cloth napkins/diapers/ increased 

frequency of change of cloth napkins/diapers) (100.0%), 

weakness (100.0%), anorexia (80.0%), breathlessness 

(60.0%), vomiting (60.0%) and lethargy (60.0%). All the 

toddlers had obvious signs of dehydration at presentation. 

Overall, a combination of polyuria and polydipsia was the 

leading presenting complaints (Table 1).  The mean 

HbA1C was 11.4±2.3%. There was no gender difference 

in mean blood glucose concentrations, being 27.7mmol/L 

in each of the sexes.  Overall, 25(53.2%; 95% Confidence 

interval, CI= 38.9 - 67.5) of the 47 patients had 

abnormalities in serum sodium, potassium or a 

combination of both.  Table 2 showed that the mean 

serum sodium was lowest in children aged below 5 years.  

With regard to serum sodium, Table 3 showed that 

isolated abnormalities were found in 14(29.8%; 95% 

CI=16.7- 42.9) of the 47 patients. Isolated hyponatremia 

and hypernatremia occurred in 25.5%(95% CI=19.1-31.9) 

and 2.1%(95% CI=0.01- 4.2) of the patients, respectively.  

Of the 47 patients, 10(21.3%; 95% CI=15.3-27.3) had 

isolated abnormalities in serum potassium. The frequency 

of hypokalemia and hyperkalemia were 8.5% (95% CI= 

4.4-12.6) and 10.6% (95% CI= 6.1-15.1), respectively 

(Table 3).  The hypokalemia was severe (< 2.5mmol/L) in 

2.1% of cases. The frequency of combined hyponatremia 

and hypokalemia was 2.1%. The mean anion gap and 

effective osmolality were 18.6±0.6 (95% CI =18.4-18.8) 

and 301.3±10.0mOsm/kg H2O (95% CI= 298.4-304.2), 

respectively. The mean time for resolution of ketoacidosis  
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*N = Total number of patients 

 

 

Parameter Number Percent (%) 

Gender (N=47)   

Male 20 42.6 

Female 27 57.4 

Age in years (N=47)   

Below 5 7 14.9 

5-10 18 38.3 

Above 10 22 46.8 

Presenting complaints (N=47)   

Polyuria alone 27 57.4 

Polyuria plus polydipsia 41 87.2 

Nocturia 28 59.6 

Weight loss 12 25.5 

Breathlessness 24 51.1 

Abdominal pain 11 23.4 

Vomiting 19 40.4 

Anorexia 13 27.7 

Impaired consciousness 25 51.2 

 
 

  

Parameter Mean serum  
Sodium 

95% CI Mean serum  
potassium 

95% CI 

Age in years (N=47)     

Below 5 (n=7) 125.5±3.8 122.7-128.3 4.7±0.19 4.6 - 4.8 

5-10 (n=18) 133.5±3.1 132.1-134.9 3.9±0.16  3.8 - 4.0 

Above 10 (n=22) 137.0±2.7 135.9 - 138.1 5.5±0.18  5.4 - 5.6 

Gender (N=47)     

Male(n=20) 132.8±2.6 131.7-133.9 4.4±0.17  4.3- 4.5 

Female (n=27) 132.4±2.4 131.5 -133.3 4.7±0.16 4.6 - 4.8 

was 2.8±0.6 days (95% CI= 2.6-3.0). Of the 28 cases seen 

in UBTH, one (3.4%) patient died and she was aged 

15years with severe mixed electrolyte disturbances; 

hyponatremia (serum sodium 124mmol/L), hypokalemia 

(serum potassium 2.6mmol/L) and severe acidosis (serum 

 

 

bicarbonate 5mmol/L). In addition, she received 

intravenous fluid and treatment for suspected cerebral 

malaria before referral to UBTH.  No death was recorded 

among the cases seen in LUTH. 

 

 Table 1: Distribution of gender, age and presenting complaints among the subjects. 

Table 2: Mean serum sodium and potassium concentrations according to age, gender and admission blood 

glucose levels. 
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*BG = Blood glucose; ** CI = Confidence interval; N = Total number of patients; n = Number of patients in each 

subgroup  

 

 

 

  

Admission BG level 
 mmol/L (N=47) 

    

Below 20 (n=4) 129.0±3.1 126.0 - 132.0 4.5±0.12 4.4 - 4.6 

20-30 (n=16) 128.6±2.9 127.2 - 130.0 4.3±0.14 4.2 - 4.4 

Above 30 (n=27) 134.4±2.8  133.3 - 135.5 4.8±0.13 4.7- 4.9 

Type of electrolyte 
Disturbance 

 
Number  

 
Percent (%) 

Hyponatremia 12 25.5 

Hypernatremia 1 2.1 

Severe hyponatremia  1 2.1 

Hypokalemia 4 8.5 

Hyperkaliemia 5 10.6 

Severe hypokalemia 1 2.1 

Hyponatremia plus  
hypokalemia 

 
1 

 
2.1 

Total 25 53.5 

Table 3: Frequency of abnormal serum sodium and potassium concentrations among 47 patients at point 

of hospitalization 

Discussion 

We found that at the point of admission in our paediatric 

emergency departments, slightly over half of the patients 

with new-onset diabetes complicated by ketoacidosis had 

abnormalities of serum sodium and potassium. 

Comparison was not possible because we could not find 

any report of a similar study. In a study in Karachi, 

Pakistan 17.9% of patients with DKA were found to have 

abnormalities in serum sodium and potassium during 

treatment (22). However, the authors did not state the 

prevalence rates of these electrolyte abnormalities at point 

of admission. Our study was different in that we studied 

the prevalence at point of admission before initiation of 

fluid resuscitation and insulin therapy. Despite this 

difference, the report of that study suggested that 

abnormalities of serum sodium and potassium may have 

been present at point of hospitalization. Also, in that study 

the authors stated that the biochemical complications 

were more frequent in children with newly diagnosed type 

 

1 diabetes than in those with established diabetes (22). 

Data from the present study revealed that disturbances in 

serum sodium was 2.5 times more frequent than 

disturbances in serum potassium. An explanation for this 

finding may be found in the report of Dunger at al regarding 

sodium and potassium losses in DKA (23). In that report, 

sodium losses (5-13mmol/L) per kilogram body weight was 

greater than the losses for potassium (3-6mmol/L) (23). A 

decline in serum sodium is a well-known osmoregulatory 

response to hyperglycemia (5). The frequency of isolated 

hyponatremia (25.5%) in our study was comparable to 

32.8% reported from Indonesia (24) but three times greater 

than that reported from Kenya (2). The higher frequency 

found in our study may be explained by differences in study 

population. We studied children with hyperglycemia 

complicated by ketoacidosis whereas the Kenyan study 

involved only children with hyperglycemia and no 

ketoacidosis. The frequency of hypernatremia found in the  
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present study was 3-fold lower than 7.0% reported in a 

prospective among children with DKA (25). The report of 

a retrospective study from Children’s hospital in Alabama, 

USA revealed that 33.0% of patients with DKA had 

hypernatremia (11).  

The reason for the wide difference in prevalence of 

hypernatremia is not clear. It is possible that it is related to 

study design. Our study was retrospective whereas the 

other study was prospective (25) and cutoff for 

hypernatremia was 149mmol/L in Monroe et al study (11). 

We applied a slightly higher cutoff of above 150mmol/L 

which may have resulted in our lower prevalence.  In the 

presence of hyperglycemia, an elevated serum sodium 

concentration indicates a clinically significant deficit in 

total body water (8). With regard to serum potassium, one-

fifth (21.3%) of all our patients had isolated abnormal 

serum potassium concentration with a hyperkalemic 

prevalence rate of 10.6%. The frequency of hyperkaliemia 

in the present study was lower than the frequency (20.7%) 

reported in a study in Paskistan (24). The prevalence rate 

(8.5%) of hypokalemia in the present study was 

comparable to 8% reported from Pakistan (17) but lower 

than 13.8% reported in a study in China (26).  

The reason for the difference in prevalence rates at 

presentation between our patients and those from China 

is not clear. The implication in clinical practice is that more 

attention should be paid to serum potassium at 

presentation as well as during treatment of DKA to avoid 

precipitating a dangerously low serum potassium levels 

following initiation of insulin therapy. According to 

Beigelman, profound hypokalemia, even if transient, could 

be dangerous or prove fatal (19). 

In addition, Murthy et al have also emphasized the 

therapeutic challenges posed by profound hypokalemia at 

presentation in the management of DKA (16). We found 

severe hypokalemia in 2.1% of cases. This was in keeping 

with 2.3% reported from Pakistan (17). Although our 

prevalence of severe hypokalemia was low, it could prove 

fatal, if not recognized prior to initiation of insulin 

therapy. Other investigators have expressed a similar 

opinion (15, 16). Thus, reinforcing the recommendations 

of ADA and ISPAD concerning obtaining serum 

potassium values before initiation of insulin therapy (3, 4). 

One of our patients had simultaneous co-existence of 

hyponatremia and hypokalemia. This is surprising because 

previous reports from Japan indicated an inverse  

 

 

 

relationship between serum sodium and potassium in 

DKA (27, 28).  

Generally speaking, co-existence of hyponatremia and 

hypokalemia are suggestive of diuretic-induced 

hyponatremia. The subjects in the present study were not 

on any diuretic medication. Is it possible that the osmotic 

diuresis secondary to glycosuria is responsible for this 

finding the index patient with hyponatremia and 

hypokalemia was the only mortality (case fatality 3.4%) 

recorded in this study in addition, she had severe acidosis 

(serum bicarbonate 5mmol/L)? Together, these mixed 

electrolyte derangements may point to a more severe 

metabolic disturbance. Our case fatality rate was 

comparable with 3.4% reported from Pakistan (17). 

Although not a primary objective of the present study, we 

determined the anion gap and noted the clinical 

presentation of DKA in toddlers. In the present study, the 

mean anion gap was lower than 30.2±8.6 reported from 

Riyadh, Saudi Arabia (29). The reason for the difference is 

not immediately obvious. This finding may suggest that 

children presented with more severe disease in Saudi 

Arabia compared to Nigeria. The clinical implication 

needs to be determined in future studies.  The mean time 

for resolution of ketoacidosis in our patients was 

comparable to 48-72 hours reported by Lone et al, among 

new-onset DKA in Pakistan (22). In that study they 

showed that the time of resolution of DKA was shorter in 

established diabetes than in new-onset diabetes (22). In 

another study in Pakistan, the mean time of resolution 

ketoacidosis was 19.1±19.5 hours (17).  

However, the subjects included patients with established 

diabetes. Thus, accounting for their shorter time 

compared to our study.    The presenting complaints in 

toddlers differed from those of older children. In this 

regard, polyuria, weakness and anorexia were more 

prominent in toddlers than in older children. This is 

similar to the reports of other researchers (30,31). 

Therefore, physicians should remain vigilant and maintain 

a high index of suspicion for DKA in toddlers because 

classical presenting complaints may be absent in them 

coupled with the fact that they may not verbalize their 

complaints to the caregivers. 

In conclusion, at point-of-admission disturbances in 

serum sodium and potassium concentrations were 

common in paediatric new-onset diabetes with 

ketoacidosis. Polyuria, weakness and anorexia were the 

key presenting complaints in toddlers with DKA. 
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