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Introduction

In 2018, there were 18.1 million new cases of cancer and 9.6 
million deaths attributable to cancer; on average, there is a 
20% risk of getting cancer before the age of 75 and a 10% 
chance of dying from it.1 The burden of cancer in Africa is 
rising; there were 847,000 new cancer cases (6% of world 
total) and 591,000 deaths (7.2% of world total) in 2012, with 
three-fourth of it was in 47 sub-Saharan Africa countries.2

In 2017, cancer incidence in Ethiopia was 108/100,000 
population, and mortality was 84.5/100,000; the incidence to 
mortality ratio was 0.78.3 Despite the relatively low incidence 
of cancer in Africa, the mortality rate is disproportionately 

high. Poor survival of cancer patients can be attributed to 
many factors including late diagnosis, unavailability of timely 
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and standard treatment for the disease, as well as comorbidi-
ties and socioeconomic factors.

Besides the burden of cancer itself, comorbidities are an 
important independent prognostic factor for patients with 
cancer.4 The coexistence of different chronic diseases is more 
common in cancer patients than the general population with-
out cancer, hence present in 68.7% of cancer patients, and 
32.6% of these individuals had ⩾2 comorbid conditions.5 The 
prevalence of comorbidities has important clinical, health 
service, and research implications from early to the late stage 
of cancer.6

Electrolyte disorders in cancer patients have important 
prognostic implications;7 they appear to be the strongest pre-
dictors of mortality along with coagulopathy, and renal fail-
ure, increasing mortality in hospitalized patients with some 
types of cancer.8 These disorders are said to increase morbid-
ity and mortality by cancer and decrease the quality of life.9 
Critically ill cancer patients, patients having renal diseases, 
patients taking medications or in chemotherapy, and endo-
crine disorders associated with Syndrome of in appropriate 
Anti-Diuretic Hormone secretion (SIADH) were prone to 
electrolyte disorders.10,11

The occurrence of electrolyte disorders at the admission 
or during the hospitalization in cancer patients represent a 
significant factor influencing the outcome and length of hos-
pitalization. Effective and timely normalization of electro-
lyte levels had a positive effect on prognosis, as well as on 
the length of stay in the hospital, thus potentially resulting in 
life savings.12 For example, a higher rate of hyponatremia 
has a significant and independent association with longer 
hospital stay and higher mortality. Patients who had correc-
tion of hyponatremia in the hospital had a decreased risk of 
mortality.13 Recent literature also supported correction of 
hyponatremia had more positive effects, including blood 
sodium level, length of hospital stay, hospital complications, 
and hyponatremia symptoms.14 Hyponatremia has a higher 
economic cost and higher possibility of readmission, and it 
was associated with up to around $3000 higher hospital 
costs/patient when compared with the cost of normonatremic 
subjects in the United States.15

While it is a universal notion that diagnosis and treatment 
of comorbidities are necessary, due emphasis is not given to 
electrolyte disorders in cancer patients. In some diseases, 
electrolytes are being used for diagnosis and follow-up, 
while the electrolyte disorder itself is not given enough 
attention so far in the study area. In this study, we assessed 
the magnitude of electrolyte disorders in cancer patients and 
determine influencing factors.

Methods

Study area, design, subjects, and tools

The study was conducted at Jimma Medical Center (JMC) 
found in Jimma town, southwest Ethiopia. An institution-
based cross-sectional study was conducted from 1 April to 

30 May 2019 on admitted cancer patients. The study was 
conducted on 84 consecutive admitted cancer patients in this 
institution. Cancer patients with an age greater than or equal 
to 18 years were included in this facility-based cross-sec-
tional study. The sample size was calculated using a single 
population proportion formula by assuming the prevalence 
of hyponatremia in cancer 47%, (maximum sample size 
from all available literature) research conducted in the 
United States in hospitalized cancer patients13 with a confi-
dence interval of 95%, a margin of error 5%. The final sam-
ple size after applying the single population correction 
formula gave 84 patients.

A set of closed and open-ended questions were prepared 
for the sake of collecting socioeconomic and demographic 
data; the questionnaire was pretested before the actual data 
collection. Nutritional status was assessed by a questionnaire 
adopted from Patient-Generated Subjective Global Assessment 
(PG-SGA),16 developed specifically for patients with cancer. 
Body mass index (BMI) was calculated after the measurement 
of height and weight. Moreover, Cancer patient’s substance 
use was assessed by Alcohol, Smoking, and Substance 
Involvement Screening Test (ASSIST),17 an eight-item screen-
ing tool developed by the World Health Organization (WHO) 
to detect and manage substance use and related problems. The 
type of cancer, the stage of cancer, the presence and absence of 
comorbid conditions, and the presence or absence of current 
medication were recorded from patent charts.

For measuring the level of serum electrolytes, HumaLyte 
Plus5 Ion-Selective Electrolyte Analyzer (GmBH, Germany) 
was used. The measurement is performed by an ion-selective 
electrode that has five different electrodes in the analyzer: 
Na+, K+, Ca2+, Cl−, and a reference electrode was used 
under a standard operating system.

Definitions of terms

Electrolyte disorder was defined by test results indicating an 
altered level of at least one of the electrolytes (potassium, 
chloride, sodium, or calcium level), that is, either increasing 
or decreasing from the normal range. The following ranges 
were used to determine the imbalance for each electrolyte: 
Na+= 135–145 mmol/L, K+= 3.5–5.5 mmol/L, Ca2+= 2.1–
2.55 mmol/L, and Cl− = 98–108 mmol/L.18

The nutritional status of subjects was classified based on 
the PG-SGA score. A score of greater than or equal to two was 
considered as in “need of nutritional intervention” and a score 
of less than two as “needless to nutritional intervention.19

Substance use was classified in the following manner

No/Low risk for substance use-related problems—score 
for smoking and chewing is between 0 and 3 but up to10 
for alcohol.17

Moderate risk for substance use-related problems—score 
for smoking and chewing is between 4 and 26, but 
between 11 and 26 for alcohol.17
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High risk for substance use-related problems—if the 
score is above 27.17

Data analysis

Data were checked, cleared, and fed into Epi-data (version 
4.1) and then exported to SPSS (version 22.0) software for 
statistical analysis. The association of independent variables 
with electrolyte disorders was investigated by using bivari-
ate logistic regression. All independent variables with a P 
value of ⩽ 0.25 in the bivariate logistic analysis were fitted 
into multiple logistic regression to identify associated factors 
in the final model. The degree of association was interpreted 
by using odds ratios (ORs) with 95% confidence interval 
(CI) and P ⩽ 0.05 was considered as statistically significant.

Ethical clearance was obtained from Jimma University, 
Institutional Review Board (IRB); written consent was 
obtained from each study participant.

Results

Prevalence of electrolyte disorders

The overall prevalence of electrolyte disorders was 60.7% 
(51 patients). In those 51 cancer patients, the disturbance 
occurred in at least one of the four electrolytes (Na+, K+, 
Ca2+, Cl−), or in two or more of those measured electrolytes. 
Alteration of major serum electrolytes showed in Figure 1.

Disturbance of the serum level of each electrolyte also 
occurred in cancer patients. The most pronounced alteration 
occurred in serum level of Sodium (Na+) 40 (47.6%) fol-
lowed by potassium (K+) 26 (31%), then chloride (Cl−) and 
calcium (Ca2+) 19 (22.6%) each, as shown in Figure 2. The 

frequency of serum electrolyte alteration was also analyzed 
in terms of increment or decrement of each electrolyte and 
classified as hypo and hyper according to the type of 
electrolyte.

Influencing factors for occurrence of electrolyte 
disorders

To assess the association of each independent variable with 
the occurrence of electrolyte disorders, checking assump-
tions and binary logistic regression were performed. The 
presence or absence of comorbidity diagnosis, age, BMI, 
nutritional assessment, and current prescribed medication 
use were the candidate variables for multiple logistic regres-
sion analysis. Patient age was classified based on the quartile 
classification system.20

Age was one of the candidates for multiple logistic regres-
sion. Taking the fourth quartile (>55 years) as a reference, 
there was a significant difference in the odds of electrolyte 
disorders. Generally, younger patients had significantly 
lower odds for electrolyte disorders (adjusted odds ratio 
(AOR) = 0.128 (95% CI: 0.016–0.99), P value = 0.05) and the 
second quartile patients had also significantly lower odds of 
electrolyte disorders (AOR = 0.08 (95% CI: 0.01–0.81), P 
value = 0.033). There was no significant difference in the 
odds of electrolyte disorders in the third quartile and fourth 
quartile (AOR = 1.50 (95% CI: 0.25–9.05), P value = 0.655).

BMI was among the factors associated with electrolyte 
disorders. In the final model, underweight patients had 
higher odds for electrolyte disorders. Compared with the 
normal, underweight patients had closer to threefold likeli-
hood to develop electrolyte disorders (AOR = 3.13 (95% CI: 
1.07–4.99, P value = 0.043). There was no significant differ-
ence in the odds of electrolyte disorders among those having 
normal BMI and overweight patients (AOR = 1.86 (95% CI: 
0.37–9.33), P value = 0.451). The PG-SGA was used to 
assess the patient’s nutritional status, and there was a signifi-
cant difference in the odds of electrolyte disorders among 
those who were not in need of nutrition intervention and 
need nutrition intervention. Compared with those in need of 
nutritional intervention, patients not in need of nutritional 
intervention had lower odds for the disorders (AOR = 0.109 
(95% CI: 0.023–0.521), P value = 0.006).

Prescribed medications and comorbid diagnoses were 
among the factors associated with electrolyte disorders. 
Patients taking prescribed medications (for comorbid diag-
nosis treatment and for pain alleviation) had higher odds for 
electrolyte disorders. Medications had increased the likeli-
hood of electrolyte disorders by 5.5 times than with no medi-
cations (AOR = 5.58 (95% CI: 1.273–24.496, P value = 0.023). 
The presence of comorbid diseases was an important factor 
associated with electrolyte disorders. Those who had comor-
bid diseases had 10 times the risk to develop electrolyte dis-
orders than those who didn’t have comorbid diseases 
(AOR = 9.92 (95% CI: 2.051–48.00, P value = 0.004). 

One electrolyte
22%

Two electrolytes
21%

Three 
electrolytes

12%

Four electrolytes
6%

Normal
39%

One electrolyte Two electrolytes Three electrolytes
Four electrolytes Normal

Figure 1.  Category of electrolyte status based on the number 
of electrolytes altered in cancer patients admitted to JMC, 2019.
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Associated factors with electrolyte disorders are given in 
Table 1.

Discussion

In this study, the prevalence of electrolyte disorders was 
60.7%. The value observed in the present study was higher 
as compared with the one observed in Turkey; comorbidity 
was observed in 39% of the patients. The most frequent 
oncological diagnoses in these patients were lung and hema-
tological malignancies.21 The discrepancy between the two 
studies might be explained by population characteristics. For 
example, the previous study assessed patients from the emer-
gency department, while the current study encompassed all 
admitted patients in an oncology unit. The other population 
difference is that there was a relatively lower percentage of 
comorbid illness (39%) in the previous study compared with 
the current (46.4%). It should also be noted that the types of 
cancer are an important factor in the occurrence of electro-
lyte disorders. Despite our definition of electrolyte disorders, 
this figure remains high and indicates the need for interven-
tion in this area. Other comorbidities are also present in 
46.4% of the current study population.

The presence or absence of comorbid diseases, age, BMI, 
nutritional status, and current prescribed medication use 
were associated variables after multiple logistic regression 
analyses in this study. While there is no significant associa-
tion between electrolyte disorders, and sex, income, and edu-
cational status in the current study, mortality was higher in 
women with shorter rather than longer education, among 
those with lower rather than higher income.22 Socioeconomic 

differences in survival could be explained partly by cancer 
stage and comorbidity.

There was a significant association between age and elec-
trolyte disorders in this study. Older age patients were found 
to have higher odds of electrolyte disorders. It was also pre-
viously reported that the age of 75 years or more proved to be 
a significant and independent predictor of a worse overall 
and disease-specific survival as compared with age between 
65 and 74 years.23

In this study, younger patients had significantly lower 
odds for sodium alteration which was in agreement with the 
previous report in Singapore; increasing age was a strong 
independent risk factor for both hypo- and hypernatremia.24 
Aging is associated with a decreased capacity to cope with 
environmental, disease-related, and drug-related stresses in 
sodium and water balance, due to reductions in total body 
water, thirst sensation, renal responsiveness to anti-diuretic 
hormone (ADH), and glomerular filtration rate.25

There was a significant association between BMI and 
electrolyte disorders in this study. Underweight patients had 
higher odds of electrolyte disorders. Similarly, in a study 
conducted in the Netherlands, a lower BMI was associated 
with an increased risk of hypokalemia which could be 
explained by low dietary intake of electrolytes that may con-
tribute to electrolyte disorders.26

In this study, 46.4% of cancer patients had comorbid dis-
eases. In previous studies, high comorbidity (68.7%) was 
present in cancer patients, and 32.6% of these individuals 
had ⩾2 comorbid conditions. The frequency was increased 
in the elderly, smokers, and those with lower socioeconomic 
status. Rates also appeared to vary by specific tumor sites.5
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Figure 2.  Electrolyte derangements based on the type of electrolyte, in cancer patients admitted to JMC, 2019.
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In the present study, the presence of comorbid disease in 
cancer patients increases the odds (9.921 times) for electrolyte 
disorders. Previous studies had also found comorbidities like 
diabetes mellitus increase the odds (1.23 times) and hyperten-
sion (1.63 times) for the presence of at least 1 electrolyte dis-
order.26 Life expectancy was strongly related to both age and 
the burden of chronic illness; coexisting chronic illness is 
associated with a substantial reduction in life expectancy after 
a diagnosis of cancer.27 Moreover, an increased level of 
comorbidity was associated with higher all-cause mortality 
compared with patients without comorbid conditions.28

The current study showed 54.8% of patients were taking 
medications and these medications increase the likelihood of 
electrolyte disorders, as found in another study.26 The use of 

antipain is beneficial for cancer patients to alleviate pain but 
is associated with the occurrence of electrolyte disorders. 
Pharmacological agents that increase the synaptic concentra-
tion of serotonin, like tramadol, may induce inappropriate 
ADH secretion in patients who are not water-depleted. 
Tramadol alone may produce dilutional hyponatremia sec-
ondary to SIADH in certain individuals.29 Non-steroidal 
anti-inflammatory drugs inhibit renal prostaglandin synthe-
sis and cause various electrolyte and acid-base disturbances, 
including hyponatremia and hyperkalemia.30 Besides the 
analgesics, several drugs that might be used for comorbid 
diseases might induce electrolyte disorders.31

This study showed cancer patients taking medications had 
two times the risk to develop hypocalcemia compared with 

Table 1.  Bivariate and multiple logistic regression analysis of variables associated with electrolyte disorders among cancer patients 
admitted in JMC, 2019.

Variables Frequency (%) COR (95% CI) P value AOR (95% CI) P value

Sex Male 29 (34.5) 1.3 (0.53–3.47) 0.51  
Female 55 (65.5) 1.00  

Age ⩽38.25 21 (25) 0.07 (.015–.355) .001* 0.12 (0.016–0.99) .050**
38.25–47.50 20 (23.8) 0.14 (0.03–0.60) .008* 0.08 (0.01–0.81) .033**
47.50–55 21 (25) 0.93 (.217–4.01) .926 1.50 (0.25–9.05) .655
>55 22 (26.2) 1.00 1.00  

Marital status Single 4 (4.8) 0.25 (0.13–4.72) .355  
Married 68 (81) 0.91 (0.78–10.62) .942  
Divorced 9 (10.7) 0.50 (0.34–7.45) .615  
Widowed 3 (3.6) 1.00  

Educational status No formal education 35 (41.7) 2.52 (0.66–9.67) .276  
Only read and write 5 (6) 4.00 (0.27–58.56) .311  
Elementary 30 (35.7) 8.40 (0.78–39.43) .317  
Secondary and above 14 (16.7) 1.00  

Occupation Farmer 26 (31) 0.94 (0.14–6.18) .952  
Merchant 15 (17.9) 0.43 (0.06–3.16) .413  
Government employee 6 (7.1) 0.25 (0.02–2.75) .258  
House wife 29 (34.5) 1.11 (0.17–7.21) .912  
Driver 2 (2.4) 0.50 (0.01–12.89) .676  
Non-government employee 6 (7.1) 1.00  

Monthly income <1835 Birr 42 (50) 1.35 (0.56–3.25) 0.50  
⩾1835 Birr 42 (50) 1.00  

Duration of disease <19 months 42 (50) 0.75 (0.28–1.96) 0.55  
⩾19 months 42 (50) 1.00  

BMI Underweight 23 (27.4) 4.75 (1.24–18.189) .023* 3.13 (1.07–4.99) .043**
Overweight 24 (28.6) 1.17 (0.421–3.291) .757 1.86 (0.37–9.33) .451
Normal 37 (44) 1.00 1.00  

PG-SGA Not in need of nutritional 
intervention

36 (45.2) 0.09 (0.032–0.296) .00* 0.10 (0.02–0.52) .006**

Need nutritional intervention 48 (54.8) 1.00  
Medication Yes 46 (54.8) 5.52 (2.12–14.35) .00* 5.58 (1.27–24.49) .023**

No 38 (45.2) 1.00  
Comorbid 
diagnosis

Yes 39 (46.4) 6.25 (2.28–17.164) .00* 9.92 (2.05–48.00) .004**
No 45 (53.6) 1.00  

JMC: Jimma Medical Center; COR: crude odds ratio; CI: confidence interval; AOR: adjusted odds ratio; BMI: body mass index; PG-SGA: Patient-Generat-
ed Subjective Global Assessment.
*P value ⩽ 0.25 and **P value ⩽ 0.05.
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those patients without prescribed medications. This is in  
agreement with the previous study which stated that drugs  
like Aminoglycosides, Gentamicin, Phosphate enemas, 
Anticonvulsant therapy (for example, phenobarbitone, 
Phenytoin, and Magnesium sulfate) can cause hypocalcemia.31 
The study determines the magnitude and influencing factors in 
cancer patients; this study is the first of its kind in the area. With 
its strength, this study has limitations as well, readers should be 
aware of the following limitations. First, due to the cross-sec-
tional nature of the study, it failed to infer causality. Second, 
despite the finding of a high prevalence of electrolyte disorders, 
other supposed influencing factors including the stage of can-
cer, patients were symptomatic or not were not elucidated in this 
study. Third, although hospital length of stay appeared to be 
well influenced by electrolyte disorders, the study failed to 
assess hospital length of stay. Fourth, cancer patients were tak-
ing variable types of medications which poses difficulty to com-
pile and run analysis; the study failed to imply medication type 
to specific electrolyte disorder associations.

Conclusion and recommendations

Electrolyte disorders were prevalent in cancer patients. Older 
age group patients were prone to electrolyte disorders; patients 
in need of nutritional intervention were significantly associ-
ated with electrolyte disorders. Underweight, current use of 
medications, and having comorbid diagnosis had increased 
the odds for electrolyte disorders. Attention should be given to 
cancer patients especially for electrolyte disorders. Admitted 
cancer patients should be routinely screened for electrolyte 
disorders. Besides, cancer patients should be screened rou-
tinely for malnutrition and comorbid diseases. Special empha-
sis on the status of serum electrolytes should be given for 
cancer patients in old age, underweight, needing nutritional 
intervention, comorbid diseases, and taking medications.
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