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presence of hyponatremia and hyperkalemia as was current 
use of diuretic medication. Male gender was associated with 
a decreased prevalence of hyponatremia and hypokalemia, 
while it was a predictor of hyperkalemia.  Conclusions:  So-
dium levels were lower with increasing age, independent of 
diuretic intake, while potassium levels were higher. We 
found dramatically increasing prevalences of hyponatremia 
and hyperkalemia with increasing age, while no such effect 
could be found for hypernatremia and hypokalemia. 

 © 2014 S. Karger AG, Basel 

 Introduction 

 Disorders of serum sodium and potassium are com-
mon in outpatients and were found to be present in more 
than 10% of patients, respectively  [1–3] . Many factors 
have been found to be associated with the development of 
dysnatremias and dyskalemias, with diuretic therapy be-
ing the most prominent  [4, 5] . Hyponatremia is often a 
consequence of diuretic therapy, the syndrome of inade-
quate vasopressin secretion or a low effective circulating 
volume as in heart failure or cirrhosis of the liver, while 
hypernatremia is most often due to dehydration in am-
bulatory patients or inadequate fluid therapy in critically 
ill patients  [6, 7] . Hypokalemia most often is a conse-
quence of diuretic therapy while hyperkalemia often is 
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 Abstract 

  Background:  It was found that age and female gender are 
predisposing factors for hyponatremia in patients taking thi-
azides.  Objective:  To investigate whether a relationship ex-
ists between age and gender and serum sodium and potas-
sium as well as the prevalence rates in a large population of 
patients presenting to the emergency department of a uni-
versity hospital.  Methods:  In this retrospective analysis we 
gathered data on age, gender and current diuretic medica-
tion of all patients admitted to the emergency department 
of a large university hospital with measurement of serum so-
dium and potassium between January 1, 2009 and  December 
31, 2010. Prevalence rates of and risk factors for electrolyte 
disorders were calculated on the basis of these data.  Results:  
A total of 20,667 patients were included in the analysis. Se-
rum sodium levels declined significantly with increasing age 
while serum potassium rose, independent of diuretic medi-
cation at presentation. The prevalence rates of hyponatre-
mia and hyperkalemia increased from 2.3% for hyponatre-
mia in patients aged 16–21 years to 16.9% in patients aged 
>80 years and from 0.8% for hyperkalemia to 10.4%. In the 
regression analysis, age >60 years was a predictor for the 
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due to various medications (ACE inhibitors/angiotensin 
receptor blockers, diuretics) and/or renal insufficiency  [8, 
9] . In one study, age was found to be an independent pre-
dictor for hypo- and hypernatremia  [10] , however it did 
not take into account the medications of patients predis-
posing to the development of dysnatremias. It was also 
found that age and female gender might predispose to the 
development of hypokalemia  [11, 12] . In the present 
study we aimed at clarifying whether a relationship be-
tween patients’ age and gender and the prevalence of dis-
orders of serum sodium and potassium exists under con-
sideration of their present diuretic medication.

  Methods 

 This retrospective analysis included all patients presenting to 
the Department of Emergency Medicine of a large university hos-
pital between January 1, 2009 and December 31, 2010, with mea-
surements of serum sodium and potassium. We obtained demo-
graphic data from all patients, such as gender, age, along with data 
on the current medication with a focus on currently prescribed 
diuretic agents. The normal range for serum sodium was defined 
as 135–145 mmol/l and as 3.5–4.7 mmol/l for potassium in accor-
dance with the ranges of our central laboratory.

  All data are presented as means and standard deviation or me-
dian and first and third quartile, as appropriate. Uni- and multi-
variate regression analysis (age, sex, presence of diuretic therapy, 
electrolyte disorders as variables) were calculated using Statistica 
10.0 software (StatSoft, Inc., Tulsa, Okla., USA).

  The study was approved by the institutional review board of the 
University Hospital of Bern. Due to the retrospective design of the 
study the need for patients’ informed consent was waived.

  Results 

 During the study period a total of 20,667 patients pre-
sented to the Department of Emergency Medicine and 
received measurements of serum sodium and potassium 
levels. 11,986 patients (58%) presented due to medical 
reasons and 8,681 patients (42%) due to surgical referral 
reasons. The mean age of patients was 52 years (SD 20) 
and 57% of patients were male. A total of 2,371 patients 
(11%) were on diuretic medication at the time of referral 
to our emergency department. 1,764 patients (74%) had 
one, 527 (22%) had two, 74 (3%) had three, and 6 (1%) 
patients were on four different diuretic substances. Loop 
diuretics were the most common being taken by 1,366 
patients (58%) followed by thiazide-type diuretics taken 
by 1,002 patients (42%) and aldosterone antagonists be-
ing present in 395 patients (17%). Mean serum sodium at 
presentation was 139.08 mmol/l (SD 3.75) and serum po-

tassium was 3.94 mmol/l (SD 0.48). A clear age-depen-
dent decline of serum sodium concentration could be 
seen in our patients from 140.1 mmol/l (SD 2.6) in pa-
tients in the age group 16–21 years compared to 
138.2 mmol/l (SD 4.6) in patients >80 years, p < 0.001. 
With serum potassium levels, a steady age-dependent rise 
was found ranging from 3.8 mmol/l (SD 0.35) in patients 
between 16 and 21 years of age to 4.1 mmol/l (SD 0.59) in 
patients >80 years, p < 0.001. Overall, we saw a significant 
correlation between patient age and serum potassium 
(R = 0.19, p < 0.05) and a significant inverse correlation 
with serum sodium (R = –0.17, p < 0.05). Excluding pa-
tients taking diuretics, the correlation remained signifi-
cant both for serum sodium (R = –0.16, p < 0.05) and po-
tassium (R = 0.19, p < 0.05). Correlating to these findings, 
the prevalence rates of hyponatremia and hyperkalemia 
increased with age from 2.3% for hyponatremia in pa-
tients aged 16–21 years to 16.9% in patients >80 years and 
0.8% for hyperkalemia to 10.4% ( fig. 1 ).  Table 1  gives an 
overview of the prevalence rates of dyskalemias and dys-
natremias stratified for age groups.

  In the multivariate regression analysis, age >60 years 
(OR 2.5, 95% CI 1.9–3.0, p < 0.001) and current diuretic 
therapy (OR 1.9, 95% CI 1.7–2.2, p < 0.001) were risk fac-
tors for the presence of hyponatremia, while male gender 
was slightly protective (OR 0.88, 95% CI 0.8–1, p = 0.005). 
For hypernatremia, neither age nor sex or diuretic thera-
py was a predictor. Age >60 years (OR 3.3, 95% CI 2.8–
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  Fig. 1.  Prevalence rates of dysnatremias and dyskalemias stratified 
for age group. 
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3.8, p < 0.001), male gender (OR 1.6, 95% CI 1.4–1.8, p < 
0.001) and diuretic medication (OR 2.2, 95% CI 1.9–2.5, 
p < 0.001) were predictors of hyperkalemia. On the other 
hand, current diuretic therapy was a risk factor for hypo-
kalemia (OR 1.6, 95% CI 1.5–1.9, p < 0.001), while age >60 
years (OR 0.8, 95% CI 0.7–0.9, p < 0.001) and male gender 
(OR 0.6, 95% CI 0.5–0.7, p < 0.001) were protective.

  Discussion 

 In the present study, we found a significant increase 
of the prevalence of hyponatremia and hyperkalemia 
with increasing age while prevalence rates for hyperna-
tremia remained stable with age and even slightly de-
creased for hypokalemia. The serum sodium concentra-
tion of patients significantly correlated inversely with 
the age of patients while the serum potassium concen-
tration positively correlated. This finding was also seen 
when excluding patients currently taking diuretic medi-
cation. In the regression analysis, age >60 years was a 
predictor for the presence of hyponatremia and hyper-
kalemia as was current use of diuretic medication. Male 
gender was associated with a decreased prevalence of hy-
ponatremia and hypokalemia while it was a predictor of 
hyperkalemia.

  Our present findings support data from studies on thi-
azide-induced electrolyte disorders where higher age and 

female sex were found to be a risk factor for the develop-
ment of hyponatremia  [13–15] . However, interestingly, 
we also found an age-related decline in serum sodium 
concentration and a rise in serum potassium concentra-
tion that was also present after exclusion of patients taking 
diuretics. To our knowledge this finding has until now 
never been described and its causes are unclear. One can 
speculate that other than diuretics, declining renal func-
tion or an altered physiologic threshold in the elderly may 
play a role in the age-related changing electrolyte levels. 
Whichever way, it may explain at least to some degree the 
higher susceptibility of the elderly to the development of 
electrolyte disorders after starting new medications (di-
uretics, ACE inhibitors, etc.). Another interesting finding 
was that we could not see a significant increase in the prev-
alence of hypernatremia with age (as was described previ-
ously), although this specific electrolyte disorder is usu-
ally considered to be almost exclusively found in the el-
derly, critically ill and nursing home residents  [10, 16, 17] .

  Our study is limited by its retrospective design and the 
lack of data on the current medications of patients other 
than diuretics. Additionally, it should be noted that other 
factors than diuretics might contribute to the develop-
ment of dysnatremias and dyskalemias which are not 
considered in the current analysis. Also, we do not have 
detailed data on the morbidities of patients.

  In conclusion, serum sodium levels were lower with 
the increasing age of patients, independent of diuretic in-

 Table 1.  Prevalence rates of dysnatremias and dyskalemias, serum sodium, potassium (both in mmol/l) and creatinine (in μmol/l) levels 
according to age group of patients

 Age group, years

16–20 21–3 0 31–40 41–50 51–60 61–70 71–80 >80

Patients 1,302 2,847 2,562 3,039 2,964 3,094 2,630 2,229
Male, % 52 52 57 61 64 61 57 47
Diuretics, % 0.3 0.6 1.5 3.9 9.3 16.4 25.8 32.8
Male, % 50 31 72 60 64 63 54 41
Creatinine, ±SD 69.6±37.3 69.4±26.3 71±36.1 73.7±43.3 80±73.4 88.3±72.7 103.6±40.3 105.9±80.8
Na+ level, ±SD 140.1±2.6 139.9±2.75 139.7±2.9 139.3±3.4 139±3.9 138.5±4.3 138.3±4.2 138.2±4.6
Hyponatremia, % 2.3 2.8 3.4 6.2 8.9 13.5 15.2 16.9
Male, % 47 52 59 57 67 58 49 34
Hypernatremia, % 2.3 1.8 1.2 1.5 1.1 1.6 1.5 1.9
Male, % 80 67 65 64 42 56 56 50
K+ level, ±SD 3.8±0.35 3.8±0.37 3.86±0.39 3.89±0.4 3.94±0.47 3.98±0.52 4.04±0.55 4.1±0.59
Hypokalemia, % 11.8 12.8 11.1 10.2 11.4 11 10.9 10
Male, % 46 42 51 50 54 45 45 26
Hyperkalemia, % 0.8 1.5 1.3 2.1 4.1 5.7 8.8 10.4
Male, % 60 64 67 65 70 74 65 58
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take, while serum potassium levels were higher. We found 
dramatically increasing prevalence rates of hyponatremia 
and hyperkalemia with the increasing age of patients, 
while no such effect could be found for hypernatremia 
and hypokalemia.
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