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Abstract: Background and objectives: Hypernatremia can be community or hospital-acquired, and 

there may be specific factors unique to the hospital environment, such as intravenous fluid 

treatment, which contribute to hypernatremia. The aim of this study was to determine the factors 

associated with the progression from moderate to severe hospital-acquired hypernatremia among 

patients admitted under general medicine. Materials and Methods: In this retrospective, single-center 

cohort study (2012 to 2017), we used ICD-10 coding and medical records to identify adult patients 

who developed moderate hypernatremia and followed them for progression to severe 

hypernatremia. We profiled the serum biochemistry and the volume and composition of prescribed 

intravenous fluids. We applied logistic regression to determine the factors associated with the 

progression to severe hypernatremia, using the patients with moderate hypernatremia as reference. 

Results: Of the 180 medical inpatients (median age of 81 years) with moderate hospital-acquired 

hypernatremia, 9.4% progressed to severe hypernatremia. Normal saline comprised 76% of 

intravenous fluid volume administered prior to onset of moderate hypernatremia. After the onset, 

38% of fluid volume prescribed remained normal saline. The factors independently associated with 

progression to severe hypernatremia included chronic kidney disease stage (odds ratio 2.38, 95% 

CI: 1.26–4.50, P = 0.008) and serum creatinine increase (per 10 µmol/L, OR 1.29, 95% CI: 1.07–1.57, P 

= 0.009). Conclusions: Patients with chronic kidney disease and acute kidney injury may have an 

increased risk of severe hospital-acquired hypernatremia. 
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1. Introduction 

Sodium and water disorders are the most common electrolyte abnormalities in hospitalized 

patients [1]. Hypernatremia develops from either free water loss or gain of sodium, or a combination. 

In general, elderly and debilitated patients are prone to hypernatremia due to impaired sense of thirst 

and access to water, combined with a reduced concentrating ability of the kidney with aging [1]. 

Severe hypernatremia is associated with reduced cardiac function, insulin resistance, impaired 

hepatic lactate clearance, neuromuscular impairment, and cognitive dysfunction [2,3]. 

Hypernatremia is an independent predictor of mortality, proportional with its severity, and can be 

as high as 40 to 60% [4,5]. 
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Hypernatremia in hospitalized patients may either be community-acquired as part of the 

admission diagnosis, or hospital-acquired, which develops during inpatient stay. Two large studies 

in unselected cohorts of hospitalized adults suggested that hospital-acquired hypernatremia is more 

common than community-acquired hypernatremia, and hypernatremia is independently associated 

with an increased in-hospital mortality and length of stay [6,7]. 

The prevalence of hypernatremia at admission is 10 times higher in patients admitted from 

nursing homes than from community residences [8]. Community-acquired hypernatremia was also 

associated with Alzheimer’s, dementia, and impaired oral intake or access to free water, and use of 

renin-angiotensin inhibitors [9]. The driving force behind many cases of community-acquired 

hypernatremia is the altered capacity for water regulation in elderly patients and the hypernatremia 

is usually chronic in nature. In contrast, hospital-acquired hypernatremia is acute by definition, and 

cannot be purely explained by the inability to self-regulate water intake and thirst response. A 

hospital medical ward is a controlled environment, and therefore, the development of severe 

hypernatremia after admission could be viewed as an iatrogenic matter, either due to poor 

recognition or inadequate treatment [10,11]. 

While there are good studies examining the causes of community-acquired hypernatremia, there 

are fewer studies which have examined hospital-acquired hypernatremia, or such studies have not 

made a distinction between the two. We believe that the processes associated with the development 

of hospital-acquired hypernatremia are different to community-acquired cases, and they should be 

analyzed separately. 

Traditionally, the peak serum sodium is considered the most important risk factor for mortality 

[6,12,13]. The consequences of mild hypernatremia are fairly limited if recognized and treated 

appropriately. The typical general medicine patient is also elderly, where few or mild symptoms 

develop until the serum sodium reaches 160 mmol/L [1,14]. It is unclear to us why some patients 

develop severe hypernatremia in hospital, while others stabilize or improve. Thus, in this study of 

hospitalized patients, we thought it would be relevant to specifically compare patients who 

developed severe hypernatremia (peak serum sodium 160 mmol/L or greater) with those who only 

developed moderate hypernatremia (peak serum sodium 150 to 159 mmol/L) during hospitalization. 

In this context, the nature of the intravenous fluid prescription would be highly relevant. 

The aim of this study was to determine if intravenous fluid prescriptions and other potential risk 

factors were associated with the progression to severe hypernatremia in patients who had already 

developed moderate hypernatremia during hospitalization. 

2. Materials and Methods 

2.1. Study Design, Setting, and Patients 

This study was based at Dandenong Hospital in the state of Victoria, Australia. Dandenong 

Hospital is a 573-bed acute hospital within the Monash Health network, the largest hospital network 

in the state, located in the southeast region of Melbourne. The General Medicine unit consists of a 24-

bed Acute Assessment Unit and four ward-based units, managing up to 24 patients each. An 

additional medical unit is active as a winter strategy to manage additional patients. We used a cohort 

study design, for admissions between May 2012 to May 2017. We used the ICD-10-AM discharge 

diagnosis coding to identify patients with hypernatremia admitted under general medicine. We did 

not include surgical or specialty medicine patients to avoid heterogeneity of the study population. 

Specialty medicine patients often have single organ problems and a different risk profile for 

hypernatremia. The exclusion criteria were patients under 18 years old, patients with an initial 

admission serum sodium ≤125 or ≥145 mmol/L, and patients with inadequate biochemistry results 

for profiling. This study was approved by the Monash Health Human Research Ethics Committee as 

a quality initiative (RES-18-0000-671Q). 
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2.2. Study Variables and Definitions 

Hypernatremia was defined based on the peak serum sodium: mild (146 to 149 mmol/L), 

moderate (150 to 159 mmol/L), and severe (160 mmol/L and over). The biochemistry profile collected 

included serum sodium and creatinine at (1) admission, (2) onset of moderate hypernatremia, (3) 

peak hypernatremia, and (4) discharge. Basic demographic data collected included: age, sex, 

residential status, functional disability (ambulant vs. non-ambulant), and included relevant 

comorbidities of dementia, diabetes mellitus, and chronic kidney disease (CKD) based on the CKD-

EPI estimated glomerular filtration rate (eGFR). 

The onset of moderate hypernatremia (sodium 150 mmol/L) was used as a reference point for 

baseline data collection. Data collected over seven days prior to the sodium reaching 150 mmol/L 

included: intensive care (ICU)—encounter (ICU stay of >24 h), duration of delirium (days), sepsis per 

Sepsis 3 definition [14,15], duration of fasting, diuretic use, gastrointestinal loss (vomiting or 

diarrhea), prescription of an oral thickened fluid regimen (based on Australian standardized 

definitions: level 150, 400 or 900) [16], enteral or parenteral feeding, and intravenous fluid 

prescription. 

We then followed all patients after the onset of moderate hypernatremia for the development of 

severe hypernatremia (progression as the main outcome, such patients are “progressors”) and 

profiled the serum biochemistry and intravenous fluid prescription. Intravenous fluid data included 

the quantity of fluids given as their absolute and relative amounts. Intravenous fluids were regarded 

in dichotomous terms as normal saline (0.9% sodium chloride) or low saline, comprising all other 

fluid compositions with low salt solutions, inclusive of saline-free solutions such as 5% glucose. 

Diuretic use was examined in terms of duration and route (intravenous or oral furosemide). 

2.3. Statistical Analysis 

We used logistic regression to determine the factors associated with the development of severe 

hypernatremia (progressors), using patients who did not progress to severe hypernatremia (non-

progressors) as the reference group. The final multivariable logistic regression model was 

constructed using a backwards elimination method by initially including all variables with a P < 0.20 

in the univariable analysis. A test for interaction was considered significant at the 1% level. We 

compared models using Information Criteria (Akaike’s and Bayesian). We examined the model 

residuals to detect outliers and Pregibbon’s influence statistic to detect influential observations. We 

determined the model calibration (Hosmer–Lemeshow) and discrimination (c-statistic) prior to post-

estimation predictions. All analysis was performed using STATA version 15.1 (StataCorp, College 

Station, TX, USA). A P < 0.05 was considered statistically significant. 

3. Results 

3.1. Patient Characteristics 

A study flow diagram is shown in Figure 1. A total of 180 patients were included in the final 

analysis. The characteristics of the included patients, broken down by progression of hypernatremia 

status (non-progressors vs. progressors), are summarized in Table 1. The majority of patients were 

elderly and there was a slight male predominance. Approximately one-third were living in 

residential care. The median hospital length of stay was 16 days (interquartile range [IQR], 10–27 

days), with a mean length of stay of 20.2 days (standard deviation [SD], 14.5 days). 

There were some differences in the characteristics of progressors compared with non-

progressors. Patients who progressed to severe hypernatremia were marginally older and had higher 

proportions with Stage 4 or 5 CKD (eGFR <30 mL/min/1.73m2). There were no obvious differences in 

distribution between the two groups in regard to patients who had diabetes or a functional disability. 

Although overall diuretic use was not different, there was a slightly higher proportion of intravenous 

furosemide used (compared to oral diuretics) in progressors compared with non-progressors. The 
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isolated use (without loop diuretics) of low dose thiazide diuretics (4/180) or other diuretics acting 

on the distal tubules (5/180) was uncommon and could not be specifically analyzed. 

 

 

 

 

Did not meet inclusion criteria 

Not General Medicine unit = 193 

Eligible patients 

ICD-10 coding for hypernatremia  

May 2012 – May 2017 

n = 626 

Included patients 

Hospital-acquired Na+ >149 mmol/L  

n = 180 

Exclusions 

Admission Na+ <125 mmol/L = 4 

Admission Na+ >145 mmol/L = 170 

Peak Na+ <150 mmol/L = 68 

Inadequate biochemistry = 11 

 

Figure 1. Study flow diagram showing the results of the ICD-10 search, the number meeting inclusion 

criteria, and the detailed reasons for exclusion. 

Table 1. Patient characteristics by hypernatremia progression status (N = 180). 

Characteristics 
All 

n = 180 

Non-Progressors 

n = 163 

Progressors 

n = 17 

Demographics    

Age, median (IQR), years 81 (69–86) 80 (67–86) 84 (75–87) 

Male sex, n (%) 109 (60.6) 98 (60.1) 11 (64.7) 

Residential care, n (%) 55 (30.6) 49 (30.1) 6 (35.3) 

Comorbidities    

Diabetes mellitus, n (%) 46 (25.6) 41 (25.2) 5 (29.4) 

Functional disability, n (%) 10 (5.6) 9 (5.5) 1 (5.9) 

Dementia, n (%) 33 (18.3) 31 (19.0) 2 (11.8) 

Intensive care encounter, n (%) 81 (45.0) 75 (46.0) 6 (35.3) 

Chronic kidney disease 1    

No/Stage 1 (eGFR>90), n (%) 40 (22.3) 40 (24.7) 0 (0) 

Stage 2 (eGFR 60-89), n (%) 48 (26.7) 44 (27.0) 4 (23.5) 

Stage 3 (eGFR 30-59), n (%) 59 (33.0) 54 (33.1) 5 (29.4) 

Stage 4/5 (eGFR<30), n (%) 33 (18.3) 25 (15.3) 8 (47.1) 

Diuretic use    

Duration, mean (SD), days 2.2 (2.4) 2.3 (2.5) 1.4 (1.9) 

Any diuretic 2, n (%) 108 (60.0) 98 (60.1) 10 (58.8) 

Intravenous diuretic, n (%) 85 (47.2) 75 (46.0) 10 (58.8) 

Oral diuretic, n (%) 55 (30.6) 52 (31.9) 3 (17.7) 

1 eGFR based on CKD-EPI equation, in ml/min/1.73 m2.  2 Oral or intravenous diuretic. 

Abbreviations: IQR, interquartile range; eGFR, estimated glomerular filtration rate; SD, standard 

deviation. 

3.2. Trends in Serum Sodium and Creatinine 

Initially, serum sodium reached 150 mmol/L after a mean of 7.3 days (SD, 6.7 days) from 

admission. Subsequently, 9.4% (17/180) of patients progressed to develop severe hypernatremia. 
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There were differences in the biochemical profile between progressors and non-progressors (Table 

2). Admission serum sodium was similar in the two groups, but the serum creatinine was higher, on 

average, in the progressors. In non-progressors, the peak serum sodium was close to 150 mmol/L, 

indicating that serum sodium did not rise further in this subgroup. On the other hand, among 

progressors, the serum sodium continued to increase after the onset of moderate hypernatremia and 

peaked five days later, on average. Furthermore, serum sodium was still significantly abnormal on 

discharge in these patients. These sodium trends are summarized in Figure 2. 

Table 2. Serum sodium and creatinine by hypernatremia progression status. 

Biochemistry 
All Patients 

n = 180 

Non-Progressors 

n = 163 

Progressors 

n = 17 

On admission    

Na+, mean (SD), mmol/L 138 (5) 138 (5) 138 (5) 

Creatinine, mean (SD), µmol/L 154 (115) 149 (115) 193 (113) 

Creatinine, median (IQR), µmol/L 123 (85–170) 120 (80–168) 194 (112–235) 

At onset of Na+ 150 mmol/L    

Na+, mean (SD), mmol/L 152 (3) 152 (2) 155 (3) 

Creatinine, mean (SD), µmol/L 147 (105) 145 (106) 168 (84) 

Creatinine, median (IQR), µmol/L 122 (86–171) 120 (85–170) 145 (117–206) 

Time from admission, mean (SD), days 7.3 (6.7) 7.2 (6.6) 7.7 (7.6) 

At peak of Na+    

Na+, mean (SD), mmol/L 155 (4) 154 (3) 162 (3) 

Creatinine, mean (SD), µmol/L 149 (105) 144 (105) 190 (90) 

Creatinine, median (IQR), µmol/L 123 (84–174) 115 (80–163) 176 (142–219) 

Time from onset, mean (SD), days 1.5 (3.0) 1.1 (2.5) 4.8 (4.8) 

 

Figure 2. Comparison of serum sodium trends in progressors vs. non-progressors. Serum sodium 

stabilized in most patients after reaching 150 mmol/L (left panel) but progression to severe 

hypernatremia occurred in a subgroup (right panel). The horizontal dashed red line represents the 

upper limit of a normal serum sodium concentration (145 mmol/L). 
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3.3. Intravenous Fluids 

We examined the profile of intravenous fluid administration to see if there were differences 

which may explain the progressive water imbalance in some patients. Prior to the onset of moderate 

hypernatremia, 88% (159/180) of patients were receiving intravenous fluids (mean volume, 5.0 ± 4.2 

L), and normal saline was the predominant fluid type given. After the onset of moderate 

hypernatremia, 83% (149/180) remained on intravenous fluids (mean volume, 3.0 ± 2.9 L). There was 

strong evidence that the difference in volume of prescribed fluids was significant (paired t-test, t179 = 

5.9, P < 0.001). Even though there was an increasing percentage of low sodium and sodium free 

solutions used, over one-third of intravenous fluids prescribed remained as normal saline. The 

breakdown of the intravenous fluid composition is summarized in Table 3. A comparison of 

intravenous fluids by hypernatremia progression status is shown in Table 4. 

Table 3. Intravenous fluids seven days pre- and post-onset of moderate hypernatremia. 

Fluid Type 1 n (%) 
Volume in Liters 

Mean ± SD 

Percent Total Fluids 

Mean ± SD 

Prior to onset of Na+ 150 mmol/L    

0.9% NaCl 156 (86) 4.1 ± 2.8 75.6 ± 27.9 

Hartmann’s 2 65 (36) 2.3 ± 1.7 14.0 ± 22.6 

5% glucose 67 (37) 1.4 ± 1.3 7.7 ± 14.1 

4% glucose - 0.18% NaCl 2 (1) 2.0 ± 0.0 0.5 ± 4.7 

4% albumin 20 (11) 1.5 ± 1.5 2.2 ± 7.4 

After onset of Na+ 150 mmol/L    

0.9% NaCl 95 (52) 2.0 ± 1.6 38.4 ± 36.0 

Hartmann’s 26 (14) 1.7 ± 1.1 7.5 ± 20.3 

5% glucose 120 (66) 2.4 ± 1.8 53.5 ± 39.6 

4% glucose - 0.18% NaCl 8 (4) 1.9 ± 1.1 2.8 ± 14.0 

0.45% NaCl 1 (<1) 2.0 ± 0.0 0.3  ± 4.0 

4% albumin 8 (4) 1.6 ± 1.4 1.1 ± 4.8 
1 Categories of fluids are not mutually exclusive as patients may have received more than one type of 

intravenous fluids. 2 Equivalent to Ringer’s lactate solution. NaCl = Sodium chloride, Na+ = serum 

sodium, SD = standard deviation. 

Table 4. Volume (liters) of free water by hypernatremia progression status. 

Fluid Type 
All 

Mean ± SD 

Non-Progressors 

Mean ± SD 

Progressors 

Mean ± SD 

Prior to onset of Na+ 150 mmol/L    

Mostly free water 1 0.5 ± 1.0 0.5 ± 1.0 0.7 ± 1.7 

Little free water 2 4.5 ± 3.8 4.4 ± 3.7 4.9 ± 4.3 

Total fluids 5.0 ± 4.2 4.9 ± 4.2 5.6 ± 4.7 

After onset of Na+ 150 mmol/L    

Mostly free water 1 1.7 ± 1.9 1.5 ± 1.8 2.9 ± 2.5 

Little free water 2 1.4 ± 2.1 1.4 ± 2.1 1.1 ± 1.7 

Total fluids 3.0 ± 2.9 2.9 ± 2.8 4.1 ± 3.6 
1 Includes 5% glucose and 4% glucose-0.18% NaCl solutions. 2 Includes 0.9% NaCl, Hartmann’s 

(Ringer’s lactate), 0.45% NaCl, 4% albumin. 

3.4. Factors Associated with Severe Hypernatremia by Logistic Regression 

From the univariable logistic regression analyses (Supplementary Materials Table S1), there 

were four variables of interest which were associated with severe hypernatremia: age (per 5 years, 

odds ratio [OR] 1.30, 95% confidence interval [CI]: 1.00–1.69, P = 0.053), volume of free water (OR 

1.37, 95% CI: 1.10–1.72, P = 0.006), increase in serum creatinine (per 10 µmol/L, OR 1.30, 95% CI: 1.10–

1.53, P = 0.002), and CKD stage (OR 2.52, 95% CI: 1.38–4.60, P = 0.003). The ordinal nature of the CKD 
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relationship with hypernatremia suggested that parameterization as a continuous variable is 

preferred (test for linear trend, χ2(1) = 3.20, P = 0.001). 

In the multivariable model, age was not statistically significant after adjusting for the other 

covariates (per 5 years, OR 1.23, 95% CI: 0.92–1.65, P = 0.16). Thus, in the final multivariable model, 

progression to severe hypernatremia was independently associated with CKD stage (OR 2.38, 95% 

CI: 1.26–4.50, P = 0.008), rise in serum creatinine (OR 1.29, 95% CI: 1.07–1.57, P = 0.009), and volume 

of free water prescribed (OR 1.29, 95% CI: 1.01–1.66, P = 0.047). The model showed good 

discrimination (c-statistic, 0.83) and was a good fit for the data (Hosmer–Lemeshow, χ2(8) = 8.1, P = 

0.42). 

On average, a one-unit increase in CKD stage was associated with a 2.38 times higher odds of 

progression to severe hypernatremia after the onset of moderate hypernatremia, after adjusting for 

the other covariates. On average, a 10 µmol/L increase in serum creatinine after the onset of moderate 

hypernatremia was associated with a 29% higher odds of progression to severe hypernatremia, after 

adjusting for the other covariates. Every liter of free water prescribed after the onset of moderate 

hypernatremia was associated with a 29% higher odds of progression to severe hypernatremia, on 

average, after adjusting for the other covariates. 

3.5. Inpatient Mortality 

Inpatient mortality was defined as a failure to survive to discharge or transfer. Overall, 52/180 

(28.9%) of the included patients died during admission. Patients who progressed to develop severe 

hypernatremia were more likely to die during admission than those with moderate hypernatremia 

who did not progress (unadjusted OR 4.12, 95% CI: 1.47–11.5, P = 0.007). 

4. Discussion 

In this cohort study of hospital-acquired hypernatremia, we found that approximately 10% of 

patients who developed moderate hypernatremia (sodium 150 mmol/L) in hospital eventually 

progressed to severe hypernatremia (sodium 160 mmol/L or higher), and progression was associated 

with an increase odds of mortality. The main factors associated with the progression to severe 

hypernatremia were the CKD stage and a rise in serum creatinine. Patient age was less important in 

the multivariable model after accounting for CKD status. A greater volume of free water prescription 

was associated with progression to severe hypernatremia. 

We have showed an association between CKD stage and progression of hospital-acquired 

hypernatremia, even after allowing for changes in serum creatinine. Our findings are supported by 

a previous study of hospital-acquired hypernatremia, where hypernatremia was more common in 

patients with lower eGFR [6]. Given the significant role of the kidney in sodium and water 

homeostasis, there is biological plausibility for this observation. Hyponatremia is more common than 

hypernatremia in the earlier stages of CKD, but this association is reversed with CKD progression as 

water handling becomes progressively impaired [17]. Patients with an eGFR below 30 mL/min/1.73m2 

appear to have the highest risk and greater implications for mortality [17,18]. A large, longitudinal 

observational study of patients with non-dialysis CKD noted that the prevalence of hyponatremia 

was not correlated with CKD stage, but the prevalence of hypernatremia increased with advancing 

CKD [12]. Our data support this observation. Compared to patients without CKD, our Stage 3 CKD 

patients had an almost 4-fold higher odds of severe hypernatremia, while the odds were increased 

over 12-fold in our Stage 4 and 5 CKD patients. Thus, CKD stage may be a risk factor for both chronic, 

community-acquired hypernatremia as well as acute, hospital-acquired hypernatremia. 

We found that a rise in serum creatinine was closely associated with progression to severe 

hypernatremia. We noted that the volume of fluid replacement was smaller after the onset of 

moderate hypernatremia. The type of intravenous fluids prescribed is also concerning, with a high 

percentage of normal saline used, leading to the onset of moderate hypernatremia, and almost 40% 

of the volume of intravenous fluids, on average, consisted of normal saline, even after serum sodium 

had reached 150 mmol/L. Palevsky et al. reported similar findings and suggested that hospital-

acquired hypernatremia was an iatrogenic concern. In their patients who received intravenous fluids 
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after hypernatremia onset (72%), nearly 40% received normal saline exclusively as well. Our data 

were consistent with this previous finding, suggesting that the volume and composition of fluids 

given was inadequate to prevent the further rise in serum sodium concentration. However, we also 

recognize that there are many causes of a rise in serum creatinine, which may be unaccounted for. 

For example, the use of nephrotoxic medications, sepsis, and heart failure are possible confounders 

commonly seen in hospitalized general medicine patients. 

The reason for favoring and persisting with normal saline despite moderate hypernatremia 

could not be determined in our study. We can only speculate several possible reasons. There may be 

a delay in the recognition of hypernatremia, given it was not present on admission. The average 

length of stay in our patients was over two weeks and the initial onset of moderate hypernatremia 

may have been insidious, averaging one week after admission. Palevsky et al. also noted that patients 

with community-acquired hypernatremia received more appropriate fluid therapy than patients with 

hospital-acquired hypernatremia [5]. It is also possible that a fear of overly rapid correction of 

hypernatremia may explain why normal saline comprised 40% of the volume of fluids in patients 

with moderate hypernatremia in our study. The rate of correction is still debated but could have been 

quicker when there was an acute onset [19]. 

Although we found an association between a higher estimated free water volume of intravenous 

fluids and severe hypernatremia, this is not evidence of a cause–effect relationship. Rather, it may 

indicate that the higher volume of free water administered was a response to worsening 

hypernatremia. The difficulty with our analysis is that fluid treatment is dynamic and ongoing, rather 

than being a single intervention at one point in time (a time-dependent variable). However, we have 

left it in the multivariable logistic model as a covariate as it improved the precision of the model. 

Ultimately, we believe that the amount of free water prescribed was inadequate in the context of 

ongoing use of sodium-rich solutions and lower total volumes during progression of hypernatremia. 

Our finding of a 29% hospital mortality rate in patients with hospital-acquired moderate to 

severe hypernatremia was lower than the 40 to 60% reported in other studies. One possibility is the 

relatively small proportion of patients with severe hypernatremia in our study (10%). It may also 

relate to the definitions used. We only examined in-hospital mortality, whereas 30-day mortality may 

be different. We found weak evidence of an association between age and progression to severe 

hypernatremia, but age did not seem to be predictive in the multivariable model. Given that CKD 

stage is correlated with age, it is likely that the effects of age have been accounted for by CKD. 

Alternatively, age may be a stronger risk factor for community-acquired or chronic hypernatremia 

than it is for severe hospital-acquired hypernatremia. 

In this study, a history of dementia was not associated with progression to severe hypernatremia 

in hospital, even though dementia is a known risk factor for community-acquired hypernatremia. In 

our study, we excluded cases of community-acquired hypernatremia, which may have then resulted 

in an under-representation of patients with severe dementia in this cohort. In some studies, around 

50% of patients who present to hospital with community-acquired hypernatremia had dementia 

[9,20]. One study noted a statistically significant ordinal relationship between the severity of 

hypernatremia and the proportion of patients with dementia in hospitalized patients, with a mean 

age of 81 years: mild hypernatremia (76%), moderate hypernatremia (83%), and severe 

hypernatremia (98%) [21]. Thus, it was possible that patient selection may have biased both the 

mortality rate and tests for the association of dementia with hypernatremia progression in our study. 

In our experience, dementia is not the only reason for hospitalized patients to not drink adequately. 

Given the elderly cohort, acute delirium can play a role, in addition to the loss of appetite and nausea 

from illness or medication side-effects. There are also reasons for enhanced water loss, such as fever 

and vomiting. Thus, many general medicine patients rely on supplemental intravenous fluids during 

their recovery. Lastly, the heterogeneity of the strength of the association between dementia and 

hypernatremia could also be influenced by the severity of the dementia. Most studies have analyzed 

dementia as a binary factor without distinguishing the severity or stage of the condition. Further 

studies would be useful to refine our understanding of the association between dementia and 

hypernatremia. 
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The major limitations of this study were its observational design, which meant that causality 

could not be established. The number of patients experiencing the outcome of interest was also small, 

as progression to severe hypernatremia during inpatient care was uncommon. It is possible that we 

made a type 2 error when testing the association of some of the factors examined. As patients were 

identified by discharge coding, it is possible that some patients with hypernatremia were missed. We 

were not able to incorporate data on urine composition such as volume, osmolality, and sodium 

concentration, as they were inconsistently performed. The extent of missing urine data precluded the 

use of multiple imputation to account for this. These data could have provided evidence for the 

volume status of patients. In some cases, it was possible that clinicians were less aggressive in 

correcting hypernatremia due to treatment limitations placed on patient care. However, given 

patients continued to undergo blood tests, and as such, were being actively treated, this is perhaps 

less likely. This study only assessed patients in a general medicine unit and the results may only be 

generalized to other general medicine inpatients. Definitions of hypernatremia are known to vary 

between studies and can be a source of heterogeneity of results, and our study is no exception. In 

particular, the cut-off for severe hypernatremia can be anything from 152 to 160 mmol/L in adults, 

and as high as 170 mmol/L in the pediatric population [22,23]. This lack of consensus can affect how 

studies are interpreted or compared. 

5. Conclusions 

Patients with CKD should be closely monitored for the development of severe hospital-acquired 

hypernatremia, particularly in those with an eGFR less than 30 mL/min/1.73m2. An increase in serum 

creatinine is associated with progression to severe hypernatremia in patients who have already 

reached a serum sodium of 150 mmol/L. The intravenous fluid prescription should be reviewed 

regularly in these patients to ensure an adequate volume of fluid with an appropriate amount of free 

water is given. Less normal saline should be used for replacement and maintenance fluids to prevent 

progression of hospital-acquired hypernatremia. Given the mortality implications of progression of 

hypernatremia, further research would be useful to understand why fluid prescription practices 

remain suboptimal. 

Supplementary Materials: The following are available online at www.mdpi.com/1010-660X/56/7/358/s1, Table 

S1: Univariable logistic regression on severe hypernatremia. 

Author Contributions: Conceptualization, R.R. and A.K.H.L.; methodology, R.R. and A.K.H.L.; formal analysis, 

A.K.H.L.; investigation, R.R., S.C.-Y.L, S.L and V.K.; resources, R.R., S.C.-Y.L, S.L. and V.K.; data curation, R.R. 

and A.K.H.L.; writing—original draft preparation, R.R.; writing—review and editing, S.C.-Y.L, S.L, V.K. and 

A.K.H.L.; supervision, A.K.H.L.; project administration, R.R. All authors have read and agreed to the published 

version of the manuscript. 

Funding: This research received no external funding. 

Acknowledgments: We thank Ross Major (Health information services, Monash Health) for his assistance in the 

ICD-10-AM search. 

Conflicts of Interest: The authors declare no conflict of interest. 

References 

1. Adrogue, H.J.; Madias, N.E. Hypernatremia. N. Engl. J. Med. 2000, 342, 1493–1499, 

doi:10.1056/NEJM200005183422006. 

2. Darmon, M.; Diconne, E.; Souweine, B.; Ruckly, S.; Adrie, C.; Azoulay, E.; Clec'h, C.; Garrouste-Orgeas, M.; 

Schwebel, C.; Goldgran-Toledano, D.; et al. Prognostic consequences of borderline dysnatremia: Pay 

attention to minimal serum sodium change. Crit. Care 2013, 17, R12, doi:10.1186/cc11937. 

3. Lindner, G.; Funk, G.C. Hypernatremia in critically ill patients. J. Crit. Care 2013, 28, 216-e11, 

doi:10.1016/j.jcrc.2012.05.001. 

4. O'Donoghue, S.D.; Dulhunty, J.M.; Bandeshe, H.K.; Senthuran, S.; Gowardman, J.R. Acquired 

hypernatraemia is an independent predictor of mortality in critically ill patients. Anaesthesia 2009, 64, 514–

520, doi:10.1111/j.1365-2044.2008.05857.x. 



Medicina 2020, 56, 358 10 of 10 

 

5. Palevsky, P.M.; Bhagrath, R.; Greenberg, A. Hypernatremia in hospitalized patients. Ann. Intern. Med. 1996, 

124, 197–203, doi:10.7326/0003-4819-124-2-199601150-00002. 

6. Tsipotis, E.; Price, L.L.; Jaber, B.L.; Madias, N.E. Hospital-Associated Hypernatremia Spectrum and Clinical 

Outcomes in an Unselected Cohort. Am. J. Med. 2018, 131, 72–82 e1, doi:10.1016/j.amjmed.2017.08.011. 

7. Thongprayoon, C.; Cheungpasitporn, W.; Yap, J.Q.; Qian, Q. Increased mortality risk associated with serum 

sodium variations and borderline hypo- and hypernatremia in hospitalized adults. Nephrol. Dial. 

Transplant. 2019, gfz098, doi:10.1093/ndt/gfz098. 

8. Wolff, A.; Stuckler, D.; McKee, M. Are patients admitted to hospitals from care homes dehydrated? A 

retrospective analysis of hypernatraemia and in-hospital mortality. J. R. Soc. Med. 2015, 108, 259–265, 

doi:10.1177/0141076814566260. 

9. Turgutalp, K.; Ozhan, O.; Gok Oguz, E.; Yilmaz, A.; Horoz, M.; Helvaci, I.; Kiykim, A. Community-

acquired hypernatremia in elderly and very elderly patients admitted to the hospital: Clinical 

characteristics and outcomes. Med. Sci. Monit. 2012, 18, CR729, doi:10.12659/msm.883600. 

10. Snyder, N.A.; Feigal, D.W.; Arieff, A.I. Hypernatremia in elderly patients. A heterogeneous, morbid, and 

iatrogenic entity. Ann. Intern. Med. 1987, 107, 309–319, doi:10.7326/0003-4819-107-2-309. 

11. Palevsky, P.M. Hypernatremia. Semin. Nephrol. 1998, 18, 20–30. 

12. Kovesdy, C.P.; Lott, E.H.; Lu, J.L.; Malakauskas, S.M.; Ma, J.Z.; Molnar, M.Z.; Kalantar-Zadeh, K. 

Hyponatremia, hypernatremia, and mortality in patients with chronic kidney disease with and without 

congestive heart failure. Circulation 2012, 125, 677–684, doi:10.1161/CIRCULATIONAHA.111.065391. 

13. Jung, W.J.; Lee, H.J.; Park, S.; Lee, S.N.; Kang, H.R.; Jeon, J.S.; Noh, H.; Han, D.C.; Kwon, S.H. Severity of 

community acquired hypernatremia is an independent predictor of mortality. Intern. Emerg. Med. 2017, 12, 

935–940, doi:10.1007/s11739-017-1673-1. 

14. Reynolds, R.M.; Padfield, P.L.; Seckl, J.R. Disorders of sodium balance. BMJ 2006, 332, 702–705, 

doi:10.1136/bmj.332.7543.702. 

15. Singer, M.; Deutschman, C.S.; Seymour, C.W.; Shankar-Hari, M.; Annane, D.; Bauer, M.; Bellomo, R.; 

Bernard, G.R.; Chiche, J.D.; Coopersmith, C.M.; et al. The Third International Consensus Definitions for 

Sepsis and Septic Shock (Sepsis-3). JAMA 2016, 315, 801–10, doi:10.1001/jama.2016.0287. 

16. Atherton, M.; Bellis-Smith, N.; Cichero, J.; Suter, M. Texture-modified foods and thickened fluids as used 

for individuals with dysphagia: Australian standardised labels and definitions. Nutr. Diet. 2007, 64, s53–

s76. 

17. Shimizu, T.; Terao, M.; Hara, H.; Iwashita, T.; Ogawa, T.; Kanozawa, K.; Hasegawa, H. Dysnatremia in 

Renal Failure. Contrib. Nephrol. 2018, 196, 229–236, doi:10.1159/000485727. 

18. Khan, S.; Floris, M.; Pani, A.; Rosner, M.H. Sodium and Volume Disorders in Advanced Chronic Kidney 

Disease. Adv. Chronic Kidney Dis. 2016, 23, 240–246, doi:10.1053/j.ackd.2015.12.003. 

19. Chauhan, K.; Pattharanitima, P.; Patel, N.; Duffy, A.; Saha, A.; Chaudhary, K.; Debnath, N.; van Vleck, T.; 

Chan, L.; Nadkarni, G.N.; et al. Rate of Correction of Hypernatremia and Health Outcomes in Critically Ill 

Patients. Clin. J. Am. Soc. Nephrol. 2019, 14, 656–663, doi:10.2215/CJN.10640918. 

20. Maggs, F.G. The management of patients presenting with hypernatraemia: Is aggressive management 

appropriate? Clin. Med. 2014, 14, 260–263, doi:10.7861/clinmedicine.14-3-260. 

21. De Freitas, G.; Gudur, A.; Vela-Ortiz, M.; Jodelka, J.; Livert, D.; Krishnamurthy, M. Where there is sodium 

there may be sepsis. J. Community Hosp. Intern. Med. Perspect. 2019, 9, 296–299, 

doi:10.1080/20009666.2019.1634407. 

22. Ramin, S.; Ing, T.S. BMJ Best Practice: Hypernatremia (internet). New Jersey: BMJ Publishing Group 

[updated 13/2/2019; cited 10/9/2019]. Available online: https://bestpractice.bmj.com/topics/en-us/1215 

(accessed on 10 September 2019). 

23. Royal Children’s Hospital Melbourne. Clinical practice guidelines: Hypernatraemia (internet). Parkville: 

RCH [updated 12/2012; cited 10/9/2019]. Available online: 

https://www.rch.org.au/clinicalguide/guideline_index/Hypernatraemia (accessed on 10 September 2019). 

 

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access 

article distributed under the terms and conditions of the Creative Commons Attribution 

(CC BY) license (http://creativecommons.org/licenses/by/4.0/). 

 


