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ABSTRACT

Hyponatremia prolongs hospital stay and hypernatremia better predicts 
mortality than hyponatremia in hospitalized patients with community-
acquired pneumonia

Introduction: Dysnatremia is reported to have a prognostic effect in various 
diseases. A limited number of studies have been published on dysnatremia-
related parameters and clinical outcome in patients with pneumonia. The aim 
of the study is to analyze the factors related to baseline dysnatremia and to 
evaluate the clinical outcome of dysnatremia on hospital stay, 30-day and 
1-year mortality in hospitalized patients with community-acquired pneumonia 
(CAP).

Materials and Methods: The study is a two-centre, retrospective, cross-
sectional study. According to the baseline corrected sodium values, 
hospitalized patients with CAP were grouped as hyponatremia (< 135 
mmol/L), normonatremia (135-145 mmol/L) and hypernatremia (> 145 
mmol/L).

Results: Of all the 471 patients included, 119 (25.3%) had hyponatremia and 
25 (5.3%) had hypernatremia. Higher leucocytes and lower albumin values 
correlated with hyponatremia while female gender, higher leucocytes and 
urea levels correlated with hypernatremia. Baseline hyponatremia prolonged 
hospital stay (9.2 ± 5.6, vs. 7.5 ± 4.6, respectively, p= 0.001) and increased 
1-year mortality. On the other hand, hypernatremia predicted 30-day (40%, 
vs. 10%, p< 0.001) and independently predicted 1-year mortality (p< 0.001).
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INTRODUCTION

Community-acquired pneumonia (CAP) is a common 
serious health-problem, being the second most com-
mon cause of hospitalization and the most common 
infectious etiology of mortality worldwide (1,2). 

Presence of dysnatremia is described as a determiner 
of mortality in various studies (3,4). Sodium is the 
main factor to determine plasma osmolality and sodi-
um disturbance is among the most common laborato-
ry abnormalities in clinical practice (5). The kidney 
and thirst center of the hypothalamus play the major 
role in sodium regulation. Skin and other tissues may 
accumulate sodium. Sodium disturbance may be 
caused by advanced age, drugs, comorbidities and 
hydration status (4). Hypernatremia is mainly devel-
oped by decreased total body water through insensi-
ble losses and sepsis. In hypernatremia, plasma osmo-
lality increases mediating with water efflux and cell 
shrinkage. Import of the ions trigger organic osmolyte 
accumulation and due to intracellular molecular 
crowding, cellular reactive oxygen species and cyto-
kines; cell damage continues (6). Hyponatremia may 
be seen in malignancies, infections or as a drug side 
effect. It results mainly from non-osmotic vasopressin 
activity (7). Hyponatremia and hypernatremia may 
result with altered mental status and coma (8).

In current guidelines of CAP, hyponatremia is one of 
the criteria in pneumonia severity index whereas 
hypernatremia is not specified (9). Only few studies 
have analyzed the predictive factors for dysnatremia 
in patients with CAP. Older age, higher Charlson 
comorbidity index (CCI) scores, baseline leucocytes 
and C-reactive protein (CRP) levels were described as 
predictors of hyponatremia (10-12). Fewer studies 
have focused on hypernatremia-related parameters 
regarding the patients treated in nonspecific units and 
septic intensive care unit (ICU). Advanced age, 
co-morbidities, lower estimated glomerular filtration 
rate and acute physiology and chronic health evalua-
tion II scores are claimed to increase the risk of hyper-
natremia (4,13,14).

Short-term mortality is reported higher in patients with 
hyponatremia in a number of studies with different 
study designs (3,15-19). The presence of a U-shaped 
association between the degree of hyponatremia and 
mortality risk is a controversial issue (15,16,18). In 
contrast with these studies, in-hospital mortality was 
reported not to be related to hyponatremia in another 
study (11). 

Hypernatremia is a rare laboratory abnormality and if 
present, it increases mortality in overall hospital 
admissions (13,14,20-22). A limited number of studies 
including CAP patients have also described higher 

Conclusion: In hospitalized patients with CAP, baseline hyponatremia prolongs hospital stay while hypernatremia signals a worse 
outcome both in the short term and long term.

Key words: Charlson comorbidity index; glucose; hyponatremia; hypernatremia

ÖZ

Hastanede tedavi edilen toplumda gelişen pnömonide hiponatremi hastane yatışını uzatır ve hipernatremi mortalite için  
hiponatremiden daha güçlü bir belirteçtir

Giriş: Disnatreminin birçok hastalıkta prognostik etkisi olduğu gösterilmiştir. Pnömoni hastalarında disnatremi ile ilişkili faktörler ve 
klinik önemi ile ilişkili az sayıda çalışma yayınlanmıştır. Bu çalışmanın amacı hastanede tedavi edilen toplumda gelişen pnömoni (TGP) 
hastalarında disnatremi ile ilişkili faktörleri belirlemek, disnatreminin hastane yatış süresi, kısa ve uzun dönem mortalite ile ilişkisini 
araştırmaktır.

Materyal ve Metod: Çalışma iki merkezli, retrospektif bir çalışmadır. TGP tanısı ile hastanede tedavi başlanan hastalar bazal sodyum 
değerlerine göre hiponatremi (< 135 mmol/L), normonatremi (135-145 mmol/L) ve hipernatremi (> 145 mmol/L) olarak gruplandı-
rıldı.

Bulgular: Çalışmaya dahil edilen 471 hastanın 119 (%25.3)’unda hiponatremi, 25 (%5.3)’inde hipernatremi tespit edildi. 
Hiponatremi ile yüksek lökosit ve düşük albumin değerlerinin; hipernatremi ile kadın cinsiyet, yüksek lökosit ve üre değerlerinin iliş-
kili olduğu bulundu. Bazal hiponatreminin hastane yatış süresini uzattığı (9.2 ± 5.6 gün ve 7.5 ± 4.6 gün; sırasıyla, p= 0.001) saptan-
dı. Hipernatreminin bir aylık mortalite riskini artırdığı (%10 vs. %40, p< 0.001) ve bir yıllık mortalite için bağımısz risk faktörü 
olduğu belirlendi (p< 0.001).

Sonuç: Hastanede tedavi edilen TGP hastalarında bazal hiponatremi hastane yatışını uzatan hipernatremi hem kısa hem uzun dönem 
mortaliteyi artıran belirteçlerdir.

Anahtar kelimeler: Charlson komorbidite indeksi; glukoz; hiponatremi; hipernatremi
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mortality in hypernatremia (12). The literature demon-
strates a scarcity of search results on the predictive 
analysis of dysnatremia regarding the long-term out-
come of CAP patients (12). 

In present study, correlative factors for baseline dysna-
tremia in hospitalised patients with CAP were investi-
gated. The predictive value of both hyponatremia and 
hypernatremia for the length of hospital stay (LOS) and 
both short- and long-term mortality were analyzed.

MATERIALS and METHODS

The present study is a two-centre, retrospective, 
designed in a chest diseases clinic at a state hospital 
(Center 1) and a training and research hospital 
(Center 2).

This study is derived from two centers in two discrete 
cities. In the city of the first center, there are two spe-

cialized clinics and our study includes the larger of 
these (the center with the 30-bed capacity). The city 
of the second center is a very populous city and the 
study includes mainly a sublinic (with a 34-bed 
capacity) of a large center. 

Inclusion of the Patients

A hospital database system search was conducted via 
International Classification of Diseases, 10th version 
codes of J18 (pneumonia) among hospitalized 
patients between January 2017 and January 2018. All 
patients’ clinical files were investigated to verify a 
diagnosis of CAP. Hospital-acquired pneumonia, 
ICU-transferred patients, patients without recorded 
baseline sodium levels were excluded (Figure 1).

The study was performed in accordance with rele-
vant ethical principles of Helsinki Declaration and 

Figure 1. Flowchart of the patient inclusion.
CAP: Community-acquired pneumonia, ICD: International classification of diseases, ICU: Intensive care unit.

Centre 1
Hospitalized patients with pneumonia

having an ICD-10 code of J18 between 1.1.2017-1.1.2018
n= 332

Centre 2
Hospitalized patients with pneumonia

having an ICD-10 code of J18 between 1.1.2017-1.1.2018
n= 309

Misdiagnosis n= 36

Nosocomial pneumonia n= 25

Patients hospitalized with CAP
n= 251

Patients transferred from ICU
n= 21

Patients not tested for sodium at
hospitalization

n= 4

Final cohort centre 2
n= 226

Misdiagnosis n= 41

Nosocomial pneumonia n= 28

Patients hospitalized with CAP
n= 263

Patients transferred from ICU
n= 16

Patients not tested for sodium at
hospitalization

n= 2

Final cohort centre 1
n= 245

Final cohort
n= 471

Hyponatremia n= 119 Normonatremia n= 327 Hypernatremia n= 25
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approved by the ethics committee of Canakkale 
Onsekiz Mart University (2011-KAEK-27/2019-
1900067286). Written informed consent was not 
obtained from the patients due to the retrospective 
design of the study. 

Definitions

CAP: Compatible symptoms (cough, sputum, short-
ness of breath), physical examination findings and 
imaging findings on chest X-ray or thorax computer-
ized tomography (CT) (9). 

Dysnatremia: Serum sodium levels out of range 135-
145 mmol/L. Hyponatremia: a baseline serum sodi-
um concentration of < 135 mmol/L, severe hypona-
tremia: a baseline serum sodium concentration of < 
130 mmol/L. Hypernatremia: a baseline serum sodi-
um level of > 145 mmol/L (23).

Data Collection

Age, gender, complaints (shortness of breath, cough, 
sputum, fever, chest pain, hemoptysis), co-morbid 
diseases, baseline complete blood count parameters 
of leucocytes (/µL), hemoglobin (g/dL), platelet (/µL), 
neutrophils (/µL) and lymphocytes (/µL), CRP (mg/L), 
glucose (mg/dL), blood urea nitrogen (BUN) (mg/dL), 
albumin (g/dL) and sodium (mEq/L) levels were 
recorded. To correct sodium levels, each 100 mg/dL 
increment in glucose levels higher than 100 mg/dL, 
sodium levels were adjusted upward by 2 mEq/L (13). 
Neutrophils to lymphocytes ratio (NLR) and CCI 
scores were calculated (24).

Study Design

Baseline sodium levels were classified as hyponatre-
mia, normonatremia and hypernatremia. 
Demographics, baseline laboratory values of hypona-
tremic and normonatremic patients as well as of 
hypernatremic and normonatremic patients were 
compared. 

Outcome measures were length of hospital stay 
(LOS), one-month mortality and 1-year mortality 
according to baseline sodium levels. 

Mortality was questionnaired via National Death 
Database (www.obs.gov.tr). 

Statistical Analysis

All statistical analyses were conducted using a statis-
tical software package (SPSS for Windows, version 
16.0; SPSS Inc.; Chicago, IL, USA). Quantitative data 

are expressed as mean ± standard deviation (SD) and 
qualitative data are expressed as frequencies. 
Independent sample t-test was used for the compari-
son of averages and chi-square test was used for the 
categorical variables. Logistic regression test was 
used for independent predictors of hyponatremia. 
Cox-regression analysis was used for multivariable 
analysis of one-year independent predictors of mor-
tality. A p value of ≤ 0.05 was considered to be sig-
nificant. 

RESULTS 

Of all the 471 patients included, the mean age was 
66 ± 18 years and 313 (67%) were male. Complaints 
at presentation were shortness of breath (n= 368, 
78%), cough (n= 354, 75%), sputum (n= 282, 60%), 
fever (n= 177, 38%), weakness, (n= 78, 17%) and 
general condition impairment (n= 21, 5%). The most 
frequent co-morbidities were chronic obstructive 
pulmonary disease or asthma (n= 205, 44%), conges-
tive heart failure (n= 79, 15%), diabetes mellitus (n= 
94, 20%), malignancy (n= 66, 14%), coronary artery 
disease (n= 63, 13%), serebrovascular disease (n= 
63, 14%), connective tissue disease (n= 9, 2%) and 
chronic renal failure (n= 30, 6%). The average CCI 
score was 3.8 ± 2.1 (0-10). Baseline sodium values 
were classified as normonatremia in 327 (69.4%), 
hyponatremia in 119 (25.3%) and hypernatremia in 
25 (5.3%) patients. Thirty-day, 90-day and 1-year 
mortality were seen in 56 (12%), 81 (17%) and 135 
(29%) patients, respectively.

Comparison of hyponatremic and normonatremic 
patients revealed no difference between gender, age, 
presentation symptoms, NLR and platelets. Although 
hyponatremic patients had higher CCI scores, there 
was no statistical difference. In hyponatremia, 
patients had higher levels of leucocytes (p= 0.001) 
and CRP (p= 0.009). Albumin levels were significant-
ly lower in hyponatremia (p< 0.001) (Table 1). In 
multivariable analysis, higher leucocytes and lower 
albumin levels were determined as independent pre-
dictors of hyponatremia (Table 2).

In hyponatremic patients, LOS was significantly lon-
ger (p= 0.001). In-hospital mortality was seen in 13 
of hyponatremics (11%) and 32 (10%) of normona-
tremics (p= 0.724). In one-year, 42 (35%) of hypona-
tremics and 78 (24%) of normonatremics died (p= 
0.035). Hyponatremia did not alter 30-day mortality 
while it increased one-year mortality. When levels of 
sodium were categorized, the lowest death rate was 
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between the values of 135-140 mmol/L. Once the 
score of 140 mmol/L was passed, an increasing trend 
for mortality was observed (Figure 2). 

Both hypernatremic and normonatremic patients 
exposed similar complaints. Hypernatremia was 
detected more frequently in females (p= 0.009) and at 
advanced age (p= 0.025). Hypernatremics had higher 
baseline leucocytes (p= 0.011) and urea levels (p< 
0.001) (Table 3). Hospital stay did not differ between 
hypernatremia and normonatremia (p= 0.806). Thirty-
day mortality was seen in 10 (40%) and 1-year mortal-
ity in 15 (60%) patients. Both short- and long-term 
mortality were significantly higher in hypernatremia. 

Independent predictors for one-year mortality were 
higher CCI scores and the presence of hypernatremia 
(Table 4, Figure 3). 

DISCUSSION

The present study indicates that when compared to 
normonatremia; hyponatremia correlates with higher 
leucocytes and lower albumin while hypernatremia 
correlates with female gender, higher leucocytes and 
urea levels. To the best of our knowledge, the current 
study presents a systematic comparison between 
hypernatremic and normonatremic hospitalized CAP 
patients for the first time. The study also revealed that 
hyponatremia prolongs hospital stay and increases 
long-term mortality. Hypernatremia, on the other 
hand, increases mortality both in the short- and long-
term. Hypernatremia predicts long-term mortality 
better than hyponatremia. 

Hyponatremia is more frequent in pneumonia com-
pared to the overall hospitalizations in internal med-

Table 1. Comparison of patients with normonatremia and hyponatremia

Normonatremia  
(135-145 mmol/L)  

(n= 327)

Hyponatremia 
(< 135 mmol/L)  

(n= 119) p

Male gender, n (%) 218 (67) 85 (71) 0.361

Age, years 65 (19) 67 (19) 0.367

CCI score 3.6 ± 2.1 4.1 ± 2.1 0.057

Leucocytes (/µL) 12.8 ± 6.5 15.1 ± 7.9 0.001

Hemoglobin (g/dL) 12 ± 1.9 12 ± 2 0.966

NLR 10.8 ± 21 14 ± 13 0.157

Platelets (/µL) 278 ± 121 281 ± 145 0.843

CRP (mg/L) 130 ± 106 162 ± 118 0.009

BUN (mg/dL) 49 ± 30 54 ± 34 0.221

Albumin (g/dL) 2.3 ± 1.4 1.8 ± 1.2 < 0.001

LOS (days) 7.5 ± 4.6 9.2 ± 5.6 0.001

30-day mortality, n (%) 32 (10) 13 (11) 0.724

1-year mortality, n (%) 78 (24) 42 (35) 0.035

BUN: Blood urea nitrogen, CCI: Charlson comorbidity index, CRP: C-reactive protein, LOS: Length of hospital stay, NLR: Neutrophils to lymphocytes 
ratio.

Table 2. Results of the logistic regression analysis for correlative factors of hyponatremia

Beta coefficient Standard error Wald Significance Exponential beta 95% CI

Leucocytes (/µL) 0.040 0.018 5.248 0.022 1.041 1.006-1.077

CCI score 0.069 0.058 1.430 0.232 1.071 0.957-1.199

CRP (mg/L) 0.002 0.001 2.293 0.130 1.02 0.999-1.004

Albumin (g/dL) -0.328 0.094 12.078 0.001 0.720 0.599-0.867

Constant -1.399 0.401 12.177 0.000 0.247

CCI: Charlson comorbidity index, CRP: C-reactive protein.
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icine clinics. In general wards, the frequency of 
hyponatremia is reported as 12-15% (3,10,25). As for 
CAP, hyponatremia is described in 22-32% (4,12,17). 
The rate of hypernatremia differs according to the 
study unit. In neurologic ICU, baseline hypernatre-
mia is reported as 13% (26). In patients with CAP, 
hypernatremia is determined in 1-3% (3,4,10,27). 
The present study has revealed a hyponatremia rate 
complies with, however a slightly higher hypernatre-
mia rate. In most of the studies the sodium levels 
were not corrected based on glucose levels, which 
we believe, may be the reason of different findings. 
In line with this comment, Tsipotis et al. have put 
forward that after having corrected the baseline sodi-
um levels a higher frequency of pneumonia and 
sepsis in hypernatremic patients have been reported 
(13). Furthermore, there may be a geographical and 
different microbiologic spectrum affecting the preva-
lence of dysnatremia. Novel research and studies 
may enlighten this issue. 

Only few studies have analyzed the related parame-
ters with hyponatremia. Older age and higher CCI 
scores have been referred to all-caused hyponatremia 
(10). In patients with CAP, leucocytes and CRP, older 
age and higher CCI scores were defined as correla-
tive factors for hyponatremia (11,12). A current study 
all pneumonia, demographics were found similar 
whereas hyponatremic patients had more frequent 
malignancy, renal failure, and legionella infection 
(19). In present study, demographics and CCI scores 
were similar. Leucocytes and lower albumin levels 
best correlated with hyponatremia. 

Various studies have marked a worse survival in 
hyponatremic patients with various diseases heart 
failure, severe liver disease and cancer (3,4,15-
17,28,29). In liver disease and congestive heart fail-
ure, a U-shaped association between serum sodium 
level and mortality was emphasized (15,16). In the 
multicentre study of Krüger et al., both inpatients and 
outpatients with CAP demonstrated a U-shaped asso-

Figure 2. 30-day mortality risk according to categorical sodium values.
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ciation between serum sodium level and mortality. 
Serum sodium levels were not corrected in this study 
(12). A recent study by Müller et al. has defined sim-
ilar ICU admission with higher in-hospital mortality 
in hyponatremic pneumonia (19). This study has 
included only patients with pneumonia admitted to 
emergency department. The cut-off value for hypona-
tremia was defined as 130 mmol/L and 7.7% of the 
patients had baseline hyponatremia. Also, all hospi-
tal-acquired and CAP patients were included and 
sodium levels were not recalculated. Contrary to 
these results, Zilberberg et al. did not find any rela-
tionship between in-hospital mortality and hypona-
tremia in patients with pneumonia (11). In line with 
this report, the present study did not reveal a relation-
ship between one-month mortality and low sodium 

levels. In 2011, Chawla et al. analyzed the relation-
ship between corrected hyponatremia and mortality 
in all-cause hospitalizations. A degree-related mor-
tality with sodium levels was refused in the study and 
the authors concluded that decreased serum sodium 
reflects more severe underlying disease rather than 
causing the death itself (18). Similarly, in our study, 
CCI levels did not differ significantly between hypo- 
and normo-natremics and we infer that such lack of 
varying may be the reason of similar short-term out-
come of these patients.

Hospital Stay and Long-Term Outcome of 
Hyponatremia

Only a limited number of studies have focused on 
hospital stay and hyponatremia. A recent study 

Table 3. Comparison of normonatremic patients with hypernatremics

Normonatremia  
(135-145 mmol/L)  

(n= 327)

Hypernatremia 
(> 145 mmol/L)  

(n= 25) p

Male gender, n (%) 218 (67) 10 (40) 0.009

Age, years 65 ± 18 74 ± 13 0.025

CCI score 3.7 ± 2.1 4.4 ± 1.7 0.102

Leucocytes (/µL) 12.7 ± 6.5 16.8 ± 14.9 0.011

Hemoglobin (g/dL) 12 ± 1.9 11.9 ± 2.1 0.508

NLR 10.7 ± 21 16.9 ± 23 0.255

Platelets (/µL) 279 ± 123 264 ± 100 0.595

CRP (mg/L) 129 ± 106 176 ± 88 0.056

BUN (mg/dL) 49.4 ± 30 84 ± 52 < 0.001

Albumin (g/dL) 2.4 ± 1.4 2.6 ± 0.9 0.453

LOS (days) 7.5 ± 4.6 7.7 ± 6.2 0.806

30-day mortality, n (%) 32 (10) 10 (40) < 0.001

1-year mortality, n (%) 78 (24) 15 (60) 0.001

BUN: Blood urea nitrogen, CCI: Charlson comorbidity index, CRP: C-reactive protein, LOS: Length of hospital stay, NLR: Neutrophils to lymphocytes 
ratio, SD: Standard deviation.

Table 4. Cox regression analysis of one-year mortality

HR (CI 95%) p

Gender 0.972 (0.653-1.446) 0.888

Age 1.016 (0.997-1.035) 0.104

CCI score 1.275 (1.126-1.144) < 0.001

Leucocytes 0.995 (0.969-1.022) 0.716

Hypernatremia 0.265 (0.134-0.525) < 0.001

Hyponatremia 0.908 (0.596-1.384) 0.654

CCI: Charlson comorbidity index, HR: Hazard ratio.
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reported no relationship between sodium levels and 
hospital stay (19). In contrast, other studies have 
proved longer LOS in hyponatremia (4,17). Similar to 
these studies, duration of hospitalization is indicated 
to be longer in the current study. We think that, since 
the demographics and CCI scores are similar in these 
patients, longer LOS may be caused by higher base-
line CRP levels as well as the treatment duration for 
correcting hyponatremia. 

To our knowledge, only one study has investigated 
long-term outcome in hyponatremic CAP patients 
concluding higher long-term mortality with lower 
baseline sodium levels (4). In line with this study, we 
have found worse long-term survival in hyponatremic 
CAP patients. 

Hypernatremia-related factors have been studied less 
frequently in the literature. Hypernatremic and nor-
monatremic patients hospitalized in medical wards 
were investigated without a statistical comparison. The 
average age was higher and female gender (53% vs. 
47%) was more frequent in hypernatremics. 
Co-morbidities were compared discretely and hyper-
tension, congestive heart failure, renal failure and 
cerebrovascular disease were reported more frequent 
in hypernatremia (4). In all-cause hospitalizations, hos-
pital-acquired hypernatremia is reported to be higher 
in advanced age, higher comorbidity index, lower 
estimated glomerular filtration rate (13). In septic ICU 
patients, acute physiology and chronic health evalua-
tion II score is found to be associated with hypernatre-
mia (14). The present study attests that hypernatremia 
is more frequent in females and advanced age. Higher 
baseline leucocytes and urea levels were found to be 
associated with hypernatremia. Due to the low num-
ber of hypernatremic patients, a logistic regression 
analysis was not performed. Further multi-centre stud-
ies may be required in this regard.

A uniform short- and long-term worse survival is 
reported in hypernatremia. In-hospital mortality is 
higher in hypernatremia in all-cause hospitalizations 
and pneumonia (3,4,13). Ates et al. have revealed a 
49.5% mortality in severe hypernatremic patients 
admitted to emergency department (30). The mortal-
ity risk is described higher in hypernatremia than in 
hyponatremia in various studies (4,31). In present 
study, hypernatremic patients significantly less-sur-
vived than hypo- and normo-natremic patients. In 
parallel with the literature, long-term mortality is 
detected higher in hypernatremia in current study. 

Hypernatremia and hospital acquired hypernatremia 
is found to increase hospital stay (4,13). The present 
study, however, did not yield such a significance, 
which we believe is caused by early in-hospital 
death.

The first limitation of the present study is the retro-
spective, two-centre study design. The second is that 
the microbiological pathogens were not studied 
widely. On the other hand, the strength of the study 
is that the study benefits from the inclusion of a 
homogenous study group from two large chest dis-
ease clinics. Furthermore, the values of sodium were 
corrected and both short- and long- term prognoses 
were investigated. 

In conclusion, hyponatremia causes longer hospital 
duration of treatment and hypernatremia represents a 
higher mortality risk than hyponatremia in hospital-
ised patients with CAP. Appropriate treatment should 
be given in dysnatremia with closer medical exam-
ination. Further prospective studies along with micro-
biologic spectrum of pneumonia may determine 
more secure cut-off levels for sodium. 
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