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ABSTRACT
BACKGROUND: Hyponatremia is the most common electrolyte abnormality observed in clinical practice.
Several studies have demonstrated that hyponatremia is associated with an increased length of hospital stay
and of hospital resource utilization. To clarify the impact of hyponatremia on the length of hospitalization
and costs, we performed a meta-analysis based on published studies that compared hospital length of
stay and cost between patients with and without hyponatremia.
METHODS: An extensive Medline, Embase, and Cochrane search was performed to retrieve all studies
published up to April 1, 2015 using the following words: “hyponatremia” or “hyponatraemia” AND
“hospitalization” or “hospitalisation.” A meta-analysis was performed including all studies comparing
duration of hospitalization and hospital readmission rate in subjects with and without hyponatremia.
RESULTS: Of 444 retrieved articles, 46 studies satisﬁed the inclusion criteria, encompassing a total of
3,940,042 patients; among these, 757,763 (19.2%) were hyponatremic. Across all studies, hyponatremia
was associated with a signiﬁcantly longer duration of hospitalization (3.30 [2.90-3.71; 95% CIs] mean days;
P < .000). Similar results were obtained when patients with associated morbidities were analyzed separately. Furthermore, hyponatremic patients had a higher risk of readmission after the ﬁrst hospitalization
(odds ratio 1.32 [1.18-1.48; 95% CIs]; P < .000). A meta-regression analysis showed that the
hyponatremia-related length of hospital stay was higher in males (Slope ¼ 0.09 [0.05-0.12; 95% CIs]; P ¼
.000 and Intercept ¼ 1.36 [3.03-0.32; 95% CIs]; P ¼ .11) and in elderly patients (Slope ¼ 0.002 [0.0010.003; 95% CIs]; P < .000 and Intercept ¼ 0.89 [0.83-0.97; 95% CIs]; P < .001). A negative association
between serum [Naþ] cutoff and duration of hospitalization was detected. No association between duration
of hospitalization, serum [Naþ], and associated morbidities was observed. Finally, when only US studies
(n ¼ 8) were considered, hyponatremia was associated with up to around $3000 higher hospital costs/
patient when compared with the cost of normonatremic subjects.
CONCLUSIONS: This meta-analysis conﬁrms that hyponatremia is associated with a prolonged hospital
length of stay and higher risk of readmission. These observations suggest that hyponatremia may represent
one important determinant of the hospitalization costs.
Ó 2016 Published by Elsevier Inc.  The American Journal of Medicine (2016) 129, 823-835
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Hyponatremia, deﬁned as a serum sodium concentration
associated with this condition, but also with a prolonged
([Naþ]) < 136 mEq/L, is the most common electrolyte ablength of stay in the hospital.
normality observed in clinical practice and occurs in up to
To clarify the impact of hyponatremia on length of
30% of hospitalized patients in its mild form (serum [Naþ]
hospital stay and costs, here we performed an original meta130-135 mEq/L).1,2 Clinical and experimental evidence
analysis based on published studies that compared hospital
have demonstrated that hyponatremia represents a serious
length of stay, risk of hospital readmission, and costs beproblem that is associated with
tween patients with and without
signiﬁcant morbidity and mortalhyponatremia.
CLINICAL SIGNIFICANCE
ity. It is well known that acute
severe hyponatremia may have
 Patients with hyponatremia have an
METHODS
severe neurological consequences
increased length of stay in the hospital
This meta-analysis was performed
due to cerebral edema, and that it
compared with patients without
according to the Preferred Reportcan be lethal if not diagnosed and
hyponatremia.
ing Items for Systematic Reviews
effectively treated.3 Recent studies
and Meta-Analyses (PRISMA)
 Patients with hyponatremia have a
have demonstrated that chronic
checklist (see Appendix 1, availand mild hyponatremia also may
higher risk of readmission to the
able online) (http://www.prismanegatively affect health status,
hospital.
statement.org/).
with deleterious effects that affect,
 Hyponatremia may represent one
particularly, the central nervous
important determinant of the hospitalisystem and the bone, causing gait
Eligibility Criteria
zation costs.
instability, attention deﬁcits, falls,
All studies speciﬁcally addressing
osteoporosis, and fractures.4-7
the duration of hospitalization,
The association between hypocost, and readmission risk in subnatremia and in-hospital mortality has been demonstrated in
jects with and without hyponatremia were included in the
8
the elderly, and in several clinical conditions, such as heart
analysis.
failure,9 pneumonia,10 acute myocardial infarction,11
12
11
cirrhosis, and cancer. We have recently conﬁrmed in
an extensive meta-analysis that hyponatremia is signiﬁInformation Source and Search Strategy
cantly associated with an increased risk of overall mortality
An extensive Medline, Embase, and Cochrane search was
in hospitalized patients.13 We have also observed a rather
performed including the following words: (“hyponasmall difference in serum [Naþ] (mean 4.8 mEq/L) in patraemia”[All Fields] OR “hyponatremia”[MeSH Terms] OR
tients who died, compared with survivors, suggesting that
“hyponatremia”[All Fields]) AND (“hospitalisation”[All
mild hyponatremia may also lead to death. However,
Fields] OR “hospitalization”[MeSH Terms] OR “hospitalwhether hyponatremia is a direct cause of death or is simply
ization”[All Fields]). The search (up to November 1, 2015)
a marker of severity of an underlying pathological condition
was restricted to English-language articles and human
(such as heart failure, cancer, cirrhosis) that is associated
studies. A hand-searched bibliography of retrieved papers
with death, is not clear, so far.14,15 Another critical point to
for additional references was performed. Details of the
clarify is whether the correction of hyponatremia could
literature search process are outlined in the ﬂow chart. The
revert or reduce the increased risk of death associated with
identiﬁcation of relevant abstracts, the selection of studies
this electrolyte disorder. For this reason we recently perbased on the criteria described above, and the subsequent
formed a further meta-analysis that compared the mortality
data extraction were performed independently by 2 of the
rate in patients with or without improvement of hyponaauthors (GP, CG), and conﬂicts resolved by a third investremia. As hypothesized, we found that any improvement of
tigator (GC). Full-text articles and meeting abstracts were
serum [Naþ] was associated with a signiﬁcant reduced risk
included. The quality of studies was assessed using the
of overall mortality.16
Cochrane criteria.22
Taken together, these data suggest that hyponatremia,
even when mild and chronic, represents also an economic
Study Selection
and social burden because of the associated disability and
mortality. Therefore, it is not surprising that hyponatremia is
The meta-analysis was performed including all studies,
associated with an increased length of hospital stay and in
comparing duration of hospitalization and hospital readhospital resource utilization and costs.17 Several studies
mission rate in subjects with and without hyponatremia (see
Figure 1 and Table 1). Patients who died during
have demonstrated that hospital-acquired hyponatremia was
hospitalization were not excluded, and in this case, length
associated with higher costs of care in patients with canof hospitalization was considered the time between
cer,18 cirrhosis,19 and heart failure.20 In the US, the direct
admission and death. Studies that did not speciﬁcally
medical costs of hyponatremia were estimated to range beaddress the association between duration of hospitalization
tween $1.6 billion and $3.6 billion21 and could be associated
or hospitalization readmission rate in subjects with and
not only with the increased mortality and morbidity
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Records identified through different sources
N=444
Records removed:
Review or Editorials N= 48
Case report N=47
Comment/Editorial N= 11
Does not meet inclusion criteria N= 252
Full-text article assessed for eligibility
N= 86
Full-text articles excluded:
No serum sodium data N= 4
No LOS data N= 33
Studies included in qualitative synthesis
N= 49
Studies excluded
(see table 2)
N= 3
Studies included in quantitative synthesis
(meta-analysis) N= 46

HOSPITALIZED
SERIES
N= 9

HEART
FAILURE
N=10

Figure 1

HEART
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LIVER
DISEASES
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PULMONARY
DISEASES
N=4

PEDIATRIC
SERIES
N=5

COMBINED
DISEASES
N=11

Trial ﬂow diagram. LOS ¼ length of stay.

without hyponatremia were excluded from the analysis (see
Appendix 2, available online, and Table 2).

Outcome and Quality Assessment
The principal outcome of this analysis was to compare the
duration of the hospitalization and costs in subjects with or
without hyponatremia at admission. A secondary outcome
included the risk of hospitalization readmission in patients
with or without hyponatremia. The quality of the studies
was assessed using the Cochrane criteria.22

Statistical Analysis
Heterogeneity on duration of hospitalization in patients with
or without hyponatremia was assessed by using I2 statistics.
Even when a low heterogeneity was detected, a randomeffects model was applied, because the validity of tests of
heterogeneity can be limited with a small number of
component studies. To estimate possible publication or
disclosure bias, we used funnel plots, the Begg-adjusted
rank correlation test, and Egger’s test. A meta-regression
analysis was performed to test the effect of age, serum
[Naþ] cutoff, and several associated morbidities at enrollment on duration of hospitalization. In addition, a linear
regression analysis model, which weighted each study for
the number of subjects enrolled, was performed to verify the
independent effect of hyponatremia on duration of

hospitalization after the adjustment for age and sex and
serum [Naþ] cutoff.
All data were calculated using Comprehensive Metaanalysis Version 2 (Biostat, Englewood, NJ). Logistic
multivariate analysis was performed on SPSS (Statistical
Package for the Social Sciences; Chicago, Ill.) for Windows
20.1.

RESULTS
Of 444 retrieved articles, 358 were excluded for different
reasons. The ﬂow of the meta-analysis is summarized in
Figure 1, and the characteristics of the studies included in
the meta-analysis are summarized in Table 1 (see
references3,10,17,19,20,23-62). Eighty-six full-text articles
were considered potentially eligible for the meta-analysis.
However, 37 of them were excluded because they did not
include information about serum [Naþ] (n ¼ 4) or about
duration of hospitalization (n ¼ 33) (see Appendix 2,
available online). Three additional studies were excluded
because they met inclusion criteria but did not provide data
for meta-analysis (Table 2).63-65
The 46 selected studies were grouped according to
different pathological conditions (Figure 1 and Table 1).
Among them, 5 studies evaluated pediatric patients.
Eleven studies reported data on the effect of hyponatremia
for combined mixed diseases, which could not be grouped
separately. An additional 9 studies retrospectively
investigated the effect of hyponatremia in hospitalized
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Table 1

Observational Studies Included in the Meta-analysis

Source
23

Hospitalized
Hospitalized
Hospitalized
Hospitalized
Hospitalized
Hospitalized
Hospitalized
Hospitalized
Hospitalized
Heart failure
Heart failure
Heart failure
Heart failure
Heart failure
Heart failure
Heart failure
Heart failure
Heart failure
Heart failure
Heart surgery
Heart surgery
Heart surgery
Liver diseases
Liver diseases
Liver diseases
Liver diseases
Pulmonary diseases
Pulmonary diseases
Pulmonary diseases
Pulmonary diseases
Pediatric series
Pediatric series
Pediatric series
Pediatric series
Pediatric series
Combined diseases
Combined diseases
Combined diseases
Combined diseases
Combined diseases

NA
65.1
61.8
59.5
69
55.2
NA
71.6
71.6
NA
73.2
56.2
NA
77
75.3
77.2
73
75.9
70.7
61.8
61.4
62.2
51
50.1
51.6
55.3
73.5
68.4
67
55
3.1
NA
NA
0.8
NA
34.2
50
63.2
42
64.4

40.5
47.5
45.5
53.5
39.7
48.2
42.9
24.23
53.2
41
48.3
NA
NA
46.3
44.17
46.25
57.9
46.5
59.3
66.2
66.4
66.6
78
55.7
65.21
64.1
50
45
40.2
8
73
56.9
NA
54
52.8
NA
52.9
58.4
72
84.8

130
135
135
134
135
138
135
135
136
135
135
135
NA
135
135
135
135
135
135
135
135
135
130
135
135
135
135
135
135
136
131
130
135
135
136
135
135
135
135
136

407
204
198,281
9620
226
53,236
117,630
36,048
2,134,363
1046
47,647
398
2005
112,244
51,710
973
4837
5347
1659
4370
4850
2247
213
2175
75
21,864
342
7965
13,728
115
727
72
2343
102
312
210
316
140,952
50
140

NH (n)

HF (%) DM (%) HT (%) CD (%) RF (%) CH (%)

55
352 NA
104
100 NA
10,899 187,382 NA
2047
7573 44.6
113
113 NA
20,181
33,055 16.9
558,815 558,815
4.1
18,024
18,024 12
31,933 2,102,430 21.9
171
875 100
7882
32,572 100
71
327 100
216
1789 100
24,562
87,682 100
25,855
25,855 100
147
826 100
561
4276 100
2341
3006 100
176
1483 100
931
3439 100
2875
1975 NA
527
1720 NA
90
123 NA
680
1495 NA
23
52 NA
10,932
10,932 NA
95
247 22
649
7316 NA
2907
10,821 16.5
52
63 NA
217
510 NA
37
35 NA
205
2138 NA
23
79 NA
104
208 NA
83
127 NA
179
137 NA
26,782
14,170 NA
24
26 NA
29
111 NA

NA
NA
NA
NA
NA
14.8
NA
NA
23.2
40
41.6
NA
NA
NA
NA
44.5
33.8
4.2
30
40
35.5
38.9
NA
NA
NA
NA
20
NA
NA
6.6
NA
NA
NA
NA
NA
NA
NA
NA
NA
41.2

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
23
NA
NA
NA
NA
84.06
69.3
NA
52.1
77.7
77.3
83.5
NA
NA
NA
NA
50.5
NA
NA
27.9
NA
NA
NA
NA
NA
NA
NA
NA
NA
64.7

NA
NA
NA
NA
NA
9.3
NA
NA
NA
52
45.7
NA
NA
NA
NA
20.76
31.1
25.8
28.2
38.2
NA
44.7
NA
NA
NA
NA
NA
NA
NA
5.1
NA
NA
NA
NA
NA
NA
NA
NA
NA
100

NA
NA
NA
0.8
NA
2.6
NA
NA
4.7
20
NA
NA
NA
3.8
NA
36.17
NA
6.1
NA
13.1
13.5
9.5
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
7.9
NA
1.6
4.2
4.12
2.1
NA
NA
NA
NA
1.3
NA
NA
NA
1.4
NA
NA
NA
NA
100
100
100
100
0.6
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
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Lim & Yap, 2001 (Japan)
Gill et al, 20063 (UK)
Zilberberg et al, 200817 (USA)
Callahan et al, 200924 (USA)
Whyte et al, 200925 (UK)
Wald et al, 201026 (Canada)
Amin et al, 201227 (USA)
Deitelzweig et al, 201319 (USA)
Marco et al, 201328 (Spain)
Krumholz et al, 199929 (USA)
Gheorghiade et al, 200730 (USA)
Gheorghiade et al, 200731 (USA)
Cyr et al, 201132 (USA)
Shorr et al, 201133 (USA)
Amin et al, 201320 (USA)
Arèvalo Lorido et al, 201334 (Spain)
Sato et al, 201335 (Japan)
Shchekochikhin et al, 201336 (USA)
Hamaguchi et al, 201437 (Japan)
Crestanello et al, 201338 (USA)
Crestanello et al, 201339 (USA)
Crestanello et al, 201340 (USA)
Hackworth et al, 200941 (USA)
Yun et al, 200942 (USA)
Karapanagiotou et al, 201243 (Greece)
Deitelzweig et al, 201319 (USA)
Nair et al, 200744 (USA)
Zilberberg et al, 200810 (USA)
Scherz et al, 201045 (Switzerland)
Campo et al, 201146 (USA)
Dhawan et al, 199247 (India)
Al-Zahraa et al, 199748
Williams et al, 201249 (USA)
Luu et al, 201350 (USA)
Wrotek et al, 201351 (Poland)
Tang et al, 199352 (USA)
Sherlock et al, 200653 (Ireland)
Funk et al, 201054 (Austria)
Saifudheen et al, 201155 (India)
Tada et al, 201156 (Japan)

Type of Disease

Naþ Cutoff
Patients (n) H (n)
Age (Years, Mean) Male (%) (mEq/L)

CD ¼ cardiovascular disease; CH ¼ cirrhosis; DM ¼ diabetes mellitus; H ¼ patients with hyponatremia; HF ¼ heart failure; HT ¼ hypertension; NA ¼ not available; NH ¼ patients without hyponatremia; RF ¼
renal failure.

Combined
Combined
Combined
Combined
Combined
Combined

diseases
diseases
diseases
diseases
diseases
diseases

56
82.6
55.8
60.6
62.5
79

52
21.5
51.8
62.3
44.8
22

135
135
135
135
135
135

3357
512
3356
11,174
15,797
127

1596
49
1571
1703
1234
33

1761
463
1785
9461
14,563
94

NA
NA
NA
9.6
10
NA

NA
NA
NA
NA
12.4
NA

NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA

NA
NA
NA
9.2
NA
NA

NA
NA
NA
3.2
0.65
NA
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Doshi et al, 2012 (USA)
Hagino et al, 201358 (Japan)
Salahudeen et al, 201359 (India)
Vandergheynst et al, 201360 (Europe)
Causland et al, 201461 (USA)
Cumming et al, 201462 (UK)

57

Source

Table 1

Continued

Type of Disease

Naþ Cutoff
Patients (n) H (n)
Age (Years, Mean) Male (%) (mEq/L)

NH (n)

HF (%) DM (%) HT (%) CD (%) RF (%) CH (%)
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Table 2 Studies That Met Inclusion Criteria But Did Not Provide Data for Meta-analysis
First Author, Year

Brief Description of the Study and Main
Conclusions

Borenstein et al, 201363 Prospective cohort study in a sample of
Medicare patients to identify patient
characteristics associated with
adverse events that are present early
in a hospital state. Hyponatremia was
an independent risk factor of
readmission within 30 days but there
were no data about rate of
readmission in patients with
hyponatremia vs patients without
hyponatremia.
Leung et al, 201264
Retrospective cohort of 964,263 adults
undergoing major surgery and
observed for 30 days to determine
whether preoperative hyponatremia is
a predictor of 30-day perioperative
morbidity and mortality.
Hyponatremia was associated with
prolonged median lengths of stay by
approximately 1 day but there were
no speciﬁc data available for metaanalysis.
Dunlay et al, 201065
Retrospective analysis of data from the
EVEREST trial to identify risk factors
predicting cardiovascular
rehospitalization and mortality.
Hyponatremia was an independent
risk factor for re-hospitalization and
mortality but there were no data
about rate of readmission in patients
with hyponatremia vs patients
without hyponatremia.

series of subjects. In these studies, a major diagnosis was not
speciﬁed.
The risk of hospital readmission in subjects with and
without hyponatremia was speciﬁed in 8 of the aforementioned studies.
Overall, 3,940,042 patients and 757,763 hyponatremic
subjects (19.2%) were included in the meta-analysis.
Hyponatremia was deﬁned according to varying cutoff
deﬁnitions in the included studies (Table 1). When the same
study reported data according to different serum [Naþ]
thresholds, a weighted arithmetic mean was considered. I2
in trials assessing the duration of hospitalization in
subjects with and without hyponatremia was 99.4 (P <
.000). Funnel plot and Begg-adjusted rank correlation test
(Kendall’s s: 0.18; P ¼ .09) suggested no major publication
bias.
When all 45 studies reporting data on duration of hospitalization were considered, hyponatremia was signiﬁcantly
associated with a signiﬁcantly longer duration of
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Figure 2 Mean duration of hospitalization (95% conﬁdence interval; days) in patients with or without (no) hyponatremia
in hospitalized series of subjects (A) or according to the presence of heart failure (B), heart surgery (C), liver diseases (D),
pulmonary diseases (E), pediatric patients (F), or combined disease (G). CI ¼ conﬁdence interval.
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Figure 2

hospitalization (3.30 [2.90-3.71; 95% CIs] days; P < .000).
Similar results were obtained when patients with speciﬁc
diseases or series of hospitalized patients were analyzed
separately (Figure 2, panels A-G). Similarly, hyponatremic
patients had a higher risk of hospitalization readmission
(mean follow-up 72 days after ﬁrst hospital discharge)
when compared with those with normal [Naþ] at the ﬁrst
hospital admission (Figure 3). Sub-analysis for risk of
hospitalization readmission in speciﬁc diseases was not
performed because of insufﬁcient data.
A meta-regression analysis showed that the
hyponatremia-related duration of hospitalization was
higher in males (Slope ¼ 0.09 [0.05-0.12; 95% CIs];

(Continued).

P ¼ .000 and Intercept ¼ 13.6 [3.03-0.32; 95% CIs];
P ¼ .11). In addition, a mild association between age and
longer hospitalization was also observed (Slope ¼ 0.002
[0.001-0.003; 95% CIs]; P < .0001 and Intercept ¼ 0.89
[0.83-0.97; 95% CIs]; P < .000). Finally, a negative association between serum [Naþ] cutoff and duration of
hospitalization was detected (Figure 4). The latter
association was conﬁrmed in a multivariate regression
model adjusting for age and sex (adj r ¼ 0.210;
P < .000). Conversely, no association between duration
of hospitalization, serum [Naþ], and several associated
morbidities such as history of heart failure,
cardiovascular diseases, diabetes mellitus, hypertension,

830
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Figure 2

cirrhosis, or chronic renal insufﬁciency at enrollment was
observed (not shown).
Finally, 9 studies reported differences in mean hospital
cost between subjects with and without hyponatremia.
Among them, 8 (see references10,17,19,20,24,27,33) included
subjects living in the US, and one was related to Spanish
patients.28 When only studies from US were considered,
hyponatremia was associated with a higher mean hospital
cost (Figure 5).

(Continued).

DISCUSSION
The present meta-analysis, which derives from the study of
a large number of patients, conﬁrms that hyponatremia
represents a frequent condition observed in up to 20% of
hospitalized patients. In addition, our data suggest that
hyponatremia is associated with a prolonged hospital length
of stay, and higher risk of readmission. The data were
similar when European studies were compared with those
performed in North America. Length of hospital stay is a

Corona et al
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Figure 2

strong determinant of the cost of hospital care.66 Hence,
taken together, these observations indicate that hyponatremia may represent one important determinant of the
medical costs associated with hospitalization. Accordingly,
our data showed that when only US studies were considered, hyponatremia was associated with an increase of
hospital costs of up to $3000 when compared with normonatremia. A consensus panel of expert physicians suggested
that the annual costs/hospitalized patient directly attributable
to hyponatremia (cut off for serum [Naþ] < 130 mEql/L) in
the US ranges from $1528 to $3441.21 More recently, longitudinal data from a large US managed care claim database
(Waltham, Mass.) indicated that an even higher 1-year mean
inpatient cost could be related to hyponatremic subjects
($10,636).67 Interestingly, similar costs (about $13,700 per
year) have been estimated by the American Diabetes Association for the treatment of diabetic patients.68 Despite
these data, hyponatremia is still underdiagnosed and often
poorly considered if not ignored. Accordingly, we recently
reported that an improvement of serum [Naþ] of any degree
was obtained in only 53.2% of hospitalized patients.16 In
addition, among them, about 1 of 4 patients did not reach a
serum [Naþ] threshold of 130 mEq/L.16 In agreement with
these data, it has been shown that only a small percentage of
patients with hyponatremia receive an International Classiﬁcation of Diseases, 9th Revision, Clinical Modiﬁcation
diagnosis code for hyponatremia.69 In particular, among
2,134,363 admittances from all departments of internal
medicine of the Spanish National Health System, only 1.5%

(Continued).

coded hyponatremia as a primary or a secondary diagnosis.28 As reported above, such a percentage is very far
from the true prevalence of this condition in hospitalized
patients. An analysis of the reasons behind these data is
beyond the aim of the present study. However, it is interesting to note that in the vast majority of cases (81.7%)
hyponatremia was codiﬁed as a secondary diagnosis according to the International Classiﬁcation of Diseases, 9th
Revision, Clinical Modiﬁcation.28 Hence, hyponatremia
appears to be viewed as a secondary problem from the
perspective of most physicians.28 Accordingly, whether
hyponatremia represents an independent risk factor for
mortality and morbidity or it is simply associated with other
conditions that signiﬁcantly raise these risks remains to be
elucidated. Current data cannot clarify this point; however,
it is interesting to note that hyponatremia-related increased
length of hospital stay was conﬁrmed even after the
adjustment for age and sex, and it was also independent of
the type of related diseases. Similarly, a retrospective
analysis of 1046 patients hospitalized for heart failure, who
participated in the CHF Benchmark Project, a large
collaborative quality improvement project coordinated by
the University Health System Consortium in the US,
conﬁrmed that hyponatremia was an independent predictor
of the duration of hospitalization.29 Similar results were
reported in a series of 1402 patients admitted to 10 acute
care community hospitals during 1995 in New York.70 In
addition, more recently, data from the Minimum Basic Data
Set of discharged patients from all departments of internal
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Risk of readmission

Study name

Odds ratio and 95% CI
Odds Lower Upper
ratio limit
limit

Gheorghiade et al, 1998
Scherz et al, 2010
Amin et al, 2012
Amin et al, 2013
Arévalo Lorido et al, 2013
Deitelzweig et al, 2013
Luu et al, 2013
Marco et al, 2013
Overall

2,12
1,42
1,12
1,19
1,37
1,37
10,60
1,42
1,32

1,25
3,60
1,27
1,60
1,11
1,14
1,14
1,24
0,84
2,21
1,29
1,45
0,42 269,21
1,37
1,46
1,18
1,48
0,1 0,2 0,5 1
No Hyponatremia
Favours A

2

5 10

Hyponatremia
Favours B

Meta Analysis

Figure 3 Odds ratio (95% conﬁdence interval) for hospital
readmission in patients with or without (no) hyponatremia.
CI ¼ conﬁdence interval.

medicine of the Spanish National Health System (NHS)
between 2007 and 2010 showed that hyponatremia was
independently associated with a longer hospitalization,
higher costs, and was considered a powerful predictor of
hospital readmission even after the adjustment of associated
morbidities, as detected by the Charlson index.28
Another interesting ﬁnding of the present study derives
from the meta-regression analysis, which indicates that the
duration of hospitalization was even longer in patients with
lower serum [Naþ] at enrollment. Interestingly, in a recent
meta-analysis we reported that the favorable effects of
hyponatremia correction were inversely related to hyponatremia at enrollment.16 These ﬁndings suggest that patients
with a more severe hyponatremia deserve an even more

thoughtful work-up, because the outcome of patients who
were correctly treated for this condition may be more
favorable compared with those who did not receive an
appropriate treatment.
The possible pathogenetic mechanisms underlying
hyponatremia-related morbidity and mortality are not
completely understood. Hyponatremia-induced oxidative
stress has been suggested to play an important role.71,72
However, a growing body of evidence also indicates that
several inﬂammatory mediators such as interleukin-1 and
interleukin-6 can induce hyponatremia through excessive
vasopressin release,73 thus conﬁrming the presence of a
bidirectional relationship between hyponatremia and inﬂammatory response.73,74 These data further conﬁrm that a
causeeeffect relationship between hyponatremia, hospital
length of stay, and readmission rate cannot be extrapolated
from the studies that have been analyzed here. Accordingly,
it should be recognized that the data were adjusted only for
age and sex, whereas the prevalence of associated morbidities was not considered as a possible confounder, because
they were not adequately reported in a sufﬁcient number of
studies. However, it should be recognized that a large survey about hospitalized patients conﬁrmed an association
between hyponatremia and longer hospitalization even after
the adjustment of possible confounders including age, sex,
race, admission service, and associated morbidities, as
derived from the Deyo-Charlson Comorbidity Index score.26
A further limitation of the present study is represented by
incomplete reports of the data on hospital duration and
readmission rate in trials only marginally designed for the
assessment of these endpoints. The prolonged hospital
length of stay could be affected by the economic system of
reimbursement in hospitals located in different countries.
Admittedly, this issue may have an inﬂuence on the

31,10

Differences in means (days)
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Slope=-1.00[-1.30;-0.70];p<0.000
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Figure 4 Weighted relationship between serum [Naþ] cutoff deﬁnition and duration of
hospitalization.
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Hyponatremia
cost ($)
Meta Analysis
Study name

Statistics for each study
Difference
in means

Zilberberg, Exuzides et al, 2008
Zilberberg et al, 2008
Callahan et al, 2009
Shorr et al, 2011
Amin et al, 2012
Amin et al, 2013
Deitelzweig et al, 2013
Deitelzweig, Amin et al, 2013
Overall

2944,00
1354,00
1825,00
1153,00
2864,00
1842,00
2702,00
417,00
1887,13

Lower
limit

Upper
limit

2463,16
547,80
738,30
952,33
2799,71
1443,03
2155,04
286,34
881,66

3424,84
2160,20
2911,70
1353,67
2928,29
2240,97
3248,96
547,66
2892,59

Difference in means and 95% CI
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0,00
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Hyponatremia
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Figure 5 Mean hospitalization cost (95% conﬁdence interval [CI]; US dollars) in patients with or
without (no) hyponatremia.

behavior of health professionals. In addition, the statistical
analysis showed the presence of heterogeneity.75,76 Finally,
even if statistical analyses did not suggest any relevant
publication bias, the possibility of selective reporting cannot
be excluded. In any case, the economic impact of hyponatremia in terms of prolonged hospitalization suggests that
diagnostic and therapeutic algorithms used in clinical practice should be implemented. These considerations highlight
the need for additional, well-designed studies of clinical
outcomes with effective therapies in patients with
hyponatremia.14,77,78
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Section/Topic

#

Checklist Item
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on Page #

Title
Title

1

THE ECONOMIC BURDEN OF HYPONATREMIA: SYSTEMATIC REVIEW AND METAANALYSIS

1

Abstract
Structured summary

2

Background: Hyponatremia is the most common electrolyte abnormality
observed in clinical practice. Several studies have demonstrated that
hyponatremia is associated with an increased length of hospital stay and of
hospital resource utilization. To clarify the impact of hyponatremia on the
length of hospitalization and costs, we performed a meta-analysis based on
published studies that compared hospital length of stay between patients
with or without hyponatremia.
Methods: An extensive Medline, Embase, and Cochrane search was performed to
retrieve all studies published up to April 1, 2015, using the following words:
“hyponatremia” or “hyponatraemia” AND “hospitalization.” A meta-analysis
was performed including all studies comparing duration of hospitalization and
hospital readmission rate in subjects with or without hyponatremia.
Findings: Of 444 retrieved articles, 46 studies satisﬁed inclusion criteria,
encompassing a total of 3,940,042 patients, of whom 757,763 (19.2%) were
hyponatremic. Across all studies, hyponatremia was associated with a
signiﬁcantly longer duration of hospitalization (3.30 [2.90-3.71; 95% CIs] mean
days; P < .0001). Similar results were obtained when patients with associated
morbidities were analyzed separately. Furthermore, hyponatremic patients had a
higher risk of hospitalization at the ﬁrst hospital admission (OR ¼ 1.32 [1.18;
1.48; 95% CIs]; P < .0001). A meta-regression analysis showed that the
hyponatremia-related length of hospital stay was higher in males (Slope
[S] ¼ 0.09 [0.05-0.12; 95% CIs]; P ¼ .0001 and Intercept [I] ¼ 1.36
[3.03-0.32; 95% CIs]; P ¼ .11) and in elderly patients (S ¼ 0.002
[0.001-0.003; 95% CIs]; P < .0001 and I ¼ 0.89 [0.83-0.97; 95% CIs]; P < .001).
A negative association between serum [Naþ] cutoff and duration of hospitalization
was detected. No association between duration of hospitalization, serum [Naþ]
and associated morbidities was observed. Finally, when only US studies (n ¼ 8)
were considered, hyponatremia was associated with up to $3000 higher hospital
costs/patients when compared with the cost of normonatremic subjects.
Interpretation: This meta-analysis conﬁrms that hyponatremia is associated with a
prolonged hospital length of stay and higher risk of readmission. These
observations indicate that hyponatremia represents one important determinant
of the hospitalization costs.

2

Introduction
Rationale

3

In the US, the direct medical costs of hyponatremia were estimated to range
between $1.6 billion and $3.6 billion and could be associated not only with
the increased mortality and morbidity, but also with a prolonged length of
stay in hospital.
To clarify the impact of hyponatremia on length of hospital stay and costs, we
performed a meta-analysis based on published studies that compared hospital
length of stay and cost between patients with or without hyponatremia.

4-5

All studies speciﬁcally addressing the duration of hospitalization, cost and
readmission risk in subjects with or without hyponatremia were included in
the analysis.
Studies not including information about serum [Naþ] or about duration of
hospitalization were excluded from the analysis (see Table 2).
PubMed from 1965 e November 1, 2015
EMBASE from 1974 e November 1, 2015
Cochrane from 1967 e November 1, 2015.
The principal source of information was derived from published articles.

6

Objectives

Methods
Protocol and registration

4

5

Eligibility criteria

6

Information sources

7

5

6
6
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Section/Topic

#

Search

8

Study selection

9

Data collection process

10

Data items

11

Risk of bias in individual studies
Summary measures

12
13

Synthesis of results

14

Risk of bias across studies

15

Additional analyses

16

Results
Study selection

17

Study characteristics

18

Risk of bias within studies

19

Results of individual studies

20

Checklist Item
An extensive Medline, Embase, and Cochrane search was performed including
the following words: “hyponatraemia” [All Fields] OR “hyponatremia” [MeSH
Terms] OR “hyponatremia” [All Fields]) AND (“hospitalisation” [All Fields] OR
“hospitalization” [MeSH Terms] OR “hospitalization” [All Fields].
We did not employ a search software. We hand-searched bibliographies of
retrieved papers for additional references
Details of the literature search process are outlined in the ﬂow chart (Figure 1).
Data extraction were performed independently by 2 of the authors (GP, CG), and
conﬂicts resolved by a third investigator (GC). The credentials of all
investigators are indicated in the author list.
The principal outcome of this analysis was to compare the duration of the
hospitalization and cost in subjects with or without hyponatremia at
admission. A secondary outcome included the risk of hospitalization
readmission in patients with or without hyponatremia.
Quality of the studies was assessed using the Cochrane criteria.
The identiﬁcation of relevant studies was performed independently by 2 of the
authors (GP, CG), and conﬂicts resolved by a third investigator (GC). Mean
duration of hospitalization and cost with 95% conﬁdence interval (CI) was
calculated for in subjects with or without hyponatremia at admission. In
addition, odds ratios (95% CI) of hospitalization readmission in patients with
or without hyponatremia were also evaluated.
Heterogeneity on duration of hospitalization in patients with or without
hyponatremia was assessed by using I2 statistics. For a more conservative
approach, results of random effect models were presented.
The Begg-adjusted rank correlation test was used to test the presence of
possible bias across studies.
A meta-regression analysis was performed to test the effect of age, serum [Naþ]
cutoff and several associated morbidities at enrollment on duration of
hospitalization. In addition, a linear regression analysis model, weighting
each study for the number of subjects enrolled, was performed to verify the
independent effect of hyponatremia on duration of hospitalization after the
adjustment for age and sex and serum [Naþ] cutoff.
Of 444 retrieved articles, 358 articles were excluded for different reasons. The
ﬂow of the meta-analysis is summarized in Figure 1, and the characteristics
of the trials included in the meta-analysis are summarized in Table 1.
Among the 46 selected studies, 3, 10, 4, 4, 5 studies evaluated the effect of
hyponatremia in subjects undergoing heart surgery, in those with heart failure
(HF), end-stage liver diseases, pulmonary diseases, and in pediatric patients,
respectively. In addition, another 11 studies reported data on the effect of
hyponatremia for combined mixed diseases, which could not be grouped
separately (Table 1). In addition, 9 studies retrospectively investigated the
effect of hyponatremia in a hospitalized series of subjects. In these studies, a
major diagnosis was not speciﬁed.
Overall 3,940,042 patients and 757,763 hyponatremic subjects (19.2%) were
included in the meta-analysis. Hyponatremia was deﬁned according to varying
cutoff deﬁnitions in the included studies (Table 1). When the same study
reported data according to different serum [Naþ] thresholds, a pondered
mean was considered. I2 in trials assessing the duration of hospitalization in
subjects with or without hyponatremia was 99.4 (P < .0001).
For a more conservative approach, results of random effect models were
presented.
We included 7 forest plots evaluating duration of hospitalization on patients with
speciﬁc diseases or series of hospitalized patients. In addition, one plot on risk
of hospitalization readmission and one on hospitalization cost were also
included. Finally, a forest plot to examine effect age and [Naþ] in predicting
duration of hospitalization (meta-regression analysis) was also evaluated.
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Section/Topic

#

Checklist Item

Synthesis of results

21

Risk of bias across studies

22

Additional analysis

23

Present results of each meta-analysis were done, including conﬁdence intervals
and measures of consistency.
Funnel plot and Begg-adjusted rank correlation test (Kendall’s s: 0.18; P ¼ .09)
suggested no major publication bias.
A meta-regression analysis showed that the hyponatremia-related duration of
hospitalization was higher in males (S ¼ 0.09 [0.05; 0.12; 95% CIs]; P ¼
.0001 and I ¼ 13.6 [3.03; 0.32; 95% CIs]; P ¼ .11). In addition, a mild
association between age and longer hospitalization was also observed (S ¼
0.002 [0.001; 0.003; 95% CIs]; P < .0001 and I ¼ 0.89 [0.83; 0.97; 95% CIs];
P < .0001). Finally, a negative association between serum [Naþ] cut-off and
duration of hospitalization was detected (Figure 4). The latter association
was conﬁrmed in a multivariate regression model adjusting for age and sex
(adj r ¼ 0.210; P < .0001). Conversely, no association between duration of
hospitalization, serum [Naþ] and several associated morbidities such as
history of heart failure, cardiovascular diseases, diabetes mellitus,
hypertension, cirrhosis or chronic renal insufﬁciency at enrolment was
observed (not shown).

Discussion
Summary of evidence

24

Limitations

25

Conclusions

26

Funding
Funding

27

The present meta-analysis, deriving from the study of a huge number of
patients, conﬁrms that hyponatremia represents a frequent condition
observed in up to 20% of hospitalized patients. In addition, our data show
that hyponatremia is associated with a prolonged hospital length of stay, and
higher risk of readmission. The data were similar when European studies were
compared with those performed in North America.
Several limitations should be recognized. First of all, it should be recognized
that the data were adjusted only for age and sex, whereas the prevalence of
associated morbidities was not considered as possible confounders, because
they were not reported adequately in a sufﬁcient number of studies. Hence,
potential unmeasured confounders may have caused residual confounding
effects, but the measured factors that are correlated with such confounders
should have mitigated this bias. However, meta-analysis is particularly useful
when there is a variety of reports with low statistical power; in this situation,
pooling of data can improve power and provide a more convincing result.
A further limitation of the present study is represented by incomplete reporting
of the data on hospital duration and readmission rate in trials only marginally
designed for the assessment of these endpoints. In particular, all the reviewed
studies analyzed were observational surveys and none of them was originally
designed to address hyponatremia-related hospitalization outcome or medical
burden. In addition, the statistical analysis showed the presence of
heterogeneity.14,78 Finally, even if statistical analyses did not suggest any
relevant publication bias, the possibility of selective reporting cannot be
excluded.
Taken together, present data indicate that hyponatremia represents one
important determinant of the hospitalization medical costs. The economic
impact of hyponatremia in terms of prolonged hospitalization suggests new
therapeutic options with the need to develop and implement new diagnostic
and therapeutic algorithms in clinical practice.
No separate funding was necessary for the undertaking of this systematic review
and meta-analysis.
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