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Abstract

BACKGROUND—Hyponatremia is the most common electrolyte abnormality in hospitalized
individuals.

METHODS—To investigate the association between serum sodium concentration and mortality,
we conducted a prospective cohort study of 98,411 adults hospitalized between 2000 and 2003 at
2 teaching hospitals in Boston, Massachusetts. The main outcome measures were in-hospital, 1-
year, and 5-year mortality. Multivariable logistic regression and Cox proportional hazards models
were used to compare outcomes in patients with varying degrees of hyponatremia against those
with normal serum sodium concentration.

RESULTS—Hyponatremia (serum sodium concentration <135 mEgq/L) was observed in 14.5% of
patients on initial measurement. Compared with patients with normonatremia (135-144 mEg/L),
those with hyponatremia were older (67.0 vs 63.1 years, P <.001) and had more comorbid
conditions (mean Deyo-Charlson Index 1.9 vs 1.4, P <.001). In multivariable-adjusted models,
patients with hyponatremia had an increased risk of death in hospital (odds ratio 1.47, 95%
confidence interval [Cl], 1.33-1.62), at 1 year (hazard ratio 1.38, 95% ClI, 1.32-1.46), and at 5
years (hazard ratio 1.25, 95% CI, 1.21-1.30). The increased risk of death was evident even in
those with mild hyponatremia (130-134 mEg/L; odds ratio 1.37, 95% ClI, 1.23-1.52). The
relationship between hyponatremia and mortality was pronounced in patients admitted with
cardiovascular disease, metastatic cancer, and those admitted for procedures related to the
musculoskeletal system. Resolution of hyponatremia during hospitalization attenuated the
increased mortality risk conferred by hyponatremia.

CONCLUSION—Hyponatremia, even when mild, is associated with increased mortality.
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The serum sodium concentration in humans is normally between 135 and 144 mEg/L.
Hyponatremia (serum sodium concentration <135 mEg/L) implies a relative excess of total
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body water to sodium and is seen in a variety of medical conditions including congestive
heart failure, liver disease, the syndrome of inappropriate antidiuretic hormone, and as a
result of medications (eg, thiazide diuretics, psychotropic agents, and chemotherapeutic
agents).1 Hyponatremia is the most common electrolyte abnormality in hospitalized
individuals, affecting up to 30% of patients in some series.2 The risk of death during
hospitalization is increased by more than 50% in patients admitted with hyponatremia
compared with normonatremia,2~° but the magnitude of the risk according to the actual
degree of hyponatremia has not been well studied. In addition, previous studies have not
examined differences in the risk of death with hyponatremia in different patient
subpopulations, among which the rates and causes of hyponatremia may vary. Further, long-
term mortality after hospitalization with hyponatremia has not previously been investigated.
We therefore studied the short- and long-term mortality of more than 95,000 patients
admitted with and without hyponatremia, from mild to severe cases.

Source Population

We extracted administrative and laboratory data from individuals admitted to 2 academic
teaching hospitals in Boston, Massachusetts. Brigham and Women’s Hospital (BWH) is a
777-bed teaching hospital. Massachusetts General Hospital (MGH) is a 902-bed teaching
hospital. The 2 hospitals provide primary as well as tertiary care to an ethnically and
socioeconomically diverse population within eastern Massachusetts and the surrounding
region.

Data Sources

Data on all patients admitted for at least 48 hours to BWH or MGH between January 1, 2000
and December 31, 2002 were obtained through the Research Patient Data Registry, a
registry maintained by Partners Healthcare System, which is the administrative body that
oversees operations at BWH and MGH. The Research Patient Data Registry serves as a
central clinical data warehouse for over 1.8 million inpatients and outpatients; the database
contains information on patient demographics, diagnoses and procedures, medications,
inpatient and outpatient encounters, health care providers, and laboratory results. The
database was designed for research and quality improvement purposes and has been
accessed previously for clinical studies.®:’

The following data were retrieved: demographics, length of stay, vital status at hospital
discharge and up to 5 years following discharge, International Classification of Diseases, 9t
Revision, Clinical Modification (ICD-9-CM) diagnosis codes (up to 12 per patient), Center
for Medicare and Medicaid Services diagnosis-related group, and inpatient plasma sodium
and glucose measurements. The primary analyses examined the first inpatient sodium
measurement as the exposure of interest. We used the Deyo modification of the Charlson
index (D-CI)8 to estimate comorbidity. The D-CI is the sum of the weighted number of
comorbid conditions based on 17 diagnostic categories identified from ICD-9-CM diagnosis
codes. The D-CI has been shown to perform adequately as a comorbidity adjustment tool
using administrative data.® We used ICD-9-CM codes and diagnosis-related groups to
identify medical conditions present during hospitalization.

Study Population

During the 3-year enrollment period there were 201,143 admissions (140,816 unique
patients, age >18 years) lasting at least 48 hours. We selected for analysis the initial
admission during the study period. Of the 140,816 index admissions, 98,411 had at least one
sodium measurement and constituted the study cohort; the number of sodium measurements
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ranged from 1 (44% of cohort) to 229. Of the 42,405 patients with no sodium measurements,
69% were admitted to the Obstetrics service for labor and delivery.

Assessment of Mortality

Information on vital status at discharge was obtained from hospital administrative records.
Information on vital status through April 23, 2007 among survivors of hospitalization was
obtained from the Social Security Death Index (SSDI).

Statistical Analysis

RESULTS

All analyses were performed with SAS version 9.1 (SAS Institute, Cary, NC). Continuous
variables were expressed as means + standard deviations or medians with interquartile
ranges and tested by the Student’s t test or Wilcoxon rank sum test, as appropriate.
Categorical variables were described as proportions and compared using the chi-squared
test.

In-hospital mortality across categories of hyponatremia and normonatremia was compared
by fitting logistic regression models. Longer-term mortality (ie, following discharge) was
compared by fitting Cox proportional hazards models. Survival times were censored at the
latest available date of death in the database, April 23, 2007. To explore the extent of
confounding, we fitted increasingly adjusted models, first adjusting for age alone, then for
age, sex, and D-ClI, and then additionally for the following a priori selected indicator
variables based on the presence or absence of ICD-9-CM codes (see Appendix): acute
myocardial infarction, congestive heart failure, sepsis, metastatic cancer, pneumonia,
chronic kidney disease, liver disease, gastrointestinal bleeding, syndrome of inappropriate
antidiuretic hormone, and volume depletion.

We investigated whether the association between hyponatremia and mortality differed in
clinical subgroups by including interaction terms in multivariable logistic regression models
of in-hospital mortality. For multivariable models involving subgroups, we excluded the
corresponding variable from the list of covariates. The assumption of proportional hazards
was confirmed by inspecting log-log survival curves. Two-tailed P values <.05 were
considered statistically significant.

Clinical Characteristics

Among 98,411 individuals admitted during the study period, hyponatremia (serum sodium
concentration <135 mEq/L) was present on the first sodium determination in 14,290 (14.5%)
and at some point during hospitalization in an additional 5093 (total, 19.7%). Hyponatremia
on admission was mild (130-134 mEqg/L) in the majority of patients (83.0%) and severe
(<120) in only 0.2% (Table 1).

Hyperglycemia (glucose >200 mg/dL) was present in 15.8% of patients admitted with
hyponatremia (glucose was measured in 94.7%). When the initial serum sodium
concentration was corrected for hyperglycemia using 3 different formulas, 11.7% to 18.7%
of the 14,290 initially hyponatremic patients were recategorized as having normo- or
hypernatremia (Table 1). All subsequent analyses were performed using initial sodium
values corrected for initial glucose concentration above 100 mg/dL according to the 2-piece
linear regression model described by Hillier et al.10 After excluding 3472 individuals with
hypernatremia (Na >144 mEg/L), the final study cohort consisted of 94,939 patients with
normonatremia or hyponatremia.
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Demographic and clinical characteristics of patients with and without hyponatremia are
shown in Table 2. Women accounted for approximately half of all admissions with and
without hyponatremia overall, but two thirds of admissions with severe hyponatremia.
Notable differences in the clinical characteristics of those with hyponatremia compared with
normonatremia included a higher frequency of congestive heart failure, sepsis, pneumonia,
metastatic disease, and volume depletion. Compared with those with normonatremia,
patients admitted with hyponatremia had more comorbidity (mean D-CI 1.9 vs 1.4, P <.
001).

Patients with hyponatremia had higher in-hospital, 1-year, and 5-year mortality rates than
patients without hyponatremia (Table 3). Differences in mortality persisted after
multivariable adjustment in all categories of hyponatremia except for serum sodium
concentration <120 mEg/L. Compared with patients with normonatremia, the multivariable-
adjusted risk of death after 5 years following admission was increased by 24% in patients
with admission serum sodium concentration 130-134 mEg/L (P <.001); 33% in those with
serum sodium concentration 125-129 meg/L (P <.001); 29% in those with serum sodium
concentration 120-124 meg/L (P =.003); and 9% in those with admission serum sodium
concentration <120 mEg/L (P =.52) (Table 3). Repeating mortality and survival analyses
using sodium values unadjusted for admission glucose concentration or using nadir rather
than initial sodium values resulted in no substantial differences. Further adjustment for the 6
most common major diagnostic categories or race did not materially affect the results.

Subgroup Analyses

The multivariable-adjusted odds of in-hospital mortality associated with hyponatremia
(serum sodium concentration <135 mEqg/L) differed across clinical subgroups (Figure). For
example, hyponatremia was not associated with an increased risk of death compared with
normonatremia in patients admitted with pneumonia, sepsis, liver disease, or medical
admissions related to the respiratory system. The risk of in-hospital mortality with
hyponatremia was pronounced in patients admitted with metastatic cancer (odds ratio [OR]
2.05, 95% confidence interval [CI], 1.67-2.53), for medical admissions related to the
cardiovascular system (OR 2.26, 95% CI, 1.62-3.15), and for surgical admissions related to
the musculoskeletal system (OR 2.31, 95% CI, 1.25-4.27). The associations between degree
of hyponatremia and in-hospital mortality are shown in Table 4 for those subgroups in
which a statistically significant interaction was detected. In the setting of pneumonia, sepsis,
and medical admissions related to the respiratory system, there was no increased risk of
death at any degree of hyponatremia. For liver disease, a statistically significantly increased
risk of death was found only for those with serum sodium concentration 120-124 mEq/L.

Change in Serum Sodium Concentration

A total of 52,468 patients with hypo- or normonatremia had 2 or more sodium
determinations, enabling analyses of the relation with change in serum sodium concentration
during hospitalization. Patients were categorized into 4 groups, according to the change in
serum sodium concentration between the first and final sodium measurement (unadjusted for
glucose concentration). The majority were normonatremic on both measurements.
Hyponatremia resolved in 3794 (7.2%), persisted in 4524 (8.6%), and was acquired during
hospitalization in 1974 (3.8%). Mortality (in hospital, 1-year, and 5-year) was highest and
comparable in those with persistent or acquired hyponatremia, lower in those with
hyponatremia that resolved, and lowest in those with normonatremia at both first and last
serum sodium measurements (Table 5).
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DISCUSSION

The prevalence of hyponatremia (first measured serum sodium concentration <135 mEg/L)
in individuals hospitalized for at least 2 days is approximately 13%. Our estimate is higher
than the 5.5% prevalence reported in the 39-hospital study by Zilberberg et al,® which
included all admissions irrespective of length of stay. Anderson et al'2 found a prevalence of
2.4% when defining hyponatremia as serum sodium concentration <130 mEg/L; our results
using this definition are similar. Our study confirms an association between hyponatremia
and mortality, and extends previous reports in several ways. We found that the risk of
mortality in individuals with hyponatremia is evident even in mild cases (serum sodium
concentration 130-134 mEq/L), which constitute the majority of cases of hyponatremia.
Typically, previous studies have examined hyponatremia as a binary variable (present or
absent), but our large sample size allowed us to examine several different categories of
serum sodium concentrations as well as the relation with change in serum sodium
concentration during hospitalization. We were able to study the long-term impact on
survival in addition to in-hospital mortality by extending the observation period following
hospitalization, and demonstrated that the increased risk of death persists 5 years beyond
discharge. We also found that 12.1% of patients initially identified with hyponatremia were
hyperglycemic, such that they would otherwise have been normonatremic or hypernatremic
in the absence of the associated shifts in free water from the intracellular space. The effect of
hyperglycemia on serum sodium was accounted for by using a formula experimentally
derived in human studies.1°

Anderson et all? reported that 16% of cases of hyponatremia in medical or surgical patients
were due to hyperglycemia (glucose >300 mg/dL), but most subsequent epidemiologic
studies of hyponatremia have not accounted for hyperglycemia. We speculated that there
may be substantial differential misclassification of hyponatremia due to hyperglycemia
given the strong association between hyperglycemia and in-hospital mortality even among
those with undiagnosed diabetes.13 Importantly, we found only a small difference in the
absolute prevalence of hyponatremia when corrected for hyperglycemia, and no effect on the
association between hyponatremia and mortality.

The significance of hyponatremia varies according to the clinical context (Figure). While the
risk of death in hyponatremic patients was higher for most diagnoses, we found no increased
risk of in-hospital mortality with hyponatremia (serum sodium concentration <135 mEg/L)
in the setting of sepsis, liver disease, or respiratory diseases including pneumonia. Using a
large administrative database of hospitalized patients with pneumonia, Zilberberg!* also
found no increased risk of death with hyponatremia (serum sodium concentration <135
mEg/L) compared with normonatremia, whereas Nair et all® reported a 7% increased risk of
death in a single-center study. We found no increased risk of death in any category of
hyponatremia in sepsis, pneumonia, or medical admissions for respiratory diseases, but an
increased risk of death in liver disease with more severe hyponatremia (serum sodium
concentration 120-124 mEg/L). Previous studies in cirrhosis have yielded conflicting
reports, with several reports16=20 of an increased risk of death with hyponatremia and at
least one2! showing no association after multivariable adjustment for disease severity.

We documented a heightened association between hyponatremia and in-hospital mortality in
the setting of metastatic cancer, heart disease, and patients admitted for orthopedic surgical
procedures. The prognostic value of low serum sodium concentrations for mortality has been
previously described for acute myocardial infarction,22724 congestive heart failure,25=28 and
cancer,29731 hut not to our knowledge in orthopedics.
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The association between hyponatremia and outcomes following orthopedic surgical
procedures deserves further attention. McPherson and Dunsmuir32 found hyponatremia (Na
<130 mEqg/L) pre- or postoperatively in 2.8% of all patients undergoing surgery for fracture
of the femoral neck. No published study has examined outcomes associated with
hyponatremia in this large patient population. We found in patients admitted for orthopedic
surgical procedures a 2.10-fold increased risk of death with mild hyponatremia (serum
sodium concentration 130-134 mEg/L) and a 4.60-fold increased risk of death with more
severe hyponatremia (serum sodium concentration 125-129 mEg/L). We could not
differentiate between preoperative hyponatremia (ie, as a potential cause for falls leading to
admission for an orthopedic procedure33) and postoperative (ie, potentially iatrogenic)
hyponatremia. Further studies should elucidate the reasons for the associations we observed
between hyponatremia and mortality and whether they are due to severity of comorbid
disease or whether hyponatremia itself represents a potentially treatable perioperative risk
factor.

Our study cannot determine whether a causal link exists between hyponatremia and
mortality. When severe or acute in onset, hyponatremia can lead to life-threatening cerebral
edema. The reasons underlying our finding of increased mortality in less severe
hyponatremia are less clear. Hyponatremia can be a marker of severity of illness, which may
be predictive of but not causally related to mortality. For example, hyponatremia may signal
the presence of important physiologic derangements in the case of cardiovascular disease
(eg, low effective circulating volume with consequent impairments of glomerular filtration
rate and distal sodium delivery, elevated levels of arginine vasopressin, or neurohormonal
activation). Alternatively, the association between mild hyponatremia and mortality may
have a physiologic basis. Maintenance of serum osmolarity and sodium concentrations
within tight boundaries is a hallmark of all terrestrial mammals.3* Sodium concentrations
affect the 3-dimensional conformations of proteins and enzymes, and play a critical role in
maintaining electrical gradients across cell membranes, in nerve-impulse transmission, and
in muscle excitation.3® The effects of abnormal serum sodium concentrations on cerebral
function are well known,33:36 hut the effects on other organ systems deserve further study.
Notably, patients with chronic hyponatremia may have subtle but significant decrements in
neurological function, in the absence of overt cerebral edema; the mechanism(s) of these
effects are not as yet clear.33

Hyponatremia is common in the hospitalized population but extremely heterogenous in
terms of causes; our results from subgroup analyses confirm that the heterogeneity extends
to its prognostic significance as well. Whether hyponatremia is a rational target for
interventional studies (eg, water restriction, loop diuretics, and the newly introduced V2-
receptor antagonists3’) likely depends on the clinical context. Because hyponatremia may
not be associated with mortality in sepsis and pneumonia, the benefit of correcting sodium
concentration in those populations may be limited. In contrast, hyponatremia appears to be
strongly associated with mortality in heart disease, cancer, and in patients undergoing
orthopedic procedures; these groups could be targeted to examine the potential benefit of
strategies to normalize serum sodium concentrations. Indeed, we found that improvements
in serum sodium concentration attenuated the increased risk of death conferred by
hyponatremia.

Several limitations of our study deserve mention. We relied on ICD-9-CM and diagnosis-
related group codes to classify patients in subgroups and for use in multivariable models.
The accuracy of ICD-9-CM codes has been studied extensively both for identifying specific
medical conditions and for use in the D-CI for risk-adjustment. ICD-9-CM codes have
reasonable positive predictive values (PPV) for identifying common medical conditions
such as heart failure (PPV 94.3%),38 acute myocardial infarction (PPV 94.1%),39
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pneumonia (PPV 72.6%-80.8%),%0 sepsis (PPV 88.9%-97.7%),41 and chronic kidney
disease (PPV 85.7%-97.5%).42 The accuracy of ICD-9-CM codes for diagnoses such as
syndrome of inappropriate antidiuretic hormone and volume depletion have not been
studied. The extent of misclassification in our study due to the inaccuracy of ICD-9-CM
codes is not known and may have affected our estimates of mortality within clinical
subgroups. The D-CI has been shown to be comparable with other comorbidity measures for
risk adjustment and mortality prediction,®43 but to be inferior to more complex models
incorporating additional numerical laboratory values.*44> The 2 hospitals included in these
analyses are teaching hospitals and tertiary care centers in an urban setting; the prevalence
of hyponatremia may differ in other hospital settings.

We were not able to define causes or chronicity for hyponatremia in our cohort. The
distinction between euvolemic, hypervolemic, and hypovolemic hyponatremia is a critical
first step in differential diagnosis, but impractical when performing a large-scale
epidemiologic study such as ours. In addition to a detailed clinical evaluation, this
distinction requires diagnostic testing that is not available for all of the patients. For
example, an accurate distinction between euvolemic and hypovolemic hyponatremia
requires measurement of urine electrolytes or urea, given that “subclinical” hypovolemia can
lead to an exaggerated release of vasopressin and subsequent hyponatremia.#6—48

We used the SSDI to obtain vital status following discharge. The SSDI has a reported
accuracy of 93.2%.49 Misclassification of vital status was likely nondifferential with respect
to the presence or absence of hyponatremia, and therefore would bias our estimates towards
the null hypothesis.

To conclude, hyponatremia is common in the hospitalized population, and even mild cases
are independently associated with a higher risk of in-hospital and long-term mortality.
Resolution of hyponatremia during hospitalization attenuated the increased mortality risk
conferred by hyponatremia. There are important differences in the prognostic significance of
hyponatremia across clinical settings, several of which should be the focus for interventional
investigations.
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Figure.

Odds ratios for death in patients with versus without hyponatremia, according to clinical
subgroups. Values above one represent a higher risk of death in those with hyponatremia.
Odds ratio point estimates are listed above each box, and 95% confidence intervals are
represented by solid lines. P values for interaction terms between hyponatremia (Na <135)
and the subgroup of interest were as follows: acute myocardial infarction .30, congestive
heart failure .57, sepsis .0002, pneumonia <.0001, chronic kidney disease .67, liver disease .
004, gastrointestinal bleeding .18, volume depletion .07, metastatic cancer .005, circulatory
system (surgical) .69, circulatory system (medical) .02, musculoskeletal system (surgical) .
01, nervous system (surgical) .73, nervous system (medical) .26, respiratory system
(medical) .002.
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Table 5
Mortality in Patients with At Least 2 Serum Sodium Determinations According to Initial and Final Sodium
Values
Persistent Resolution of Persistent Acquired
Normonatremia (n = Hyponatremia (n = Hyponatremia (n = Hyponatremia (n =
42,176) 3794) 4524) 1974)
Crude in-hospital mortality (%) 1.8% 3.9% 6.2% 5.9%
Multivariable-adjusted odds ratio for 1 (ref) 1.26 (1.03-1.52) 2.37 (2.03-2.77) 2.44 (1.97-3.03)
death
Crude 1-year mortality (%) 11.1% 18.5% 23.5% 22.7%
Multivariable-adjusted hazard ratio 1 (ref) 1.19 (1.09-1.31) 1.55 (1.43-1.67) 1.54 (1.37-1.72)
for death at 1 year after discharge
Crude 5-year mortality (%) 25.4% 38.5% 40.8% 41.1%
Multivariable-adjusted hazard ratio 1 (ref) 1.18 (1.11-1.25) 1.32(1.25-1.39) 1.40 (1.30-1.51)

for death at 5 years after discharge

Categorization is according to normonatremia (135-144 mEg/L) and hyponatremia (<135 mEg/L) on initial versus final serum sodium

determination (unadjusted for glucose concentration). Multivariable models adjusted for age, sex, Deyo-Charlson Index, and individual diagnoses
(acute myocardial infarction, congestive heart failure, sepsis, metastatic cancer, pneumonia, chronic kidney disease, liver disease, gastrointestinal
bleeding, syndrome of inappropriate antidiuretic hormone, volume depletion).
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Appendix

Administrative Codes for Diagnoses and Major Diagnostic Categories

Diagnosis ICD-9 code
Acute Ml 410.x
Congestive heart failure 428.x

Sepsis
Pneumonia

Chronic kidney disease

038.x, 112.5, 112.81, 020.2, 790.7

480.x, 481, 482.x, 483.x, 484 .x, 485, 486

582.x, 583.x, 585.x, 586, 588.x

Liver disease 570, 571
Gastrointestinal hemorrhage 578.x
Syndrome of inappropriate antidiuretic hormone  253.6
Hypothyroidism 244.x
Adrenal insufficiency 255.4x
Polydipsia 783.5
Volume depletion 276.5

Metastatic cancer
Major diagnostic category*

Circulatory system (surgical)

196.x, 197.%, 198.x, 199.x
Diagnosis-related group codes
104-120

Page 18

Circulatory system (medical) 121-145
Musculoskeletal system (surgical) 209-234
Nervous system (surgical) 1-8
Nervous system (medical) 9-35
Respiratory system (medical) 78-102

The most common admission diagnoses (based on ICD-9 codes) for each of the Major Diagnostic Categories were as follows:

o Circulatory system (medical) — unspecified chest pain (12%); congestive heart failure (12%); acute myocardial infarction (8%); syncope and
collapse (8%); and intermediate coronary syndrome (7%).

o Circulatory system (surgical) — chronic ischemic heart disease (14%); coronary atherosclerosis of native coronary artery (10%); intermediate
coronary syndrome (9%); aortic valve disorders (7%); and acute myocardial infarction, unspecified (6%).

o Musculoskeletal system (surgical) — osteoarthrosis (28%); mechanical complication of internal orthopedic device (4%); lumbar spinal stenosis
(4%); fracture of femur (3%); and other complication of internal prosthetic device (2%).

o Nervous system (surgical) — neoplasm of brain (unspecified) (12%); nonruptured cerebral aneurysm (7%); subarachnoid hemorrhage (6%);
carotid artery stenosis or occlusion (5%); and benign neoplasm of cranial nerves (5%).

o Nervous system (medical) — acute cerebrovascular disease (20%); convulsions (10%); intracerebral hemorrhage (5%); transient cerebral ischemia
(4%); and cerebral artery occlusion with infarction (3%).

o Respiratory system (medical) — pneumonia (24%); chronic airway obstruction (6%); asthma (6%); shortness of breath (5%); and pulmonary
embolism (4%).
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