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ABSTRACT

Background. Hip fractures are among the most serious bone
fractures in the elderly, producing significant morbidity and
mortality. Several observational studies have found that mild
hyponatremia can adversely affect bone, with fractures occur-
ring as a potential complication. We examined if there is an
independent association between prolonged chronic hypona-
tremia (>90 days duration) and risk of hip fracture in the
elderly.

Methods. We performed a retrospective cohort study in
adults >60 years of age from a prepaid health maintenance or-
ganization who had two or more measurements of plasma so-
dium between 2005 and 2012. The incidence of hip fractures
was assessed in a very restrictive population: subjects with
prolonged chronic hyponatremia, defined as plasma sodium
values <135 mmol/L, lasting >90 days. Multivariable Cox

regression was performed to determine the hazard ratio
(HR) for hip fracture risk associated with prolonged chronic
hyponatremia after adjustment for the propensity to have hy-
ponatremia, fracture risk factors and relevant baseline
characteristics.

Results. Among 31 527 eligible patients, only 228 (0.9%) had
prolonged chronic hyponatremia. Mean plasma sodium was
132 £ 5 mmol/L in hyponatremic patients and 139 + 3 mmol/L
in normonatremic patients (P < 0.001). The absolute risk for
hip fracture was 7/282 in patients with prolonged chronic
hyponatremia and 411/313 299 in normonatremic patients.
Hyponatremic patients had a substantially elevated rate of
hip fracture [adjusted HR 4.52 (95% CI 2.14-9.6)], which was
even higher in those with moderate hyponatremia (<130 mmol/
L) [adjusted HR 7.61 (95% CI 2.8-20.5)].

Conclusion. Mild prolonged chronic hyponatremia is inde-
pendently associated with hip fracture risk in the elderly popu-
lation, although the absolute risk is low. However, proof that
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correcting hyponatremia will result in a reduction of hip frac-
tures is lacking.

Keywords: bone, falls, hip fracture, hyponatremia,
osteoporosis
INTRODUCTION

Hyponatremia, typically defined as a serum sodium level
<135 mmol/L, is a clinical feature in 15-20% of emergency ad-
missions to hospital [1]. In a population-based, cross-sectional
study of 14 697 adults >18 years of age who participated in the
nationally representative National Health and Nutrition Exam-
ination Survey for 1999-2000, the prevalence of hyponatremia
in the US population in a weighted analysis was 1.72%. The
prevalence of hyponatremia was significantly higher in women
(2.09%) and increased with age [2]. This electrolyte disorder
occurs frequently in the elderly, affecting ~10% of elderly indi-
viduals living at home and 20% of those living in nursing homes
[3]. The most serious complication of hyponatremia is hypona-
tremic encephalopathy, which is associated with significant
morbidity and mortality [4-7]. In addition to the neurologic
manifestations of hyponatremic encephalopathy, it can be asso-
ciated with respiratory failure and noncardiogenic pulmonary
edema [8, 9].

Novel associated features of hyponatremia are bone abnor-
malities [10]. In 1999, our group noted that orthopedic injury
was a presenting manifestation of chronic symptomatic severe
hyponatremia [11]. It has subsequently been demonstrated that
mild and asymptomatic hyponatremia is associated with bone
abnormalities, with numerous studies been demonstrating an
increased prevalence of hyponatremia in patients admitted
for fractures [10, 12-19]. Hip fractures are among the most ser-
ious types of fracture in the elderly and are associated with high
mortality (14-36%) during the first year postfracture [20]. Fur-
thermore, death from any cause in the first 3 months after a hip
fracture is 5.75-fold higher in women and 8-fold higher in men
compared with age-matched controls [21]. Postfracture mor-
bidity is also significant, with many patients experiencing a
marked decline in functional capabilities and the need for long-
term care.

There are two proposed mechanisms by which hyponatre-
mia contributes to bone fractures: (i) by causing subtle neuro-
logic impairment, with gait abnormalities and falls and (ii) by
directly contributing to osteoporosis and increased bone fra-
gility [22]. Animal studies have demonstrated that prolonged
chronic hyponatremia of 3-months duration leads to abnor-
mal bone histomorphology and reduced bone mineral density
(BMD) [16]. No human studies have evaluated whether the
duration of hyponatremia is a contributing factor to bone ab-
normalities. Our hypothesis was that prolonged hyponatre-
mia of >90 days duration, similar to what has been reported
in animal studies [16, 22], would be a significant risk factor
for hip fractures in the elderly. We therefore examined
whether prolonged hyponatremia of >90 days duration was
independently associated with hip fractures in a diverse elder-
ly population.

MATERIALS AND METHODS

Setting and period

This study was performed among patients treated within the
Italian Hospital Medical Care Program (IHMCP) from 1 Janu-
ary 2005 to 1 December 2012. The Italian Hospital of Buenos
Aires (IHBA) is a general tertiary-level hospital offering
comprehensive medical services to a population of 155000
beneficiaries of the ITHMCP, a prepaid health maintenance
organization (HMO) of the city of Buenos Aires in Argentina.
All medical care interventions for the beneficiaries are regis-
tered centrally in a computerized data repository, with only
one electronic health record (EHR) per person.

The study was approved by the hospital’s institutional review
board and was carried out in compliance with the principles
outlined in the Declaration of Helsinki. A waiver of informed
consent was obtained due to the retrospective nature of
the study.

Study design and sample

We conducted a retrospective cohort study among all
THMCP members >60 years of age who had a plasma sodium
level identified in laboratory databases during the study
period. For the primary analysis we compared patients with
prolonged chronic hyponatremia, defined as two or more
consecutive plasma sodium values <135 mmol/L for >90
days, to normonatremic patients, defined as two or more
serum sodium values for >90 days who never had a sodium
value <135 mmol. Patients with only one sodium value
<135 mmol/L or fluctuations in their serum sodium were ex-
cluded from the primary analysis but were included in a sec-
ondary analysis to assess the effect of one low serum sodium
(Figure 1). Normonatremic patients and patients with pro-
longed hyponatremia were assigned a median sodium value
that was obtained from all its determinations. Plasma sodium
was measured using the ion-selective electrode method (nor-
mal range 135-145 mmol/L).

Follow-up and identification of hip fracture

Follow-up began when the patient met the inclusion criteria.
Patients were followed up to 31 December 2012 or until
the occurrence of hip fracture, death or disenrollment from
IHMCP, whichever occurred first. A traumatic hip fracture
was assessed using relevant Systematized Nomenclature of
Medicine—Clinical Terms (SNOMED-CT) codes from the
emergency department diagnosis or hospital primary discharge
diagnosis found in the integrated IHMCP electronic health re-
cords. A trained physician evaluated patient medical records for
all potential hip fractures to confirm the presence of a hip frac-
ture and to detect and exclude pathologic hip fractures, such as
bone metastasis or hip fracture due to polytrauma.

Covariates

All patient comorbidities were identified using data from the
EHR. The EHR is a unique information system for each patient
that integrates clinical diagnoses and procedures, clinical mea-
surements, laboratory results, medications and imaging results,
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FIGURE 1: Cohort assembly of elderly subjects with and without chronic hyponatremia between 2005 and 2012.

stores these in a common data repository and encoded by ter-
minology referenced to SNOMED-CT. This system is able to
generate mirrored databases of deidentified information to en-
sure privacy and confidentiality of data and make possible the
secondary analysis of information. The accuracy of each diag-
nosis is improved through various processes, such as the inte-
gration of problem lists in a single repository that promotes
communication and allows for continuity of care as well as
the sharing of information between records and preventing
loss and duplication of data.

Covariates associated with an increased risk of hyponatre-
mia were assessed using specific SNOMED-CT codes in the
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EHR, including age, gender, congestive heart failure, chronic
kidney disease (defined as an estimated glomerular filtration
rate <60 mL/min/1.73 m* using the Modification of Diet in
Renal Disease Study equation), liver failure, chronic use of anti-
depressant medications (selective serotonin reuptake inhibi-
tors, tricyclic antidepressants), anticonvulsants and thiazide
diuretics. The presence of diabetes mellitus was also assessed
as a risk factor for hip fracture.

Components of the Fracture Risk Assessment Tool
(FRAX) were assessed. The FRAX was developed by the
World Health Organization [23, 24] in order to calculate a
predicted probability of fracture based on the history of

J.C. Ayus et al.



previous fractures, smoking, alcohol use, rheumatoid arth-
ritis, long-term corticosteroid use and BMD at the femoral,
neck based on data from the EHR. A family history of hip
fracture was not included in the assessment, as it was not pos-
sible to accurately assess this from the EHR. All other FRAX
components using SNOMED-CT codes from the EHR we as-
sessed. BMD at the femoral neck were assessed when available
in order to improve the accuracy of assessing the presence of
osteoporosis.

The Anatomical Therapeutic Chemical (ATC) Classification
System was used to identify patients with chronic use of
anticonvulsants, antidepressants, diuretics and corticosteroids
during the 90-day period before the date of the first plasma so-
dium measurement during the study period. All prescriptions
from the pharmacy database were assessed. This database in-
cludes every prescribed and dispensed medication in the
IHMCP. Long-term corticosteroid use was defined as more
than three separate purchases of corticosteroids during a period
of >90 days. The patient’s daily corticosteroid dose could not be
evaluated through the pharmacy database.

Statistical analysis

All statistical analyses were performed with SPSS 19.0 soft-
ware and a two-sided P-value <0.05 was considered significant.
Continuous variables were expressed as means and standard
deviations (SDs) or medians and interquartile ranges (IQRs),
and results were compared between groups using the ¢-test or

assumption assessed through visual inspection and graphing
the log [—log (survival)] versus log of survival time. In order
to maintain parsimony of the final model, it was assumed
that 10 hip fracture events per covariate would be required.

To further evaluate the robustness of the estimates, models
were performed that adjusted for age, gender, diabetes, co-
morbidities and medications included in the propensity score
model and individual risk factors included in the FRAX tool,
given that these variables may provide additional prognostic in-
formation and improve control of confounding beyond their
inclusion in integrated risk scores. Additional sensitivity ana-
lyses were performed to examine the association of hyponatre-
mia severity. The plasma sodium concentration was evaluated
as a continuous variable; given the nonnormal distribution of
plasma sodium, the median plasma sodium levels were used
for each patient in this analysis.

A series of sensitivity analyses were performed to evaluate if
the severity or frequency of hyponatremia had an impact on
fracture occurrence. The median serum sodium concentration,
the severity of hyponatremia (<130 mmol/L or 130-135 mmol/
L) and the sodium concentration as a continuous variable were
assessed in patients with chronic hyponatremia and a sensitiv-
ity analysis was performed. A separate sensitivity analysis, look-
ing at all patients >60 years of age with only one low serum
sodium (Figure 1), was calculated to assess the impact of hypo-
natremia of a short duration on hip fracture occurrence.

Mann-Whitney U-test if there were nonnormal distributions.
Categorical variables were expressed as frequencies and propor-
tions and were compared using x> or Fisher exact tests, as
appropriate.

The association between prolonged chronic hyponatremia
and hip fracture was assessed using several approaches. Crude
unadjusted incidence rates (IRs) (per 100 000 person-years) of
hip fracture with associated 95% ClIs were calculated for pa-
tients with and without prolonged hyponatremia.

An analysis of time to the event between patients with and
without prolonged hyponatremia was calculated using Kaplan-
Meyer survival curves. The relationship between prolonged hy-
ponatremia and hip fracture occurrence was assessed using the
univariate Cox—Mante] test. The crude HR with 95% CI for de-
veloping a hip fracture was calculated in patients with and with-
out prolonged hyponatremia.

In order to reduce the effect of possible selection bias, a pro-
pensity score [25] for hyponatremia was constructed using lo-
gistic regression that included the following variables: age;
gender; history of congestive heart failure, chronic kidney dis-
ease or liver failure; and use of antidepressants, anticonvulsants
or thiazide diuretics. The c-statistic of the propensity score
model was 0.73.

A multivariable Cox proportional hazard regression was
then calculated to evaluate the independent association be-
tween prolonged hyponatremia and the risk for hip fracture
after adjustment for the hyponatremia propensity score as a
continuous variable and also for each available clinical risk fac-
tor included in the FRAX tool (smoking, alcohol use, rheuma-
toid arthritis, corticosteroid use and osteoporosis). There was
no evidence of a violation of the proportional hazard

RESULTS

Baseline characteristics

Among 31 527 eligible adults identified during the study per-
iod, 228 (0.9%) met the criteria for prolonged chronic hypona-
tremia (Figure 1). The mean plasma sodium level was 132 £ 5
mmol/L in the prolonged hyponatremia group and 139 +3
mmol/L in the normonatremic group (P <0.001) (Table 1).
The median number of plasma sodium measurements was 3
(IQR 1) for the hyponatremic group and 2 (IQR 4) for the normo-
natremic group. The median follow-up time for the hyponatremic
group was 510 days (range 93-2820 days) and for the normona-
tremic group was 1421 days (range 902888 days) (Figure 2).

In Table 1 we evaluated multiple baseline factors, including
those known to influence the development of hyponatremia
and hip fracture occurrence. Patients in the hyponatremic
group were on average 8 years older and had a lower BML
The only identified increased risk factor for hyponatremia in
the hyponatremic group was heart failure (Table 1). Patients
in the hyponatremic group had a higher incidence of previous
fractures and alcohol use, both known to increase fracture
occurrence.

Crude rates of hip fracture by hyponatremia status

All hip fractures were caused by mechanical falls. The abso-
lute number of hip fractures in patients with prolonged chronic
hyponatremia was 7 (1 in males, 6 in females) and 411 in those
without hyponatremia (55 in men and 356 in females) (Table 1).
The crude incidence rate of hip fracture was higher in the hypo-
natremic group [781.8 per 100000 person-years (95% CI
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Table 1. Baseline characteristics in hyponatremic and normonatremic patients

Baseline characteristics
Plasma sodium, mean (SD), mmol/L
Age, mean (SD), years
Female, n (%)
Body mass index, mean (SD)
Diabetes mellitus, n (%)
Risk factors associated with hyponatremia, n (%)
Heart failure
Chronic kidney disease
Liver failure
Antidepressant use
Thiazide use
Anticonvulsant use
FRAX clinical risk factors associated with hip fracture, n (%)
Rheumatoid arthritis
Osteoporosis
Chronic corticosteroid use
Previous fractures
Active smoker
Alcohol use
Total number of hip fracture events during the follow-up period, # (%)

Chronic hyponatremia Normonatremia P-value
(n=228) (n=31299)
132 (5) 139 (3) <0.001
78 (12) 70 (12) <0.001
163 (71.5) 21 347 (68.0) 0.30
26 (6) 28 (6) <0.001
28 (12.3) 3243 (10.4) 0.34
18 (8) 910 (3) <0.001
28 (12) 3043 (10) 0.20
0 74 (0.2) 0.50
58 (25) 12026 (38) <0.001
9(4) 914 (3) 0.50
48 (21) 7778 (25) 0.20
0 182 (0.6) 0.74
68 (30) 8500 (27) 0.40
3(1.3) 676 (2.2) 0.40
39 (17) 3732 (12) 0.01
21(9) 4575 (15) 0.02
6 (2.6) 254 (0.8) 0.002
7(3) 411 (1) 0.02

1 w“"‘-ﬁ— R e S 1
0.8
Probability of 0.6
Survival without Hip
Fracture
0.4
0.2
ENormonatremia
0 HET BiHyponatremia
0 2 4 6 8
Follow up time (years)
Normonatremic patients 31,299 25475 17,133 9,671 803
Number of Hip fracture events 0 58 80 154 119
Hyponatremic patients 228 105 55 22 2
Number of Hip fracture events 0 5 1 1 0

FIGURE 2: Cumulative risk of hip fracture among normonatremic and hyponatremic elderly subjects.

463.0-1320.1)] than the normonatremic group [365.8 per
100 000 person-years (95% CI 333.1-400.14); P < 0.001], with
an incidence rate ratio of 2.14 (95% CI 1.26-3.94). Hyponatre-
mic females had the highest incidence rate for hip fracture of
811.2 per 100 000 person-years (95% CI 452.0-1473.8) com-
pared with 457.2 per 100 000 person-years for normonatremic
females (95% CI 414.2-504.6) (P < 0.001). Hyponatremic men
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also had a higher hip fracture rate [677.3 per 100 000 person-
years (95% CI 218.4-2010.0)] than normonatremic men [159.9
per 100 000 person-years (95% CI 124.7-205.1)] (P < 0.001).

Association between hyponatremia and hip fracture

In the primary analysis, after adjustment for the propensity
for hyponatremia, age, gender, diabetes and FRAX clinical

J.C. Ayus et al.



Diabetes HR 0,85
T (95%CI06-119)

Age HR 1.14 per year increase
(95%Cl1,12-1,15)

o Female HR 2,23
(95%Cl 1,66-2299)

Body mass index HR 0.93 per kg/m? increase
& (95% C1 0.91- 0.96)

‘ Active smokerHR 1,08
I (95%C10,81-1,45)

-~ Alcohol Use HR 1,72
v (95% C1 0,76 - 3,89)

L 4

—

O Corticosterciduse HR2.89
(95% Cl 2.05- 4.07)

Previous fractures HR
13,87(95%Cl 11,25-
17,11)

Rheumatoid arthritis HR 0.94
< (95%C10.23-3.78)

Hypenatremic crude

HR&,7¢

(95%Cl 3,2 -14,29)
HyponatremicAdjusted

(95% C12,13 - 9,58)

r T
0.10 1.00 10.00

100.00

Hazard Ratio (95% Confidence Interval)

FIGURE 3: Multivariable associations of prolonged hyponatremia and other potential risk factors for hip fracture in elderly adults.

risk factors, the adjusted hazard ratio (HR) for hip fracture was
4.52 (95% CI 2.13-9.58). The adjusted HR for hip fracture was
higher for chronic prolonged hyponatremia than any of the
known risk factors for fracture present in FRAX, except for hav-
ing a previous fracture (Figure 3).

The first sensitivity analysis performed adjusted for baseline
characteristics, comorbidities and individual FRAX clinical risk
factors (age, gender, BMI, congestive heart failure, chronic kid-
ney disease, liver failure, rheumatoid arthritis, long-term cor-
ticosteroid use, current smoking, alcohol consumption and
use of antidepressants, anticonvulsants or thiazides). After ad-
justment for these potential confounders, the risk of hip frac-
ture in the hyponatremic group was similar to that of the first
model [adjusted HR 5.10 (95% CI 2.35-11.00)]. A subsequent
sensitivity analysis adjusted for the median plasma sodium for
each patient as a continuous variable (in mmol/L), along with
adjustments for the hyponatremia propensity score and FRAX
clinical risk factors, and found that the risk for hip fracture re-

<130 mmol/L compared with 130-135 mmol/L [adjusted HR
7.61 (95% CI 2.8-20.5) versus HR 2.9 (95% CI 0.9-9.0)].

A sensitivity analysis was performed looking at patients who
only had one episode of hyponatremia (n =20 912). These pa-
tients were excluded from the primary analysis (Figure 1). This
analysis was performed to assess if patients with prolonged hy-
ponatremia (those with two or more plasma sodium measure-
ments <135 mmol/L for >90 days) had a greater rate of fracture
than those with short durations of hyponatremia (only one
plasma sodium measurement <135 mmol/L). The absolute
risk for hip fracture was 7/282 in patients with prolonged
chronic hyponatremia and 1540/20 912 in patients with only
one episode of hyponatremia. Patients with prolonged hypona-
tremia had a higher adjusted HR for hip fracture than those
with only one episode of hyponatremia [4.52 (95% CI 2.14-
9.60) versus 2.35 (95% CI 2.11-2.62)].

mained high [HR 3.25 (95% CI 1.18-8.9)]. A sensitivity analysis
was performed adjusting for the severity of hyponatremia as a
risk factor for hip fracture and found an increased risk of hip
fracture for hyponatremic patients with plasma sodium level

DISCUSSION

In this study, prolonged chronic hyponatremia of >90 days
(mean plasma sodium level 132 mmol/L) in elderly patients

Prolonged chronic hyponatremiaand hip fracture risk 1667
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was independently associated with a >4-fold adjusted rate of
subsequent hip fracture compared with normonatremic subjects
(Figure 3), although the absolute risk was very low (7/228 sub-
jects). Hyponatremia detected once was independently associated
with an increased rate of hip fracture, but not as much as pro-
longed hyponatremia. Collectively, this study suggests that mild
prolonged chronic hyponatremia is independently associated
with hip fracture risk in the elderly population.

Several retrospective, case-control, or cross-sectional studies
[10, 12-19] have reported that mild hyponatremia is associated
with fractures due to falling or reduced BMD [13-16]. However,
none of these previous studies evaluated the role of the duration
of hyponatremia or adjusted for the hyponatremia propensity
score and FRAX clinical risk factors. Only one of the previous
studies used a prospective design and suggested that mild hypo-
natremia was associated with an increased risk for incident and
prevalent nonvertebral fractures but not incident vertebral
fractures [18]. The study serum sodium was measured only
at baseline, which precluded evaluation of the chronicity of
hyponatremia [18]. The fact that a single hyponatremic meas-
urement was associated with fracture risk suggests that the re-
lationship is strong. In a recent cross-sectional and longitudinal
analysis using data from the Osteoporotic Fractures in Men
Study (MrOS), which enrolled 5122 community dwelling
men >65 years followed for fractures for up to 9 years, Jamal
et al. [26] found that hyponatremic men were at increased
risk for hip fracture [HR 3.04 (95% CI 1.37-6.75)]. This was
also a very restricted study, with a small number of exposed sub-
jects (64 males) and a small number of events (9 hip fractures).
Yet they found a strong association between hyponatremia and
a risk for hip fracture in men.

The present study focused on patients with prolonged chronic
hyponatremia with two or more consecutive plasma sodium
measurements <135 mmol/L during a period >90 days. This
was based on animal studies showing that prolonged hyponatre-
mia for 90 days resulted in considerable loss of bone mass [16]. It
found that hip fracture was strongly associated with prolonged
hyponatremia. It also found that patients with prolonged chronic
hyponatremia were at greater risk for hip fracture than those with
just one low serum sodium (adjusted HR 4.52 versus 2.35). This
suggests that the duration of hyponatremia is an additional risk
for hip fracture. In our study, six of the seven fractures in the
chronic hyponatremia group were observed in females.

Animal models suggest that chronic hyponatremia leads
to bone fracture through direct effects on bone quantity.
One study demonstrated that chronic hyponatremia in-
creased bone resorption and decreased bone formation, re-
sulting in osteoporosis [16]. A recent study reported that
two arginine vasopressin receptors coupled to extracellular
signal-regulated kinases are expressed in osteoblasts and
osteoclasts [27]. These findings are supported by older stud-
ies showing that one-third of total body sodium resides in
the skeleton [28, 29] and, of this, 40% is exchangeable with
plasma sodium, indicating that chronic sodium depletion
leads to sodium mobilization from bone with resultant bone
demineralization.

Hip fractures in the elderly are frequently caused by a simple
mechanical fall, often produced by gait disturbances, which are
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also known to be associated with chronic hyponatremia and can
be similar to or worse than those produced by alcohol intoxica-
tion [11, 13]. In the present study, all hip fractures were caused
by a mechanical fall, suggesting abnormal gait was present in
these subjects. The brain adapts to chronic hyponatremia
with the loss of osmolytes, such as glutamate [29, 30], which
is a neurotransmitter involved in gait function [31, 32]. Thus,
loss of glutamate may play a role in gait abnormalities that
lead to falls in patients with chronic hyponatremia. Taken to-
gether, these results suggest that hyponatremia may contribute
to bone fractures in the elderly by at least two separate mechan-
isms: neurological effects leading to unsteady gait and falls, as
well as direct alternations in bone metabolism resulting in
osteoporosis.

A strength of this study was that it analyzed a large retro-
spective cohort using multiple design and analytic approaches.
It applied strict inclusion criteria for the main analysis to min-
imize the possibility of including pseudohyponatremia (e.g. re-
lated to hyperglycemia) and applied propensity score methods
to address possible selection bias attributable to differential risk
of hyponatremia in the elderly population based on relevant pa-
tient characteristics and prescription drug use. It further ad-
justed for validated FRAX clinical risk factors for hip
fractures and performed several sensitivity analyses that yielded
consistent results. This study also did not suffer from the prob-
lem of time bias, as other studies have [33], as patients were fol-
lowed from the time they were eligible until the occurrence of
hip fracture, death, disenrollment or the end of the study peri-
od. Patients with hyponatremia should have had a higher risk of
death associated with a greater comorbidity burden that is not
related to hip fracture, as it is known that hyponatremia is a
marker of mortality in patients with cirrhosis or heart failure
[34], so the estimates of prolonged hyponatremia and hip frac-
ture may be conservative. Nevertheless, this study has several
limitations, among them, the low number of patients exposed
to prolonged chronic hyponatremia and the low number of
events (7/288). This is the result of the very restrictive design
we used. As an observational study of clinical practice, this
study is susceptible to residual confounding, as it relied on in-
formation from an electronic medical record to identify poten-
tial confounders and did not include all possible characteristics,
such as the use of certain over-the-counter medications (e.g.
NSAIDS, proton pump inhibitors), that may be associated
with the development of chronic hyponatremia but were not
systematically available. In addition, results from the study sam-
ple may also not be fully generalizable to all populations, given
the limited racial/ethnic diversity. Thus, future studies are
needed in other populations to confirm our finding of a higher
risk of hip fracture with chronic hyponatremia.

In summary, this study found that mild chronic hyponatre-
mia of >90 days (mean plasma sodium level 132 mmol/L) in
elderly patients was independently associated with hip fracture
risk. This suggests that the duration of hyponatremia is an add-
itional risk for hip fracture. Although the present study cannot
establish a causal relationship, the results raise questions about
the current indication for the treatment of mild hyponatremia
in older patients and suggest the need for interventional studies
to evaluate whether systematic surveillance and active

J.C. Ayus et al.



correction of mild hyponatremia could help to reduce hip frac-
tures in the elderly.
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