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Summary

Background: Mild hyponatremia is the commonest
electrolyte imbalance in the older population and
has been shown to be associated with gait and
attention deficits resulting in higher frequency of
falls. The association of mild hyponatremia and
bone fracture is still unknown.
Objective: To determine if mild hyponatremia is
associated with increased risk of bone fracture in
ambulatory elderly.
Design, setting and participants: Case control
study of 513 cases of bone fracture after inci-
dental fall in ambulatory patients aged 65 or
more in general university hospital. Controls
were age and sex matched randomly selected
ambulatory patients without history of bone
fracture.
Main exposure measures: Odds ratio (OR) of bone
fracture after incidental fall associated with presence
of hyponatremia.

Results: Prevalence of hyponatremia (serum sodium
<135mEq/l,) in patients with bone fracture and in
controls patient was, respectively, 13.06% and
3.90%. Hyponatremia was mild and asymptomatic
in all patients (mean serum sodium 131 mEq/l) and
was found to be associated with bone fracture after
incidental fall in ambulatory elderly (unadjusted
OR: 3.47, 95% CI: 2.09–5.79, and adjusted OR:
4.16 95% CI: 2.24–7.71). Hyponatremia was either
drug induced (36% diuretics, 17% selective seroto-
nin reuptake inhibitors) or resulted from idiopathic
syndrome of inappropriate antidiuretic hormone
secretion (37%). Hyponatremia was associated
with 9.20% of all bone fractures.
Conclusions: Mild asymptomatic hyponatremia is
associated with bone fracture in ambulatory elderly
and avoiding iatrogenic hyponatremia or treating
hyponatremia may decrease the number of bone
fractures in this population.

Introduction

Hyponatremia is a common electrolyte imbalance
in the elderly.1,2 Hyponatremia in this population
results from many mechanisms, the most common
being iatrogenic hyponatremia (from diuretics) and
inappropriate antidiuretic hormone secretion.3–6

In contrast to the hospitalized elderly patient, hypo-
natremia is less prevalent in the community and
is usually milder.2,4 Cognitive impairment and
various neurological disturbances are associated

with hyponatremia, mostly when severe.7,8 The
clinical significance of hyponatremia in the ambu-
latory elderly is not clear and the term asymptomatic
hyponatremia is usually devoted to that usually
milder form, since it is believed to be without con-
sequences.5,6,9 Very few studies however addressed
the consequences of the milder and chronic form of
hyponatremia among ambulatory seniors. Recently,
mild hyponatremia has been shown to influence
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gait and attention in the elderly, resulting in high
incidence of falls.10 Falls are a major socioeconomic
problem in the elderly: �30% of people over 65
will fall every year.11–13 Fall-related injury in the
elderly is associated with numerous psychological
and physical consequences and is a leading cause
of death and disability. Falls are associated with
bone fracture in 4–6% of cases and death occurs
from complication of fall in around 2% of cases
mostly in patients with hip fracture;14,15 the reported
proportion of elderly people seeking care after
incidental fall is around 8% and almost 5.3% of
all hospitalizations in people aged 65 years or older
are due to fall related injuries.15,16 Falls have also
been found to be a risk factor for admission to a
nursing home facility.17 Falls and fractures in the
elderly are generally due to a complex interaction
between intrinsic and extrinsic factors and some of
those have been successfully modified, resulting in
a decrease of fall incidence.18

To date, no study has addressed the possible
association of bone fracture and clinically asymp-
tomatic hyponatremia. This work investigated the
association between bone fracture after incidental
fall and hyponatremia in the ambulatory elderly.

Patients and methods

We used a computer-assisted search in our hospital
database to track all ambulatory patients older than
65 years, who arrived in our institution from January
2003 to December 2006 with a complaint of recent
fall and who had at time of discharge, a diagnosis
of bone fracture recorded in the database as one of
the diagnoses established by first line physician in
emergency department. Recent fall was defined as
fall which occurred less than 2 h before medical
attention was sought. The complaint of fall was
confirmed by the analysis of patient note in all
patients and the accuracy of the diagnosis of bone
fracture was confirmed by checking the orthopaedic
surgeon’s and radiologist’s reports. Patients were
considered eligible for the study if their fall was
incidental (not due to a road traffic accident etc.)
and if they had a pre-treatment serum sodium (SNa)
value available (pre-treatment SNa was defined as
SNa in blood sample taken day of fall, before any
fluid or drug administration). Controls were sex- and
age- (within 4 years) matched ambulatory patients
with no history of bone fractures, randomly selected
among all patients who attended the outpatient
clinic at least once between January 2004 and
December 2006. Only patients who had current
blood sample with SNa, updated medical diagnoses
and treatment at the time they attended out

patient clinic, were included in the control group.
Hospitalized patients or patients attending the

1 day clinic or dialysis clinic were not eligible for
the study. Patients with unavailable past medical

history, or unavailable current medical diagnoses
and treatment were excluded from the study. In both

groups, patients with blood glucose value over
150mg/dl were excluded.

Definition and identification of
hyponatremia

For both groups, hyponatremia was defined as SNa
lower than 135mEq/l. Pre-treatment blood chemis-

try was used for evaluation of hyponatremia in cases
and similarly, in controls only blood sample taken at
time of consultation was considered. All blood

chemistry tests were done in the same institution.
Causes of hyponatremia were further identified by

review of medical history, current medications,
blood chemistry and urine chemistry when

available.

Identification of risk factors for fall

Risk factors we included in our analysis are shown

in Table 1. Risks factors for cases and controls were
identified after analysis of standardized physician

note mentioning current medical diagnoses, past
medical history and current medical treatment.

All relevant medical information was confirmed
by analysis of a standardized computer medical file

of each patient and control.

Statistical analysis

The prevalence of the selected risks factors for a
fall (including hyponatremia) were compared in

cases and controls subjects using univariate condi-
tional logistic regression. Adjusted odds ratio for

hyponatremia was obtained after a multivariable
conditional logistic-regression. Covariates for multi-

variable model were identified if the P< 0.05 on
the basis of the univariate analysis. Age was also

included in the multivariable analysis. All analyses
used a two-sided significance level of 5% and were

performed with the use of Statistix software for
Windows (version 8). Prevalence of hyponatremia in

the 513 randomly selected controls was compared
to the prevalence of hyponatremia in all (n=27 908)

ambulatory patients by chi square test. Association
measurements in population and patients with
hyponatremia (risk of bone fracture attributable to

hyponatremia in all patients with bone fracture and
in patients with bone fractures and hyponatremia)

were calculated by Levin’s modified formula for
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matched-pairs cases-controls data.19 Results are
presented by mean and SD.

Results

From January 2003 to December 2006, 24 337
patients of 65 years or over visited our 900-bed
university hospital fall. Of patients, 2507 consulted
for recent fall; all patients had acute fall and were
taken care in the surgical ward of emergency
department (150 015 overall visits in the same
department); 923 patients were diagnosed bone
fracture. Among patients with bone fractures, 386
had non incidental fall or had no blood sample
drawn and 537 patients had incidental fracture with
SNa mostly in the setting of preoperative evaluation.
From the 537 patients with SNa available, 24
patients were excluded from the study (13 patients
with unavailable medical information and 11
patients with glycaemia over 150mg/dl) and 513
patients were finally included in the study (Figure 1),
380 were females whereas 133 were males. Mean
age for patients with bone fracture was 81� 8 years.

From January 2004 to October 2006, 27 908

patients visited our ambulatory consultation unit

and had blood chemistry including SNa drawn the

day of the consultation. Among them, we selected

Table 1 Distribution of all covariates analysed in patients and controls subjects

Variables Cases (%) n=513 Controls (%) n=513 P value

Age 80� 8 81� 7 0.001�

Male 133 (25.93) 133 (25.93) 1

Hyponatremia (Na< 135mEq/l) 67 (13.06) 20 (3.90) <0.0001�

Benzodiazepine 198 (38.60) 157 (30.60) 0.007�

SSRI 110 (21.44) 76 (14.81) 0.006�

Antiepileptic drug 30 (5.85) 20 (3.90) 0.135

Any CNS acting drug 305 (59.45) 249 (48.53) 0.0004�

Multiple medications 310 (60.42) 355 (69.20) 0.0027�

Vasodilators 209 (40.74) 246 (47.95) 0.019�

Diuretics 125 (22.41) 143 (27.87) 0.28

COPD 64 (12.47) 61 (11.89) 0.78

Hypotension 33 (6.43) 12 (2.34) 0.0027�

Acute illness 24 (4.68) 34 (6.62) 0.1914

Multiple chronic conditions 109 (21.28) 178 (34.69) <0.001�

Walking problems 144 (29.24) 194 (37.82) 0.0038�

Inactivity 30 (5.84) 14 (2.72) 0.0162�

History of stroke 57 (11.11) 41 (7.99) 0.0934�

Alcohol consumption 31 (6.04) 9 (1.75) 0.0009�

Cognitive impairment 90 (17.24) 36 (7.01) <0.0001�

Parkinson disease 33 (6.43) 12 (2.34) 0.0027�

Dizziness 14 (2.73) 30 (5.85) 0.0162�

Visual Problems 37 (7.21) 78 (15.20) <0.0001�

Nursing home residency 71 (13.84) 16 (3.11) <0.001�

COPD, chronic obstructive pulmonary disease; SD, standard deviation; SSRI, selective serotonin reuptake inhibitors;

Multiple medications, more than four drugs taken; Hypotension, systolic blood pressure was lower than 100mmHg; Multiple

chronic conditions, more than three of the followings: diabetes, chronic lung disease, heart failure, renal failure, neoplasia

and liver cirrhosis. Walking problems included peripheral neuropathy, arthritis or severe arthrosis of lower limb and use of

any walking aid device.
�Included in multivariable analysis.

2507 visits for falls

923 patients with
bone fractures

*13 with unavailable medical history or current treatment and 11 patients with 
glycaemia over 150 mg/dl

537 with incidental fracture
and with SNa available

386 with non incidental
fracture or without early

blood samples

24 excluded*

513 cases included

Figure 1. Selection of patients included in the study (all

patients are 65 years or older).
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513 age- and sex-matched controls. Mean age for
selected controls was 81� 7 years.

Anatomic distribution of fracture site and baseline
demographic characteristic of cases are given in
Table 2.

Of the 513 patients included in the study, 67
(13.06%) had SNa value <135mEq/l (SNa: 131� 3
mEq/l). Of patients, 22 were discharged without SNa
measurement at the end of hospital stay,18 were
still hyponatremic at discharge and four of them
had recurrent falls and bone fracture. Attribution of
causes of hyponatremia is given in Figure 2. In the
513 control subjects, the prevalence of hyponatre-
mia was 3.90% (n=20, SNa: 131� 3mEq/l) see
Tables 2 and 3. This was similar to patients attending
the ambulatory consultation unit of whom 1198
(4.26%) of 27 908 were hyponatremic (P=0.66).

Unadjusted odds ratio for bone fracture
associated with presence of hyponatremia was
3.47 (95% CI: 2.09–5.79); after adjustment for
potential confounders, odds ratio for bone fracture

associated with hyponatremia was 4.16 (95% CI:
2.2–47.71). The risk of bone fracture attributable to
hyponatremia was 9.20% (95% CI: 5.54–12.86) in
all patients with bone fractures and in hyponatremic

patients, bone fracture was attributed to hypona-
tremia alone in as much as 72.52% of cases (95%CI:
57.82–87.21).

Discussion

Our results identified hyponatremia as a major
single risk factor for bone fracture from incidental

fall in elderly ambulatory patients. Hyponatremia
was associated with 9.20% of all cases of bone
fractures. Almost 55% of all bone fractures were hip
and femoral fractures.

Our study confirmed previous findings about
causes of hyponatremia in the ambulatory geriatric
population3,4 and particularly the high prevalence

of idiopathic syndrome of inappropriate antidiuretic
hormone secretion (SIADH)4,20 which was found in
more than 30% of hyponatremic patients.

In our study population, hyponatremia was
clinically not symptomatic and hence more likely
to go unnoticed. Only 56% of patients with bone

fracture had SNa measurement done; blood samples
were drawn in all cases only for preoperative assess-
ment. In fact of the 67 hyponatremic elderly with
bone fractures, only one had hyponatremia men-
tioned in his discharge summary as one of the final

diagnoses in emergency room or orthopaedic ward;
many were discharged without correction of hypo-
natremia and 25% had no SNa measurement at
discharge. Four hyponatremic patients had recurrent
bone fractures.

The selective serotonin reuptake inhibitors

(SSRI) antidepressants and diuretics are a com-
monly prescribed drug in the elderly, the use
these drugs is associated with a high incidence

Table 2 Baseline characteristics of patients and controls and site of bone fracture in patients

Cases Controls

SNa< 135

n=67

SNa> 135

n=446

Overall

n=513

SNa< 135

n=20

SNa> 135

n=493

Overall

n=513

Mean age (years) 81� 9 81� 8 80� 8 85� 6 81� 7 81� 7

Male/female 16/51 117/329 133/380 9/11 126/367 133/380

Mean SNa (mEq/l) 131� 3 140� 3.2 139� 4 131� 3 141� 3 140� 3

Hip and femoral fractures 40 242 282

Upper limb fractures 16 139 155 NA

Fracture of other sites 11 65 76

NA, Non applicable.

Figure 2. Distribution of hyponatremia according to

aetiology.
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of hyponatremia.22,23 As seen in Figure 2, a signif-
icant proportion of hyponatremia in patients with
bone fractures was drug induced; for all those
patients, the treatment at discharge was similar to
treatment on admission and most of them remained
hyponatremic.

The SSRI and antiepileptic drugs (AED) were
incriminated in an increase risk of fall and bone
fracture by their sedative and hypotensive proper-
ties;24–26 our results identified hyponatremia as
another possible mechanism accounting for high
incidence of fall and bone fractures in elderly
patients taking these drugs.

In the present study, the cut off value for
hyponatremia was SNa< 134mEq/l. Other workers
have previously reported hip fracture as a complica-
tion of hyponatremic encephalopathy;21 in that
study, hyponatremia was severe (SNa 117mEq/l)
and symptomatic and bone fractures resulted from
seizures. However, a recent experimental study
tested gait and attention in hyponatremic elderly
and it was shown that the threshold for attention
and gait deficits induced by hyponatremia were
132mEq/l and 134mEq/l, respectively.27 In the
present study, hyponatremia in patients with bone
fractures was mild (mean SNa 131mEq/l) and
asymptomatic and no patients had seizures or
signs of hyponatremic encephalopathy.

The relationship between hyponatremia and
bone fracture could be explained by gait instability
and attention deficits observed in hyponatremic
elderly.10,27

Like other retrospective studies, our study has
some important limitations. First, some factors might
have not been correctly reported in cases or controls
or were unavailable. We cannot therefore exclude
the possibility that misreported risk factor like
inactivity or unassesed risk factor like muscle
strength or palmomental reflex influenced the
result of our study. Similarly, bone mass density
and body mass index were not available in most of
the patients. This could have possibly also influ-
enced our results but, the trigger for bone fracture in
our case was incidental fall and fracture was
unlikely to occur without a fall even in patients at
high risk. Besides, all shared risk factors for fall and
bone fracture were included in the multivariable

analysis and the fact that our control population had
overall more comorbidities than our patient with
bone fractures suggest that unassesed risk factors
were not likely to induce an overestimated odd
ratio. Second, in this study, only 56% of patients
with bone fracture had their SNa measured. This
limited electrolyte evaluation could have overesti-
mated the prevalence of hyponatremia. However,
that possibility is weak since sodium was measured
as part of electrolyte preoperative check up and no
patient showed signs of metabolic abnormalities, in
addition, the SNa measurement in a ambulatory
patient with bone fracture for which surgery is not
planned is not a part of routine management in
many institutions probably due to the lack of
evidence of hyponatremia associated morbidity on
absence of overt clinical signs of metabolic ence-
phalopathy. Third, the prevalence of hyponatremia
in our control sample was lower than the previously
reported prevalence of hyponatremia in elderly
ranging from 8 to 11%.2,4,5 Nevertheless, the
possibility that an underestimation of hyponatremia
in our controls has lead to an inaccurate estimation
of risk of bone fracture in hyponatremic patients
is not likely: previous papers reporting higher
prevalence of hyponatremia in the elderly included
hospitalized patients or patients living in a nursing
home where hyponatremia is more frequently
found; in addition the cut off value for definition of
hyponatremia varies widely. Moreover, hyponatre-
mia was no less frequent in our randomly selected
controls than in a larger elderly population attending
our ambulatory consultations unit over 3 years
(more than 27 000 patients).
The association between hyponatremia and bone

fractures in the ambulatory elderly is of a particular
interest in clinical practice since bone fracture
carries a major socioeconomic burden and hypona-
tremia in the elderly is mostly drug induced (SSRI
and diuretics) and thus preventable.
Our results also suggest that all ambulatory

geriatric patients with a bone fracture secondary
to incidental fall should have their SNa checked
to exclude possible hyponatremia even without
obvious neurologic symptoms.
In conclusion, mild hyponatremia is risk factor

for bone fracture due to incidental fall and a non

Table 3 Prevalence of hyponatremia in patients and controls and ORs for bone fracture associated with hyponatremia

Patients (%) n=513 Controls (%) n=513 Unadjusted OR (CI) Adjusted OR (CI)

Hyponatremia 67 (13.06) 20 (3.90) 3.47 (2.09–5.79)� 4.16 (2.24–7.71)�

OR, Odds ratio; CI, 95% confidence interval; �P< 0.001.
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negligible proportion of fall and subsequent frac-
tures in the ambulatory seniors could possibly be
prevented by avoidance of iatrogenic hyponatremia
and treatment of idiopathic SIADH.
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