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Abstract

Background & objective: Hyponatremia is the most common electrolyte disorder and is a predictor of osteoporosis,
inflammation and cognitive dysfunction leading to falls in the elderly patients. We compared glutamate levels in
normonatremic elderly patients with those with hyponatremia, admitted with osteoarthritis, to find correlation
between the cognitive status with cerebrospinal fluid (CSF) glutamate as a biomarker for hyponatremia.

Methodology: In an observational prospective study; 70 patients, more than 70 y of age, admitted to trauma unit of
Assiut University Hospital with fractures around the hip, were investigated for the frequency of on-admission
hyponatremia. The CSF glutamate level was determined using radio-immune assay. We compared glutamate level
in 18 hyponatremic patients with 10 normonatremic elderly patients admitted with osteoarthritis for elective joint
replacement (control group) to find correlation between the cognitive status assessed by Modified Mini-Mental
State (3MS) examination and CSF glutamate as a biomarker for hyponatremia.

Results: Hyponatremia is highly prevalent in elderly with fractures around the hip; we recorded it in 41.4% of the
study sample. Most patients were females (62.86%). CSF glutamate was significantly increased in hyponatremic
patients than the controls (P < 0.001).

Conclusion: Prevalence of hyponatremia is high in old aged patients probably due to due to prevalent hot weather
in the south of Egypt. CSF glutamate level can be a marker for mild cognitive impairment caused by hyponatremia.

Abbreviations: 3MS: Modified Mini-Mental State examination; CSF: cerebrospinal fluid; RPM: revolutions per
minute; ELISA: enzyme-linked immunosorbent assay; SD: standard deviation
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1. Introduction

Sodium is a precise element in human body, and there is
a close relationship between sodium and the brain
function. The most common electrolyte disorder is
hyponatremia; and is mostly known for its neurological
problems. Unrecognized complications of hyponatremia
include falls, osteoporosis and fractures. Gait
disturbance, cognitive dysfunction, and falls can occur
with hyponatremia just below 135 meg/L. * 2 Fractures
around the hip in elderly is a global problem. Every year,
around 1.6 million patients suffer from hip fractures
worldwide. As the population grows, there is an increase
of this incidence by 25% by every decade. ®

Unfortunately, hip fracture and its repair have higher
mortality rate than elective hip replacement by 6 to 15
folds. The explanation for this may be due to higher
incidence of preexisting medical diseases in the fracture
patients; 75% of them are over 70 y and 95% present
with at least one major preoperative comorbidity. **

Hyponatremia is not uncommon in geriatric patients, and
it may be accompanied by hypothyroidism,
hypocortisolism, congestive heart failure, and renal or
hepatic dysfunction. Multidrug administration is another
challenge in such patients e.g. antihypertensives,
antiepileptics, and antidepressants along with
homeostatic stress occurred with the onset of fracture
itself and its subsequent surgery. ° Geriatric patients
with even mild hyponatremia commonly experience
increased rates of fractures and falls. Falls are serious
health problem for the elderly and account for about 50
percent of deaths due to injury in the elderly. In fact, age

is a nonmodifiable risk factor, but falls are preventable.
5,6

The primary objective was to detect the frequency of
hyponatremia in elderly patients with fractures around
the hip. Secondary goals included the effect of
hyponatremia on mental status of the patients by using
Modified Mini-Mental State (3MS) examination, 7 and
the mortality rate for 6 months post admission. We also
evaluated the cerebrospinal fluid (CSF) glutamate levels
to compare it in hyponatremic with normonatremic
patients, to find any correlation between the cognitive
status.

2. Methodology

It was a prospective observational study, carried out in
our university hospital. Patients’ enrollment started after
obtaining approval of hospital ethical committee; and

registration in the clinical trials under number
(NCTO03456492).
Part one
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Inclusion criteria included patients aged 70 y or more
with fracture around the hip, who could communicate
and reply to questions for assessment of mental status
through 3MS examination who were admitted to our
hospital trauma unit over one year. On admission,
informed consent was taken from the participants or their
guardians. Full medical history was taken followed by
clinical examination of the volume status. Assessment of
the mental status of the patients was done by 3MS
examination (screening test for dementia). Cognitive
impairment was identified as a 3MS score < 80. 8 Serum
sodium level was screened as a part of basic preoperative
laboratory work up.

Part two

Eighteen hyponatremic elderly patients with mild
hyponatremia from those who were included in part one
(case group) compared with 10 normonatremic elderly
patients admitted with osteoarthritis for elective joint
replacement (control group). Cerebrospinal fluid
glutamate level was detected as follows; CSF samples
were collected during spinal anesthesia procedure,
centrifuged at 2000-3000 revolutions per min (RPM),
and kept at —20 °C till the time of the assay. CSF were
analyzed  for  glutamate by  enzyme-linked
immunosorbent assay (ELISA) kit, Catalog number
(BYEK3195-8) supplied by Chongqing Biopsies Co.,
Ltd in China (www.biospes.com) according to the
manufacturer’s instructions.

Statistical analysis

Data were collected and checked for normality of
distribution through Kolmogorov-Smirnov test. Data are
presented as mean + standard deviation or error, number
(percentage), or median (range) as appropriate.
Statistical significance between groups was determined
by using independent t-test and Mann-Whitney test for
matching distributed data. Statistical significance was
considered when P < 0.05. Data were investigated
employing the computer program IBM, SPSS (Statistical
Package for Social Sciences), Version 22, 2015.

3. Results

The demographic data of the main study group (n = 70)
demonstrates that the participants were mostly females
with a ratio of 2:1. Signs of dehydration as sunken eyes,
dry cracked tongue, decreased skin turgor, tachycardia
and hypotension were detected in 70% of patients. The
incidence of femur-neck fractures was highest among all
types of fractures around the hip. Fractures most
commonly resulted from falling on the ground (Table 1).

Hyponatremia was prevalent in 41.4% of the patients,
and the degree was mild (130-135 mmol/L) in majority
of them. Seventeen patients died within 6 months post
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Table 1: Demographic and clinical data of the case group

Parameter Study group (n = 70)

around the hip above 70 years.
Most patients were females.
Additionally, the degree of

Age (¥ 765+56 hyponatremia was mild in 89.7%
of the hyponatremic patients and

Gender - Male 26 (37.14) moderate in 10.3%. Our study
- Female 44 (62.86) results (prevalence of

Education level - llliterate: 65 (93) hyponatremia) are equivalent to
- Primary level: 3(4.2) earlier reports by Indian authors,

- Secondary level 2(2.8) who reported hyponatremia in

Comorbidiies - Hypertension 21 (29.5) 45.6% and 47.9% of adults. * * A
: researcher found the frequency to

- Diabetes 16 (22.5) be 58.8%. 1 Many studies have

Fracture type - Fracture neck of femur 42 (60) been done in western countries
- Trochanteric fracture 22 (31.4) searching for this prevalence, but

- Intertrochanteric fracture 1(1.4) they found different results.

- Subtrochanteric fracture 3(4.3) Hoyle et al. noticed that

_ Acetabular fracture 2(2.9) hyponatremia was found in 18%

- Fracture caused by faling 65 (92 9) of 103 elderly patients (mean age

82 y) who were admitted to a

Data are presented as mean + standard deviation or number (percentage)

hospital ~ geriatric  assessment

ward. An additional 24% became

Table 2: Clinical, laboratory data, and cutcome of the case group

Variable Study group (n = 70)

hyponatremic during the period
of hospitalization. ' In those
countries the figures were 19% to

Dehydrated patients 48 (70) 20.3% of elderly patients, the
Hyponatremia 29 (41.4) majority of them being femalo_a.
- Mild degree (135-130 mmoliL) 26 (37.1) Jhe fegrees of Typonaem
- Moderate degree (129-125 mmoliL) 3(4.3) varea in drrterent Studies.

3MS score 493+ 154 Complcaton. Geraric. padents
- Median (Range) 47 (21-95) are susceptible to dehydration
Six months mortality 17 (23.9) due to various factors, including

Data are presenfed as mean t standard dewviation or number (percentage)

decreased body water content,

admission. Mean 3MS score of patients was 49.3 + 15.4
(Table 2).

The results of the second part of this study showed that
the two groups (case and control) were comparable
regarding their demographic data. The patients in case
group were significantly older. The 3MS score was
significantly lower in hyponatremic patients than
normonatremic controls. The CSF glutamate was
significantly higher in hyponatremic cases than
normonatremic controls (Table 3).

Lower 3MS score in cases was inversely correlated with
higher CSF glutamate (r = -0.4) as shown in Figure 2.
Data are presented as mean + standard deviation (SD), or
number (percentage).

P < 0.05 was considered statistically significant.

4. Discussion

The main finding in this study was that hyponatremia is
highly prevalent in the elderly patients with fractures
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less fluid intake, unwise use of
diuretics, susceptibility for infections or a combination.
At present, there is no biological marker to detect volume
status and we solely depend on clinical assessment with
uncertain accuracy in diagnosis, especially in geriatrics.
15 Clearly, the thirst sensation diminishes with age,
which significantly impairs the ability to sustain
homeostasis and increases dehydration risk. There is
also a clear age-related decrease in maximal urinary
concentrating ability, which also increases the risk for
dehydration. Anti-diuretic hormone (ADH) release is
not impaired with aging, but ADH levels are increased
for any given plasma osmolality level, indicating a
failure of the normal responsiveness of the kidney to
ADH. The ability to excrete water is delayed in the old
age personnel. Other changes in renal anatomy and
physiology that increase the elderly patient's exposure to
alterations of water imbalance include decreased renal
mass, cortical blood flow and glomerular filtration rate,
as well as impaired responsiveness to sodium balance.
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dysfunction e.g. attention deficit,

Table 3: Demographic, clinical, and laboratory of case and control groups

Variable Case group 1

(n =18)

Control group 2
(n =10)

gait disturbances, and falls and
this is supposed to occur more in
older age. % Kristen L. et al.,
detected the decline of cognitive

p-value

Age (y) 75.39+£4.9 71.5+23 0.026 function  in  hyponatremic
Comorbidities patients by the Trails B test
- Hypertension: 3 (16.7) 3 (30) 0.733 rather than 3MS score. Their
- Diabetes: 2 (11.1) 0 (0) 0.744 findings were the. first to
Ejection fraction % 63.67 + 4.5 67 +4.6 0.334 demonstrate an _independent
. relationship  between  lower
Admission Na+ (mmol/L) 132.7+1.8 138.6 £1.7 <0.001 serum sodium and cognitive
3M score 4494 +5.61 61.60 £5.81 <0.001 deterioration in generally
CSF glutamate (umol/L) *  9.47 +1.37 579+ 1.83 0.042 healthy, = community-dwelling
Six months mortality 5 (27.7) 1(10) 0540  Oldermen.*

Data are presented as mean +* standard deviation or number (percentage)

We investigated the CSF

Our prevalence was high most probably due to
hypovolemic hyponatremia as manifestations of
dehydration were found in majority of patients and such

results can be assumed to be due to very hot climate in
the south of Egypt (Assiut). It is in contrast to western
studies where the climate is mostly cold. A major
influence of climate on the prevalence of hyponatremia
in the elderly has been suggested. 7

A report from India showed that the incidence of
hyponatremia (< 120 mmol/L) was greater during the
peak southwest monsoon season, indicating that high
humidity and temperatures are the influencing factors. In
Switzerland and Austria, it was showed that the
incidence of hyponatremia (< 135 mmol/L) was
significantly enhanced during the hot weather times. 8

glutamate as a mechanism of
central effects of hyponatremia; comparison was made
between normonatremic with hyponatremic patients
regarding serum sodium, 3MS score, and CSF
glutamate. We aimed to find any correlation between
cognitive status assessed by 3MS score and CSF
glutamate as a biomarker for hyponatremia.

CSF glutamate of the hyponatremic group was shown to
be elevated compared with that of the controls. In this
regards, Haruki F et al. found higher extracellular
glutamate concentration in the hippocampus of the
chronically hyponatremic rat compared with that of
normonatremic rats. An elevated glutamate was found to
induce early excitatory neuronal death in hippocampus
and the neocortex and behavioral learning dysfunction.
Additionally, excessive ambient glutamate induce

Hyponatremia in female gender can be
assumed by many mechanisms.

Coses

Estrogen and progesterone reduce the 20 &
function of the Na*-K*-ATPase,
which normally has an important
function in the extrusion of sodium
from cells during the development of 15
hyponatremia. °

The age-related decrease in total body
water  (relative and  absolute)
predisposes such group of patients to
water imbalance. Average healthy 30-
40 y old persons have a total body
water content of 55 to 60%. By age 75 =]
to 80 vy, the total body water content
mostly decline to 50% or more. 16 |

C5F glutamate
3

n our study, the hyponatremic patients
were significantly older than the "

r=-04

normonatremic patients. Within the o
last decade, mild chronic
hyponatremia was believed to be

Figure 1: Correlation between CSF glutamate & 3M score

T T T
20 40 B

IM score

associated with little neurologic
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further stimulation of N-methyl-D-aspartate (NMDA)
receptors leading to long-term potential impairment. 22
Brain cells are very sensitive to changes in osmolarity
caused by hyponatremia. The assumed mechanism by
which hyponatremia may contribute to cognitive
impairment is the hypoosmolality astrocyte swelling.
Hypoosmolality induces the release of excitatory
neurotransmitters e.g. glutamate, and this may explain
the neuronal dysfunction or injury. 2

Teichberg V and coworkers mentioned that excessive
brain glutamate rise may change its role as interneuron
messenger onto neuronal toxin. The study mentioned
that intraneuronal glutamate concentration is 10,000
times greater than its extracellular level. When a neuron
senses the presence of too much extracellular glutamate
in the vicinity; it turns on special pumps to uptake
glutamate back in. This protective pumping mechanism
works optimally if glutamate levels remain within the
normal range. In case of cellular damage, liberation of
high amounts of glutamate abolishing such protective
reuptake function of the undamaged cells. Very high
glutamate does not kill the neuron directly; however, it
excessively excites the cell, opening cellular pores, and
entry of large amounts of substances that are normally
permitted to enter only in restricted quantities. 23

As mentioned above, excessive glutamate release can be
toxic to the brain and has been correlated with some
neurodegenerative disorders such as Alzheimer’s
disease, Huntington’s disease, and amyotrophic lateral
sclerosis. 2* In subjects without dementia, glutamate and
glutamine are significantly and inversely correlated with
the Mini-Mental State Examination score. 22

This denotes that changes in CSF glutamate levels
delicately correlate with sub-clinical decline in cognitive
function, and thus measurement of CSF glutamate may
assist as a biomarker of subtle cognitive variations. This
can be a good utility for early detection of pre-clinical
dementia; hence proper initiation of preventive strategies
prior to overt cognitive deterioration. %

Finally; the precious brain neurons that not easily
regenerate die from this hazardous glutamate storm as a
consequence of hyponatremia that can be easily
prevented, detected and corrected. Sodium is a precise
element in our body that seems to be cute and changes in
can be neglected but the reverse is the fact; there is a
close relationship between sodium and the brain,
changes in sodium level are directly reflected on the
brain.

5. Limitations

We suggest further studies with higher number of
patients to find correlations between serum sodium, CSF
glutamate, and 3MS scores. Radio-immunoassay
determination of glutamate is less sensitive than high
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liquid chromatography, but this is the first look at
changes in level of CSF glutamate and its correlation
with cognitive function. Larger study group is needed to
confirm our results.

6. Conclusion

Osteoporosis and hyponatremia are two major
morbidities exposing the elderly, and leading to fractures
around the hip. Osteoporosis is the predisposing cause
for fractures around the hip in elderly while
hyponatremia is a precipitating cause leading to attention
deficit and falls.CSF glutamate levels are significantly
and inversely associated with the 3MS scores in
hyponatremic patients which rises a possibility of using
it as a biomarker for neuropsychiatric disorders.
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