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Introduction

Until the middle of the 19th century, people were divided 
into two age groups: childhood and adulthood. However, it 
was not recognized that people who differed in age have 
divergent needs1. Aging has been studied in modern times 
not only in terms of the life expectancy of elderly people, but 
also in terms of how they age2. It is claimed that although 
life expectancy is increasing, disability-free years are also 
decreasing due to the increase in the incidence of chronic 
diseases. Therefore, modern people live longer, but are 
affected by several chronic diseases. For this reason, the 
study of aging is of increased interest2. 

Normal aging is characterized by the process during which 
the functionality of the individual is progressively reduced. 
The effects of old age become apparent after some time 
during the life of the individual. Thus, the person’s abilities 
decrease at all levels3,4. 

In that context, the aim of the present study was to 
investigate frailty and hyponatremia and to search for an 
association between those two parameters, as well as 
for related explanations. This study is a non-systematic 
literature review, carried out in Scopus and Pubmed, using 
related search terms.

Hyponatremia explained

Water is of most importance for human health. The total 
amount of water in the body differs between men and women, 
and decreases with age. It accounts for 50% of body weight 
(BW) in women and 60% of BW in men, aged 18-40 years. 
2/3 (40% of BW) is intracellular, while 1/3 (20% of BW) 
is extracellular. 1/4 of extracellular water (5% of BW) is in 
the intravascular space5,6. Fluid loss can occur from both the 
intercellular and extracellular space. The finding of changes 
in the total amount of water in the body is done, more reliably, 
by measuring BW. In order to clinically establish an increase 
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in extracellular space (swelling), at least 4-5 L of fluid should 
be retained. Assessment of active circulating blood volume 
can be done by physical examination and measurement 
of static (blood pressure, heart rate) and dynamic (pulse 
pressure, pulse volume variability) indicators, using invasive 
(right cardiac catheterization with Swan-Ganz catheter) or 
non-invasive (echocardiography) methods5,6. 

To clarify the cause of electrolyte disorders, knowledge of 
the history, underlying diseases and medication taken by the 
patient is needed. The concentration of electrolytes in the 
urine indicates whether the kidney responds prematurely 
by retaining or excreting this electrolyte. In addition to 
measuring its concentration and total amount in urine, 
which is considered the “Golden Rule”, a more convenient 
method for investigating the management of an electrolyte 
by the kidney is fractional excretion of the electrolyte (FE), 
calculated as follows: 

F
E
= X 100

X
U X

P
⁄ 

Cr
U Cr

P
 ⁄ 

Where U and P concentrations in urine and plasma, 
electrolyte (X) and creatinine (Cr). Reduced fractional 
excretion means renal resorption, while high fractional 
excretion means renal loss. In oliguria specific, fractional 
excretion Na+ >2% indicates renal impairment, while <1% 
indicates prorenal oliguria5,6. 

The osmolality of a solution (for example plasma) is 
expressed by the total concentration of dissolved substances 
in mmol per L of solution or per kg of water, calculated in 
milliosmoles (mOsm)/L or mOsm/kg. When the plasma 
concentrations of dissolved substances are normal, the 
osmolarity of the plasma is 285-295 mOsm/L. Liquids with 
an osmolarity greater than the normal plasma are called 
hypertonic, while when the osmolality is less than normal 
they are called hypotonic. Tonality refers to active osmolarity 
and is created by dissolved substances that do not pass 
freely through the cell membranes and, as a result, lead to 
difference (inclination) of concentration and movement of 
fluids between the two sides of the membrane (osmosis 
phenomenon)5,6. Increasing tonicity stimulates the feeling of 
thirst and the secretion of antidiuretic hormone (anti-Diuretic 
Hormone, ADH). Substances that freely pass through cell 
membranes (urea, ethanol) increase the osmolarity, but not 
the tonicity of the plasma and do not cause fluid movement 
(non-active osmols). Plasma osmolality (Omega) can be 
calculated from the concentrations of the main dissolved 
substances in the plasma, i.e. Na+, glucose and urea, as 
follows5,6:

Ω=2 Χ [Na+,mmol/L]+
[Glucose ,mg/dL]

18

[Blood urea nitrogen, mg/dL]

2,8

[Urea, mg/dL] 
(or+

6
+

)

The concentration of Na+ is the same whether measured 
in mmol/L or mEq/L, because it is a monovalent ion. The 
doubling of the concentration of Na+ is done because 

Na+ is a strong electrolyte, fully dissociated in plasma 
conditions by the co-existing anions (mainly chlorine, Cl-)5,6. 
Physiologically, the measured osmolality (the measurement 
is made by estimating the descent of the freezing point) is 
higher than the calculated, because there are other dissolved 
substances in the plasma besides Na+, glucose and urea. This 
difference is called osmotic plasma gap and is normally 10 
mOsm/L. Difference greater than 10 mOsm/L is an index 
of existence and other, uncalculated, dissolved substances, 
such as mannitol and ethanol5,6. 

Because the differences in osmolarity between 
intracellular and extracellular space are quickly balanced by 
the movement of water from the plasma membrane passages 
(aquaporins), the concentration of dissolved substances as a 
whole must be the same inside and outside the cells.

Hyponatremia is defined as a decrease in serum Na+ 
concentration to <135 mEq/L. In hyponatremia, plasma 
osmolarity may be low (hypotonic hyponatremia), 
normal (isotonic hyponatremia) or elevated (hypertonic 
hyponatremia)5,6.

Isotonic hyponatremia is observed in cases of severe 
hyperlipidemia and hyperproteinemia. Na+, as an electrolyte, 
is distributed in the aqueous phase of the plasma. Usually, 
in the laboratory the measurement of its concentration is 
calculated in the total volume of plasma5,6. Since the non-
aqueous phase is only a small part of the total volume of 
plasma, the difference from its actual concentration in the 
aqueous phase, where it is normally distributed, is small. 
However, at high concentrations of lipids (chylomicrons, 
triglycerides and cholesterol) and proteins, the measurement 
of Na+ concentration is affected, resulting in incorrect low 
values (pseudohyponatremia), while osmolarity is not 
affected. Newer measurement methods, using special 
electrodes for ions, measure Na+ in the aqueous phase of 
the plasma, and this laboratory error is not observed5,6. 

Hypertonic hyponatremia is observed in hyperglycemia 
and mannitol administration. Significantly increased glucose 
(or mannitol) concentration causes osmotic movement 
of water from intracellular to extracellular space. Moving 
water reduces the concentration of Na+ in plasma (this is 
not pseudohyponatremia). Na+ concentration is reduced 
by 1,7 mEq/L for every 100 mg/dL increase in glucose 
concentration5,6. 

 Most cases of hyponatremia are hypotonic. Most liquids 
are hypotonic relative to plasma (have a lower concentration 
of Na+). With furosemide administration, the concentration 
of Na+ in excreted urine is increased up to 75 mEq/L5,6. 
Apart from this case, further other sub-categories such 
as euvolemic, hypovolemic and hypervolemic are also 
observed, referring to decrease in total body water with 
greater decrease in total body sodium, normal body sodium 
with increase in total body water and increase in total 
body sodium with greater increase in total body water 
respectively. Yet, these cases are less frequent compared to 
hypotonic hyponatremia5. In addition, hyponatremia might 
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be related to SIADH, which is characterized by excessive 
unsuppressible release of antidiuretic hormone, and might 
be caused by various chronic diseases, such as cancer, and 
related treatments7. 

The concept of frailty

The definition of frailty is variably defined, but Fried et al 
proposed a definition according to which, frailty is a clinical 
syndrome consisting in the coexistence of at least three of the 
following five criteria: weight loss, exhaustion, vulnerability, 
slow walking speed and low physical activity8-11. Fried et al, 
as well as other studies related to frailty, have investigated 
whether it could validly contribute to the prognosis of 
mortality from a multitude of chronic diseases11-14. In 
general, frailty is an age-related medical syndrome, and 
leads to greater risk of adverse health effects, including 
disability, hospitalization, post-operative complications and 
even death10-15. Many chronic diseases have been studied in 
relation to frailty. Remarkably, frailty and disability are often 
correlated16 and frailty can be regarded as pre-disability17. 
Indeed, it has been suggested that these two conditions share 
common pathogenic mechanisms and that certain ways of 
treatment, such as physical exercise, benefit both18-20. 

Frailty was determined according to the criteria proposed 
by Fried et al as follows: (1) Looseness: determined by the 
time used to pass a 4-meter gait test. The cut-off point was 
adjusted for gender and height, and those in the lower quintet 
were identified as having slow gait speed11. (2) Grip strength: 
measured using a hand dynamometer. Three measurements 
were made on both hands, and the highest was retained. The 
cutoff point was adjusted for body mass index and gender, 
and those in the lowest quintet were determined to have 
the poorest grip strength11. (3) Physical activity: defined 
using the physical activity scale for the elderly, which is an 
instrument that measures the level of physical activity for 
older adults11. (4) Exhaustion: elderly with a negative answer 
to the following 2 questions are exhausted: “Do you feel 
full of energy?” and “do you have enough energy for your 
daily life?”11. (5) Weight Loss: determined using the self-
reporting of weight loss (5 kg) during the last 6 months11. 
Those who meet 3 or more of the criteria were considered 
frail, while those who meet 1 or 2 criteria are considered 
pre-vulnerable11. 

Studies associating hyponatremia with frailty

Few studies have investigated the association between 
hyponatremia and frailty. In a relevant study in France, 696 
patients were assessed as for their frailty and hyponatremia 
(mean age 86.1 years old). As indicated by the analysis, 
the prevalence of falls was 27.9% and the prevalence 
of mild hyponatremia 15.9%21. The prevalence of mild 
hyponatremia was 13.2% in patients without falls and 
26.1% in patients with falls. The association between mild 
hyponatremia and falls was statistically significant (Odds 
Ratio 3.02, p<0.001). Thus, this study indicates a strong 

association between hyponatremia and falls21. 
In another study in the United States, 608 community 

elderly (mean age 84.3) were followed for 41.5 months 
and assessed for their frailty and hyponatremia. During the 
follow-up, frailty was observed in 44.4% of the participants. 
It was also found that hyponatremia is a significant 
independent predictor of frailty levels22. 

In another study in the United States, a cohort of 
1.062.467 individuals aged ≥55 years were assessed as 
for their serum sodium levels and as for their hyponatremia, 
defined as sodium <135 mEq/L with sub-acute (<30 days) 
and chronic (≥30 days)23. The aim of the study was to 
investigate the association between frailty and those two 
types of hyponatremia. As found by the statistical analysis, 
any hyponatremia duration compared to normonatremia 
had a serious falls/hip fractures HR (95%CI) of 1.18 
(1.15, 1.22), with sub-acute and chronic hyponatremia 
having HR of 1.38 (1.33, 1.42) and 0.91 (0.87, 0.95), 
respectively22. Examined separately, the serious falls HR 
was 1.37 (1.32, 1.42) and 0.92 (0.88, 0.96) in sub-acute 
and chronic hyponatremia, respectively. Hip fracture HR 
were 1.52 (1.42, 1.62) and 1.00 (0.92, 1.08) for sub-
acute and chronic hyponatremia, respectively, compared to 
normonatremia. In overall, early/sub-acute hyponatremia is 
more strongly associated with falls and hip fractures23. 

In an additional study in Canada, 8.911 responders were 
assessed as for their frailty and dysnatremia levels, as part 
of the National Health and Nutrition Examination Survey24. 
Frailty Index was calculated from each respondent and 
associated with dysnatremia. Dysnatremia was significantly 
associated with frailty24. In addition, the higher the degree of 
frailty, the higher the proportion of dysnatremia. In addition, 
when adjusted for frailty the association between age and 
dysnatremia was insignificant, indicating that the effect of 
age is attributed to frailty, not in age itself24. 

In another study in Japan, 3.555 hospitalized patients 
with heart failure was prospectively assessed between 
October 2014 and March 2016 as for frailty and 
hyponatremia25. Additional risk factors for frailty were 
also assessed. In this study, it was found that patients with 
hyponatremia had 1.49 higher odds for frailty compared to 
those without hyponatremia25.

The interplay mechanism between 
hyponatremia and frailty

Of note, the mechanism leading from hyponatremia 
to frailty is quite unclear. As noted by Bhandari et al who 
carried out the largest study in hyponatremia patients 
(N=1.062.647 individuals followed for 18 years), it is yet 
unclear if hyponatremia is a marker of frailty or is a causative 
factor of frailty. Yet, a few explanations for this association 
are possible23.

Pathophysiologically, hyponatremia can be caused by a 
decrease in the body content of sodium or potassium and/
or an increase in the body content of water. Sarcopenia 
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is an ageing-related progressive and general loss of 
musculoskeletal mass and strength that leads, particularly 
in the vulnerable and frail elderly, to low physical ability26. 
Since muscle mass is the main body store of potassium, this 
disorder which is associated closely with frailty syndrome, 
normally reflects a decreased potassium content in the 
body. On the other hand, hyponatremia, on its own, can 
induce sarcopenia and enhance frailty, as a result of gait 
instability and further muscle inactivity. So, it seems 
these two conditions can give feedback to each other and 
subserve frailty26. 

Another related mechanism has to do with cognitive 
decline which is present among the frail. Low levels of 
sodium are associated with cognitive deficits. Thus, it could 
be possible that the effect of hyponatremia on frailty is also 
explained by the negative effects of low sodium levels on 
cognitive function27. 

Another attribution has to do with the effect of 
diuretics28,29. Indeed, the elderly frequently use diuretics, 
which could therefore lead to hyponatremia. Since higher 
medication used is also associated with frailty, it could be 
possible that frailty and hyponatremia are not causatively 
associated, but that they are both a result of high diuretic 
use28,29. Several other drugs, frequently used by the elderly, 
also lead to hyponatremia. For example, psychotropic 
medication can also be associated with hyponatremia29,30. 

Clinical applications

As indicated by the results of the studies included in 
this review, hyponatremia seems to be a causative factor 
of frailty. It is therefore essential to improve sodium levels 
in order to prevent frailty in the elderly. The therapeutic 
armamentarium available to physicians has been increased 
by the arginine vasopressin antagonists, vaptans, which can 
lead to improvement of sodium levels and have a positive 
impact on frailty levels31. Thus, it is essential to routinely 
monitor the sodium levels of the elderly and to find those 
who experience low sodium level and to apply related 
interventions32. 

Conclusion

Frailty is a significant issue in elderly, which deserves 
increasing attention due to population aging. This study 
investigated frailty and hyponatremia, which also occurs in 
third age, and examined studies associating these parameters. 
As indicated by the study results, all the relevant studies 
demonstrated that hyponatremia has a causative effect on 
frailty. Nevertheless, it is yet unclear how this effect could be 
explained. It is possible that this is attributed to the induction 
of further hyponatremia in elderly due to sarcopenia, which 
leads to functional decline and frailty. In addition, it could be 
argued that hyponatremia also leads to cognitive impairment 
for the elderly. As hyponatremia therefore affects the 
development of sarcopenia and cognitive problems, it is highly 
likely that these two mechanisms explain the development 

of hyponatremia in the elderly. However, it should be noted 
that the effect of hyponatremia on frailty could be not only 
a causative factor, but also a prognostic factor, meaning it 
could reflect an overall functional decline. Future studies are 
warranted to further understand this mechanism. Finally, it 
is necessary to develop interventions for the treatment of 
hyponatremia, in order to protect the elderly against the 
development of frailty.
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