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Summary

Background: Hyponatremia and vitamin D deficiency are
frequent disorders, and both have been associated with
gait disturbances, falls and fractures. The aim of this study
was to evaluate the existence of an association between
serum sodium and vitamin D serum levels.

Methods: We performed a retrospective investigation to
establish whether hyponatremia and vitamin D deficiency
may be associated in a general population of unselected
outpatients. An electronic search was performed in the lab-
oratory information systems of the Hospital of Verona and
the Hospital of Parma (ltaly), to retrieve combined results
for total vitamin D and sodium obtained in all outpatients
referred for health check-up in the year 2013.

Results: Combined results of vitamin D and sodium could
be retrieved for 5097 outpatients (3859 females and 1238
males; mean age 64+17 years). Vitamin D deficient sub-
jects displayed significantly lower levels of serum sodium
(140 versus 141 mmol/L; p<0.001), along with a signifi-
cantly higher rate of hyponatremia (6.3% versus 5.1%;
p=0.037). Accordingly, hyponatremic subjects had signifi-
cantly lower levels of serum vitamin D (55 versus 60
nmol/L; p=0.015), along with a significantly higher rate of
vitamin D deficiency (41.8% versus 36.1%; p=0.030). A
highly significant correlation was found between sodium
and total vitamin D after adjustment for age and gender
(p<0.001).
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Kratak sadrzaj

Uvod: Hiponatrijemija i nedostatak vitamina D su &esti pore-
medcaji i povezani su sa teSkocama u hodu, padovima i
prelomima. Cilj ove studije bio je da se utvrdi da li postoji
povezanost izmedu natrijuma u serumu i nivoa vitamina D u
serumu.

Metode: Sproveli smo retrospektivno istrazivanje da bismo
utvrdili postojanje veze izmedu hiponatrijemije i nedostatka
vitamina D u opstoj populaciji bolesnika. Izvr$ena je elektron-
ska pretraga laboratorijskih informacionih sistema Bolnice u
Veroni i Bolnice u Parmi (ltalija), kako bi se dobili kombino-
vani rezultati za ukupni vitamin D i natrijum za sve bolesnike
koji su upuceni na zdravstveni pregled tokom 2013.
Rezultati: Kombinovani rezultati za vitamin D i natrijum dobi-
jeni su za 5097 bolesnika (3859 Zena i 1238 muskaraca;
prose¢na starost 64+17 godina). Kod pacijenata s nedo-
statkom vitamina D nadeni su znadajno nizi nivoi natrijuma u
serumu (140 prema 141 mmol/L; p<0,001), kao i zna&ajno
vi$a stopa hiponatrijemije (6,3% prema 5,1%; p=0,037). U
skladu s tim, bolesnici sa hiponatrijemijom imali su znacajno
nize nivoe vitamina D u serumu (55 prema 60 nmol/L;
p=0,015), kao i zna¢ajno visu stopu deficijencije vitamina D
(41,8% prema 36,1%; p=0,030). Pronadena je veoma
znacajna korelacija izmedu natrijuma i ukupnog vitamina D
posle prilagodavanija za uzrast i pol (p<0,001).

Zakljuéak: Rezultati ove studije prvi put su pokazali da pos-
toji znacajna korelacija izmedu nivoa natrijuma u serumu i
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Conclusions: The results of this study demonstrate for the
first time the existence of a significant correlation between
the serum levels of sodium and total vitamin D in a gene-
ral population of unselected outpatients.

Keywords: hyponatremia, osteoporosis, sodium, vitamin
D, elderly

Introduction

Both hyponatremia and vitamin D deficiency are
frequent disorders in the elderly (1, 2). The former con-
dition affect up to 15-30% of hospitalized patients (3),
and approximately 50% of these cases are due to the
syndrome of inappropriate antidiuretic hormone secre-
tion (SIADH), whereas the remaining cases are mainly
attributable to hyatrogenic effects (most frequently to
diuretics, psychotropic drugs, anticonvulsants), or
chronic conditions such as hypothyroidism, congestive
heart failure, liver cirrhosis and renal failure (4). Hypo-
natremia, generally defined as a serum sodium con-
centration < 136 mmol/L (5) has been recently asso-
ciated with gait disturbances, falls and fractures in the
elderly (6). Recent data also show that hyponatremia
may directly influence bone metabolism and can
hence represent an important predisposing factor for
osteoporosis and skeletal frailty (7). Therefore, this
electrolyte disorder should be regarded as a direct
contributor of osteoporosis and also as an important
risk factor for impaired gait, finally leading to falls. In
animal studies, sustained hyponatremia was effective
to induce progressive reduction of bone mineral den-
sity and decreased bone ash calcium, along with
reduced phosphate and sodium contents at the tibia
and lumbar vertebrae. In these animals, the adminis-
tration of vitamin D compensated for the reduction in
bone formation and halted bone loss (8). The hypo-
natremic animals also developed hypogonadism, and
markedly decreased testicular weight with abnormal
testicular histology, along with decreased body fat,
skeletal muscle sarcopenia, and cardiomyopathy (8).
Interestingly, in a similar experiment, the administra-
tion of activated vitamin D was effective to mitigate
the development of left ventricular alterations in
hypertensive rats (9).

Interestingly, vitamin D deficiency seems to show
similar features. Although there is no universal con-
sensus on optimal levels of 25-hydroxyvitamin D (25-
OHD, i.e., the main circulating form of the vitamin) as
measured in serum, vitamin D deficiency is generally
defined as a 25-OHD level of less than 20 ng/mL (50
nmol/L), whereas a level of 21 to 29 ng/mL (52 to 72
nmol/L) indicates a relative insufficiency, and a level of
30 ng/mL (75 nmol/L) or greater can be considered
as normal (10). Vitamin D insufficiency and deficiency
are highly prevalent, and this is mirrored by the fact
that more than half of the worldwide population has
levels of 25-OHD below 30 ng/mL (11).

Vitamin D is classically known for its role in bone
health, playing an essential role in the maintenance

ukupnog vitamina D u opstoj populaciji neselektovanih bo-
lesnika.

Kljuéne reéi: hiponatrijemija, osteoporoza, natrijum, vita-
min D, stare osobe

of calcium homeostasis by enhancing and regulating
physiologic calcium absorption by the gut (12), as
well as by exerting its effects directly on bone cells.
Most of the bone cell types are capable of metabolis-
ing 25-OHD to 1,25(0OH)2D3 (i.e., the active form of
the hormone), to stimulate their own biological func-
tions, such as cell proliferation, maturation, minera-
lisation and bone resorption (12). It is generally
acknowledged that an adequate vitamin D status is
important to minimize the risk of falling in elderly peo-
ple, and positive effects on falls and muscle function
have been shown in community dwelling older indi-
viduals (13-15). A recent meta-analysis involving
eight trials and 2,426 subjects showed that doses of
vitamin D up to 600 U were ineffective for lowering
the risk of falling, whereas higher doses (ranging from
700 to 1,000 IU) reduced such risk by approximate-
ly 20% (16).

In the last decades, vitamin D receptors have
been demonstrated to be widespread in brain tissue,
and the vitamin D active form has shown neuropro-
tective effects, including the clearance of amyloid
plagues, a hallmark of Alzheimer’s disease (17). At
least two large prospective studies recently indicated
that low vitamin D concentrations may increase the
risk of cognitive decline (18), thus representing an
adjunctive risk factor for falls in elderly and vitamin D
deficient subjects.

Due to the aforementioned similarities between
hyponatremia and vitamin D deficiency in increasing
the risk of falls, fractures and all-cause mortality, we
performed a retrospective, double center investiga-
tion to establish whether any association exists
between hyponatremia and vitamin D deficiency in
the general population.

Materials and Methods

We carried out a retrospective search in the lab-
oratory information systems of the clinical chemistry
laboratory of the Academic Hospital of Verona (ltaly)
and clinical chemistry laboratory of the Academic Ho-
spital of Parma (Italy), to retrieve the combined results
of total vitamin D and sodium obtained in all outpa-
tients referred to the two laboratories for routine
health check-up during the entire year 2013. In all
subjects, the assessment of 25-OHD (Liaison, com-
petitive chemiluminescence assay; DiaSorin, Salug-
gia, ltaly) and sodium (ion-selective electrode meth-
od) was performed within 2 hours after blood sample
collection. The quality of results was validated by reg-
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ular internal quality control procedures and participa-
tion in an external quality assessment scheme.

Results were finally expressed as median and
interquartile range (IQR). Hyponatremia was defined
as serum sodium level lower than 136 mmol/L (5),
whereas vitamin D deficiency was defined as a 25-
OHD level of less than 20 ng/mL (50 nmol/L) (10).
The association between variables was tested with
Spearman’s correlation and multivariate regression
analysis, in which serum sodium concentrations were
entered as dependent variables and age, gender and
25-OHD levels as independent variables. Differences
between groups were assessed with Wilcoxon-Mann-
Whitney and Pearson’s %2 test with Yates’ correction
(for categorical variables), using Analyse-it (Analyse-it
Software Ltd, Leeds, UK). The odds ratios (ORs) were
calculated using MedCalc Version 12.3.0 (MedCalc
Software, Mariakerke, Belgium). The study was per-
formed in accordance with the Declaration of Hel-
sinki, under the terms of relevant local legislation.

Results

Combined results of vitamin D and sodium
could be retrieved from the laboratory information
systems of the two centers for a total of 5097 outpa-
tients throughout the study period (2054 from the
laboratory of Parma and 3043 from the laboratory of
Verona; 3859 females and 1238 males; mean age
64+17 years). Significantly lower levels of serum so-
dium were found in vitamin D deficient subjects (140
versus 141 mmol/L; p<0.001), along with a margin-
ally but significantly higher rate of hyponatremia
(6.3% versus 5.1%; p=0.036) (Table I). Accordingly,
the Odds Ratio (OR) of hyponatremia in vitamin D
deficient subjects was 1.26 (95% ClI, 0.99 to 1.61).
Interestingly, although the calculated mean percent-
age difference between groups (i.e., 1.0%) was only
marginally higher than the inter-individual biologic
variation of serum sodium (i.e., 0.7%), the observed

Table I Values of serum sodium stratified according to vita-
min D status in a large population of unselected outpa-
tients.

Vitamin D
<50 nmol/L 50 nmol/L p

n 1853 3244

Age (years) 65+17 6417 0.053
Gender (F/M) 1363/1853 2496/3244 0.007
Sodium

?’;';‘ZSI/L) 140 (139-141) | 141 (139-142) | <0.001
Hyponatremia |117/1853 (6.3%) 1?2/13(2;14 0.036

Table Il Values of total vitamin D stratified according to
serum sodium in a large population of unselected outpa-
tients.

Sodium
<136 mmol/L | 136 mmol/L P

n 282 4815

Age (years) 66+19 6417 0.068
Gender (F/M) 213/282 3646/4815 0.995
Vitamin D

Values (nmol/L) | 55 (33-75) 60 (39-82) 0.015
Deficiency 1(25/;‘2)2 17(32/142; > 0.030

difference (i.e., 1 mmol/L) was much higher than the
minimal clinically important difference for serum sodi-
um calculated in both populations (i.e., 0.06 and
0.04 mmol/L in vitamin D deficient subjects and con-
trols, respectively) (19).

Significantly lower levels of serum 25-OHD
were also found in hyponatremic subjects (55 versus
60 nmol/L; p=0.015), along with a marginally but
significantly higher rate of vitamin D deficiency
(41.8% versus 36.1%; p=0.030) (Table Il). Accor-
dingly, the OR of vitamin D deficiency in hyponatre-
mic subjects was 1.27 (95% Cl, 1.00 to 1.63). In our
region (i.e., the northern part of Italy) it is not usual to
consume vitamin D2, so analytic underestimations of
25-OHD due to the characteristics of the Liaison
competitive chemiluminescence assay are highly
unlikely.

In the univariate regression analysis, a highly
significant association was found between the values
of sodium and 25-OHD in the entire study population
(Spearman'’s correlation coefficient, 0.11; p<0.001).
The association remained statistically significant in
the multivariate regression analysis after adjustment
for age and gender (beta coefficient, 0.06; p<0.001),
as well as in females (Spearman’s correlation coeffi-
cient, 0.11; p<0.001) and males (Spearman’s corre-
lation coefficient, 0.10; p<0.001).

Discussion

The results of this study demonstrate for the first
time the existence of a significant positive correlation
between the serum levels of sodium and 25-OHD,
along with a significant and independent correlation
between hyponatremia and vitamin D deficiency in a
general population of unselected outpatients, thus
opening an intriguing perspective about the potential-
ly meaningful interplay between vitamin D and sodi-
um in human disease. Although some evidence exists
that low levels of 25-OHD are weakly associated with
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the risk of developing hypertension within 4 and 14
years (19), randomized trials have so far failed to con-
firm that vitamin D supplementation is effective to
lower blood pressure (20).

Plasma renin activity (PRA) and salt sensitivity
(SS) of blood pressure (BP) have both been linked to
25-OHD concentrations, and it was also demonstrat-
ed that the flux of calcium into vascular smooth mus-
cle cells may be facilitated by the active forms of vi-
tamin D (20). Vitamin D also acts as a proximal
inhibitor of the Renin-Angiotensin System (RAS), and
higher 1,25(0OH)2D concentrations have been associ-
ated with lower plasma renin activity in hypertensive
patients (20). Interestingly, an inverse correlation
between both 25-OHD and 1,25(OH)D and plasma
renin and angiotensin Il concentrations has been re-
cently reported in a selected cohort of patients re-
ferred for coronary angiography (21). Finally, dietary
salt loading has been associated with an increase in
circulating 1,250HD concentrations, wherein sub-
jects with the greatest salt-induced increases in
1,250HD levels were those exhibiting the greatest BP
response to salt (20). Conversely, there is some evi-
dence that calcium supplementation can, at least in
part, contribute to a good response to antihyperten-
sive drugs in the elderly (22).

Along with the previous evidence, vitamin D is
known to be an important modulator of the hemosta-
tic system (23), and low levels have been associated
with a higher prevalence of arterial and cardiovascu-
lar disease (11), which both represent additional and
well established risk factors for syncope and falls.

Nevertheless, it is still uncertain whether hypo-
natremia and vitamin D deficiency should be consid-
ered real pathogenetic factors of falls and fractures
or rather simple epiphenomena of these conditions.
Further studies are hence needed to elucidate the
pathophysiological link between the two parameters,
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