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Abstract

Background: The results of the studies on the effects of sodium on bone metabolism have been inconsistent.
There is no definitive answer to the question of whether sodium restriction can be associated with a lower inci-
dence of osteoporosis. What reinforces the necessity of designing this study is the lack of findings with the ap-
proach of examining the effects of sodium on bone in our country.

Methods: This was a cross-sectional study conducted on 185 retired female teachers aged 45 to 70. Sodium
intake was evaluated using two methods: A 24-hour recall and a 12-hour urine sample. To assess bone health,
ORAI index was calculated for each individual. Urinary calcium, phosphorus, potassium and serum vitamin D
and PTH were measured as laboratory variables. To compare the general characteristics of the participants
across tertiles of urinary sodium, the analysis of variance (ANOVA) was used for quantitative variables and the
Chi-square test for categorical variables.

Results: Phosphorous, calcium and potassium urinary excretion rate increased with the increase in urinary so-
dium (p<0.05). However, the changes in serum vitamin D, and PTH levels across tertiles of urinary sodium
were not significant. Changes in urinary sodium levels were not significant (p=0.933) in ORAI groups (sorted
by rating). The relationship between urinary calcium and sodium was apparent in low calcium intake (r=0.415,
p<0.001), but not in higher calcium intake (r=0.144, p=0.177).

Conclusion: Although urinary calcium and potassium increased with the increase in sodium intake, no rela-
tionship was found between sodium and ORAI.
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Introduction intakes (2,3). The adequate intake of salt
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In the past two decades, Middle Eastern
and North African countries encountered
nutritional transitions (1). One of the most
important aspects of changes in dietary
pattern is the excessive consumption of
high- salt foods (1). The growing preva-
lence of non-communicable diseases such
as cardiovascular diseases, hypertension
and stroke are associated with high sodium

for older adults is set at 3.3 g for men and
3 g for women (4). The average consump-
tion of salt in the world is more than 5.8
g/day (5). Thus, the average salt intake is
much greater than the acceptable levels to
keep the body healthy. The current rec-
ommendation to reduce salt intake to 6
g/day is primarily based on the evidence
that refers to the role of salt in the preva-
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lence of hypertension and cardiovascular
diseases (2). Although high salt intake can
affect bone metabolism, this association
makes no mention of a criterion for deter-
mining the levels of salt intake (6).

Osteoporosis is the most common meta-
bolic bone disease. According to WHO
criteria, osteoporosis is defined as bone
mineral density decreased to<2.5 standard
deviations from the mean bone mineral
density in healthy young population (7).
Genetics, nutritional, hormonal, life style
and environmental factors contribute to the
etiology of osteoporosis. Among these fac-
tors, dietary intake can be an important
factor not only for prevention, but also for
controlling the progression of this compli-
cation (8). The results of the studies on the
effects of sodium on bone metabolism
have been inconsistent (9-11). There is no
definitive answer to the question of wheth-
er restriction in sodium intake can be asso-
ciated with a lower incidence of osteopo-
rosis (9,10). Based on our research, limited
studies have directly reported the negative
effects of sodium on bone mineral density
(9,11). The results of these studies con-
ducted on postmenopausal women have
shown that the increased urinary sodium
exacerbates the bone metabolism (9,11).
Documents on this topic have indicated an
increase in urinary calcium of about 1.1
mmol (44mg) per 100mmol (2300mg) of
sodium excretion (12). Studies have sug-
gested that the calcitriol (1, 25- dihydroxy
vitamin D) concentration increases and
leads to a possible increase in intestinal
calcium absorption to compensate for the
loss of calcium in response to high sodium
intake (13). Some evidence has shown that
this compensatory process is observed on-
ly in young women (14). The ability of
calcium absorption is decreased in post-
menopausal women due to the attenuation
of vitamin D synthesis (14).

The most reliable method to measure
bone mineral density is dual-energy X-ray
absorptiometry (DXA) (15). Although the
U.S. Preventive Services Task Force
Guidelines considers using this method to
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screen bone density in all women aged 65
years or older, there is no recommendation
for women in the two initial decades of
menopause (15). In line with the findings
of epidemiological studies to determine the
risk factors of osteoporosis, certain criteria
were developed to assess the incidence
risk of these complications. Osteoporosis
Risk Assessment Instrument (ORAI) is
one of the most common of these criteria
used for postmenopausal women at higher
risk of osteoporosis in many countries
(12,16). Age, weight and estrogen therapy
are the components of this risk assessment
tool (16). The purpose of this study
was to investigate the association be-
tween urinary sodium and ORAI and
other bone minerals in postmenopausal
women.

Methods

Study Design

One hundred eighty-five female teachers
aged 45 to 70 years participated in this
cross-sectional study. The sample size was
estimated based on the Iranian average so-
dium intake reported in a previous study
(17). The Institutional Review Board of
Tehran University of Medical Sciences
approved the research protocol and the in-
formed consent form before participants
were approached to take part in the re-
search and prior to any data collection.
Recruitment and exclusion criteria were
detailed in the calling form. Eligibility cri-
teria were one year or more without men-
struation, absence of medical conditions
such as polycystic ovarian syndrome, hy-
perthyroidism, rheumatoid arthritis, osteo-
arthritis, renal damage and kidney stone.
Exclusion criteria were taking vitamin and
mineral supplementations within the past
six months, and using diuretics and medi-
cations known to affect bone metabolism.
In addition, a briefing session was held to
introduce the objectives of the study and
relevant risk factors for osteoporosis. The
participants were asked to enter their per-
sonal information in the questionnaire, if
they decided to participate in the study.
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Among the 300 women who met the eligi-
bility criteria, 185 were randomly selected,
and their general information was collect-
ed. Two 24-hour recalls (one week day
and one weekend day) were applied to es-
timate nutrient and energy intake. We used
Nutritionist IV software (N-squared Com-
puting, San Bruno, CA) to analyze dietary
intake.

ORAI Index

Three components of ORAI are weight,
age and estrogen usage. The scoring sys-
tem to calculate ORAI index is as follows:
Weight (+9 points for less than 60 kg, +3
points for a body weight between 60 and
70kg, and 0 point for weights above 70
kg); age (+15 points for ages 75 years or
older, +9 points for ages between 65 and
74 years; +5 points for ages between 55
and 64; 0 point for 45 and 54); estrogen
usage (+2 points for non-current usage of
estrogen) (16). The threshold score for
ORALI reported that scores less than 9 indi-
cate a low risk of low BMD, and scores
equal to or greater than 9 indicate a high
risk of low BMD (16).

Serum and Urinary Biochemical Sam-
ples

Sodium, potassium, calcium and phos-
phorous excretions were assessed based on
a 12-hour urine sample. The samples were
identified only by code numbers. Before
the test, 10 ml chloridric acid 6N was add-
ed to the urine sample to prevent the for-
mation of phosphate and calcium oxalate
deposits, which interfere with the test re-
sults. All samples were diluted 1:9 with
distilled water; therefore, the results were
multiplied by 10. The Ion Selective Elec-
trode method on the Kodak Ektachem 750
XRC analyzer was used for the biochemi-
cal analysis of urine sodium and potassi-
um. The CVs (coefficients of variation)
were as follows: Sodium 0.4%, and potas-
sium 1.3%. Urinary calcium and phospho-
rus excretions were analyzed using an au-
tomatic analysator Biotecnica- 3000 plus
(Tripod, Rome, Italy). Serum PTH concen-
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tration was measured with an immunora-
diometric assay (Nichols Institute, San
Juan Capistrano, CA, USA). The intra and
inter-assay CV were 1.2% and 7.8%, re-
spectively. Serum 1, 25-dihydroxy vitamin
D was measured by radioimmunoassay
after column chromatography (Diasorin,
Stillwater, MN, USA). The intra-assay co-
efficient of variation ranged from 3.2% to
8.6% (depending on 1, 25 D3 level).

Statistical Analysis

Data were analyzed using SPSS software
(version 18 for Windows, 2007, SPSS, Inc,
Chicago, IL). The assumption of normality
was evaluated by Kolmogorov-Smirnov
test. To compare the general characteris-
tics of the participants across tertiles of
urinary sodium, the analysis of variance
(ANOVA) was used for quantitative varia-
bles and the Chi-square test for categorical
variables. All other variables were quanti-
tative except for the ORAI and tertiles of
urinary sodium. In addition, the Pearson’s
correlation test was used to examine the
relationship between dietary and urinary
calcium and sodium. P<0.05 was consid-
ered statistically significant.

Results

General characteristics of the partici-
pants and changes in laboratory parameters
across tertiles of urinary sodium are shown
in Table 1. The first tertile of urinary sodi-
um was less than 87.442mEq/L, the se-
cond tertile was between 87.442 and
145.441mEq/L, and the third tertile was
more than 145.441mEq/L. The mean ages
at menarche and menopause were 13.97
(1.47) and 48.49 (5.45) years, respectively.
The mean of sodium, calcium and potassi-
um intake did not change across the tertile
groups with respect to the tertile groups of
12-hour urine sodium excretion. An in-
crease in urinary excretion rate of calcium
and potassium was observed in parallel
with an increase in urinary sodium
(p=0.003 and p<0.001, respectively).
Urine phosphorus levels also showed an
increasing trend with the increased urinary
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Table 1. Baseline Characteristics, Serum and Urinary Biochemical Profiles of Patients Stratified according to Tertiles of 12-h Urinary

Sodium Excretion

All Urinary Sodium
1 (< 87.442 mEq/L) 2 (87.442 — 145.441 3 (>145.441
mEq/L) mEq/L)
185 61 63 61 p
Mean SD Mean SD Mean SD Mean SD

Age (yr) 56.01 4.99 55.49 4.15 56.08 5.83 56.08 5.83 0.561
Weight (kg) 72.60 13.01 72.45 12.84 71.70 12.02 14.25 0.700
Menarche (yr) 13.97 1.47 14.11 1.52 13.81 1.53 13.98 1.37 0.513
Menopause(yr) 48.49 5.45 48.87 4.01 48.67 4.50 47.92 7.31 0.594
Calcium (mg) 744.27  235.25 779.16 265.517 723.94 206.08 730.38 231.24  0.365
Sodium (mg) 3566.92  925.61 3605.31 98491 3513.65 887.02 3583.56 916.27 0.848
Potassium (mg) 2511.29  693.55 2613.16 692.62 2428.44 611.36 249498 768.84 327
Serum

1,25(0OH),D; (ng/ml) 30.93 1.86 3548 1.94 30.90 1.96 27.54 1.94 0.112
PTH (mg/mL) 23.98 1.91 26.00 1.89 21.13 2.04 25.11 1.77 0.167
Urine

Calcium (mg/dl) 5.88 1.51 5.017 1.51 575" 1.44 6.91 1.51  0.002
Phosphorous (mg/dl) 50.11 1.58 44.66* 1.65 50.11% 1.47 54.95 1.54 0.045
Potassium (mEq/L) 35.70 2.18 33.11 2.81 66.06 " 1.65 70.79 1.54 0.006
ORAI (%) 0.935
<9 point 60.52 32.10 33.94 33.96

>9 point 39.53 3421 34.27 31.52

Usage of estrogen (%) 2.7 8.2 0 8.2 0.653

" Using ANOVA and Post Hoc (Tukey HSD) for quantitative variables and chi square for Qualitative variables
“Significantly different compared to the third tertile (p<0.021)
“Significantly different compared to the third tertile (p<0.042)
' significantly different compared to the first tertile (p<0.034)

sodium (p=0.042). The changes in serum
vitamin D, and PTH levels across tertiles
of urinary sodium were not significant
(p>0.05). Seventy-three (39.53%) of the
185 participants were at a high risk of low
BMD based on the ORAI score equal to or
greater the 9 point. In the group with an
ORALI score of less than 9, there were ap-
proximately equal numbers of participants
in each of the tertiles of urinary sodium. A
similar frequency distribution was ob-
served in the group with greater than 9
points of ORAI index. No significant in-
teraction was detected in the ORAI score
across tertiles of urinary sodium in either
less and greater than 9 ORAI index
groups.

The effect of calcium intake on the asso-
ciation between urinary calcium and sodi-

um is shown in Table 2. The mean calcium
intake of participants was 774.24 (235.25)
mg/day. The relationship between urinary
calcium and sodium was apparent in wom-
en with low calcium intake (r = 0.415,
p<0.001), but not in women with higher
calcium intake (r=0.144, p=0.177).

Table 3 displays the association between
urinary sodium and calcium. The linear
regression modeling approach resulted in
the following equation:

Urinary  calcium=
umx0.001) + 0.066

Based on the crude model, sodium excre-
tion can explain approximately 10 % of the
variance of urinary calcium. A significant
correlation was still observed between uri-
nary calcium and sodium after adjusting
for calcium sodium and potassium intake,

(urinary  sodi-

Table 2. Correlations between Urinary Sodium and Calcium Excretion based on Calcium Intake

Urinary Calcium (mg/dl)

All Participants

Calcium Intake below the Mean'
Calcium Intake above the Mean'

"Data are presented as Pearson Correlation Coefficients (R).

"Mean calcium intake are 744.27 mg/d.
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Correlation Coefficient (R)*

Urinary sodium (mEq/L) p
0.255 <0.001
0.451 <0.001
0.144 0.117
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Table 3. Linear Regression Coefficient in the Association between Urinary Sodium and Calcium Excretion

p
Urinary Sodium
Crude 0.001
Adjusted* 0.001

Urinary Calcium

SE R? P
0.0001 0.098 <0.001
0.0001 0.168 <0.001

* Adjusted for Calcium, Sodium, Potassium and Phosphorous Intake, Weight, PTH and Vitamin D

serum vitamin D and PTH and weight.

Discussion

The major findings of this study suggest-
ed that urinary excretion rate of calcium,
potassium and phosphorus increased in
parallel with increased urinary sodium.
However, vitamin D levels and serum PTH
and ORAI did not show any association
with urinary sodium.

Although the gold standard tool to meas-
ure sodium intake is the 24-hour urine (5),
this method is expensive, uncomfortable
and difficult when it comes to collection of
population samples (5). Overnight urine
sample is easily obtained. On the other
hand, several studies have reported a good
correlation between overnight sodium and
24-hour urine collections (18). Thus, in
this study, an overnight urine sample was
used to estimate sodium intake.

Urinary Sodium and Calcium Excretion

In this study, a significantly increasing
trend was found in the levels of urinary
calcium with increased urinary sodium.
Urinary sodium positively correlated with
urinary calcium (r=0.290, p=0.01). High
dietary sodium intake has generally been
found to affect calcium metabolism ad-
versely. Ho et al. reported that in China’s
adult population, high sodium intake is the
main factor in the excretion of calcium
(19). Harrington suggested an association
between increased levels of sodium intake
and urine calcium loss in postmenopausal
women (20). Teucher et al. showed that
urinary excretion of calcium is more sig-
nificant during high-salt diet (11.2g/d)
compared to low-salt diet (3.9g/d) (21).

It seems that the link between sodium
and calcium results from their interactions
in the kidney (22). Typically, more than
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99% of sodium and 95% of calcium were
reabsorbed in the renal tubules (22).
Changes in urinary calcium, in parallel
with raised urinary sodium, were attributed
to the existence of linked re-absorption
pathways for both ions in the convoluted
portion of the proximal tubule and thick
ascending loop of Henle (23). Therefore,
the fractional absorption of calcium is de-
creased in parallel with increased sodium
reabsorption in the kidney.

The relationship between urinary calci-
um and sodium is affected by calcium in-
take. In our participants, urinary sodium
and calcium excretion were associated at
lower levels of calcium intake, but not at
higher levels. These findings are similar to
the reports of Carbone and Nordin who
suggested that the hypercalciuric effect of
sodium was observed in low Ca intake
(10,24). In line with previous studies, Bed-
ford and Barr found that in premenopausal
women, a relationship exists between uri-
nary sodium and calcium with calcium in-
takes of less than 506mg per 1000 calories,
but not in high intakes (25). This suggests
that in low calcium intake, the interrelated
transportation pathway in renal tubular is
the reason for intensifying the relationship
between urinary sodium and calcium (23).
Independent sodium reabsorption mecha-
nism was noticed in high calcium intake.
Therefore, the linked reabsorption pathway
of sodium and calcium has disappeared in
high calcium intake (23).

Response rate for Na —induced calciuria
was extracted using regression equation. In
our study, it was shown that for each 100
mmol (2,300mg) increase in urinary sodi-
um, calcium excretion would increase by
1.43 mmol (57.2mg). The Na induced-
calciuria has been reported to range from
0.48 to 2.3 mmol in loading studies (26)
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and from 1.0 to 3.0mmol in epidemiologi-
cal surveys (27). Therefore, the calciuric
effect of sodium in our study was in the
range reported in this field.

Urinary Sodium and Serum PTH, Vita-
min D and Phosphorous Excretion

Although our results showed that urinary
excretion of phosphorous was significantly
higher in participants in the second and
third tertile of urinary sodium, the plasma
PTH level was not associated with urinary
sodium. In line with this study, Natri et al.
reported that reducing sodium intake nei-
ther caused changes in plasma PTH nor
was associated with urinary phosphorous
excretion (28). On the contrary, it was
found that sodium intake led to significant
changes in serum PTH concentration, but
no difference was found in urinary phos-
phorous (21). Ilich and Carbone reported
that sodium had no effect on hemostats of
PTH (29,30). In support of the findings of
previous studies, Nakamura demonstrated
that serum PTH was in the normal range in
spite of relatively high average of sodium
intake (31). He suggested that the adequate
vitamin D levels compensated for Na- in-
duced hypercalciuria, so it may not in-
crease the PTH levels (31). In this study,
the average level of vitamin D was around
30 ng/ ml, which is in the normal range. In
addition, Zemelet al. reported that sodium
infusion leads to increased PTH within the
first 15 minutes (32). The half-life of intact
PTH is 4 minutes (32). Therefore, it seems
that measuring PTH in the fasting state
was the reason for lack of correlation be-
tween sodium and PTH in our study.

Sodium induced acidosis is associated
with the weak function of Na Pi2a carrier
and leads to a decreased reabsorption of
phosphorus, and exacerbates its urinary
excretion (33).

In this study, changes in urinary sodium
did not relate to vitamin D levels. Breslau
demonstrated that in premenopausal wom-
en, Na induced hypercalciuria led to an
increase in 1, 25-dihydroxy vitamin D.
However, in postmenopausal women, no
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changes were observed in vitamin D in
response to high sodium intake (14). Fail-
ure to find an association between sodium
and vitamin D has also been reported by
Massey and Harrington (34,35). As sug-
gested by Breslau, it seems that no change
in vitamin D in response to sodium intake
is linked to age and estrogen status (14).

Urinary Sodium and Potassium excre-
tion

Our study revealed that excess urinary
sodium was associated with increased uri-
nary potassium excretion. This finding is
supported by Castenmiller who found that
potassium excretion significantly increased
in response to high-sodium diet (178
mmol/d) compared to low-sodium diet (22
mmol/d) (36). A similar finding was re-
ported by Harrington who recorded potas-
sium excretion of 70.6 and 66.9 mmol/d in
response to two levels of sodium intake of
180 and 65mmol/d, respectively (20).
Ginty et al. confirmed a positive associa-
tion between sodium and potassium excre-
tion (37). The possible link between sodi-
um and potassium excretion can be ex-
plained by increased extracellular fluid
volume in response to sodium intake (33).
An increase in the concentration of extra-
cellular fluid potassium results in potassi-
um secretion in distal tubule and cortical
collecting duct in the kidney (33). There-
fore, the high sodium intake can induce
potassium excretion.

Urinary Sodium and ORAI

ORAI index is not associated with uri-
nary sodium (Table 1). In this study, ORAI
index has been used as a tool to assess the
status of bone health. There is a great deal
of scientific evidence supporting this index
in identifying a person with low bone min-
eral density in high-risk populations in-
cluding postmenopausal women (38-40,
16). Estrogen and body weight have been
introduced as the main reasons for low
bone density (15). These factors were used
to calculate ORAI, so this index is one of
the best pre-screening measures for low
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bone density.

To our knowledge, this study was the
first document that has independently used
ORALI tool to identify low bone density.
Hence, no documents have applied this
index directly to determine bone health.
Therefore, to discuss the relationship be-
tween sodium and bone health, we invoked
documents in which DXA was regarded as
the reference method for bone density. In
line with our findings, Dawson et al. re-
ported that bone density would not be af-
fected by sodium in women's 118
mmol/day, and in men's 156mmol/day so-
dium intake (26). Reid indicated that re-
ceiving sodium of about 2430 mg/d for
two years did not change bone density in
the 122 women participating in his study
(41). Carbone et al. also supported these
results in a study (24). Devin study, in
contrast to the previous report, showed that
after adjusting for confounders’ variables
such as weight, calcium intake and physi-
cal activity, a negative correlation was
found between increased sodium intake
and hip bone density in postmenopausal
women (9). Devin suggested that a reduc-
tion in urinary sodium from 3,450 mg per
day (equivalent to 8/8g salt) to 1,725mg
per day (equivalent to 4/4g salt) has a
similar effect on bone density to an in-
crease in calcium intake of 891 mg/d(9).
However, the results from this study re-
vealed that no change occurred in bone
density with sodium intake of less than
92mmol/d (9).

In a two-year study, Bedford and Barr
confirmed that sodium intake (estimated
based on 24-hour urine samples) was in-
versely associated with BMD at the total
hip in young women who had an average
calcium intake of less than 506 mg per
1,000 calories (25). In a three-year pro-
spective study, Ilich noticed that 3,000
mg/d sodium intake could not affect bone
density in women with high calcium in-
take. In the study, forearm and spine BMD
increased in 96% of the participants with
an increase in sodium intake. He suggested
that mild increased levels of PTH in re-
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sponse to Na- induced calciuria led to de-
creased fecal Ca loss by preserving endog-
enous Ca and increased renal Ca reabsorp-
tion (29). Intermittent administration of
PTH stimulates the production of preoste-
oblasts and maturation of lining osteo-
blasts (29). Controversy exists among
evidences assessing whether high sodium
intake exacerbates bone resorption.There
are a controversy results in the relationship
between sodium and bone mineral density.
Some reasons for this include the lack of
accurate estimation of sodium intake, sup-
plementation with calcium and vitamin D,
and effects of other nutrients on bone
health.

This study had some limitations. The
cross-sectional nature of this study did not
allow us to show the causal relationship
between sodium and indicators of bone
health. The small sample size did not al-
low for detecting the weak associations
across the variables. Moreover, it seems
that using only one random urine sample
cannot accurately estimate the day-to-day
variation in sodium intake. Because the
use of high doses of sodium supplements
is not acceptable in ethical considerations,
the design of cohort studies for groups at
risk for osteoporosis (postmenopausal
women), can express the real effect of so-
dium intake on bone mineral density. The
use of spot urine samples can cover day-
to-day variation in sodium intake and can
be an exact estimation.

Conclusion

Overall, this study reported a direct asso-
ciation between urinary sodium and uri-
nary calcium, potassium and phosphorus.
However, no relationship was found be-
tween vitamin D, PTH levels in serum and
ORALI on the one hand and urinary sodium
on the other.
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