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Relationship Between Salt Intake and Urinary Calcium in Japanese Young Women.
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Abstract
Objectives:

The number of osteoporosis patients is increasing annually due to the rapid aging of the population, making
preventive measures a critical social issue. A significant positive correlation between urinary Na excretion and urinary
Ca excretion, a surrogate indicator of salt intake, has been previously reported. However, most prior studies that have
found the same association have been conducted in postmenopausal women or in foreign countries. Although there
have been some reports on the association among Japanese participants, the age range of the subjects is wide. To the
best of the author's knowledge, no study has specifically examined this association in young women. Therefore, this
study aimed to investigate the relationship between salt intake and urinary Ca excretion in Japanese young women.
Methods:

The study involved 305 young women aged between 18 and 29 enrolled at Women's University A. A 24-hour urine
collection method was employed to determine the concentrations of urinary sodium (Na) and calcium (Ca), with
urinary excretion calculated by multiplying these concentrations by the total urine volume over the same period. Results
indicated a significant positive correlation between urinary Ca and Na excretion levels. When participants were divided
into two groups based on a median urinary Na excretion of 2652 mg, the group with values above this median showed
significantly higher urinary Ca excretion. However, no significant differences were noted in urinary Ca concentration
or calcium intake between the two groups. Additionally, urine output was significantly elevated in the group with Na
excretion above the median. Multiple regression analysis, utilizing the stepwise method, was conducted to explore the
relationships between urinary Ca excretion and survey variables, with urinary Na excretion and calcium intake serving
as independent variables. Conclusions: Sodium, an extracellular osmotically active substance, plays a crucial role in
osmotic pressure maintenance and the regulation of water balance both intra- and extracellularly. Increased salt intake
raises blood osmotic pressure, leading to water movement into the bloodstream. Concurrently, this triggers the secretion
of the antidiuretic hormone aldosterone, which stimulates thirst and promotes water consumption, thereby augmenting
circulating plasma volume. This rise in plasma volume elevates blood pressure, leading to enhanced excretion of water
and sodium through urine. Consequently, urine volume and indirectly urinary Ca excretion was markedly higher in the
group with Na excretion above the median.
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Table 1 Characteristics of all subjectss

Physical Height (cm) 158.1£5.2
measurements
Weight (kg) 52.7 [48.3-57.3]
BMI (kg/m?) 21.0 [19.6-22.7]
Fat mass (kg) 15.8 [13.2-18.5]
Body fat (%) 30.1 [26.7-32.8]
percentage
Skeletal muscle  (kg) 19.9+2.4
mass
Lean body mass  (kg) 37.2%£4.0
Blood Serum25(OH)D  (ng/mL) 12.9[10.3-15.8]
biochemistry
test
24-h urine Na (mEq/L) 112 [80-146]
analyses concentration

K concentration (mEq/L) 35.8 [26.6-50.9]

Ca (mg/dL)

concentration

9.2 [5.8-13.7]

Cr concentration (mg/dL)  93.98 [67.98-132.08]
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Figure 2 Correlation between Urinary Ca concentration and
Calcium intakespearman rank correlation coefficient
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Figure 3 Correlation between Urinary Ca concentration and
Sodium intakeSpearman rank correlation coefficient
n=305

Volume (mL) 1060 [755-1472]
Na excretion (mg) 2652 [2021-3378]
K excretion (mg) 1489 [1194-1826]
Ca excretion (mg) 95 [66—130]
Cr excretion (2) 1.01 [0.88-1.10]
Na/Cr 2.75 [2.03-3.42]
K/Cr 1.53 [1.19-1.85]
Ca/Cr 0.10 [0.07-0.13]
Dietary intake ~ Energy (kcal/day) 1505 [1338-1694]
Protein (g/day) 56 [47-65]
Fat (g/day) 51 [40-63]

Carbohydrate (g/day) 195 [173-217]

Sodium (mg/day) 2747 [2221-3361]
Potassium (mg/day) 1945 [1601-2259]
Calcium (mg/day) 401 [299-524]
Magnesium (mg/day) 199 [162-240]
Phosphorus (mg/day) 905 [747-1042]
VitaminD (pg/day) 4.7 [3.0-9.6]
Salt (g/day) 6.9 [5.6-8.5]

250
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R* = 0.1057
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Figure 4  Correlation between Urinary Ca concentration and
Urinary Na concentration Spearman rank correlation
coeflic
n=305
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Table 2 Physical measurements, Blood biochemistry test, 24-h urine analyses and Dietary intake among differences by urinary Na excretion

(median split) .

Urinary Na concentration

"below median above median Y/
(n=152)" (n=153)

Physical measurements Height (cm) 157.5+5.3 158.7+4.9 *

Weight (kg) 51.6 [47.0-56.2] 53.9 [49.6-57.5] ok

BMI (kg/m?) 20.7 [19.4-22.5] 21.4 [19.8-22.7] *

Fat mass (kg) 14.9 [12.9-17.7] 16.1 [13.6-18.9] *

Body fat percentage (%) 29.2 [26.3-32.7] 30.5 [27.0-33.0] n.s

Skeletal muscle mass (kg) 19.6 [18.0-21.2] 20.2 [18.8-21.6] o

Lean body mass (kg) 36.7 [33.9-39.1] 37.7 [34.9-39.9] *

Blood biochemistry Serum?25 (OH) D (ng/mL) 13.1[10.0-16.2] 12.8 [10.4-15.6] n.s
test

24-h urine analyses Na concentration (mEq/L) 93 [64-128] 123 [95-167] o

K concentration (mEq/L) 38.5[28.0-52.9] 31.7 [26.4-47.6] n.s

Ca concentration (mg/dL) 9.3 [5.8-14.5] 8.9 [5.8-13.1] n.s

Cr concentration (mg/dL) 107.14 [75.84-142.97] 82.91 [62.25-115.90] ok

Volume (mL) 880 [647-1235] 1250 [930-1540] ok

Na excretion (mg) 2004 [1643-2307] 3378 [2923-3914] -

K excretion (mg) 1353 [1081-1717] 1584 [1360-2002] ok

Ca excretion (mg) 86 [58-123] 105 [82-136] ok

Cr excretion (g) 0.97 [0.86-1.08] 1.02 [0.90-1.13] ok

Na/Cr 2.03 [1.66-2.54] 3.36 [2.91-3.91] ok

K/Cr 1.45 [1.12-1.76] 1.59 [1.25-1.94] ok

Ca/Cr 0.09 [0.06-0.12] 0.10 [0.07-0.13] *

Dietary intake Energy (kcal/day) 1489 [1299-1646] 1536 [1356-1740] n.s

Protein (g/day) 54 [46-61] 57 [49-66] n.s

Fat (g/day) 48 [38-60] 53 [43-63] *

Carbohydrate (g/day) 195 [171-220] 195 [176-216] n.s

Sodium (mg/day) 2536 [2079-3179] 2899 [2433-3427] ok

Potassium (mg/day) 1938 [1590-2228] 1945 [1608-2280] n.s

Calcium (mg/day) 436 [282-535] 391 [309-479] n.s

Magnesium (mg/day) 198 [160—244] 203 [164—240] n.s

Phosphorus (mg/day) 894 [735-1039] 936 [761-1043] n.s

VitaminD (ng/day) 4.8 [3.1-9.5] 4.7 [2.6-10.0] n.s

Salt (g/day) 6.4 [5.3-8.1] 7.3 [6.2-8.7] o

Date are presented as mean =+ standard deviation or median [25-75 percentile values]

Independent-samples t-test or Mann-Whitney U test
* 1 p<0.05, **:p<0.0l, ns

! not significant
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Table 3 Characteristics of all subjectss

Urinary Ca concentration

R2 B p
Weight 0.017 0.129 *
BMI 0.016 2.283 *
Fat mass 0.009 1.015 n.s
Body fat percentage 0.006 0.682 n.s
Skeletal muscle mass 0.014 2.124 *
Lean body mass 0.013 1.23 *
Urinary Na excretion 0.106 0.325 o
Serum25 (OH) D 0.003 0.052 n.s
Protein intake 0.039 0.197 o
Calcium intake 0.072 0.269 ok
Magnesium intake 0.022 0.103 o
Phosphorus intake 0.059 0.243 o
VitaminD intake 0.003 0.057 n.s

R2: coeflicient of determination

B : standardized partial regression coeflicient
n=305

* 1 p<0.05, ** : p<0.01, n.s : not significant

Table 4  Multiple regression analysis among urinary Ca
concentration and another survey items

Urinary Ca concentration

B p
(constant) -0.051
Urinary Na concentration 0.313 o
Calcium intake 0.240 ok
Adj R-Sq (R2) 0.150

independent variable : Skeletal muscle mass, Urinary Na excretion,
Calcium intake, Magnesium intake, Phosphorus intake

B : standardized partial regression coefficient

Adj R-Sq (R2) : Adjusted R-squared

n=305, ** : p<0.01
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