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Figure 1. Distribution of baseline serum sodium

Table 1. Baseline characteristics

Dialysate sodium = 140 mEqg/L in all facilities

Serum sodium quartile

<138 mEq/L 138—-139 mEqg/L 140-141 mEqg/L >141 mEq/L P value
(n = 450) (n = 562) (n = 634) (n=574) for trend

Age (years) 64.3+13.1 63.1£13.5 64.8£12.7 66.2+10.9 0.05
Male (%) 65.8 64.4 62.5 62.4 0.2
Dialysis duration (months) 61 (27-117) 60 (27-126) 66 (31—131) 81 (36—159) <0.001
Primary cause of renal failure (%) 0.01

Glomerulonephritis 17.3 23.3 24.9 30.3

Diabetes 51.1 37.7 30.3 251

Hypertension 5.8 8.2 10.3 71

Polycystic kidney disease 2.7 1.8 3.8 4.2

Others 14 19 18.6 20.4

Unknown 9.1 10 121 129
Body mass index (kg/m?) 21.6+£3.8 21.5£3.5 21.5+34 21.1£3.3 0.2
Mean blood pressure (mmHg) 103116 103116 101+16 10215 0.37
Pulse pressure (mmHg) 72119 7219 72119 7319 0.64
KtV 1.27+0.24 1.30+0.25 1.30+0.25 1.30+0.25 0.12
nPCR (g/kg/d) 0.85+0.19 0.86+0.19 0.85+0.20 0.85+0.21 0.93
Catheter use (%) 0.2 0.4 0 0.5 0.6
Cardiothoracic ratio (%) 51.4+5.2 50.5+4.9 50.65.2 50.7t5.1 0.22
Interdialytic weight gain (%) 4.8+1.6 4.7+1.6 4.4+1.5 41+1.4 <0.001
Comorbidities (%)

Diabetes 59.8 47.2 41.3 34.8 <0.001

Coronary artery disease 19.6 16.5 15.3 18.1 0.52

Stroke 16 13 11.8 11.1 0.02

Peripheral artery disease 12.2 9.8 6.5 5.9 <0.001

Prior fracture (%) 7.6 8.4 8.5 9.2 0.35

History of PTx 3.6 5 6.5 8.2 <0.001
Laboratory values

Hemaoglobin (g/dL) 10.5%1.1 10.4£1.0 10.4+1.0 10.2+0.9 <0.001

Albumin (g/dL) 3.740.3 3.8£0.3 3.7+0.3 3.8+0.3 0.28

Creatinine (mg/dL) 11.443.1 11.94£3.3 11.813.0 11.843.0 0.07

Calcium (mg/dL) 9.4+0.7 9.4+0.7 9.4+0.8 9.4+0.7 0.78

Phosphorus (mg/dL) 5.5¢1.5 5.6+1.3 5.4+1.4 5.4+1.3 0.003

Intact PTH (pg/mL) 139 (77-233) 143 (80-230) 140(77-223) 140(81-224) 0.95

Alkaline phosphatase (IU/L) 235 (186-306) 221 (177-288) 227 (179-294) 222 (180-293) 0.16

Total cholesterol (mg/dL) 159437 160+34 160435 161132 0.35

C-reactive protein (mg/dL) 0.18 (0.04-0.94)  0.10(0.02-0.37)  0.10 (0.01-0.30)  0.10 (0.02—-0.33) 0.002
Medication (%)

ESA 7.7 79.3 80 83.3 0.03

Calcium carbonate 80.4 84.6 81.2 79.4 0.3

Sevelamer hydrochloride 28.7 30 31 26.9 0.58

Active vitamin D 54 58.8 58 55.9 0.71

Cinacalcet hydrochloride 7.1 9.8 10 10.8 0.06

Antihypertensive agents 68.2 61.7 64.6 63.1 0.24

Diuretics 26.4 25.7 27.1 23.9 0.46

Data are percentage, means + SD, median (IQR).
BMI, body mass index; Kt/V, dialysis adequacy; nPCR, normalized protein catabolic rate.
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Figure 2. Serum sodium and metacarpal BMD (n = 455)

Table. 2. Serum sodium and osteoporosis (n =455)

Per 1 mEqg/L lower

Serum sodium quartile

serum sodium <138 mEqg/L 138-139 mEq/L 140-141 mEq/L >141 mEq/L
Osteoporosis (BMD T-score <-2.5 SD)
Unadjusted 0.99 (0.93 to 1.05) 0.80 (0.46 to 1.40) 0.98 (0.58 to 1.67) 0.86 (0.52 to 1.43) Reference
Model 1 1.00 (0.92 to 1.08) 0.95 (0.46 to 1.93) 1.27 (0.64 to 2.54) 0.99 (0.52 to 1.89) Reference
_Model 2 101(093t01.100  1.03(050to2.14)  136(0.67t02.76)  1.02 (0.53 to 1.96) Reference

Model 1 adjusted for age, gender, dialysis duration, and diabetes.

Model 2 adjusted for the covariates in Model 1 plus body mass index, cardiovascular comorbidities, prior fracture, hemoglobin,

albumin, and creatinine.
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Table 3. Serum sodium, fracture, and mortality

Per 1 mEq/L lower

Serum sodium quartile

serum sodium <138 mEq/L 138-139 mEqg/L 140-141 mEq/L >141 mEq/L

Clinical fracture

Unadjusted 1.03 (0.96 to 1.10) 1.12 (0.63 to 1.98) 1.10 (0.65 to 1.86) 1.21 (0.73 to 1.99) Reference

Model 1 1.04 (0.97 to 1.12) 1.23 (0.69 to 2.19) 1.22 (0.72 to 2.08) 1.25 (0.76 to 2.06) Reference

Model 2 1.04 (0.97 to 1.11) 1.16 (0.65 to 2.08) 1.17 (0.67 to 2.05) 1.20 (0.71 to 2.02) Reference
Asymptomatic vertebral fracture

Unadjusted 0.94 (0.86 to 1.03) 0.69 (0.31 to 1.63) 0.73 (0.37 to 1.46) 1.03 (0.56 to 1.91) Reference

Model 1 0.96 (0.88t01.06)  0.86 (0.39t01.93)  0.88(0.44t0 1.76)  1.14 (0.62 to 2.12) Reference

Model 2 0.95 (0.86 to 1.04) 0.75 (0.33 t0 1.72) 0.81 (0.40 to 1.64) 1.13 (0.61 to 2.10) Reference
Any fracture

Unadjusted 1.00 (0.95 to 1.06) 1.01 (063 to 1.61)  0.94 (0.61 to 1.45) 1.18 (0.79 to 1.75) Reference

Model 1 1.02 (0.97 to 1.08) 1.14 (0.71 to 1.83) 1.07 (0.69 to 1.65) 1.25 (0.84 to 1.87) Reference

Model 2 1.01 (0.96 to 1.07) 1.06 (0.66 to 1.71) 1.01 (0.66 to 1.57) 1.21 (0.81 to 1.81) Reference
Mortality

Unadjusted 1.07 (1.04t0 1.10)  1.66 (1.34 to 2.06) 0.97 (0.78 to 1.21) 1.00 (0.80 to 1.24) Reference

Model 1 1.08 (1.05 to 1.11) 1.70 (1.36 to 2.11) 1.03 (0.82 to 1.30) 1.01 (0.81 to 1.26) Reference

Model 2 1.06 (1.03 to 1.09) 1.58 (1.26 to 1.97) 1.01 (0.80 to 1.26) 1.03 (0.83 to 1.28) Reference

Model 3 1.06 (1.03t01.09) 1.52(1.18t01.94)  1.01 (0.78 to 1.30) 1.03 (0.81 to 1.31) Reference

Model 1 adjusted for age, gender, dialysis duration, and diabetes.
Model 2 adjusted for the covariates in Model 1 plus body mass index, cardiovascular comorbidities, prior fracture,
hemoglobin, albumin, and creatinine.
Model 3 adjusted for the covariates in Model 2 plus mean blood pressure, pulse pressure, Kt/V, nPCR, catheter use,
cardiothoracic ratio, interdialytic weight gain, calcium, phosphorus, intact PTH, alkaline phosphatase, total cholesterol, C-
reactive protein, ESA use, antihypertensive agent use, and diuretic use.

Table 4. Subgroup analysis of hyponatremia associated fracture and mortality

Pvalue for Pvalue for
Characteristics Hazard ratio for clinical fracture (95% Cl) interaction Hazard ratio for mortality (95% CI) interaction
Overall ".F' 1.04 (0.97-1.11) —— 1.06 (1.03-1.09)
Age (years) :
<65 . 0.95 (0.80-1.12) 0.10 IS S— 1.10 (1.03-1.17) 0.06
=65 * 1.05 (0.98-1.14) — 1.05 (1.01-1.08)
Sex : i
Male . 1.09 (0.99-1.19) 0.15 . 1.04 (1.01-1.08) 0.01
Female '—I—< 0.97 (0.89-1.07) P o—— 1.10 (1.05-1.15)
Dialysis duration (months)
<60 H-I—< 1.06 (0.97-1.16) 0.62 . 1.08 (1.04-1.12) 0.002
=60 — 0.98 (0.89-1.09) . 1.04 (1.00-1.08)
Body mass index (kg/m?) |
<22 % 0.96 (0.88-1.05) 0.79 ;- 1.06 (1.02-1.10) 0.37
222 . 1.15 (1.03-1.29) . 1.06 (1.01-1.12)
IDWG (%) i
<5.0 >—I—< 1.01 (0.93-1.10) 0.35 SR 1.10 (1.05-1.15) 0.11
=5.0 —I—' 1.07 (0.95-1.20) — 1.04 (1.00-1.08)
Diabetes
Yes . 1.01 (0.92-1.11) 0.60 [ 1.07 (1.03-1.11) 0.70
No o 1.05 (0.95-1.16) B 1.05 (1.01-1.09)
Cardiovascular comorbidities
Yes * 1.02 (0.90-1.15) 0.56 r—— 1.04 (0.99-1.09) 0.29
No - 1.04 (0.96-1.13) —— 1.07 (1.04-1.11)
0.6 1 12 15 0.9 1 1.2
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Summary

Introduction: Hyponatremia is implicated in pathological bone resorption and has been identified as a risk factor
for bone fracture in the general population, but limited data exist in patients undergoing dialysis.

Methods: We analyzed a historical cohort of 2,220 patients undergoing maintenance hemodialysis in Japan.
We first examined the association of baseline serum sodium levels with metacarpal bone mineral density (BMD) in
a subcohort of 455 patients with available data. Next, we examined the association of baseline serum sodium levels
with incident fracture and mortality in the overall cohort, using Cox regression models adjusted for potential
confounders (age, sex, dialysis vintage, diabetes, prior cardiovascular disease, history of fracture, body mass index,
hemoglobin, albumin, and creatinine) and competing risks regression models accounting for death as a competing
endpoint.

Results: Baseline mean = SD serum sodium level in the overall cohort was 139.7 + 2.9 mEq/L, and among
patients with available data, median metacarpal BMD T-score was -2.05 (IQR, -3.35 to -0.99). Serum sodium
levels were not associated with metacarpal BMD T-score in unadjusted or adjusted models. During a median
follow-up of 5.4 years (IQR, 2.5-7.0 years), 712 patients died; 660 experienced clinical fractures; and 64 experienced
asymptomatic vertebral fractures as estimated by height loss. In adjusted Cox regression models, lower serum
sodium levels were associated with mortality (HR, 1.06 per 1 mEq/L lower; 95% CI, 1.03-1.09) but not incident
clinical fracture (HR, 1.03 per 1 mEq/L lower; 95% CI, 0.96-1.10) or any fracture (a composite of clinical fracture
and vertebral fracture). Similar results were obtained in competing risks regression models.

Conclusions: Lower serum sodium levels were associated with mortality but not BMD or incident fracture in

maintenance hemodialysis patients.



