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Relative Association of Overhydration and Muscle Wasting with Mortality in
Hemodialysis Patients: Assessment by Bioelectrical Impedance Analysis

Eunju Kim', Sang Oh Seo', Yu Bum Choi', Mi Jung Lee', Jeong Eun Lee’, and Hyung Jong Kim'
IDepartment of Internal Medicine, CHA Bundang Medical Center, CHA University, Seongnam;

ZDepartment of Internal Medicine, Yongin Severance Hospital, Yongin, Korea

Background/Aims: Assessment of fluid status in hemodialysis patents is very important. Overhydration in hemodialysis is asso-
ciated with generalized edema, cardiovascular complications, and hypertension. The aim of this study was to determine the factors
correlated with mortality of hemodialysis patients, assessing body muscle mass and fluid status using bioelectrical impedance anal-
ysis (BIA).

Methods: This study enrolled 93 patients who underwent hemodialysis between January 2010 and May 2015 at CHA Bundang
Medical Center. Medical records of enrollees up to June 2017 were reviewed retrospectively. These included laboratory results
(serum albumin, C-reactive protein [CRP], lipid profile, etc.) and BIA data (extracellular water, intracellular water, total body wa-
ter, soft lean mass, fat free mass, skeletal muscle mass, etc.).

Results: Eleven of 93 patients had expired by May 2017. Among the surviving subjects, mean age was younger, CRP levels were
lower, albumin levels were higher, and extracellular water/total body water (ECW/TBW) ratios were lower than in the expired pa-
tient group. Kaplan-Meier survival analysis revealed that overhydration (ECW/TBW > 0.4) was associated with higher mortality.
Conclusions: In hemodialysis patients, overhydration is an important factor in mortality, and BIA could be a reliable modality in its
assessment. We suggest that, for hemodialysis patients, overhydration is more of a risk factor for mortality than is muscle wasting.
(Korean J Med 2018;93:548-555)
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Table 1. Clinical characteristics of patients, and comparisons between surviving and expired groups

Variable Total (n=93) Surviving (n = 82) Expired (n=11) p-value
Age (years) 57.7+12.8 56.5+12.7 67.0+£9.2 <0.01°
Gender (female : male) 47 : 46 44 : 38 3:8 0.1
Diabetes 41 (44.0) 39 (47.6) 2(18.2) 0.065
Dialysis duration (months) 92.4 +66.0 952+67.6 729+51.1 0.297
CAD 20 (21.5) 15 (18.3) 5(45.5) 0.04
Heart failure 16 (17.2) 10 (12.2) 6 (54.5) <0.01°
CVA 15 (16.1) 14 (17.1) 109.1) 0.057
Dry weight 59.5+11.3 59.1+11.1 61.9+12.8 0.44
URR (%) 74.50 +5.86 74.80 £ 6.03 72.18 £3.97 0.16
WBC (10°/uL) 6.19+2.96 6.12+3.03 6.72+£233 0.53
Hemoglobin (g/dL) 10.30 = 1.06 1034 £1.07 9.95+0.95 0.25
CRP (mg/dL) 0.35+0.91 0.25+0.74 1.10£1.57 0.03
Platelet (10°/uL) 169.28 £49.71 169.15 £47.61 170.18 £66.12 0.94
Na (mEq/L) 139.22+£2.73 139.39 £2.63 138.09 +3.26 0.14
K (mEg/L) 4.83+0.72 4.86+0.72 4.58 +0.63 0.21
Cl (mEg/L) 99.24 £10.37 99.10+10.87 100.18 £5.60 0.74
tCO2 (mEq/L) 20.61£2.99 20.50 +3.05 21.40£2.47 0.35
Protein (g/dL) 6.41+£0.49 6.41+£0.49 6.40 £ 0.47 0.93
Albumin (g/dL) 3.92+0.34 3.96 +0.28 3.55+0.47 0.00"
Calcium (mg/dL) 8.63+0.77 8.66+0.78 8.39+£0.60 0.27
Phosphorus (mg/dL) 4.80+1.27 492+1.19 3.90+1.50 0.01*
Total chol. (mg/dL) 136.85+30.3 136.76 +31.1 137.45+24.5 0.94
Triglyceride (mg/dL) 107.14 £ 80.92 110.96 + 84.12 78.63 £43.65 0.21
HDL chol. (mg/dL) 42.08 +13.02 42.68 +£12.59 37.60+£15.73 0.22
LDL chol. (mg/dL) 66.38 £23.11 66.35+23.03 66.52 £24.83 0.98
PTH (pg/mL) 212.03£251.92 232.47 +261.63 61.48 £39.85 0.03*

Values are presented as mean =+ standard deviation or number (%) unless otherwise indicated.

CAD, coronary artery disease; CVA, cerebrovascular accident; URR, urea reduction rate; WBC, white blood cell; CRP, C-reactive pro-
tein; chol., cholesterol; HDL, high density lipoprotein; LDL, low density lipoprotein; PTH, parathyroid hormone.

*A significant result, p < 0.05.

A AT Ao R TESIGom JATA TS FH AL 2 o8tk AER A2 9I5to] Kaplan-Meier AE £
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Table 2. BIA results of patients and comparisons between surviving and expired groups
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Variable Total (n=93) Surviving (n = 82) Expired (n=11) p-value
ICW (L) 20.16 +4.37 20.07 £ 4.47 20.80 + 3.60 0.60
ECW (L) 12.93 £2.62 12.78 £2.63 14.06 +£2.38 0.12
TBW (L) 33.09+6.91 32.85+7.03 34.87 £5.89 0.37
Fat (kg) 14.65+7.74 14.61 +£7.78 1490 +7.78 0.90
BMI (kg/m®) 2243 +3.45 22.47 +3.46 22.16 +3.54 0.78
WHR 0.87 +£0.09 0.86 +0.09 0.90+0.1 0.18
ECW/TBW ratio 0.39+0.02 0.39+0.01 0.40+0.01 <0.008"
SLM (kg) 42.35+8.90 42.07+£9.07 4442 +7.53 0.41
FFM (kg) 44.86 +£9.39 44.56 £9.56 47.06 +7.96 0.41
SMM (kg) 2429 +5.70 24.18 +5.84 25.13 +4.69 0.60
BCM (kg) 28.87+6.26 28.75+6.41 29.78 +5.15 0.61
BMC (kg) 2.51+0.52 2.49+0.52 2.63+0.49 0.40
AC (kg) 28.57+3.16 28.52+3.19 28.85+3.08 0.74
AMC (kg) 24.27+2.76 24.15+2.75 25.10+2.81 0.28
VFA (kg) 81.04 +43.32 79.24 +43.58 94.37 + 40.68 0.27
BMR (kg) 1,339.11 +£202.80 1,332.73 £ 206.64 1,386.63 + 172.27 0.41
TBW/FFM ratio 73.78 £ 0.50 73.74 +0.49 74.10£0.48 0.02°

Values are presented as mean =+ standard deviation.

BIA, bioelectrical impedance analysis; ICW, intracellular water; ECW, extracellular water; TBW, total body water; BMI, body mass in-
dex; WHR, waist hip ratio; SLM, soft lean mass; FFM, fat free mass; SMM, skeletal muscle mass; BCM, body cell mass; BMC, bone

mineral content; AC, arm circumference; AMC, arm muscle circumference; VFA, visceral fat area; BMR, basal metabolic rate.

®A significant result, p < 0.05.

Table 3. Correlation analysis of BIA parameters with serum al-

3
bumin fevel AH 39T@7.6%), APl A = 273(18.2%) 01 Ak F 3 2

Correlation coefficient p-value o] =4 F-8(urea reduction rate)?] 2}ol= ¢lglo o],
Skeletal muscle mass 0.194 0.009" 2 ol C-HM-SAJThil(Coreactive protein, CRP), 21, .7t
Soft lean mass 0.165 0.023" A8 % 2 (parathyroid hormone, PTH) 2X|= Z}o]2 W ith
Fat firee mass 0.168 0.023 Bk S e AlES) S8 vl & el A
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BIA, bioelectrical impedance analysis; ECF, extracellular water;
TBW, total body water; FFM, fat free mass.
*A significant result, p < 0.05.
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Table 4. Clinical characteristics of patients, and comparisons between non-overhydration and overhydration groups

Variable Total (n=93) Non-overhydration (n = 73) Overhydration (n = 20) p-value
Age (years) 57.7+12.8 56.35+12.87 62.90 +11.47 0.04"
Gender (male : female) 46 : 47 37:36 9:11 0.65
Diabetes 41 (44.0) 31 (42.5) 10 (50.0) 0.54
Dialysis duration (months) 92.4+66.0 90.82 + 65.47 98.60 + 69.35 0.64
CAD 20 (21.5) 16 (21.9) 4(20.0) 0.85
Heart failure 16 (17.2) 11 (15.1) 5(25.0) 0.29
CVA 15 (16.1) 12 (16.4) 3(15.0) 0.87
Dry weight 59.5+11.3 59.56+11.22 59.33 +11.81 0.93
URR (%) 74.50 +5.86 7429 +6.21 75.23 +4.38 0.52
WBC (10°/uL) 6.19+2.96 6.29+£3.23 5.86+£1.62 0.56
Hemoglobin (g/dL) 10.30 + 1.06 10.34 +1.07 10.12+1.04 0.39
CRP (mg/dL) 0.35+0.91 0.32+0.93 0.44 £0.86 0.61
Platelet (10°/uL) 169.28 £49.71 171.10 £48.73 162.60 + 53.90 0.50
Na (mEq/L) 139.22+£2.73 139.30 £2.50 138.90 +3.49 0.56
K (mEg/L) 483+0.72 4.94+0.70 4.44 £0.65 0.006
Cl (mEg/L) 99.24 £10.37 98.84£11.43 100.65 +4.77 0.296
tCO2 (mEq/L) 20.61+£2.99 20.33£3.12 21.63+2.29 0.08
Protein (g/dL) 6.41+£0.49 6.43+£0.43 6.32 +£0.65 0.37
Albumin (g/dL) 3.92+0.34 3.99+£0.25 3.65+0.47 0.006
Calcium (mg/dL) 8.63+0.77 8.70 £ 0.73 8.63+0.84 0.076
Phosphorus (mg/dL) 4.80+1.27 5.06+1.14 3.87+1.30 <0.01°
Total chol. (mg/dL) 136.85+30.3 139.06 +29.03 128.75+34.04 0.17
Triglyceride (mg/dL) 107.14 £ 80.92 111.58 +85.24 90.90 + 61.81 0.31
HDL chol. (mg/dL) 42.08 +£13.02 42.82+11.98 39.39+16.27 0.29
LDL chol. (mg/dL) 66.38 £23.11 67.73 £22.96 61.49 £23.55 0.28
PTH (pg/mL) 212.03 £251.92 215.24 £259.14 200.47 £229.84 0.81

Values are presented as mean =+ standard deviation or number (%) unless otherwise indicated.

CAD, coronary artery disease; CVA, cerebrovascular accident; URR, urea reduction rate; WBC, white blood cell; CRP, C-reactive pro-

tein; chol., cholesterol; HDL, high density lipoprotein; LDL, low density lipoprotein; PTH, parathyroid hormone.

*A significant result, p < 0.05.
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p = 0297), FE5E Bl o, AFgtollA] W
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p <001)°] & WItKTable 1). TETHSLM), ZHLHSMM),
A A LEHFEM) Q] ZFol= I oLt AEtof| 4] extracellular
water (ECW)/TBW ratio & TBW/FFM ratio”} APt H o} o
2 AFE EFHTH0.39 £+ 0.01 vs. 040 £ 0.01, p < 0.008; 73.74
+ 049 vs. 74.10 + 0.48, p = 0.02) (Table 2).

Qr [e}
A H2F, A 3E N (intracellular water)T= ko] AUHA S
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Figure 1. Kaplan-Meier survival curve of the two groups for
all-cause mortality. ECW, extracellular water; TBW, total body
water.
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