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ABSTRACT

Purpose: Elevated serum phosphorus and potassium levels are a major problem for hemodialysis (HD) patients. Hyper-
phosphatemia and hyperkalemia are closely related to intake of dietary phosphorus and potassium. Methods: This study
was conducted in order to investigate the effects of food consumed on serum phosphorus and potassium levels in 48
HD patients (20 males and 28 females). We collected anthropometric data, biochemical parameters, and dietary data of
the subjects. Dietary data for usual intake were obtained by use of a food—frequency questionnaire (FFQ) consisting of 21
food items. Results: The mean body mass index (BMI) was 22.2 + 3.0 kg/m’. mean serum phosphorus level was 4.50
+ 152 mg/dl, and mean serum potassium level was 4.74 + 0.73 mEg/I|. Hyperphosphatemia (> 4.5 mg/dl) was found in
45.8% of subjects, and hyperkalemia (> 5.0 mEqg/l) in 35.4%. Subjects who took medication only were 56% of total,
and those who took medication with dietary therapy were 27%. Patients with medication and dietary therapy showed
significantly lower serum phosphorus levels compared to patients with medication only (p < 0.05). Mean duration of HD
was 7.9 + 7.3 years and it showed positive correlation with serum potassium levels (p < 0.05). Serum phosphorus
levels showed positive correlation with intake of mixed grains and soybean milk (p < 0.05). Serum potassium levels
showed positive correlation with intake of mixed grains (p < 0.01), potatoes, fish, and high—potassium vegetables (p <
0.05). On the other hand, intake of white rice showed negative correlation with serum potassium levels (p < 0.05).
Conclusion: The results of our study suggest that intake of white rice rather than mixed grains is an important factor in
sustaining normal serum phosphorus and potassium levels, In addition, limiting intake of soybean milk, potatoes, and
fish to under three serving per week is recommended. Finally, conduct of a strict dietary therapy along with medical
treatment is desirable because inappropriate food intake increases serum phosphorus and potassium levels to a higher
than normal range.
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Table 1. General characteristics and anthropometric variables of hemodialysis patients
Variables Total (n = 48) Male (n = 20) Female (n = 28) p-value
Age (yr) 57.8+11.8" 56.9 + 14.0 58.4+10.3 0.671
Duration of HD? (yr) 79+73 71+78 8.5+7.1 0.528
Hypertension
Yes 30 (62.5)” 4(70.0) 6(57.1) 0.364
No 18 (37.5) 6 (30.0) 2 (42.9)
Diabetes mellitus
Yes 17 (35.4) 8 (40.0) 9(32.1) 0.575
No 31 (64.6) 2 (60.0) 9 (67.9)
Family history of CKD?
Yes 3(6.2 1(5.0 2(7.1) 0.762
No 45 (93.8) 9 (95.0) 26 (92.9)
Medication®
Yes 40 (83.3) 5(75.0) 5 (89.3) 0.190
No 8(16.7) 5(25.0) 3(10.7)
Dietary therapy
Yes 21 (43.8) 13 (65.0) 8 (28.6) 0.012*
No 27 (56.2) 7 (35.0) 20 (71.4)
Height (cm) 160.2 + 8.1 166.6 + 6.1 155.7 + 6.0 0.000"**
Dry weight? (kg) 57.1+89 627 +7.7 530+7.5 0.000***
BMI” (kg/m?) 222 +3.0 22.6 2.6 21.9+3.3 0.466
PIBW® (%) 102.3 £ 14.0 104.4 £12.3 100.7 £15.1 0.370

1) Mean +SD  2) HD: hemodialysis 3) N (%) 4) CKD: chronic kidney disease 5) Medication: Phoslo Tab., Renagel Tab. and Kali-
mate 6) Post-dialytic weight 7) BMI: body mass index 8) PIBW: percent ideal body weight

*:p<0.05, ***: p<0.001 by student’s t-test or y*test
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Table 2. Blood parameters of hemodialysis patients
Variables Normal range” Total (n= 48) Male (n = 20) Female (n = 28)
Phosphorus (mg/dl) 3.0-4.5 4.50 +1.527 4.46 + 1.51 4.54 +1.55
Potassium (mEg/I) 3.5-5.0 474+0.73 4.65+0.71 4.80+0.75
Sodium (mEg/I) 136—145 136.63 + 3.21 136.55 +2.76 136.68 + 3.54
Chloride (mEg/I) 100—106 96.67 +3.55 96.25 +3.01 96.96 £ 3.91
Calcium (mg/dl) 9.0-10.5 9.13+0.62 9.13+0.73 9.13+0.54
Total protein (g/dl) 6.4-8.3 6.86 +0.42 6.90 = 0.41 6.83 +0.43
Albumin (g/dl) 3.5-5.0 4.08 +0.29 4.20 +0.29 4.00 +0.26*
BUN” (mg/dl) 10-20 56.91 +16.03 56.22 +16.36 57.40 +16.07
Creatinine (mg/dl) 0.5-1.2 8.17 £2.36 8.98 +2.95 7.60 + 1.66*
Ferritin (ng/ml) 10—-300 294.03 +214.58 232.99 + 208.86 337.63 +211.47
Hemoglobin (g/dl) 12-18 10.50 £ 1.27 10.64 + 1.25 10.40 + 1.30
Hematocrit (%) 37-52 31.76 £3.78 31.69 +3.89 31.81 £3.76
Total cholesterol (mg/dl) <200 150.48 + 32.20 141.16 +25.90 157.14 + 34.95
Triglyceride (mg/dl) 35160 108.75 + 47.63 99.40 + 42.13 115.43 = 50.87
HDL cholesterol (mg/dl) 40-75 43.40 £11.20 42.55+12.12 44.00 = 10.69
Prevalence (%)
Hyperphosphatemia (serum phosphorus > 4.5 mg/dl) 22 (45.8)" 8 (40.0) 14 (50.0)
Hyperkalemia (serum potassium > 5.0 mEg/Il) 17 (35.4) 5(25.0) 12 (42.9)

1) Nutrition therapy and pathophysiology, Cengage Learning, Nelms, 2012. 2) Mean £SD  3) BUN: blood urea nitrogen 4) N (%)
#*. p <0.05 by ANCOVA between male and female group after adjusting for hemodialysis duration and taking medicine
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Table 3. Serum levels of phosphorus and potassium in hemodialysis patients according fo general characteristics

Variables N Phosphorus (mg/dl) Potassium (mEg/I)
Gender
Mal 20 4.46 +1.51" 4.65+0.71
e 0.838 0.586
Female 28 4,54 +1.55 4.80+0.75
Age (yr)
<60 27 4,76 +1.68 4,90 +£0.73
0.305 0.421
> 60 21 4,18 £1.25 4.53 £ 0.69
Duration of HD? (yr)
<5 23 4.37 +1.48 4.49 +0.74
0.742 0.020"
>5 25 4,62 +1.57 4,97 £0.65
Hypertension
Y 470 £ 1. 4,70 £0.81
es 30 70 68 0.244 70+£0.8 0.791
No 18 418+ 1.17 480 +£0.59
Diabetes mellitus
Yes 17 4,08 £ 1.52 4.58 +0.83
0.235 0.581
No 31 4,74 £1.49 4.83 £0.67
Treatment method
Medication” 27 4.99 +1.61 476+0.74
Medication and dietary therapy 13 4.06 +1.12 0.034* 4,72 +0.68 0.997
Dietary therapy 8 3.58 +1.19 4.69 +0.88

1) Mean £SD  2) HD: hemodialysis 3) Medication: Phoslo Tab., Renagel Tab. and Kalimate
*. p <0.05 by ANCOVA after adjusting for hemodialysis duration and taking medicine
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Table 4. Serum levels of phosphorus and potassium in hemodialysis patients according fo intfake of grains and starch food

Variables N Phosphorus (mg/dl) Potassium (mEg/l)
Type of staple food
Rice only 28 3.98+1.41" 0.013" 4.40 £ 0.65 0.001**
Rice and mixed grains 10 522 + 1.64 5.09 +0.53
Mixed grains only 10 527 £1.16 5.33 £0.62
Bread
<1 serving/wk 18 3.97+1.18 0.196 4.56 +0.73 0.232
1-3 serving/wk 19 4.75 % 1.66 4.76 £0.80
> 3 serving/wk 11 495+ 1.63 5.01 +0.58
Noodles
<1 serving/wk 24 4.46 +1.38 0.415 4,88 £0.72 0.333
1-3 serving/wk 16 4.22 +1.45 4,70 + 0.65
> 3 serving/wk 8 520+ 1.99 4.41 £0.90
Rice cake
<1 serving/wk 26 4,19 £1.12 0.239 4.57 +0.67 0.132
1-3 serving/wk 15 491 +1.74 5.03+0.76
> 3 serving/wk 7 481 +2.20 4,77 £0.79
Potato
<1 serving/wk 14 4.44 +1.56" 0.917 4.32 +0.60 0.031*
1-3 serving/wk 17 432+ 1.44 4,74 £0.84
> 3 serving/wk 17 4.74 £ 1.62 5.08 +0.55
Sweet potato
<1 serving/wk 20 4.10+1.30 0.099 4.37 £0.60 0.012*
1-3 serving/wk 18 5.20 £ 1.60 4,90 £0.77
> 3 serving/wk 10 4,07 £1.45 5.20 +0.57
1) Mean = SD

#1 p <0.05 #*: p<0.01 by ANCOVA after adjusting for hemodialysis duration and taking medicine. Serving size: bread (100 g),
noodles (100 g), rice cake (130 g), potato (130 g), sweet potato (130 g)
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Table 5. Serum levels of phosphorus and potassium in hemodialysis patients according o intake of meat, fish, eggs and legumes

Variables N Phosphorus (mg/dl) Potassium (mEg/I)
Meat
<1 serving/wk 19 438+ 1.59" 0.872 4,59 £0.72 0.099
1-3 serving/wk 16 4.61 £1.30 5.11+0.41
> 3 serving/wk 13 4.56 £1.76 4.50 +0.91
Fish
<1 serving/wk 13 4.29 +1.34 0.791 4.48 +0.77 0.045"
1-3 serving/wk 20 4.57 £1.81 4.69 £0.62
> 3 serving/wk 15 4.61 +1.30 5.03+0.78
Anchovy
<1 serving/wk 21 4.71+1.48 0.407 4.79 +0.64 0.159
1-3 serving/wk 15 3.98 +1.34 4.39 +0.64
> 3 serving/wk 12 479 £1.75 5.08 £ 0.85
Egg
<1 serving/wk 11 412+ 1.51 0.434 4.60 = 0.78 0.677
1-3 serving/wk 19 4.61 +1.75 4.82 +0.53
> 3 serving/wk 18 4.63 £1.30 4.74 £0.90
Tofu
<1 serving/wk 14 4,76 +1.36 0.788 493 £0.67 0.428
1-3 serving/wk 15 4,47 +£1.37 4,72 +£0.71
> 3 serving/wk 19 4.34 +1.77 4.62 +0.80
Kong ja ban”
<1 serving/wk 30 4.08 + 1.09 0.033* 4.64 +0.70 0.668
1-3 serving/wk 9 5.10+1.38 4.90+0.79
> 3 serving/wk 9 531 +2.36 4,90 + 0.81
Soybean milk
<1 serving/wk 26 417 £1.25 0.039* 4.77 £0.71 0.174
1-3 serving/wk 11 4.25+1.96 4.44 +0.84
> 3 serving/wk 11 5.55 +1.25 4.96 +0.63

1) Mean +SD  2) Beans cooked in soy sauce.
*: p <0.05 by ANCOVA after adjusting for hemodialysis duration and taking medicine. Serving size: meat (60 @), fish (60 g), ancho-
vy (15 @), egg (60 g), tofu (80 g), kong ja ban (20 g), soybean milk (200 ml)

Table 6. Serum levels of phosphorus and potassium in hemodialysis patients according to intake of vegetables, fruits and mushrooms

Variables N Phosphorus (mg/dl) Potassium (mEg/l)
Vegetables
<1 serving/wk 7 3.47 +1.28" 0.171 429 +0.72 0.038"
1-3 serving/wk 14 4.47 +1.64 4.44 + 0.65
> 3 serving/wk 27 4.79 +1.44 5.01 £0.67
Mostly intake vegetables
Low-potassium vegetables 24 433+ 1.66 0.303 4.58 +0.77 0.047*
Moderate-potassium vegetables 18 441 £1.27 472 +0.64
High-potassium vegetables 6 5.52 £ 1.46 5.43 £0.45
Fruifs
<1 serving/wk 8 414+1.13 0.378 478 £0.97 0.362
1-3 serving/wk 16 4.32 £1.69 4.61 £0.59
> 3 serving/wk 24 4,75+ 1.53 481 £0.75
Mostly intake fruits
Low-potassium fruits 22 412 +1.35 0.235 4.60 £ 0.77 0.090
Moderate-potassium fruits 26 4.83 +1.60 4.86 +0.69
Mushrooms
<1 serving/wk 16 413+1.26 0.330 4.49 +0.70 0.048"
1-3 serving/wk 15 4.62 £ 1.64 4.69 £0.57
> 3 serving/wk 17 4.76 £1.64 5.02+0.83
1) Mean = SD

= p <0.05 by ANCOVA after adjusting for hemodialysis duration and taking medicine. Serving size: vegetables (70 g), fruits (100
g). mushrooms (30 g)
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Table 7. Serum levels of phosphorus and potassium in hemodialysis patients according fo nutrient intake

= 19269 +

824.4 mg/

Phosphorus N (%) Nutrient intake (mg/kg IBW) Serum levels (mg/dl)
Total 48 (100) 16.98 £7.37 450+ 1.52
Adequate intake (< 17 mg/kg IBW) 24 ( 50) 11.34 + 3.63 413 +1.31 0.047*
High intake (> 17 mg/kg IBW) 24 ( 50) 22.62 £ 5.60 488 = 1.64

Potassium N (%) Nutrient intake (mg/day) Serum levels (mEg/l)
Total 48 (100) 1926.9 + 824.4 474 +0.73
Adequate intake (< 2,500 mg/day) 33( 68.8) 1498.1 + 489.8 4.59 +0.61 0.022"
High intake (= 2,500 mg/day) 15( 31.2) 2870.5 + 588.0 5.07 +£0.88

*. p <0.05 by ANCOVA between adequate intake and high intake group after adjusting for hemodialysis duration and ftaking

medicine

Table 8. Partial correlation coefficients between serum levels of phosphorus, potassium and general characteristics, food intake, nu-

frient intake of hemodialysis patients

Serum phosphorus

Serum potassium

Variables - -
Correlation p-value Correlation p-value

Age 0.039 0.798 0.081 0.591
Duration of HD" 0.027 0.857 0.323 0.027"
Rice -0.198 0.186 -0.312 0.035"
Mixed grains 0.312 0.035* 0.430 0.003™*
Noodles 0.217 0.148 —0.153 0.309
Bread 0.189 0.208 0.180 0.233
Rice cake 0.114 0.449 0.094 0.533
Potatoes 0.027 0.858 0.329 0.026*
Sweet potatoes 0.037 0.809 0.270 0.069
Meat 0.072 0.635 —0.189 0.208
Fish 0.176 0.241 0.313 0.034"
Anchovy —0.046 0.762 0.070 0.644
Eggs 0.188 0.211 0.066 0.661
Tofu —0.002 0.987 -0.211 0.160
Kong ja ban 0.271 0.068 0.054 0.724
Soybean milk 0.309 0.036* 0.042 0.780
Vegetables 0.178 0.237 0.289 0.052

Low-potassium vegetables 0.047 0.755 0.220 0.141

Moderate-potassium vegetables 0.184 0.221 0.077 0.612

High-potassium vegetables 0.147 0.329 0.330 0.025"
Fruits 0.275 0.064 0.243 0.104

Low-potassium fruits 0.171 0.257 0.171 0.256

Moderate-potassium fruits 0.276 0.064 0.280 0.059

High-potassium fruits -0.125 0.409 —0.285 0.055
Mushrooms 0.222 0.139 0.218 0.145
Intake of phosphorus 0.327 0.027* 0.180 0.232
Intake of potassium 0.245 0.094 0.357 0.015"

1) HD: hemodialysis

#* p<0.05, **: p<0.01 by Partial Correlations after adjusting for hemodialysis duration and taking medicine
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