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ABSTRACT
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Protein-energy malnutrition, PEM, and increased hs-CRP level are considered to be associated with increased risk of
cardiovascular disease (CVD) in hemodialysis (HD) patients. This is commonly referred to as the vicious circle of mal-
nutrition-inflammation-atherosclerosis cardiovascular disease (MIA syndrome) in chronic kidney disease (CKD). Low
protein intake can decrease the serum level of albumin and increase inflammational markers; further, both low serum al-
bumin and high hs-CRP are independent risk factors for all-cause mortality in HD patients. The aim of this study is com-
paring the serum levels of albumin and hs-CRP in HD patients according to the protein intake levels. The total number of
subjects was 60 hemodialysis patients; they were grouped by dietary protein intake: low protein intake group (LPI, pro-
tein intake < 1.0 g/kg IBW, 11 men and 19 women) and adequate protein intake group (API, protein intake > 1.0 g/kg
IBW, 12 men and 18 women). Blood biochemical parameters, nutrient intake, and dietary behaviors were compared be-
tween the LPI and API groups. The LPI group showed a significantly lower serum level of albumin and higher serum
level of hs-CRP than the API group (p < 0.05). The LPI group showed a significantly lower intake of most nutrients than
the API group (p < 0.05). Index of Nutritional Quality of most nutrients of the LPI and API groups were lower than 1.0.
Dietary protein intake was positively correlated with the serum level of albumin (r = 0.306, p < 0.05) and negatively cor-
related with the serum level of hs-CRP (r = —0.435, p < 0.01). The serum level of hs-CRP was negatively correlated with
that of albumin (r = —0.393, p < 0.01). According to these result, serum albumin and hs-CRP in HD patients were influ-
enced by the protein intake levels. To prevent MIA syndrome, it is necessary to improve nutritional status, especially in

protein and energy. (J Nutr Health 2013; 46(6): 521 ~ 530)
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hl o]8}-8- (normalized protein catabolic rate, nPCR)
151k & (albumin), hs-CRP, & @82 (total pro-
tein), nPCR, €N Q 424 (blood urea nitrogen, BUN), =
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lipoprotein cholesterol, HDL-C), LDL =9 2~H|Z (low den-
sity lipoprotein chdesterol, LDL-C), Z+% (calcium), 1 (phos-

e
=

=
—~

phorus), E& (sodium), Z-& (potassium), H+& (iron), 3l
24211 (hemoglobin, Hb), 3|0FE 33 (hematocrit, Het),
ZA73= (total iron binding capacity, TIBO)2} #|2]€l (fer-
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Table 1. General characteristics of the subjects according to the protein intake

LPI (n = 30) API (n = 30) Total (n = 60) p
Age (years) 57.9+11.8" 571 +11.7 57.5+11.6 0.792”
Gender n (%)
Male 11(36.7) 12 (40.0) 23 (38.3) 0.791°
Female 19 (63.3) 18 (60.0) 37(61.7)
BMI? (kg/m?)
Male 22.5+t29 225+ 27 22.5+27 0.992
Female 21.2+3.0 228 £3.4 22.0+3.2 0.134
PIBW® (%)
Male 103.6 £ 14.5 1024+ 11.1 103.0 £ 12.5 0.814
Female 90.5+11.5 97.6 +14.7 94,0+ 13.5 0.113
HD® duration (month) 39.0 + 62.8 242+ 423 31.6 +53.6 0.287
Blood Pressure (mmHg)
Systolic 143.6 £ 15.5 145.4 +18.7 1445+ 17.0 0.083
Diastolic 69.2+8.3 73.4+10.2 71.3£9.5
Co-existing disease n (%)
Hypertension 20 (66.7) 13 (43.3) 33 (55.0) 0.069
Diabetes Mellitus 12 (40.0) 6 (20.0) 18 (30.0) 0.091
Others 9 (30.0) 13 (43.3) 22 (36.7) 0.284
Medications n (%)
Lipid-lowering agent 14 (46.7) 8(26.7) 22 (36.7) 0.108
Fe supplement 12 (40.0) 13 (43.3) 25 (41.7) 0.793
rHUEPO” 19 (63.3) 13 (43.3) 32(53.3) 0.121

LPI: Low protein intake (< 1.0 g protein/kg IBW), API: Adequate protein intake (>1.0 g protein/kg IBW)
1) Mean +SD  2) p value by independent t-test  3) p value by y*test 4) BMI: body mass index 5) PIBW: percent ideal body
weight 6) HD: hemodialysis 7) rHUEPO: recombinant human erythropoietin

AR B oig S e Ao ZAET,

AE2] AR EA] HLE Table 200 AlAIHICE &
% gl 5= LPI] A9 3.97 g/dL, API=4.11 g/dLZ
LPIofA EF oYl 5= f-oskA WA vepsdtt (p <
0.05). hs-CRP -%== LPI2] 7% 0.28 mg/dL, API=0.12 mg/
dLZ LPIoJA] hs-CRP 5%+ F-2l5kA A el (p <
0.05). 8% &N s 15 119 Bt A4 2 2o

L OFBE§ JEE HYdte] 1F

2, nPCR, BUN, Z#o}eld, TG, TC,
HDL-C, LDL-C, Z, ¢, UER, -8, HE Hb, Het, TIBC,
H2]El Foj A 155 7k -2k 2fol7} glqich

AAHEC] HdA A S Table 30 AXISHALE A3
of IS vl £ o= AW, AT FA7IZHS Bt &
AXE] st ouz]e] 19 HkAlF -2 LPI= 1,089.8 keal
(18.54 kcal/kg IBW)Z, API:= 1,622.6 keal (28.00 keal/kg
IBW)E 435t LPIolA] ofv2|e] A3 eFo] f-2JakAl Wk

o} (p < 0.001). Tudae] 19 H g5 LPR= 3791 ¢ (0.67
g/kg IBW)E, APR= 6224 ¢ (1.10 g/kg IBW)S A%I5+e] LPI
of| A ThulEl o] A3 gFo] f-olskA Wttt (b < 0.001). ¥4
Sk 2] 1Y Ht AR 282 LPI= 1853 g, 21.57 ¢
2, APIE= 2619 g, 34.95 g2 A3I5te] LPIOIA ehpslEat
Ae] Aol f-olsHAl Wkth (b < 0.001). F olHA] A
F=gFoll gt st - Tl - ZRke] /el LPIY] 7
£ 68 : 14 : 18°|31eM, APIE= 65 : 16 : 198 YER} LPIo
A B pBhEe] vlEo] FEkA A (p < 0.05), THEiE o] v
ol FosHl WA (p < 0.05) AAkeh= Ao & YElgTh
Z, A, vlEll C] 1Y B3R LPhR= 2834 mg, 9.69
mg, 4542 mgo]%l. 2 APIE= 402.5 mg, 13.21 mg, 72.20 mg
< dFIske] LPIolA Zs, A, vlebdl Co] AdH ol 725t
A ZdT} (p < 0.05). ZEat GAke] 1Y B AdFH=-2 LPI
L 1,530.1 mg, 272.86 ug®]$1.2™ API= 2,098.3 mg, 384.08
uge AlFlsto] LA Z-gat QAR AdF=ko] fofeiAl W
AT (p < 0.0D). 81, UESR, oF4d, vlek B, HIEI B,, HIE}
9l B, Urolobale] 1Y Hat 3= 212 LPI= 578.7 mg,
2,438.0 mg, 5.72 mg, 0.62 mg, 0.58 mg, 0.84 mg, 7.71 mgNE
oo APR= 891.6 mg, 3,546.8 mg, 8.57 mg, 0.96 mg, 0.86
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LPI (n = 30) API (n = 30) Total (n = 60) o)
Albumin (g/dL) 3.97 +0.36" 4.11+0.20 4.04+0.30 0.047”
hs-CRP® (mg/dL) 0.28 +0.34 0.12+0.12 0.20 +0.26 0.019
Total Protein (g/dL) 6.80 +0.46 6.87 +0.45 6.83 +0.45 0.544
nPCR’ (g/kg/day) 1.11 £0.39 1.18 +0.28 1.14+0.34 0.217
BUN? (mg/dL) 57.73 +20.76 61.49 + 16.589 59.61 +18.72 0.191
Creatinine (mg/dL) 10.14 + 8.06 8.90 +2.63 9.53 + 5.98 0.512
1G® (mg/dL) 101.40 + 47.66 97.07 + 45.64 99.23 + 46.31 0.519
TC” (mg/dL) 144.38 +33.95 158.40 + 26.62 151.39 + 31.06 0.453
HDL-C® (mg/dL) 4220+ 11.89 45.47 +11.47 43.83 +11.70 0.666
LDL-C” (mg/dL) 68.20 + 20.99 79.80 + 28.75 74.00 + 25.64 0.350
Calcium (mg/dlL) 9.05+0.61 9.10 +£0.75 9.08 +0.48 0.481
Phosphorus (mg/dL) 4.75+1.80 4.68 +1.36 471 +1.59 0.081
Sodium (mEq/L) 132.69 +22.62 136.90 +3.13 134.80 + 16.15 0.170
Potassium (mEg/L) 4.66+0.72 4.79 +0.77 4.73+0.74 0.177
Iron (ug/dL) 65.06 +30.2 82.23 + 3523 74.15 + 33.80 0.213
Hemoglobin (g/dL) 10.56 + 1.31 10.47 £ 1.05 10.51 £1.18 0.824
Hematocrit (%) 32.17 + 4.11 31.51 +3.20 31.84 + 3.67 0.951
TIBC'" (ug/dL) 244.57 + 31.43 250.87 + 32.01 247.72 + 31.61 0.052
Ferritin (ng/mL) 280.23 + 189.34 306.90 + 220.21 293.57 +204.05 0.684

LPI: Low protein intake (< 1.0 g protein/kg IBW), API: Adequate protein intake (=1.0 g protein/kg IBW)

1) Mean +£SD  2) p value by ANCOVA after adjusting for age, HD duration and intake of medications 3) hs-CRP: high-sensitivity
C-reactive protein 4) nPCR: normalized protein catabolic rate 5) BUN: blood urea nitrogen 6) TG: triglyceride 7) TC: total cho-
lesterol 8) HDL-C: high density lipoprotein cholesterol 9) LDL-C: low density lipoprotein cholesterol 10) TIBC: total iron binding ca-

pacity

mg, 1.37 mg, 11.98 mgNEE 4#5}o] LPIoA] 21, YEE,
ot<d, Hletyl B, HIEF B,, HIEF B,, Lrolobile] AdFeFo]
FeJskA 23ttt (p < 0.00D).

AlEAFNE A Aol Aot Sla= 2 ()2 LPI
ol| ] 13.933], APIO|A] 19473]& LPIol|A] 3-2la1A] & (#He]
AFHE7Eekon (p < 001), &7 LPIOA] 1.423], API
oA 2.393] 2 LPIOIA] -29)sHA S572] AFHl=7t wotch
(p < 0.01). A7l $-Fie chigo] 2 FAXFoIY IF
7k otk Aol 7k §iglck

FUMF7|Z D[P 2 Mot YRl 22
FEEAAFH A A ¢, UERL AE2 S9YY
3] (KNS)“ol| A AAshHs B2 askyl yHr] Jofie
A3 (KDA) 7oA AAJBHE EAT A3t foF
2t v)wsto] mgke 2 A3t i gAte] F32E Table 4]
A A8FAT.
o1-S LPIolA] 100.0%, APIOIA 46.7% (p < 0.001), LtEE
L LPIOIA] 26.7%, APIOIA 33% (p < 0.05), ZE-2 LPIojA]
83.3%, APIOIA 50.0% (p < 0.01)7} 7]&%] v|gke 2 A3}
o T TI55 7] 25k 2tol7} Qigitt. oFA LPIOlA] 76.7%,
APIOIA 10.0% (p < 0.001), HIEFY A= LPIOIA] 56.7%, API
o| 4 26.7% (p < 0.05), HIEFY] Ci= LPIOIA] 86.7%, APIOA]

rﬂéﬂ

567% (p < 0.05), BIEM B,i= LPIOIA] 86.7%, APIolA 53.3%
(p < 0.01), ¥JEH] Be= LPIOIA 90.0%, APIOIA 30.0% (p
< 0.001), Lrolobale- LPIo| A 100.0%, APIolA 63.3% (p <
0.001), GARE LPIOA] 60.0%, APIOIA] 23.3% (p < 0.001)
7} 7] wRte &2 A3t F IF 7He] -oJgt &po)7t 9l
Ak

Horko| &H XI5 (INQ)
AR5 Q] AAke] Ag

Table 51 AAISHATE INQ+=
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¥ 912 INQe| 4 gt

AollA] £ ogopse] goF

AIA

7249 =g, B ekl A
ASiskaL -] ool 1 WA 2akeon], APIS] 2
S UEFI HE ASEH iR GepolA 12 WA 2
Sk £ ATYNAES FUFUEs 57 G ANE 3

L R0 24T 4 ok
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& Z‘:.—’F o ﬁ%i“% AF9el 23S Ta-
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oA 40182 L}EP*EP. T OF BF o 7R Mg F
of| Al 471A] AlEFS AHT WIET} 46.7%= 71 Wokom
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R
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Table 3. Nutrient infakes and frequency of protein foods of the subjects according to the protein intake

LPI (n = 30) APl (n = 30) Total (n = 60) o}

Energy (kcal) 1089.8 + 325.3" 1622.6 +327.7 1356.2 + 420.7 <.001?
Energy (kcal)/IBW(kg) 18.54 + 5.24 28.00 + 4.69 23.27 + 6.86 <.001
Protein (g) 37.91 £10.28 62.24 £ 9.01 50.08 + 15.56 <.001
Protein (g)/IBW(kg) 0.67 £0.17 1.10 £0.07 0.88 +0.25 <.001
Carbohydrate (g) 185.3 + 64.1 261.9 £54.3 223.6 £70.4 <.001
Fat (g) 21.57 £8.14 34.95+12.68 28.26 + 12.53 <.001
CHO” : Protein : Fat 68:14:18 65:16:19 66:15:19

Calcium (mg) 283.4 + 139.4 402.5 + 143.7 343.0 + 152.6 0.029
Phosphorus (mg) 578.7 +161.3 891.6 + 155.2 735.1 £222.5 <.001
Sodium (mg) 2438.0 + 819.5 3546.8 + 1065.7 2992.4 +1095.8 <.001
Potassium (mg) 1530.1 £ 611.3 2098.3 + 554.3 1814.2 + 645.6 0.005
Iron (mg) 9.69 + 4.68 13.21 £3.11 11.45 + 4.32 0.018
Zinc (mg) 572+ 1.84 8.57 +1.79 7.15+2.30 <.001
Vitamin A (ugRE) 504.3 + 359.3 651.8 +319.7 578.1 + 345.3 0.512
Vitamin C (mg) 45.42 + 27.29 72.20 + 38.38 58.81 + 35.67 0.030
Vitamin B, (mg) 0.62 +0.22 0.96 +0.22 0.79 £0.28 <.001
Vitamin B, (mg) 0.58 +0.21 0.86 +0.20 0.72 £0.25 <.001
Vitamin B, (mg) 0.84 +0.30 1.37 £0.47 1.10 £ 0.47 <.001
Niacin (mgNE) 7.71 +2.44 11.98 +2.49 9.85+3.26 <.001
Folic acid (ng) 272.86 £ 115.61 384.08 £ 117.04 328.47 +128.24 0.004
Cooked rice (freq/wk) 13.93 + 6.33 19.47 +7.79 16.7 +7.57 0.001
Meat (freq/wk) 1.42 +1.86 2.39 +2.77 1.90 +£2.39 0.004
Egg (frea/wk) 3.68 + 3.68 3.18 +3.29 3.43 +3.47 0.191
Milk (freq/wk) 1.02 +2.87 0.43 £ 0.91 0.72+2.13 0.597

LPI; Low protein intake (< 1.0 g protein/kg IBW), API: Adequate protein intake (>1.0 g protein/kg IBW)

1) Mean +SD  2) p value by ANCOVA after adjusting for gender, age and HD duration 3) CHO: carbohydrate
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Table 4. Assessment of nutrient intakes less than RNI” and EAR?

of the subjects according to the protein intake n (%)
LPI AP Total
(n =30) (n =30) (n = 60) P
Energy 30(100.00 25(83.3) 55(91.7) 0.052”
Phosphorus 30 (100.0) 4 (46.7) 4 (73.3) <.001
Sodium 8( 26.7) 1(3.3) 9 (15.0) 0.026
Potassium 25 ( 83.3) 15 (50.0) 0 (66.7) 0.006
Calcium 9 ( 96.7) 26 (86.7) 55(91.7) 0.353
Iron 6 ( 20.0) 1(3.3) 7(1.7) 0.103
Zinc 3(76.7) 3(10.0) 6 (43.3) <.001
Vitamin A 7 ( 56.7) 8(26.7) 5 (41.7) 0.018
Vitamin C 26 ( 86.7) 17 (56.7) 3(71.7) 0.010
Vitamin B, 26 ( 86.7) 16 (53.3) 2 (70.0) 0.005
Vitamin B, 30(100.0) 27 (90.0) 7 (95.0) 0.237
Vitamin By 27 (1 90.0) 9 (30.0) 6(60.0)  <.001
Niacin 30(100.0) 19 (63.3) 9(81.7)  <.001
Folic acid 18 ( 60.0) 7 (23.3) 25 (41.7) <.001

LPI: Low protein intake (< 1.0 g protein/kg IBW), API: Adequate
protein intake (>1.0 g protein/kg IBW)

1) RNI: recommended nutrient intake of The Korean Dietetic As-
sociation (KDA) 2) EAR: estimated average requirement 3) p
value by y*test

AFHAAE F TS 14 wol ﬁaﬂfw A 12 g/
kg IBWZ YeRton chalz A3k 1.0~1.2 g/kg IBW=
DS T QAT 58 Fstel 2 eiel g

AFFE 1.0 g/kg IBWE 7|20 2 273130t

AAAISEE 085 FAHFA SAL59] JPde T2
AFH o 2 o] 83 Sast A o|m" BMI= 714 &8}
Al AHEER= 48211 HHoloh, WHO oFAJof-e s eF 2| o=}
tighu]ekstslofA= BMIS] AAHIE 18.5~22.9 keg/m’=
AABEL ¢lem, K/DOQI Guideline "ol A= PIBWS] A4
S 90~110%= AAJBRL 9lct. 2 At dAt=2] BMIe
PIBW& W57 /1ol &oh= Ao = Uekyith

K/DOQI Guideline "ol A AAElH= EF Q] =5 0] A}
] 247122191 4.00 g/dLet BlastS w) API= 43S

Table 6. Korean's Dietary Diversity Score (KDDS) and food group
intake pattern (CMVDO) of the subjects according to the protein

intake n (%)
LPI API Total

(n=30) (n=30) (n=60) P
KDDS 3.67+092" 401+074 387+085 0.069”
0-3 11 (36.7) 7 (23.3) 18 (30.0)
4 14 (46.7) 14 (46.7) 28 (46.7)  0.362°
5 5(16.7) 9 (30.0) 14 (23.3)
CMVDO
11101 11 (36.7) 13 (43.3) 24 (40.0)  0.287
1111 5(16.7) 9 (30.0) 14 (23.3)
11100 6 (20.0) 7 (23.3) 13(21.7)
11110 3(10.0) 1(3.3) 4(6.7)

LPI: Low protein intake (< 1.0 g protein/kg IBW), API: Adequate
protein intake (>1.0 g protein/kg IBW)

1) Mean +SD  2) p value by independent t-test  3) p value by
2

y-test

Table 5. Index of nutritional quality of the subjects according to the protein intake

LPI (n = 30) API (n = 30) Total (n = 60) p
Phosphorus 0.62+£0.14" 0.66 £0.16 0.64 +0.15 0.266”
Sodium 1.15£0.36 1.11 £0.33 1.13+£0.34 0.710
Potassium 0.70 +£0.22 0.67 £0.16 0.69 £0.19 0.507
Calcium 0.48 +0.28 0.45+0.18 0.46 £0.23 0.664
Iron 1.33 +£0.49 1.20 £0.34 1.26 £0.42 0.223
Zinc 0.78 £0.15 0.79 £0.17 0.79 +£0.16 0.876
Vitamin A 1.01 £0.66 0.91 £0.47 0.96 £0.57 0.503
Vitamin C 0.57 £0.36 0.61 £0.35 0.59 £0.35 0.609
Vitamin B, 0.60 £ 0.11 0.65£0.15 0.63£0.13 0.153
Vitamin B, 0.48 £0.14 0.50 £0.15 0.49 £0.14 0.722
Vitamin By 0.62+0.12 0.70£0.23 0.66 £0.19 0.111
Niacin 0.54 £0.12 0.59 £0.15 0.57 £0.14 0.169
Folic acid 0.78 £0.25 0.74£0.20 0.76 £0.23 0.504

LPI: Low protein intake (< 1.0 g protein/kg IBW), API: Adequate protein intake (>1.0 g protein/kg IBW)

1) Mean +SD  2) p value by independent t-test
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Table 7. Correlation between dietary intakes and blood biochemical parameters of the subjects

o e MCRP oAb S5 W Hd 6T
Energy intake 1.000
Protein intake 0.822"** 1.000
hs-CRP" —-0.304 —0.435™ 1.000
Alb” 0.140 0.306" -0.393"* 1.000
Total protein -0.037 0.052 0.044 0.053 1.000
Hb® 0.051 —0.034 -0.173 0.024 0.058 1.000
Het? 0.022 -0.101 -0.179 -0.046 0072  0.934™  1.000
1G” 0.222 0.019 0.023 —0.089 -0.005  0.039 0.111 1.000
TC? 0.192 0.152 —0.204 0.096 -0.025 0.085 0.038 0.304" 1.000

*: p<0.05, **: p<0.01, ***: p<0.001, p value by partial correlation after adjusting for age, HD duration and intake of medications
1) hs-CRP: high sensitivity C-reactive protein, 2) Alb: aloumin, 3) Hb: hemoglobin, 4) Hct: hematocrit, 5) TG: triglyceride, 6) TC: to-

tal cholesterol
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