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Association of level of GFR with nutritional status

®CKDHREL ¥ 3 R 7]
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® Patients with elevated biomarkers of inflammation, such as

CRP,tend to have a higher risk of uremic malnutrition and
progressive atherosclerotic vascular disease.

® [n the literature a prevalence of malnutrition between 10 and
70% has been reported. (40-50% of all patients with ESRD are
malnourished) Blood Purif 2008;26:49-53
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Restricted Protein Diet Is Associated With

Decrease in Proteinuria: Consequences on
the Progression of Renal Failure

Objective: Reduction of proteinuria is associated with a slower progression of renal failure. We questioned
whether the change in proteinuria in response to a supplemented very low protein diet (SVLPD), which is known to
reduce proteinuria, could function as a marker of the potential renoprotective effect of an SVLPD.

Design and Patients: In the 220 consecutive patients of our previously published cohort, the glomerular filtration
rate (GFR) was assessed every 3 months using the >'Cr-EDTA method. Seventy-eight patients (mean age 52 + 17
years, body mass index 23 + 3 kg/m?, GFR 15 + 6 mL/min) exhibited a proteinuria more than 1 g per day at the

start of the regimen. Mean protein intake assessed by urinary nitrogen appearance was 0.42 + 0.24 g/kg per day
at 4 months. The median follow-up was 24 months.

Results:_Proteinuria decreased significantly after patients were treated with an VI PD The maximum mean
percent reduction was attained at 3 months (47% *+ 27%), was not influenced by the levels of baseline proteinuria,

and was similar in patients receiving or not receiving angiotensin-converting enzyme inhibition at the start of the
study. The percent reduction and the residual proteinuria at 3 months predicted the rate of the later GFR decline.
GFR decline was significantly lower in patients whose reduction in proteinuria at 3 months was higher than 50%
(0.42 + 0.37 mL/min/mo vs. 0.10 + 0.15 mL/min/mo and 1.0 + 0.6 mUmin/mo vs. 0.15 + 0.19 mL/min/mo, P <
.001 in patients with proteinuria higher or lesser than 3 g/d at start, respectively).

Conclusion: These results do not differ from those reported with therapies antagonizing angiotensin Il formation
and/or activity aiming at reducing proteinuria in chronic renal diseases.

¢ 2007 by the National Kidney Foundation, Inc. _ o a-
III I 20090925 Liu, J-H Journai-of Kenal Nutntion, Vol 17, No 4 { July), 2007: pp 250-257
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Dietary protein and the progression of CKD

Usual protein diet
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Figure 9-4. Cumulative incidence of end-stage renal disease or
death in patients with type 1 diabetes receiving usual protein diet
(1.02 g/kg b.w./d, dashed line) or low protein diet (0.89 g/kg b.wJ/d,
solid line) during 4 years; p = 0.042, log rank [From Hansen HP,
Tauber-Lassen E, Jensen BR, et al. Effect of dietary protein restrie-
tion on prognosis in patients with diabetic nephropathy. Kidney Int

2002:62(1):220-228, with permission.]

20090925 Liu, J-H Handbook of nutrition and the kidney 2005
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Inadequate Energy and Excess Protein Intakes
May Be Associated With Worsening Renal

Function in Chronic Kidney Disease
B
Objectives: Dietary energy and protein play important roles in chronic kidney disease (CKD). This study investi-

gates the relationship between energy/protein intake status and renal function in CKD.

5 CKD in nephrology and nutrition outpatient clinics in Taiwan.

Main Outcome Measure: Energy and protein intakes were assessed using 24-h dietary recall. We recorded rec-
ommended calorie/protein amounts and renal function indices, glomerular filtration rate (GFR), creatinine, and blood
urea nitrogen (BUN). Patients were categorized into three intake calorie/protein groups by a ratio of actual intake vs.
recommended intake. High intake was defined as a ratio of actual intake/recommended intake = 110%, moderate
intake as =90% to <110%, and low intake as <90%. Data were analyzed by paired t test, one-way analysis of
variance, least significant differences, and multiple linear regression.

Results: The energy and protein intakes in CKD patients were significantly higher and lower than recommended
levels (P < .001). Low energy intake was significantly related to worsening GFR at increments of —4.41 mL/min/1.73
m?, compared with moderate and high energy intake (P = .008); high protein intake was also associated with wors-
ening GFR at increments of —3.50 mL/min/1.73m?, compared with moderate and low protein intake (P < .001). Low
energy intake and high protein intake were significantly positively correlated with elevations in creatinine and BUN.
Conclusion: Lower energy and higher protein intakes than recommended may be associated with deteriorating
renal function,

III I “VVTUZLI LU, 7L Journal of Renal Nutrition, Vol 18, No 2 (March), 2008: pp 187-194




May Be Associated With Worsening Renal

Inadequate Energy and Excess Protein Intakes
Functlon in Chronic Kidney Disease

Table 3. Renal Function Status Among Chronic Kidney Disease Patients (n = 599) by Different Levels of
Energy and Protein Intake*t

N(%) GFRMmUmMIn1.73m°) P  Creatinine(mg/dl) P  BUN(mg/d) P

Total calories

Low 339 (56.6) 19.1 + 12.1° <.001 48 *29° <.001 54.8+27.8° <.001
Moderate 161 (26.9) 247 + 13.8° 3.8+25 45.8 + 26.6°
High 99 (16.5) 24.4 + 13.4° 352 46.5 + 25.73

Protein
Low 40 (6.7) 24.0 + 14.8%¢ 019  38=+27°d <.001 427 +22.0° <.001
Moderate 76 (12.7) 24.8 + 13.6° RES N o 40.3 + 20.5°
High 483 (80.6) 20.7 = 12.7° 46 +2.9° 53.4 * 28.3°

BUN, blood urea nitrogen; GFR, glomerular filtration rate, using the equation of Cockeroft and Gault,

*Data are expressed as mean * SD. Different superscripts (* ® ) indicate significant differences from each other, using
least significant differences tests. P < .05 was considered statistically different.

tFor intake status of dietary energy and protein, patients were categorized into high, moderate, and low intake groups.
High intake was defined as the ratio of actual intake/recommended intake (by dietitians) =110%: those <90% were defined
as having low caloric intake. Those ratios within ranges =90% and <110% of recommended levels were considered to be
the moderate intake group.

l II| I 20090925 Liu, J-H Journal of Renal Nutrition, Vol 18, No 2 (March), 2008: pp 187-194
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Protein Restriction and Body Composition

in Renal Disease

Objective: To study the effect of low-protein diet (LPD) on body composition (BC).

Study Design; A systematic review of the literature investigating BC during LPD treatment using total body
potassium, dual energy X-ray absorptiometry, bioelectrical impedance analysis, and anthropometry.

Patients: Studies reporting data of patients treated with LPD 0.3-0.75 g/kg/day and a renal function of glomerular

in the review. Fourteen studies with a total number of 666 subjects were found eligible.
Results: All studies except two concluded that treatment with LPD does not affect BC negatively. However, LPD

introduced with great caution in patients with an expected time to dialysis of <4 months due to an initial reduction of
body weight and/or fat-free mass. Monitoring of treatment with LPD must be emphasized, including BC measure-

fitration rate (GFR) <20 mL/min, creatinine clearance <25 mL/min, on serum creatinine =500 umol/L were included

neither should it be continued in patients who are unable to adhere to a diet prescription. Furthermore, LPD should be |

ments and evaluation of protein and eneray intake. These conclusions do not apply to patients with diabetes meliitus,
because this diagnosis was excluded in a majority of reviewed studies. |
Conclusion: There is no strong evidence that LPD impairs BC in patients with GFR <20 mL/min.

III I 20090925 Liu, J-H Journal of Renal Nutrition, Vol 18, No 2 (March), 2008: pp 167-186
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I EXECUTIVE SUMMARY Diabetic kidney disease(DKD)--2007K/DOQI

o Executive Sutmmary
[ CLINICAL PRACTICE GUIDELINES

o Background
o (mdelne 1 Sereenng and Diagnosts of Diabetic Kidney Disease
o Cuidebne 2 Management of Hypergiveeria and General Diabetes Care n Chronic Kidney Disease
o (umdelne 3 Management of Hypertension 1 Diabetes and Chronic Kidney Disease
o Cudebne 4 Management of Dyshpidernia m Diabetes and Chronic Kidney Disease
o-(andebine & Nttonal Management 1 Thabeteq and Chrome Kidney Thepage

I CLINICAL PRACTICE RECOMMENDATIONS
o Chracal Practice Recommendation 1: Management of Albuminuria i Notmotensve Patients With Diabetes and Alburninuria as a Surrogate Marker
o Chrical Practice Recommendation 2: Multfaceted Approach to Intervention n Diabetes and Chromic Kidney Disease
o Chrical Practice Recommendation 3: Diabetes and Chrotic Eidney Disease m Special Populations
o Chrical Practice Recommendation 4: Behaworal pel-Management in Diabetes and Chronic Kidney Disease

[V. RESEARCH RECOMMENDATIONS

o Research Becommendation

APPENDICES

o Appendix 1: Nutrtional Management of Diabetes and Chronic Kidney Disease
o Appendrz 2 Methods for Evaluating Evidence

IIA II I 20090925 Liv omerican Joumal of Kidney Diseases. Vol 49, No 2, Suppl 2 (February), 2007: pp S95-5107 10




Recommendation 4: Behavioral self-management in
diabetes and CKD --2007K/DOQI

eBehavioral self-management in diabetes and CKD 1is
particularly challenging because of the intensive nature of
the diabetes regimen.

eEducation alone 1s not sufficient to promote and sustain
healthy behavior change, particularly with such a complex
regimen.

e4.1 Self-management strategies should be key components
of a multifaceted treatment plan with attention to multiple

behaviors: (C)
e Monitoring and treatment of glycemia,
e Blood pressure,
e Nutrition,
e Smoking cessation,
e Exercise, and

e Adherence to medicines.
20090925 Liu, American Joumal of Kidney Diseases, Vol 49, No 2, Suppl 2 (February), 2007: pp 5131-5138 11



Guideline 5: Nutritional Management in
Diabetes and Chronic Kidney Disease --
2007K/DOQI

-Management of diabetes and CKD should
include nutritional intervention. Dietary
modifications may reduce progression of CKD.

.5.1 Target dietary protein intake for people with
diabetes and CKD stages 1-4 should be the RDA
of 0.8 g/kg body weight per day. (B)

American Joumal of Kidney Diseases. Vol 49, No 2, Suppl 2 (February), 2007: pp S95-5107
20090925 Liu, J-H 12



(Moderate)

. If dietary protein intake 1s limited, an increase in carbohydrates
and/or fats 1s required for adequate caloric intake. Increasing
intake of omega-3 and monounsaturated fats may confer
benefits on CKD. (Weak/Opinion)

- People with diabetes and CKD should receive intervention from
a specialty-trained registered dietitian that includes

individualized management of multiple nutritional aspects.
(Moderate)

. American Joumal of Kidney Diseases. Vol 49, No 2, Suppl 2 (February), 2007: pp $95-5107 |
20090925 Liu, y-nn 13

O®RATIONALE

- A dietary protein intake of 0.8 g/kg body weight per day, the
RDA for this macronutrient, 1s a level that has been achieved in
studies of diabetes and CKD. Reduction in albuminuria and
stabilization of kidney function have been reported with dietary
protein intake at the RDA level. Nutrition surveys indicate that
most people eat in excess of the RDA for dietary protein.




rotein in diabetes management--ADA
O®NUTRITION RECOMMENDATIONS FOR
CONTROLLING DIABETES COMPLICATIONS
@ Reduction of protein intake to 0.8 —1.0 g / kg/body
wt/ day—1 1n individuals with diabetes and the earlier
stages of chronic kidney disease (CKD) and to 0.8
g/kg body wt/ day in the later stages of CKD may
improve measures of renal function (urine albumin
excretion rate, glomerular filtration rate) and 1s
recommended. (B)

MNT that favorably affects cardiovascular risk
factors may also have a favorable effect on
microvascular complications such as retinopathy and
nephropathy. (C)

20090925 Liu, J-H DIABETES CARE, VOLUME 31, SUPPLEMENT 1, JANUARY 2008 S66 14




rotein 1n diabetes management--ADA

UTRITION RECOMMENDATIONS FOR CONTROLLING
[ABETES COMPLICATIONS

* Progression of diabetes complications may be modified by

improving glycemic control, lowering blood pressure, and,
potentially, reducing protein intake. Normal protein intake (15—
20% of energy) does not appear to be associated with risk of
developing diabetic nephropathy, but the long-term effect on
development of nephropathy of dietary protein intake 120% of
energy has not been determined.

In several studies of subjects with diabetes and
mieroalbuminuria, urinary albumin excretion rate and decline in
glomerular filtration were favorably influenced by reduction of
protein intake to 0.8 —1.0 g/kg body wt/day—.

In individuals with diabetes and macroalbuminuria, reducing
protein from all sources to 0.8 g/kg body wt/day— has been
associated with slowing the decline in renal function; however,
such reductions in protein need to maintain good nutritional
status in patients with chronic renal failure.

20090925 Liu, J-H

DIABETES CARE, VOLUME 31, SUPPLEMENT 1, JANUARY 2008 S66



Types of dietary protein and the progression of
CKD

. withdraw red meat?
. SOy protein?

20090925 Liu, J-H
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improves serum fatty acid profile in type 2 diabetes patients with
macroalbuminuria'

B
' “ Withdrawal of red meat from the usual diet reduces albuminuria and

TABLE 1
Daily dietary intake during the usual diet, the chicken diet, and the low-protein diet, according to weighed diet records in type 2 diabetes patients with
macroalbuminuria’
Usual diet Chicken diet Low-protein diet P’

Energy (kcal) 1901 + 480° 1870 £ 452¢ 1634 + 451" < 0.001
Carbohydrate (% of energy) 469 + 6.7 50.0 + 7.0¢ 587+ 68" < 0.001
Protein (% of energy) 219 +£34° 21.2+£39° 116£1.5" < 0,001
Total lipids (% of energy) 308 £6.3 289+£5.5 2051638 0.451
Fatty acids

Saturated (% of energy) 9.1 £25 18+ 2.0 8.8 +21 0.103

Monounsaturated (% of energy) -102+£23 04+21 96+32 0.484

Polyunsaturated (% of energy) 8.1+26" 03 +25" 0.5+26" 0.022
PUFA:SFA 0.96 + 044" 1.24 +£0.32" 1.13 + 043" 0.039
Cholesterol (mg) 236 £ 72° 250 + 86" 59 + 35" < 0.001
Total fiber (g) 200757 228403 270+8.1° < 0.001
Iron (mg) 156 £43° 134 £ 36" 12340 < 0.001
Phosphorus (mg) 1358 + 348¢ 1288 + 299° 063 + 286" < 0.001
Zinc (mg) 159 +£5.1° 10.7 £ 2.5 55+20F < 0.001
Potassium (mg) 2873 £ 962 2780 £ 886 2788 * 986 0.685
Calcium (mg) 807 £ 239 813 + 223 805 £ 294 0.984

T All values are X = SD; n = 17. SFA, saturated fatty acid; PUFA, polyunsaturated fatty acid. Values in a row with different superscript letters are
significantly different, P < 0.05 (Bonferroni adjustment test for multiple comparisons).
2 Repeated-measures ANOVA.

l III I 20090925 Liu, J-H

Am J Clin Nutr 2006;83:1032-8.

17



Improves serum fatty acid profile in type 2 diabetes patients with

macroalbuminuria' =

B
I I“ Withdrawal of red meat from the usual diet reduces albuminuria and
B

TABLE 2
Renal function and serum lipid profile after test diets in type 2 diabetes patients with macroalbuminuria’
Usual diet Chicken diet Low-protein diet P

UAER (pg/min)’ 312.8" (223.7-1223.7)° 269.4° (111-1128) 229.3" (76.6-999.3) <0.001
GFR (mL-min™" - 1.73m ™) 818+222 8§33 £26.1 §1.9+253 0.860
Total cholesterol (mmol/L) 53T+ 118 5.08 +0.96 506 + 091 0.069
HDL cholesterol (mmol/L) 1.14£026 1.14£0.23 [.14£021 0.989
LDL cholesterol (mmol/L) 389+099 364 £091 3551084 0.123
Non-HDL cholesterol (mmol/L)* 423 £ 1.06" 3.92 £0.99° 3.92£093° 0.042
Triacylglycerols (mmol/LY’ 1.46 (0.60-4.73)* 122 (0.50-3.88)° 151 (0.62-7.35)* 0.012

"'n=17.UAER, urinary albumin excretionrate; GFR, glomerular filtration rate. Values in a row with different superscript letters are significantly different,
P < 0.05 (Bonferroni adjustment test for multiple comparisons).
? Repeated-measures ANOVA.
* Tested with log-transformed values.
* Median; range in parentheses (all such values) for variables with non-Gaussian distribution.
7%+ SD (all such values).

I 1|| 20090925 Liu, J-H Am J Clin Nutr 2006:83:1032—8. 18




TABLE 4

Glycemic control, blood pressure measurements, and nutritional indexes after diets”

Improves serum fatty acid profile in type 2 diabetes patients with

Usual diet Chicken diet Low-protein diet P
Fasting plasma glucose (mmol/L) 633+ 231 6.66 + 1.93 589+ 1251 0467
Fructosamine (mmol/L) 37207 34206 36207 0.119
Mean blood pressure (mm Hg) 869+ 10.1 873+11.2 8831935 0.726
BMI (kg/m?) 26125 260 £ 2.6° 257427 0.007
Triceps skinfold thickness (mm) 164+87 169+28 15479 0.100
Midupper arm muscle area (mm?) 3621097 6883 M7+83 0315
Waist circumference (cm) 974167 974177 96,9 + 6.7 0.504
Waist-to-hip ratio 1.00 £ 0.05 0.99 + 0.0 1.00 £ 0.06 0.725

multiple comparisons),
? Repeated-measures ANOVA,

i|| 20090925 Liu, J-H

T All values are ¥ £ SD; n = 17. Values in a row with different superscript letters are significantly different, P < 0.05 (Bonferroni adjustment test for

Am J Clin Nutr 2006;83:1032-8.

Wlthdrawal of red meat from the usual diet reduces albuminuria and
macroalbummuna
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AR

° Dietary components Table 1. Makeup of VPD and APD
o

o

prescribed : Kilocalories/kg/day 32
Protein, g/kg/day 0.75
Phosphorus mg/kg/day 11
Calcium, mg/day 1,000
Cholesterol, mg/day 280
% of total calories
Carbohydrates 60
Fat 30
Protein 10

The study was a randomized crossover design. The
patients were randomly assigned to either VPD or
APD. They stayed on one diet for 6 months and then
switched to the other diet for a second 6-month period.

20090925 Liu, J-H Nephron 1998;79:173-180 20

Comparison of a Vegetable-Based
(Sovya) and an Animal-Based
Low-Protein Diet in Predialysis
Chronic Renal Failure Patients

15 patients with CRF(GFR 15~50 ml/min/1.73m?); 9




(Sova) and an Animal-Based
Low-Protein Diet in Predialysis
Chronic Renal Failure Patients

Table 2. Constituents of prestudy diet,

]|| Comparison of a Vegetable-Based

VPD. and APD Daily intake Prestudy diet VPD APD
| Kilocalories/day 1,822+152 2,049 +88**# 1,.838+78
Kilocalories/kg/day 27.7£0.6 31.6x0.8% 28.8%1.3
| Protein
g/day 62.218.7 48,942 9% 52.5£2.3¢
| y g/kg/day 0.93+0.13 0.7140.05* % 0.85+0.04
1 Dletary comphance: % calories from
VPD better than APD Carbohydrates 559+1.9 545+1.3 55.5%1.5
¥ A Fat 30.2£2.0 35.8+£0.9%* 33.3£1.3¢
( (higher calorie intake , Proteins 13.5+1.9 9.45+0.6%* 11.13£0.7
1 lower protein and Cholesterol, mg/day 223432 236£12 235+22
. Calcium, mg/day 623130 5254 29* 647137
phosphate intakes) Phosphate, mg/day 871451 789+ 52%.# 894 + 49
| [ron, mg/day 11.3£0.9 132 20.3%" 10.5£0.3
SFA, % of total calories 6.9+0.3 6.0+£0.3** 7.3£0.2
4 MUFA, % of total calories 11.4£1.1 11.1£0.6* 12.3£0.5*
PUFA, % of total calories 11.72£1.0 18.9+0.5*# 13.4+0.6*
1 SFA = Saturated fatty acids; MUFA = monounsaturated fatty acids; PUFA = polyunsatu-
| rated fatty acids.

*p < 0.05 (VPD compared to APD); # p < 0.05 (VPD or APD compared to prestudy
diet).

ll‘ 20090925 Liu, J-H Nephron 1998;79:173-180 1




Comparison of a Vegetable-Based
(Sova) and anmn Animal-Based
Low-Protein Diet in Predialysis
Chronic Renal Failure Patients

Table 4, Comparison of the renal 2
function in the three diet groups as Prestudydiet ~ VPD APD

measured by *'Cr-EDTA, Cc;, and serum : S : L
creatinine at the end of 6 months of AC-EDTA-clearance, ml/mm/1.73m= 2881133 BI1134 2956138

treatment with VPD ang APD Coy mmin/1.T3 ¢ 03£36 2509529 28624
Serum creatinine, mg% 311£(.2 32102 32026

There w1gniﬁcant differences between the groups.

Deterioration in nutritional status: no (VPD better)
Dietary compliance: VPD better than APD (higher calorie
intake , lower protein and phosphate intakes)

20090925 Liu, J-H Nephron 1998;79:173-180
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Methods. End-stage renal disease patients on chronic
HD, with elevated CRP (=10.0mg/1) were enrolled 1n
this pilot study. The subjects were double-blind
randomly distributed with 2:1 ratio to receive
isoflavone-containing soy-based nutritional supple-
ments (soy group) or isoflavone-free milk protein
(control group) for 8 weeks. Serum isoflavone,
inflammatory markers and nutrition markers were
assessed at baseline and at the end of the treatment.
Results. Thirty-two subjects were enrolled. Fifteen
subjects in the soy group and 10 in the control group
completed the study; five dropouts were due to acute
illness and two due to food intolerance. After inter-
vention, blood isoflavone levels were 5- to 10-fold higher
in the soy group than in the control group [e.g. median
genistein  (25-75th percentile): 3379 (175.5-1007)nM
in the soy group vs 41.4 (22.9-100.4) nM 1n the control
group; P <0.001]. However, the isoflavone levels
ranged widely m the soy group (e.g. genistein:
33-1868nM) and, depending on the individual com-
pound, four to seven subjects had end-of-treatment
levels that were not different from baseline. Variation
from baseline of the individual serum isoflavone levels
(A-1soflavone) and CRP displayed a strong inverse
correlation in the soy group (R=-0.399, P <0.02).

Positive effect of dietary soy in ESRD patients with systemic
inflammation—correlation between blood levels of the soy
1sotlavones and the acute-phase reactants

In addition, A-isoflavone correlated positively with
the variation of albumin (R=0.522, P=0.05) and
insulin-like growth factor-1 (R=0.518, P<0.05).
Group levels of CRP were not statistically different
after intervention although a trend towards lower
levels was noted in the soy group [18.2 (12.7-29.1) mg/I
at baseline vs 9.7 (5.2-20.7)mg/l at week 8; N§]
but not n the control group [20.6 (9.2-38.5) vs 17.6
(9.1-40.7)mg/1].

Conclusion. These data suggest the possibility of
beneficial effects of isoflavone-rich soy foods on the
mflammatory and nutritional status of HD patients
with underlying systemic inflammation.

23
Nephrol Dial Transplant (2006) 21: 2239-2244



inflammation—correlation between blood levels of the soy
1sotlavones and the acute-phase reactants

‘ll I[Pnsmve effect of dietary soy in ESRD patients with systemic

Fable 3. Dictary intake (A) and blood concentration of isoflavones, inflammation markers and nutrition markers (B) at baseline and at the
end of § week intake of soy-based or milk-based supplements

Control group (10)

Soy group (13)

Week 0 Week 8 Week 0 Week 8
(A) _
Protein intake (g/kg/day)® 0.90+0.16 0.96+0.16 081£0.11 0.85+0.14
Energy intake (kcal'kg/day)®  269+5.3 25.1+4.1 248+28 28.5+44
Normalized protein catabolic  0.95+£0.08 1.04+0.1 0.99 4+ 0.05 1.03 £0.07

rate (g/kg/day)*
(B)

Genisten LnM}h
Daidzein LnM}h
Total Isoflavones LnM}h
CRP (mg/1)°
[L-6, unstim. (pg/ml)®
[L&wmufsmgmf
TNF-2, unstim. (pg/ml)®
TNF-a, with LPS ( %m]}
Pre-Albumin ( mg /dl)
IGF-1 (ng/dl)®
Albumin (g/d1)°

64.6% (17.3-150.7)
135.5% (104.9-297.9)
300.6% (185.6-415.3)
206 (9.2-38.5)

222 (14.2-48.9)
2720.8 (890.6-6924.7)
12.5 (7.1-23.5)
1269 (312.5-1540.5)
25229
8712107
3.77+0.16

41.4% (22.9-100.4)
146.2% (68.1-189.7)
226.2% (116.7-358.0)
17.5 (9.1-40.7)

327 (14.5-86.4)
2076.3 (524.9-3268.2)
9.0 (7.3-17.6)

304.6 (257.1-975.3)
257x36

882+ 151
3.62+0.17

40.6% (17.4-72.5)
127.9% (77.0-202.6)
189.6% (129.6-399.5)
18.2 (12.7-29.1)
14.0 (6.4-23.2)
2314.3 (1108.9-5985.7)
1.6 (6.5-13.7)

398.6 (302.5-1582.6)
31219

913+ 8.2
3.84+0.07

337.9%% (175.5-1007.0)
[038.5%% (563.6-1829.8)
2094.0%% (1379.9-3656.6)
9.7 (5.2-20.7)

10.3 (5.0-14.0)

3249.0 (1288.5-4024 4)
1.5(6.6-8.1)

190.9 (445.4-1120.1)
32619

93.6 9.1

381 £0.07

*Variable presented as mean + SEM:
=**Different symbols within each variable indicate significant difference (P < 0.001; ANOVA, post hoc Bonferroni's

Pyariable presented as median (25-75th percentile).

|Il Ill I 20090925 Liu, J-H

analysis).

Nephrol Dial Transplant (2006) 21: 2239-2244



K/DOQI Clinical Practice Guidelines for Nutrition in
Chronic Renal Failure (CRF), Guidelines 24 and 25

(2000)

® Guideline 24. }& 1+ % % #F(GFR <25 mL/min. )35£i% 7 F
Liike 6 s TR ERE - AL R Ed T 8
* 2 EF 2 THE0.62 5 iF-9 (0.6 g protein/kg/day ).
ﬁ*#é#x“ﬁﬁa A R EESL G
BB AFIF A2 20T7HE0T52mhFY T

(0.75 g protein/kg/day ). (Evidence and Opinion).”

» Guideline 25. #& |+ 5 % #B(GFR <25 mL/min. >‘L53*’?‘)?‘v
Bk $ L /P2 HRE BOA TR NEXHE D
TR E3507)*x F e E 60K 60/ U F B U=

E A AT ggg_30~35(?)—" —+ E‘ﬁjﬁf‘_ (Evidence and Opinion).”

20090925 Liu, J-H American Journal of Kidney Diseases,Vol 35, No 6, Suppl 2 (June), 2000: pp S17-S104 25
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® CKD Stages 1~ 3
° ¥13+CKD Stages 1 ~ 3 o= p ke FEak
% 5 0750/ko/d - #FLEF R L BBk
a4 ¥
o ¥t E p Fov ?*ii"?iia%ﬁ’» > 3+0.75 g/kg/d 2 s
BRER7ERIFE AR  FLY R L.
@ CKD Stage4 ~5
o ¥*3*CKD Stage 4 ~5 (GFR <25 mL/min)s'h:);is B3
B F0 49 (0.6 gkyd)FF 5 €& BF
BAEamy £ Ry 2 id §FREFERETR.

Am J Kidney Dis 2002; 39:S1.
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wasting and chronic inflammation in

advanced kidney disease

» Nutritional interventions
» Antiinflammatory interventions

B

Nutrition, inflammation and chronic kidney disease
® Chronic inflammation as a catabolic
stimulus in advanced chronic kisney
disease
2 Treatment options for protein-energy

20090925 Liu, J-H T. Alp Ikizler Current Opinion in Nephrology and 27
Hypertension 2008, 17:162—-167




Body mass index and fat mass are the primary correlates of insulin
resistance in nondiabetic stage 3—-4 chronic kidney disease patients

AmE B
ABSTRACT
Background: Insulin resistance has been noted in patients with
chronic kidney disease (CKD). The determinants of msulin resis-
tance have not been well-studied in CKD patients.

Objective: The objective of this study was to examine the degree
and determinants of insulin resistance in persons without diabetes
but with stage 3—4 CKD.

Design: Demographic characteristics. metabolic hormones, and in-
flammatory markers were measured in 95 nonobese stage 3—4 CKD
patients without prior diagnosis of diabetes mellitus and 36 control
subjects without CKD. The estimated glomerular filtration rate
(eGFR) was measured by using the Modification of Diet in Renal
Disease study equation. Insulin resistance was measured with the
use of the homeostasis model assessment of insulin resistance
(HOMA-IR).

Results: After age and sex adjustments, HOMA-IR. scores were
significantly and positively correlated with body mass index (BMI)
and percentage body fat. After control for age. race. adiponectin
concentrations, sex, and eGFR in a multivariate regression model,
B MI remained as the only significant predictor of insulin resistance
(standardized regression coefficient = 0.55; P =< 0.001). When
substituted for BMWI, percentage body fat also was an independent
predictor of insulin resistance. The prevalence of abnormal HOMA
did not differ slgnlﬁc-'lnt]} between CKD patients (98%) and BMI-
matched Fsubjects (94907
onclusion: Whereas insulin resistance is highly prevalent in s
3—4 CKD the primary determinant of msulin resistance in thi
po n is BMI, specifically. fat mass. Am J Clin

86:1642_8.
i v

1-3

CKD3~4 --95 *

Control -- 36 *
BS -~ insulin ~
HOMA-IR
cytokines conc.
CRP
adiponectin -
resistin -
BlA(fat%)

A

28



HOMA-IR

[ ] Control subjects
[l CKD patients
.0 -
S 00
4, Qi _ ‘
2.0 .
1
=249 25-30 > 30
BMI range
FIGURE 1. Homeostasis model assessment of insulin resistance
(HOMA-IE) versus BMI ranges in patients with chronic kidney disease
(CKD) and control subjects. Mean HOMA-IR scores in CKD patients and
control subjects by BMI ranges of normal (<<24.9), overweight (25-30), and
obese (=30) differed significantly between the 3 ranges (P << 0.001, linear
trend test). Error bars represent 95% Cls. BMI =224.9 data from control
subjects were omitted because n = 3.
20090925 Liu, J-H Am J Clin Nugr 2007:86:1642-8. 29




on skeletal muscle balance and not whole-body protein balance,
and this observation requires further research.

” Kidney | jonal (2007) 71, 146-152
Y taketani et al.(2007)-- idney Intemational {2007)

* A low glycemic index diet and low phosphate diet would be
a useful treatment for CKD patients, especially those with
DM, to reduce their risk of CVD and mortality.

* This diet may be beneficial in the prevention of several

aging-related diseases such as CVD even in healthy
individuals. J. Med. Invest. 54:359-365, August, 2007

Insulin resistance
Insulin resistance has been shown to be an independent predictor
of survival in dialysis patients.
Siew et al.(2007) have demonstrated a direct association between
a marker of insulin resistance — the homeostasis model
assessment (HOMA) index — and increased protein catabolism in
skeletal muscle(18 non-diabetic chronic hemodialysis p%gle[mts. \.]\ 2
. . . . o 25.4+4.4kg/m
It 1s unclear why 1nsulin resistance would have a significant ettect

20090925 Liu, J-H 30
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Dietary protein and the progression of CKD

® Guideline 5: Nutritional management in
Diabetes and CKD

— If dietary protein intake 1s limited,_an increase

in carbohydrates and/or fats 1s required for
adequate caloric intake.

— Increasing intake of omega-3 and

_monounsafurated fats may confer benefits on
CKD. (weak/opinion)

20090925 Liu, J-H 33
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acid.
From Kris-Etherton P, William H, Appel L. Fish consumption, fish oil,

omega-3 fatty acids, and cardiovascular disease. Circulation 2002;106:
2747-2757, with permission.

Handbook of nutrition and the kidney 2005

Table 14-3. American Heart

Association guidelines for w-3 fatty acids
Patients without documented CHD:

Eat a variety of (preferably oily) fish at least twice per week.
Include oils and foods rich in a-linolenic acid (flaxseed, canola,
and soybean oils; flaxseed and walnuts).

Patients with documented CHD:

Consume approximately 1 g EPA + DHA/d, preferably from oily
fish. EPA + DHA supplements could be considered in
consultation with the physician.

Patients who need triglyceride lowering: 2—4 g of EPA + DHA/d
provided as capsules under a physicians care.

CHD, coronary heart disease; EPA, eicosapentaenoic acid; DHA, docosahexaenoic
f

20090925 Liu, J-H
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Change in creatinine clearence over 3-year
follow-up (mL/min)
I 1
o o

*P <.05

-2U L L3 L § T . i
=34 34-36.9 3ar-38 40-42 =423

Total plasma PUFA quintiles (mg/L)

'Hn 'l mmuﬂwmm;smm

(*P <0.05 in f'i'“ﬂ' ﬁ'!hf .'.'f"'. SR
P for linear trend across quhtlhs -n:amut

Plasma Polyunsaturated Fatty Acids and
the Decline of Renal Function

merros: We performed a cross-sectional and prospec-
tive analysis of 931 adults, 265 years old, enrolled in the
[nCHIANTI study, a population-based cohort in Tus-
cany, Italy. Plasma PUFAs were measured at enrollment,
and creatinine clearance was estimated by the Cockeroft
Gault equation at baseline and after 3-year follow-up.

concLusion: High PUFA concentrations, both n-3 FA
and n-6 FA, mayattenuate the age-associated decline n
renal function among older community-dwelling

e | women and men.

Clinical Chemistry; Mar 2008; 54, 3;475-481 35
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_
Advanced Glycoxidation End Products in
Commonly Consumed Foods

ABSTRACT

Objective Advanced glyvcoxidation end products (AGEs),
the derivatives of glucose-protein or glucose-lipid inter-
actions, are implicated in the complications of diabetes
and aging. The objective of this article was to determine
the AGE content of commonly consumed foods and to
evaluate the effects of various methods of food prepara-
tion on AGE production.

Design Two-hundred fifty foods were tested for their content
in a common AGE marker *IN-carboxymethyllvsine (CML),
using an enzyvme-linked immunosorbent assay based on an
anti-CML monoclonal antibody. Lipid and protein AGEs
were represented in units of AGEs per gram of food.
Results Foods of the fat group showed the highest amount
of AGE content with a mean of 10019 klU/g. High values
were also observed for the meat and meat-substitute
croup, 437 kl]/g =¥= Badaie a-gronpn contained the
1g values of AGES 3 4"‘1 8 kU:’g The amoullt—e
AGEs present in all food categories was related to cooking
temperature, length of cooking time, and presence of
moisture. Broiling (225°C) and fryving (177°C) resulted in
he highest levels of AGEs, followed by roasting (177°C)
and Poskag 00" C).

Conclusions The results 1ndicate that diet can be a signifi-
cant environmental source of AGEs, which may constitute a
chronic risk factor for cardiovascular and kidney damage.

J Am Diet Assoc. 2004;104:1287-1291.




Table 1. Advanced glycoxidation end products (AGE) content of
selected foods prepared by standard cooking methods

Food item

AGE” (kU/g or /mL of
food)

Fats

Almonds, roasted

Qil, olive

Butter

Mayonnaise

Proteins

Chicken breast, broiled>=15 min
Chicken breast, fried>=15 min
Beef, boiled>=1 h

Beef, broiled =15 min
Tuna, roasted >40 min
Tuna, broiled =10 min
Cheese, American

Cheese, Brie

Eag. fried

Eag yolk, boiled

Tofu, raw

Tofu, broiled
Carbohydrates

Bread, whole-wheat center
FPancake, homemade

Milk, cow, whole

Milk, human, whole
Enfamil (infant formula)
Apple

Banana

Carrots

Green beans

66.5 kU/g

120 kU/mL

265 kU/g
94 kU/g

58 kU/g
61 kU/g
22 kU/g
60 kU/g

6 kU/g
51 kU/g
87 kU/g
56 kU/g
27 kU/g
12 kU/g

8 kU/g
41 kU/g

0.54 kU/g
10 kU/g

0.05 kU/mL
0.05 kU/mL
4.86 kU/mL
0.13 kU/g
0.01 kU/sg
0.1 kU/g
0.18 kU/g

TAGE denotes “M-carboxymethyl-lysine (CML-like immunoreactivity, assessed by en-
zyme-linked immunosorbent assay based onm monoclonal antibody (4G9 (30,31

38



Restricted intake of dietary advanced glycation end

products retards renal progression in the remnant

kidney model

20090925 Liu, J-H

Diet-derived advanced glycation end products (AGEs)
contribute significantly to accumulation of AGEs in renal
insufficiency. To test whether modulation of dietary AGEs
would impact on progression of chronic renal disease, 5/6
nephrectomy rats were randomly placed on three diets that
differed only in AGEs content (low AGEs diet (LAD), high
AGEs diet (HAD), and standard rodent diet (SRD)) for 5-13
weeks. Compared with SRD- or HAD-fed rats, LAD-treated
animals showed decreased proteinuria and retarded decline
of creatinine clearance without alteration of blood pressure.
Glomerular volume was reduced by 23% compared with
HAD-fed rats at week 13 (P<0.001). Renal fibrosis progressed
with time in the remnant kidneys from HAD-fed rats.

However, LAD-fed animals presented a better-preserved
structure of the kidneys. LAD-fed rats demonstrated

significantly decreased serum and renal AGEs concentration
(P<-0.01 and P-20.01). This was associated with marked
decrease of intrarenal advanced oxidation protein products
and thiobarbituric acid reactive substances, as well as
increase of glutathione peroxidase activity. LAD treatment
also downregulated expression of monocyte
chemoattractant protein-1 and transforming growth
factor-fi1 and ameliorated macrophage infiltration in the
remnant kidney. These results demonstrated that restriction
of dietary AGEs intake retards progression of renal fibrosis
and dysfunction in the remnant kidney model.

Kidney Intemational (2007) 71, 901-911. doi:10.1038/5).ki.5002162;

39
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Potential role of sugar (fructose) in the epidemic of hypertension,
obesity and the metabolic syndrome, diabetes, kidney disease, and
cardiovascular disease' °

s fructose intake will be a risk factor for hypertension, insulin
resistance, hypertriacylglycerolemia, obesity, type 2 diabetes,
preeclampsia, chronic kidney disease, stroke, cardiovascular
disease, and mortality.

s reducing uric acid in patients with uric acid concentrations 6.0
mg/dL will improve endothelial dysfunction, decrease systemic
vascular resistance, lower blood pressure, lower triacylglycerol
concentrations, improve body weight, lower the risk of the
progression of renal disease, and reduce cardiovascular disease
risk.

s low-fructose diets coupled with mild purine restriction will
improve weight and reduce cardiovascular disease risk.

s fructokinase will be i1dentified as a key enzyme mediating the
cardiorenal disease syndrome; genetic polymorphisms will be
associated with cardiovascular disease risk, and blocking the
enzyme will provide a novel way to prevent cardiorenal disease.

s Clearly, much more work needs to be done to prove or disprove
this hypothesis. Am J Clin Nutr 2007:86:899-906. 40
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Handbook of nutrition and the kidney 2005
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&' Sodium

® Because of the complex interactions between
dietary sodium, hypertension, CVD, and CKD,
the

& NKF-K/DOQI Clinical Practice Guidelines on
Hypertension and Antihypertension Agents(2004)




Effect of salt intake on progression of
chronic kidney disease

Figure 3 Relationship between dietary salt intake and albumi- Dstudy ShOWCd . C()ntr()l rats and
nuria in normal (control) rats and uninephrectomized Lewis rats . .
uninephrectomized rats

manifested salt-dependent

—#—Uninephrectomy y = —6.62 +0.03x R =0.834

—&—Control y=-148+0006x R=0723 | Increases in albuminuria without
Albuminuria 140 - . overt renal pathology when fed
oty weiaht) 10| uninephrectomy 0.3%, 1.0% and 8.0% NaCl diets
100 (fig 3);

J administration of 8.0% NaCl
diet to Fisher/Lewis rats
following renal transplantation
accelerated the development of
chronic allograft nephropathy.

R An increase in tubulointerstitial

0 500 1000 1500 2000 2500 2000 3500 . .

Sodium excretion rate fibrosis and glomerular sclerosis
Jmi 100 g bod ight) .
(ueimin per 100 @ body welg was demonstrated in these
A direct correlation between degree of salt intake and albumin excretion transplanted organs (Sanders et al.,
rate was identified in both groups, although the slope of the line was 2001)

increased in those rats that had undergone unilateral nephrectomy. Data
were obtained from Sanders ef al. [41].

20090925 Liu, J-H
II‘ I 1u, Current Opinion in Nephrology and Hypertension 2006, 15:54—-60
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of primary prevention of progressive renal failure in at-risk
populations.

Patients with diseases whose pathogenesis 1s related to excess
production of TGF- 5 1, such as chronic allograft nephropathy
and overt diabetic nephropathy , may have accelerated loss of
function when dietary salt intake is increased.

Current Opinion in Nephrology and Hypertension 2006, 15:54-60

Effect of salt intake on progression of
chronic kidney disease - human studies
Proteinuria increased in the high-salt group and fell in the low-
salt group (Cianciaruso et al., 1998), that support salt restriction
in this population of patients with advanced CKD.
Dietary salt restriction should be considered within the context

20090925 Liu, J-H 44




ft 5 Phosphorus

k2 5 4~ g2 FDEBE ¥ a0 ko
A TR,

4 g @ a4t B3 CKD & %1%

1 The NKF-K/DOQI Clinical Practice Guidelines for
Bone Metabolism and Disease (2003) L*;iz DR n’:@i
+ 2 %346 mg/dL (1.49 mmol/L), & £ iﬁ L= e N

MFEFEIARa F Y A UHE p S

H T 800 ~ 1000 Mg (B K4k & Fv Heng & ).
i v Bienitd 630 SRR S AER 4~ 2231,
OB EREPRER? BB H - AT

Handbook of nutrition and the kidney 2005
20090925 Liu, J-H 45



SER4 QY gk B4, AR kg T HIF R
P& &k 5 (-%)3 &F(convenience and fast foods) ¥
7 Rk 8 Pt F (phosphorus containing additives).
[Calvo MS, et al., 1996]

20090925 Liu, J-H

Phosphorus

R A BTRE AT VIR TS, R P
P i F 5= I 4o, [Block GA, et al., 1998, Rodriguez-
Benot A, et al.,2005]

GiE G TR AT € TR e R el v g F EL]%*«, R B %
b BRI N3 T e 4 . [Ribeiro S, et al., 1998]

sn B B A TR TRk Bﬁlﬁ’]}‘i T OERE SR TR ’”jl*fg
e LI M T 52 .[Block GA, et al., 1998, Goodman
WG, 2004,Malluche HH, et al., 2002]

J Ren Nutr. 2007 September ; 17(5): 350-354. 4°




Phosphorus
(R A NS SAE ), KB i e T
#1000 mg/day. [Bell RR, et al., 1977]
PRI ”T Svde ¢oepE Ao = > AR vk (almost
entirely absorbed),m X X & = ¥ G F Rt
60% .[Uribarri J, et al., 2003]
s f*"?it-‘},% B Me3malr it omp L & 8
g% [Ford JC, et al., 2004; Cupisti A, et al., 2004] e &_
3 /;;;,j bR R EHR RS Y R RIE R
a i

y 2 ;l;/:\ﬂ
ZR/ZE N W

20090925 Liu, J-H J Ren Nutr. 2007 September ; 17(5): 350-354. 47
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PHOSPHORUS CONTAINING FOOD ADDITIVES AND THE
ACCURACY OF NUTRIENT DATABASES: IMPLICATIONS FOR
RENAL PATIENTS

Catherine M. Sullivan, MS, RD, LD1:2, Janeen B. Leon, MS, RD, LD1:2, and Ashwini R. Sehgal,

MpD 1.2.3.4.5

Abstract

Objective—Phosphorus containing additives are increasingly added to food products. We sought
to determine the potential impact of these additives. We focused on chicken products as an example.

Methods—We purchased a variety of chicken products, prepared them according to package
directions, and performed laboratory analyses to determine their actual phosphorus content. We used
ESHA Food Processor SQL Software to determine the expected phosphorus content of each product.

Results—Of 38 chicken products, 35 (92%) had phosphorus containing additives listed among their

ingredients. For every category of chicken products containing additives, the actual phosphorus
content was greater than the content expected from nutrient database. For example, actual phosphorus
content exceeded expected phosphorus content by an average of 84 mg/100g for breaded breast strips.
There was also a great deal of variation within each category. For example. the difference between
actual and expected phosphorus content ranged from 59 to 165 mg/100g for breast patties. Two 100
g servings of additive containing products contain an average of 440 mg of phosphorus. or about half
the total daily recommended intake for dialysis patients.

Conclusion—Phosphorus containing additives significantly increase the amount of phosphorus in
chicken products. Available nutrient databases do not reflect this higher phosphorus content, and the
variation between similar products makes i1t impossible for patients and dietitians to accurately
estimate phosphorus content. We recommend that dialysis patients limit their intake of additive
containing products and that the phosphorus content of food products be included on nutrition facts

labels.
I 20090925 Liu, J-H J Ren Nutr. 2007 September ; 17(5): 350-354.

49



I lll IPhosphorus

. 165
$ 150
=
£ 127
=
£ 100 106
S 89 91
~ 84 74 74
2 65 59
=
£ 50 a3
g 24
g 12
o
E -19
£
Z -50
e
{
Boneless Boneless Breaded Breast Mixed Breast Mixed
breasts breasts with breast nuggets nuggets patties patties
=100<% ithout — phosphorus ~ strips - - - -
phosphorus containing
containing additives
additives
Figure 1.

Actual minus expected content of 38 chicken products. For each category of chicken products.
the black line represents the mean value while the top and bottom of the gray bar represent the
maximum and nunimum values.

l III I 20090925 Liu, J-H J Ren Nutr. 2007 September ; 17(5): 350-354.
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Phosphorus Content of Foods

L F P B R 5K R TR G 7 50
r A E s, Y 2 E T N4 1600 mg/day, € &
- 14 51000 mg/day (19).:54 %3 ag}¢%yﬂ CRRO % p <R AR
“%%ﬁﬁﬁg“ﬁ%w*amw%dwﬁﬁmw 3

S B REAGY T EETE S R3O R KR

» natural phosphorus contamed in raw or unprocessed food as
cellular and protein constituents;

» phosphorus added to foods during processing; and

“ phosphorus contained 1n dietary supplements.
WP R T R R RURE T b REBRR R IVE N
ﬁ ﬁ;r_-» - (22).
S Fipa e # % pham{rbacon! *f X F i R v Foerd 4 E
Lf? Boek.
4v > 5% sodium hydrogen phosphate ¥ 14 3¢ [# ham-K 4 /i % |2
fé’r_ e G T

20090925 Liu, J-H Seminars in Dialysis—Vol 20, No 4 (July-Augush 2007
50, 205-301
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hosphorus Content of Foods

s B F-v B 7 4 4 meat, milk, dairy, eggs, % cereals
RRE G R R P S EHRD D < T
. Table ] £ & - 04 74 FRpw] a4 T 7 €.
K, EF AL G Nt ¥ B e (2 FEB 4),
CEEFR AN FBY T hE pEE
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TABLE 1. Phosphorus content of selected Toods™
Food Portion size P i(mg) Protemn (g) Psprot
Meats
Weal 2oz 212 31 ;
Chicken 140 g 259 35 )
Lamb O 162 22 )
Beel OZ 2000 264 )
Turkey Oz 208 24 .
Fish Oz 221 194 ;
Pork Oz 224 18 ;
Crab Oz 238 16.5 ;
Breads, cereals, and nuts
Bread 1 shce 25 . .
Bagel 357 (S )
Aldlmonds 1 oz 134 .
Pistachio 1 oz 137 .
Walnuts 1 o= o ; ;
Biscuits 2.57 o ; ;
Cereals 1 cup 259 . .
Milk, dairy, and cggs
Egge white 1 large 5 . 1.
Egge whole 1 large Q6 . 15.
Cheese 1 oz 133 . 20
Yogourt & 1loez 327 . 27.
Milk I cup 222 ; 28
Legumes and rice
Peas 1 cup 114 . 15
y Beans 1 cup 183 15
Lentils 1 cup 3256 . 19.9
Rice. white 1 cup 74 15.4
Rice, brown 1 cup 162 32
*Individual wvalues taken from the USDA National Nutrient
Database. P/prot = ratuo of phosphorus to protein content.
20090925 Liu. J-H Seminars in Dialysis—ol 20, No 4 July-August) 2007
’ pp. 295-301




Phosphorus Bioavailability
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Food Demineralization

s A method has been described to extract minerals from
foods by soaking them 1n water . Mineral content was
measured before and after water treatment.

=
4

The phosphorus reduction was 51% for vegetables,

48% for legumes,

38% for meats, 70% for flours, and

19% for cheddar cheese.

Boiling foods can also significantly reduce dietary
phosphate while preserving protein intake, namely
reducing the effective phosphate intake per gram of

dietary protein. TI

n1s can represent additional advice to

the patient for limiting the dietary phosphorus load at
the same protein intake.

20090925 Liu, J-H
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hat Should Be the Daily Phosphorus
ntake in CKD Patients?

Based on this background the working group from K/DOQI
concluded that: ‘‘Given the lack of evidence of adverse
effects, and the evidence of positive benefit of dietary
phosphate restriction, it 1s the consensus of the Work
Group that dietary phosphate restriction be 1nitiated in
patients with CKD when PTH levels are elevated (GFR<60
ml/minute/1.73 m2, stage 3) or with elevated blood levels
of serum phosphorus (stages 4 and 5)’’. The actual dietary
recommendation 1s for less than 1000 mg phosphorus per

day.

20090925 Liu, J-H Seminars in Dialysis—Vol 20, No 4 (July-August) 2007
oD, 295-301
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What Should Be the Daily Phosphorus
Intake inCKD Patients?

In practical terms, however, 1t 1s very difficult to provide
a dietary phosphorus intake of less than 1000 mg/day
because of the high levels of dietary protein intake
advised as well as the large amount of unaccounted

phosphorus in processed foods as discussed extensively
above.

The close association between phosphorus and protein
content in food makes it very difficult to restrict dietary
phosphorus content without simultaneously restricting
dietary protein intake, especially protein of animal origin.

20090925 Liu, J-H Seminars in Dialysis—Vol 20, No 4 (July-August) 2007 61
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Monitor PTH levels Treat acidosis Consider
Check Vitamin D status Avoid aluminum Vitamin D analogues
500 = Phosphate restriction Vitamin D analogues Parathyroidectomy
Phosphate binders Bone biopsy
- Treat aluminum overload
o0 Adjust dialysate calcium
= Dialysis regimen
% - Calcimimetics
e
E 300 —
o
E ey
&
£
200 —
100 —
0 | | |
60 30 0
GFR (ml/min)
Figure 74.15 Treatment of renal osteodystrophy at various stages of renal insufficiency. GFR, glomerular filtration rate; PTH, parathyroid hormone.

III III I 20090925 Liu, J-H ~ Comprehensive Clinical Nephrology 2007 Chap74  ¢2



otes

sPhosphate binders, in general, bind only up to 300 to 400
mg phosphorus per day, even when given in maximum
doses.

“Thus, the use of phosphate binders does not substitute for
the need to restrict dietary phosphorus.

(Kopple JD, Diseases of the kidney& urinary tract.
Chap103, 2007)

sHD removal 800—1000 mg/ session or about 300 mg/day;
PD removal about 423 mg/day

Seminars in Dialysis—Vol 20, No 4 (July-Augusty 2007
pp. 295-301

20090925 Liu, J-H
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not to date been defined by any research.

Maintaining total calcium intake within the RDA of
calctum for adults is a reasonable goal until new
evidence suggests otherwise.

The RDA for calcium 1s 1200mg (for both men and
women aged 19 to 75 years).

Handbook of nutrition and the kidney 2005

Calcium
Total dietary intake of calcium has become a concern
because of the evidence that an excessive calcium
intake can exacerbate vascular and other extra
skeletal calcifications.
The amount of dietary calcium that can be labeled as
excessive 1n the population of patients with CKD has

20090925 Liu, J-H
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» Conclusion: Small amounts of meat (> 50 g) significantly
increase nonheme-iron absorption from a phytate-rich meal low
in vitamin C.

P EEED B
@ 9 |4 14.2mg total iron
@ 4 11.4mg total iron
®* 60gm low protein diet
® 2 11 mg total iron
» 0.4 mg absorbable if protein from beef
» 0.2 mg absorbable if protein from chicken , fish
» & @ * EPOZ% & supplement iron
LI =l

® TR

THL FLY & B A A BT, 2006
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(in kg/m2)of 22.6 + 2.7 volunteered for the study.
Each subject was given 2 test meals: a basic meal (A) and
randomly assigned to receive 1 of the 3 meat meals.

Iron (Nonheme-iron absorption from a phytate-rich meal 1s
increased by the addition of small amounts of pork meat)
Forty-five healthy women with a mean (+ SD) age of 24 +
3 y,mean weight of 64 + 8 kg, and mean body mass index
the basic meal with added meat (B). The meat meals
contained either 25, 50 or 75 g pork. The subjects were

Meat meals

Basic meal 25 gmeat 50 g meat 75 g meat

Energy (NI 2.2 2.3 2.4 2.5
Total protein (g) 10.6 18.4 2
MNonheme iron (mg) 2.3 2.5
Heme iron (mg) S 0.06
Phytic acid
() 220 220 220 220
(pmol) 358 358 358 358
Ascorbic acid (mg) 7.4 7.4 7.4 7.4
Calcium (mg) 50.5 58.4 58.8 643
Zinc (mg) 2.6 2.9 3.0 3.2

20090925 Liu IThe basic meal contained 0 g meat. Am J Clin Nutr 2003;77:173-9

2 27.3
5 2.3
12 0.19

=R S
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Iron (Nonheme-iron absorption from a phytate-rich meal 1s
increased by the addition of small amounts of pork meat)

TABLE 1
[ron status and nonheme-iron absorption data”
Meat content of meal
Og(n=43) Lgn=15) Wgm=13) Tign=13)

Serum ferritin (pg/L) - 16.9(144,197) 0.7(17.8,24.2) 21L0(18.0,245)
Hemoglobin (g/L.) - 25 1(1207,1286)  1268(1233,1302)  1259(1224,1294)
Absorption from reference dose? (%) — 36.4'(29.2, 45.4) 27.180(21.8,338) 2500200, 311
Absorption from meals (%)

Unadjusted data 43(35,34) 5.144(40,6.5) 6.3(4.9,8.0) 6.7 (5.3,85)

Data adjusted to 40 pg serum ferritin/L LIF(1T,26) 244(19,3.0) 315024, 38) 334(26,40)

Data adjusted to 40% absorption from reference dose ~ 3.9°(49,7.2) T14(57,88) 8.6°(6.9,10.7) 0.2 (74,115)

Meat meal:basic meal - [IS#(102, 1.34) L4 (126, 1.69) L5 (134, 1.77)

"Least-squares means; 95% C1 in parentheses. Values in a row with different superscript letters are significantly different (linear mixed models with post
hoc Tukey-Kramer tests): ®P < 0.0, P < 0,001, P < 0.001, %P < 0.04, 2P < 0,05,

“Three milligrams Fe as ferrous sulfate and 30 mg ascorbic acid in 10 mL of a 0.01-mol HCUL solution.

Am J Clin Nutr 2003;77:173-9
20090925 Liu, J-H 70



Iron (Nonheme-iron absorption from a phytate-rich meal 1s
increased by the addition of small amounts of pork meat)

Results: Twenty-five grams meat did not increase
nonheme-iron absorption significantly (P = 0.13),
whereas absorption increased 44% (P <0.001) and 57%
(P <0.001), respectively, when 50 and 75 g meat were
added to the basic meal. In absolute values, this
corresponds to an absorption that was 2.6% and 3.4%
higher, respectively, than that with the basic meal after
adjustment of the data to a level of 40% absorption from
a reference dose.

Conclusion: Small amounts of meat (> 50 g) significantly
increase nonheme-iron absorption from a phytate-rich
meal low 1n vitamin C.

Am J Clin Nutr 2003;77:173-9
20090925 Liu, J-H
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A - Potassium:; K
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* The NKF-K/DOQI Guidelines for Hypertension
(2004) suggest:

* potassium intake greater than 4g per day for
stage 1 to 2

* potassium intake between 2~4g per day for
stage 3 to 4.

Handbook of nutrition and the kidney 2005
20090925 Liu, J-H 72
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Beverages &

Others

2. red grape juice

3. wine

4. green tea extract

5. mangosteen fruit (]1[T)

20090925 Liu, J-H
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Evaluation of the Effect of Cola Drinks on Bone Mineral Density and
Associated Factors

3ot ey Bk v 40 X p 3t Gulhane Medical Academy
(Ankara, Turkey). # 7 — B 45, 30 £ 10i% + 7 Sprague-
Dawley rats, £ %140-160 g, » = = %

- group 1 of 10 male rats + water & cola

- group 2 of 10 female rats+ water & cola

- group 3 of 5 male rats + water (control)

~ group 4 of 5 female rats+ water(control)
LA s S SR
ik ﬁviﬂ B P e R RREEPK T B A0 R A KR
p
&

x & ?J B2 G EHEAGORET BT k2 (SR AT
%a43—ﬁ43fﬂgz@&ﬁBEW?%@%m
. 2 F$30%.

20090925 Liu, J-H Basic & Clinical Pharmacology & Toxicology,2007,100, 334-338 75
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Evaluation of the Effect of Cola Drinks on Bone Mineral Density and
Associated Factors
10 female rats
90 1 water+cola
80 - 585
10 male rats

701 water+cola /

60 A 7.55 14

50 - Z 5 male 5 female rats
g A ,% rats water water
= 40 - COYA ;
= //

30 4

20 - : .

() -
0 T
Group 1 Group 3 Group 2 Group 4
Fig. 1. Water (grey area), cola (scattered area) and total hquid
consumption of groups. e
T Basic & Clinical Pharmacology & Toxicology,2007,100, 334-338




LR
Evaluation of the Effect of Cola Drinks on Bone Mineral Density and

Associated Factors
S AR A R e BRI S HoT ¢ B R EP- MpHE

- A

r‘ﬁ%}tﬁi JtL'leE )\]d.q,

T e RN R R en® ] 1 P\ A x
(extensive intertubular haemorrhage)¥? 5i Ik ~v n (glomerular
congestion)  (fig. 2).

VORAgR 2 pHE ™ &
138 1.72. - RHE2
pH B ﬁ-\ 1. 38, 1 hl‘?éﬁg’
32172 ,2_ 18 3 1.44 ~
1.64%d . A2 Bife 3
% 5700 mg/lr2 =,

Fig. 2. Foci of intertubular bleeding and extensive glomerular
congestion in kidney.

20090925 Liu, J-H 77
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Evaluatlon of the Effect of Cola Drinks on Bone Mineral Density and
Associated Factors

Table 2.
Biochemical values of the blood samples (mean + S.D.).
Group | Control Group 2 Control

Biochemical parameters (n=10) male (n=15) male (n = 10) female (n =35) female
Calcium (mg/dl) 10,99 £0.45 1110 £ 0.90 11.21£1.02 11.70 £0.74
lonized caleium (mg/dl) 6.15£0.22 6.30+0.32 6.27+ 042 6.60 £ 0.30
Phosphorus (mg/dl) 10,30 £ 1.44 930+ 0.98 8.73+1.04 910+ 1.10
Magnesium (mg/dl) 340+0.23 290£0.27 3.3310.56 320+ 041
I-ot.25-hydroxyvitamin D (ng/ml) 28821544 2330+ 429 33.90+7.59 33.80£6.23
Uric acid (mg/dl) 131022 0.80 £0.17 1.30 £ 0.64 .30 £0.18
Triiodothyronine (T,) (pg/ml) | 245 +0.28 2691022 260 £0.35 281 £0.38
Thyroxine (T,) (ng/dl) g 253+042¢ 3331048 2.27 £0.67 2051058
Progesterone (ng/ml) 0.62 £0.27% 0.21 £ 0.08 11.89 £ [.53% 6.27 £ 0.93
Cholesterol (mg/dl) 64.80 + 6.52% 47.60 £ 5.01 67.20 £ 6.57% 55.00 £ 5.82
VLDL (mg/dl) 26.22+7.18% 13.23+5.24 18.66 £8.14 2250 +6.12
Triglyceride (mg/dl) 131.22 + 36.58* 67.09 +21.24 93.00 + 40.41 59.30 + 18.43
Iron (pg/dl) W 18377 £32.71% 269.16 + 21.92 284.40 £ 31.52% 334.00 £ 27.35
*Statistically significant when compared to the control group of the same sex (P < 0.05). VLDL, very low-density lipoprotein.

20090925 Liu, J-H 78
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Evaluatlon of the Effect of Cola Drinks on Bone Mineral Density and
| Associated Factors

T(r'hf{’ ?
Bone mineral density values of the groups (nprmal £ S.D.).
Subject groups Control groups
Group | Group 2 Group 3 Group 4

5 (0= 10) male (n=10) female (n=3) male (n=3) female
BMD (total femur) (g/em?) 0.121 +0.009*" 0.133£0.020% (.130 £ 0.004 0.138 £ 0.003
BMC (total femur) (g) 0,139 +0.016* 0.138 £0.025 0.190 1 0.010 0.163 1 0.033
BMD (0.07 en?) (gfom?) 0.185 40,023+ 0.202£0.032% 0.234 10033 0.2740.02]

*Statistically sienificant when compared to thefeontrol group of the same sex (P < 0.03); "Statistically sighificant when compared to group 2
(P<0.01). BMC, bone mineral concentration; BMD. bone mineral density

20090925 Liu, J-H 79
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ABSTRACT

Background: Atherosclerotic cardiovascular disease is the most
common cause of death among hemodialysis patients; it has been
attributed to increased oxidative stress, dyslipidemia. malnutrition,
and chronic mmflammation. Activation of neutrophils i1s a well-
recognized feature in dialyvsis patients. and superoxide-anion pro-
duction by neutrophil NADPH oxidase may contribute significantly
to oxidative stress.

Objective: The aim of the study was to compare the effects of dietary
supplementation with concentrated red grape juice (RGJ). a source
of polyvphenols. and vitamin E on neutrophil NADPH oxidase ac-
tivity and other cardiovascular risk factors in hemodialysis patients.
IDesign: Thirty-two patients undergoing hemodialysis were re-
cruited and randomly assigned to groups to receive dietary supple-
mentation with BGT, vitamin E. or both or a control condition with-
out supplementation or placebo. Blood was obtained at baseline and

on days 7 and 14 of treatment. 90 ML concentrated RGJ twice a day, at lunch and at dinner, for 2

Results: RGJ consumption but WSt vitamin E consumption reduced
plasma concentrations of total cholesterol and apolipoprotein B and
mcreased those of HDL cholesterol. Both RGJ and vitamin E re-

duced plasma concentrations of oxidized LDL and ex vivo neutro-
phil NADPH oxidase activity. These effects were intensified when
the supplements were used in combination: in that case, reductions
in the inflammatory biomarkers intercellular adhesion molecule 1
and monocyte chemoattractant protein 1 also were observed.

Conclusions: Regular ingestion of concentrated RGJ by hemodial-
vsis patients reduces neutrophil NADPH-oxidase activity and
plasma concentrations of oxidized LD and inflammatory biomar-
kerstoa greater extent than does that of vitamin E. This effect of RG]
consumption may favor a reduction in cardiovascular risk. AmJ

Comparative effects of dietary supplementation with red grape juice
and vitamin E on production of superoxide by circulating neutrophil
NADPH oxidase in hemodialysis patients™™

iﬂ' Nurr 2008:87:1053—61. s5pain
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Concentrated red grape juice exerts antioxidant, hypolipidemic, and

antunflammatory effects in both hemodialysis patients and healthy

subjects’™®  spsTrRACT
Background: Patients treated with hemodialysis frequently expe-
rience cardiovascular complications attributed, among other causes,
to dyslipidemia, increased oxidative siress, and inflammation.
Obhjective: The aimm of the study was to study the effects of dietary
supplementation with concentrated red grape juice (RGT), a source
of polvphenols, on lipoprotein profile, antioxidant capacity, LI
oxidation, and inflammatory biomarkers.
DNesicn: Twenty-six patients receiving hemodialysis and 15 healthy
subjects were instructed to drink 100 mlL. RGIAd for 14 d. Blood was
drawmn at baseline. twice during RGT supplementation, and twice
during the G-mo follow-up period. As a control, 12 other randommlw
recruited hemodialysis patients not receiving RGT were stundied.
Lipids, apolipoproteins, oxidized LI, and antioxidant vitamins
were measuraed in plasma. The bicavailability of BOGT polyphenols
was assessed in healthy subjects.
Results: The maxinmum plasma concentration of quercetin was
achieved 3 h after RGJ ingestion, which indicates that supplement-
derived polyvphenols are rapidly absorbed. In both healthy subjects
and hemodialysis patients, BAG] consumption increased the antiox-
idant capacity of plasma without affecting concentrations of uric
acid or ascorbic acid: reduced the concentration of oxidized LI
and increased the concentration of cholesterol-standardized
ce-tocopherol. RGT supplementation also caused a significant de-
crease in LI ~cholesterol and apolipoprotein B- 1O concentrations,
while increasing the concentrations of HIDL. cholesterol and apoli-
poprotein A-1. In a further study in hemodialyvsis patients, BRGY sup-
plementation for 3 wk significantly reduced plasma monocyite che-
moattractant protein 1. an inflammatory biomarker associated with
cardiovascular disease risk.
Conclasion: Dietary supplementation with concentrated RGT im-
proves the lipoprotein profile., reduces plasma concentrations of
inflammatory biomarkers and oxidized LI, and may favor a re-
duction in cardiovascular disease risk. Am JClin Nute 2000684 :

200909251 25+ ga

Spa.Tm



_
i II Wine consumption and renal diseases: new perspectives

Investigations mto the relation between wine consumption and kidney disease have been limited.
Patients with chronic renal failure show accelerated atherosclerotic damage and, considering the
well-known protective effect of wine on the cardiovascular system, moderate wine consumption
might be advantageous. Oxidative stress and endothelial dysfunction, which are inter-related, play
a role n the pathophysiology of many renal diseases, mcluding acute and chronic renal failure.
Ethanol and non-alcoholic wine components, especially polyphenols, influence oxidative balance
and endothelial function. Although long-term alcohol abuse has been associated with many renal
alterations i humans, in experimental studies wine polyphenols enhanced kidney antioxidant
defenses, exerted protective effects against renal ischemia/reperfusion mjury, and inhibited apopto-
sis of mesangial cells. Moreover, in diabetic patients the administration of moderate amounts of red
wine and a polyphenol-enriched diet slowed the progression of diabetic nephropathy. Moreover, the
unfavorable effect of ethanol on blood pressure control seems to be counterbalanced by polyphenol
protective effects. There is convincing evidence of a beneficial effect of controlled wine consump-
tion patients with renal disease, but controlled clinical trials are needed to confirm this hypothesis.

l ’II‘ I 20090925 Liu, J-H Nutrition 23 (2007) 598 -602 82




Assessment of protein-energy malnutrition

® Visceral protein
— Serum albumin > 4.0 g/dL
® Somatic protein and fat

— Anthropometry : edema-free weight ; body mass
index (BMI)

— Subjective global assessment (SGA)
® Dietary protein intake

— nPNA = urinary nitrogen excretion

— Serum cholesterol

— Dietary interview or diaries

® Serum bicarbonate concentration >22 mol/L
® CRP

20090925 Liu, J-H
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s every 6 to 12 months for patients with GFR 30 to
59 mL/min/1.73 m? (CKD Stage 3).

uideline 9. Association of level of GFR with
utritional status (2002) (non-dialyzed)

s The nutritional status of patients with chronic
kidney disease should be monitored at regular
Intervals:

s every 1 to 3 months for patients with GFR <30
mL/min/1.73 m? (CKD Stages 4 and 5) and

20090925 IKVDJ)@I Clinical Practice Guidelines for Chronic Kidney Disease. Am J Kidney Dis 2002; 39:S1. 84
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P , 2, A E - £
4 v ?‘eﬁ 32§ F K
FOF | 185 Eff FEREE | CREE | adE | B T | P | PSR ¥
#
40g 6 4 2 2 8 40 | 60 | 120 | 1100(1000)
350 4 4 , , ) 36 | 50 | 90 | 1000(800)
6 3.5 37 | 45 | 120 | 950(850)
30g 4 3 2 2 5 29 | 40 | 90 | 800(700)
ﬁﬁg g;e;n;lg r;s.k W, 50kg | 60kg | 70kg
%B,j@% % 2 @E’,ﬁ protein 30 36 42
HBV prot. | 15~22 | 19~27 | 21~31
*K/DOQ (stage 4~5) #8 2 £Kcal | 1500 | 1800 | 2100
% <60 #& : 35kcal/kg/d P -

#* > 60 #& : 30~35kcal/kg/d
#25~35Kcal

TS AL & BT AH D T, 2006
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> k¥ &vs. a8
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° b gt 3 #a (83.5%fat; 708kcal/100g) -
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Figure 3. Mean (= SEM) changes in plasma C-reactive protein
concentration (CRP) in four subjects undergoing 10 days of
partial sleep deprivation (Il 4.2 h of sleep a night) and five
control subjects (4 8.2 h of sleep a night). * Denotes signif-
icant (P<<0.05) difference between day 1 and day 10 values.
Dotted lines represents the boundaries for cardiovascular risk
quintiles of CRP concentration derived from analysis of
>5,000 apparently healthy Americans (from Ridker*® Circula-
tion. 2001:103:1813-1818). Data from Meier-Ewert et al.”*
(J Am Coll Cardiol. 2004:43:678-683).
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