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The Phosphorus cycle
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Phosphorus balance )
Total adult body stores 700 g, 85% in: )
Q: ’ Food % =
A o PN 1000 mg day ™"
S = 7 ( g day™) Resorption Resorption
I B Resorption Resorption l (100 mg day™") (150 mg day™")
1200 mg day (300 mg day") l (300 mg day~") 4 | o
- i » A Absorption |
AL Absorption -1 !
> ” | —
. J ; — Phosphorus < Phosphorus } S
| (PN Secretion pool Secretion pool ; 100
- (150 mg day ") 1050 mg day ' (50 mg day~") : -
Y l g day l |
1350 mé day™' l

i Py b Excrete urine EXcrete feoes; == 3 Excrete urine

-1y’ - -1

ey | LT LS oy | B L eomgaay )
mg day

BETREER © 2200 ~ 2500mg/wk
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#E27(Difusion) T “amer-mediated

/’ : ’ active trans port i

/N PO,Z PO % PO,
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U PO ,# complexed PO & free PO /2 complexed
EHEETERES HPO,2- ®H PO+ b= ]
(M@= Ca2s Na+) 11 E&E(phosphlipid)
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Chronic Kidney Disease - Mineral and Bone

Disorder (CKD-MBD) 1% 1% B W% -k ¥ & % 7% %
Vascular Calcification s & 451k
 Hyperparathyroidism &) Wﬁkﬂ%&ﬁ% To i

Left Ventricular Hypertrophy (LVH) £ < % & &
Increased Mortality 7& v % 3 ju
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Case Presentation
alciphylaxis

-BMJ 1969, 2, 670-2
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Calciphylaxis

Bryant JH, White WH. A case of
calcification of arteries and
obliterative endarteritis
associated with
hydronephrosis, in a child aged
| six months. Guys Hosp Rep

| 1898;55:17-20.

Selye H. The dermatologic
implications of stress and
calciphylaxis. J Invest Dermatol
1962;39:259-75.

== Prof. Chih-Kang Chiang, % % H| N EnglJ Med 2007;356:1049-57.
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>90 <90 <60 <30 <15

eGFR (mI min11.73 m™?)

Hu MC, et al. 2013.
Annu. Rev. Physiol. 75:503-33
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Low-phosphorus diet {&# 4 &

Phosphorus chelating agent Z} Z& 4-#| > ﬁi‘

Dialysis adequacy & & i #7

B & o TR E > 5.5 mg/d
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Study

ID

Larsson et al (2010)

Wannamethee et al (2013)

Dominguez et al (2013)

Chang et al (2014)

%
RR (95% Cl) Weight
—& | 1.10(1.01,1.12) 3762
+ 1.29(1.04,1.58) 2963

1.56 (0.93, 2.62) 13.1

——— 2.00(1.36, 2.96) 19.04

Overall (-squared = 75.6%, p = 0.006) <> 1.36(1.07,1.72) 100.00

NOTE: Weights are from random effects analysis

T T
.338 1 296

Fig. 4. Forest plots showing pooled risk ratio and 95% confidence intervals of cardiovascular mortality comparing the highest with the reference category of phosphorus concentration in a
random effect model.

Clin Chim Acta. 2016. 461:76-82
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0.1 1 10 100

) Longevity (y)
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vol 2 Figure 13.2 Incidence rate of treated ESRD (per million population/year), by country, 2014
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(1) 300-500 mg
(2) 500-1000 mg
(3) 1500-2000 mg

(4) 2000-3000 mg
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phosphorus = 11.8*protein + 78(R=0.83)
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4R yAYIEY) 340 mL
Table 3. P content of selected beverages, mostly as a result of additives (based on 12-0z serving)

=k

2

Brand Name Specification/Flavors P %;Ig)ent ﬁﬁg(%ﬁ)
Contain >10 mg of P per 12-0z serving
AMP Energy All flavors 30 to 207
Aquafina Flavorsplash All flavors 93 to 128
Coca-Cola Classic o] [] O] 4% All types
Diet Coke (Coca-Cola) All types 27
Dr. Pepper All types 68
Fanta 253E Orange, red tangerine 11
Fruitworks All flavors 53 to 140
Gatorade and G2 All flavors 36
Hawaiian Punch All flavors 260
Lipton Brisk Tea AL 3] Green, lemon, raspberry, sweet tea, no 98 to 189
calorie lemon
Lipton Iced Tea (plastic bottled) All flavors 98 to 114
Lipton Sparkling All flavors 98 to 104
Mountain Dew Code Red 53
Mr, Piby Pibb Xtra, Pibb Zero 44

green tea citrus, red tea

pomegranate passion, raspberry
EEE |
Prof. Ch. PEE.S.I.D AR Most colas (except Pepsi Natural) 54

4 Graduate Institute of Toxicology, NTUCM Clin J Am Soc Nephrol 2010;5: 519-530

Nestea EER Diet lemon, green tea citrus, diet 47t0 71
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Phosphorus to Protein Ratio(PP{E)

PR : REEHAYRULE
Pl A

<5 EH(1.4)

c~10 5 AR - HRR - FR/FER SR
98 ~ ZHERN Y

10~15 Z=E&  HA -9FE - ER - =8
BRI **E H%%~ff2fféls

15~25 S#E-FQ - &
Eﬂﬂ—éﬂm;w giE 3 - F=

>25 B8z ~ 40D~ ZRiE - =I5 - NS

== Prof. Chih-Kang Chiang, %220 Clin J Am Soc Nephrol 2010;5: 519-530
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el E R EEE

Phosphorus to Protein Ratio(PP{E)

zﬁa(E 12.6 14.4
BRI E 8.5 111 13.1
| BESHE 6.9 1040 150.7 |
FEBER 20.4 190 9.3
| AREA 166 190 11.4 |
Fant 20.8 328 15.8
HEHT 20.5 287 14.0
20 13.3 164 12.33

%z Prof. Chih-Kang Chiang, % % H|
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Table 2. Changes in Protein, Phosphorus, and Calcium Content of Meat Caused by Thermal Processing Using Different
Methods

Change From Preprocessing Value (As % Dry Weight)

Poultry, Meat, and Fish Samples Proteins Phosphorus b Calcium
5. Fresh chicken breasts—fillet Z£HPY
5A. Boiled in water 100 °C K&, 25 min o - 580 -25.89 36.00
5B. Stewed in o to which water had been added 100 °C F(+ ), 20 min g g1 ~24,00 p<0.0s ~40.00
5C. Roasted in oven using oil 180 °CKE(+i), 20 min ~2.63 ~10.78 2.00
5D. Soaked in water 1 h, then roasted in oven using oil -18.05 -23.44 -12.00
6. Fresh beef S BERY ;@7k1/J\H3:I?§EX%(+;E)
6A. Boiled in water 100 °C X, 120 min ‘ 021 ~33.20 230.00
6B. Stewed in oi to which water had been added 100 °C #(+) , 60 min g o3 ~37.07 P<0.05 3500
6C. Soaked in water 1 h, then stewed in oil to which water =00 -40.13 80.00
had been added /E!ﬂ(lll\ﬂ-ﬂﬁﬁkflﬁ /E)
7. Fresh pork & RB&PY . _
7A. Roasted in oven using il 180 °C ¥(+3#),90 min 21.84 8.95 75.00
7B. Soaked in water 1 h, then roasted in overL sing qil 16.79 -11.94 50.00
8. Frozen hake SRR SR s i)
8A. Roasted in oven using il 180 °C ¥(+3) , 20 min ~5.51 ~49.18 P=0.01 5700
it I S (ap J Ren Nutr. 2014 ;25(3):308-315.
Prof. Chih-Kang Chiang, % % H| .

> Graduate Institute of Toxicology. NTUCM

sHl-—SElAak

E#)(100g) EB0E(g) | Wi(mg)

aEA R (%) 18.2 166 9.1

=y b=l b= 19.3 173 9.0
aEilism /(BRI 23.1 228 9.8
ik o 4
:I/%II\H/\\\)fII (k%) 23.0 203 8.8
190°C,207) i
BEfA R (KAR) 23.4 136 5.8
Prof. Chih-Kang Chiang, % % H| EROR-A 8 B REEMH DR E2016R
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4R8PY 100g, in 1000 mL 7K
Table 2. Effect of Different Directions of Cut on Nutrient Content of Meat and Boiling Fluid
Raw %P Block Y142 Sliced 15 Cubed 1T

Boiling Time (min) - 10 min 30 min 10 min 30 min 10 min 30 min

Phosphorus (mg/100g)  208.7 = 6.1 | 1489+43 109421 1049+68 742x46 1299122 101.3=57

P in boiling fluid (mg) - 698 = 13./ 100/ 704 113034 1296152 89212 109333
P retention rate (%) - 714+ 40 524+09 502+18 3655+20 622 +45 485+13
Protein (g) 229+13 - 210=13 - 212 9.8 - 21409
Prot retention rate (%) - - 91.7x32 - 92:5=8.5 = 93.9£57
P/Prot (mg P/g Prot) PPE 9.1 + 02 - s2r02 - 35+03Vv - 4703\

P, Phosphorus; Prot, Protein.
Values are mean * standard deviation (n = 3).

» thh ~ KFE305 EZERYPE IR Ex A AR AE

Q Prof. Chih-Kang Chiang, % % H|
VV Graduate Institute of Toxicology. NTUCM

J Ren Nutr. 2015 ;25(6):504-9.
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4-HEPY
Table 3. Effect of Boiling at Different Methods on Nutrient Content of Meat and Boiling Fluid

% BB

Raw 3N Block (NP) TR + KR Block (Pc)tﬂiﬂ+,§jjﬁﬂ Sliced (PC)t}]H +E S8R

Bolling time (min) - 10 min 30 min 10 min 30 min 10 min 30 min
Phosphorus (mg/100g) 208.7 6.1 148943 1094+21 | 1047+35 91231 705+34 57.9+26

P in boiling fluid (mg) - 69.8 =137 1007 =104 113337 1221+x86 1411x78 1531=7.8

P retention rate (%) - 71440 52409 602+19 437+02 338+x26 278x05
Protein (g) 29+13 - 21.0+ 1.3 - 21.0= 06 - 201°F 1.5

Prot retention rate (%) - - 917 + 3.2 - 91.9+47 - 87849
P/Prot (mg P/g Prot) PP1E 9.1 +0.2 - b= D2 - sa+020 - 29+02%

NP, normal pan; P, Phosphorus; PC, pressure cooker; Prat, Protein; SD, standard deviation.
Values are mean = SD (n = 3).

» thh+BAMAEFESNR =RARE

(23 Prof. Chih-Kang Chiang, £ % A
/_tg“ Graduate Institute of Toxicology. NTUCM
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Table 2. Primary and Secondary Outcomes Among 145 Intervention and 134 Control Participants

Intervention Control Difference in Differences
[ B |1 7o |1 |
Y L= P4 —
Intervention Group
Baseline, Final, Baseline, Final, Minus Change in
Mean  Mean Difference P Mean  Mean Difference P Control Group P

(D) (SDP  (95%C)  Vale (SD) (SD®  (95%Cl)  Vale  (95%C)  Value
S S8
I 5% % B Prosohorous level, m/dl. 72(12) 62(1V-10(1310-07) <001 74(10) 67(19 04(07to01) 02 -06-1010-01) 03

Food knowledge soore? 67 (16) 74 (14) 7(1010) <001 66(16) 70(16) 42t07) <001 3(-1to7) 313
jﬁﬂﬁﬁ nnﬁkﬁi%ﬂeads ingredient list 5306 7708 T 22(7030) <001 62035 64(3) 204t 82 2(151030) <001
layﬂlla'E'§Ezﬁ*-'-ag’zl:leads nutrition facts label® 57 36) 76(28) T 19 (12t026) <001 59(39) 69(3) 10(4to01b) <001 9(1tol7) 04
Abbreviation: Cl, confidence interval.
Sl conversion factor: To convert phosphorus to mmol/L, multiply by 0.323.
8Final measurement occurred in the third month of the study.
O)\leasured on a 0-to-100 scale in which 0 incicates the lowest knowledge or reading behavior and 100 indicates the highest knowledge or reading behavior.
@ Prof. Chih-Kang Chiang, % % F JAMA. 2009;301(6):629-635
“\¢_ Graduate Institute of Toxicology, NTUCM
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o EBEEA : 1gprotein/kg body weight
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