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Blood ionized calcium fraction in various serum albumin levels surveyed

in non-dialysis patients

Yoshitaka MAEDA and Tatsuo SHIIGAI
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Nephrology Section, Department of Internal Medicine, Toride Kyodo General Hospital, Ibaraki, Japan

Blood ionized calcium (iCa) fraction is affected by the serum albumin (Alb) level, even though this
effect might not be appropriately estimated by the formulae proposed previously. To clarify a reasonable
regimen for predicting iCa from serum total Ca(tCa), we investigated the relationship of blood iCa, tCa,
and serum Alb levels through 124 samples from 116 non-dialysis patients requiring iCa measurement at
the Nephrology Section of Toride Kyodo General Hospital. The patients comprised 61 males and 55
females with the mean age of 66.9+ 1.4 years, including 9 cases of hypercalcemia, 110 of normocalcemia,
and 5 of hypocalcemia based on their iCa levels. Their background diseases were 25 cases of chronic
glomerulonephritis, 17 of nephrotic syndrome, 40 of diabetes mellitus, 4 of collagen diseases, and 30 of
others. Their mean serum Cr was 2.44+0.21 mg/d/, and 77 patients showed elevated Cr levels.

Four adjustment formulae : one derived from Payne’s, two from the proposal of K/DOQI Clinical
Practice Guidelines, and a theoretical one based on the previous in vitro experiments, were compared with
the non-adjusted value(tCa itself) with respect to their suitability for estimating iCa. The correlation
coefficient of tCa with iCa was higher than the values adjusted by the above four formulae. The difference
of iCa from tCa divided by eight, which concisely predicted iCa based on the assumption that half the
serum Ca is bound to protein, was less than 1/8th of the other adjusted Ca levels. Hence none of the
adjusted Ca by the above formulae was superior to nonadjusted tCa from the point of estimating the iCa
level. Moreover, the sensitivity for predicting hypocalcemia was the highest in tCa, even though its
specificity was lower than the other adjusted values.

In conclusion, no adjustment formula is required to predict ionized Ca from tCa, and to screen hypo-
or hypercalcemia.
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BHEICB W T Payne DR K D b FHIEL 22 WHEH D (Ca fH
DIESBEY iICafir KRBT 5 Z & &G LY, EiFE
BNEHEOMBY > 72 AR b, I tCa
2% b iCa fHIZITIT 5 2 & 2 LY,

ZEE & D pH OFERZZT D o WA T iCa 2
FEL, WREFEBHEFZ L L CtCafi L iCa DR %
WBEf L7z,

XZEHE I

1. % &

LbETHK, ARSI OIEENTEED S B, iCa D
ERELI N6 ZWRE Ui, BEICITEE D tCall
iz iCa ZWEL, fH7%HE - #ETd 2 2 & 2FH L AR
S

2. AEHE

M7 Alb OHITE 1358 H O #IRINL 2 PTEEEFE D A > T
BWAEYY(10ml R 7 27 VEEERE) B L,
3,000 rpm, 74 OE LIS LD MEESEELZ S 2T
Bromcresol Green(BCG)# (27 V) =x A1 + ALB, H—1b&
FRIZ L VAT o7z, tCa DREEX, [FBRICE LB L 72
9 2T a—amylase % fl\W7: R % HE & L 72 Autoanal-
yzer (TBA-200FR, B2 X 7 4 A W) ic X D HIE L /29, iCa
OHEZIE~RY) ) F 7 A THAL/25ml ZFHEL Th
2 MR A APE R F v b, VY Ry 7 (7 VE) %
v, #ik, BROWITh»Z2EIML 725 2 TA 4 ~ER
1 (Bayer 348, Bayer Medical, USA)IZ & D #HI'E L 72,

3. BEX

HWIERIZ RO Z & £ Payne DR DIE 212, K/DOQI?
THIG & w3 =3 (KDOQI-1, KDOQI-2) % #&f L
720

Payne D= : Total serum Ca+ (4—serum Alb)

KDOQI-1 : Total serum Ca+0.704 X (3.4—serum Alb)

KDOQI-2 : Total serum Ca+0.8X (4—serum Alb)

NNz, #%Rd %5 Kragh-Hansen & 288&H U 7234
BREMNTO Alb & iCa & OFEEILY 2> & T 72 Hige =R

theoretical Ca : tCa+0.61X (4—serum Alb)
b THRET L 72,

4. FWRE

iCa OPIEMPEMHIEIC & 5 iCa OIEH HIFH (0.94~1.26
mmol//) Z# 2 T 255, TRHI->TWaHEEZZhETh
H O Ca i, K Calllfif & L, tCa b % W IIHHIEMED
LBEDIME Ca EDOIEH#P 28 2 T 2356, TEHE-T

Table 1.

Patients characteristics

Characteristics

Mean = SEM(min~max) or
Number of patients : n=116

age
male/female
sampling route

total Ca(mg/d/)
jonized Ca(mmol//)
serum Alb(g/dl)
serum Cr(mg/d/)
pH
diseases

CGN

NS

DM

CcD
others

66.9+1.4(16~94)
61/55
venous : 107
arterial 1 17
9.1=%0.1
(6.7~12.0)
I.15%£0.01
(0.63~1.50)
3.6x0.1
(1.2~4.8)
2.44%0.21
(0.48~10.72)
7.346£0.006
(7.218~7.550)

25
17
40

4
30

CGN : chronic glomerulonephritis, NS : nephrosclerosis, DM :
diabetes mellitus, CD : collagen diseases

80 r
mean =% SEM: 50.5 + 0.4 % Y=-14 X +556
n=124 (116) r=020 p=003
g% SPRDIRE
el AR .:.'.- l;“o
\tU 'o. !!l N
O . ° go e
= L2080
= 40 .
20
0 1 2 3 4 5 6
Albumin (g/dl)
Fig. 1. Ionized Ca fraction and serum albumin levels

lonized Ca fraction ; iCa/tCa(%)from |24 samples among | 16

patients is depicted along with its serum albumin level. lonized

Ca fractions were negatively correlated with serum albumin
levels. However their correlation was more weak than that of
predicted by Payne’s formula.

WG EZhE N2l Eom Ca llfiE, K CalllfiE& L,
R, FRER CPWREE O EE L,
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Fig.2. Ionized Ca and Ca with/without adjustment using the formulae

The relationship of iCa with the Ca adjusted by the formula listed below were depicted :
A : tCa(not adjusted), B : Ca adjusted by Payne’s formula, C : Ca adjusted by K/DOQI-1, D : Ca adjusted by K/DOQI-2

E : theoretical Ca, F : Summarized statistical values.

lonized Ca was well correlated with tCa. The adjustments by four formulae failed in improving the correlation with iCa.

v, p<0.05 2HE & Uiz, BIRSIHTIX Pearson D F5 1k

AWz,
. n |

R w57z 116 FEFIOBEEL % Table | IR L7z, M
Cr YR TOIEHFE(EE :0.50~1.10mg/d/, #:0.30~
0.80 mg/d/) 2B 2 1= EMIX 77 HITH Y, F¥IIMFE Cr fE
132444021 mg/dl 2572, 2 S OFEFITE 124 [1] (B
ki 107 [a], SHARITL 17 [20) BE LT 21T - 72,

tCa fHAUBEDOER I 282 72 & D1 36, R -
72b DI 2072572, iCafHIZIEREHEZBZ 720 D3
9, RiErZ-otzbDIFSHIIES 72,

1. iCa DEDILE Alb &I & 372

HBEBEDOME Alb {E & M7 CafBIcd % iCa DEE
(%iCa/tCa) % Fig. 1 IZR L7zo % < DIERNIZ 50 %ETE I
L TBY, FHLERERZEL 505204 %7257, &
72, EURSHT» S 1 g/dl OIFE Alb [HIE T2 X D A 4 >~

{b Ca DEE1Z 1.4 %(E T L 720 Payne @3\ TIX I Alb
ED g/dl TOEEHNZ D % % Cafli(mg/dl) 12 Kk & 1L
%78, MfE Cafiss 10 mg/dl O%E, MG AlbfE 1 g/
dl OIETTIE Ca 1 mg/dl D LR BB SN, 10%DE
1B & 22 D EKEHE & % 2 Tz, 3108 40 %Ki D iCa 43
EERLIZ, 2o DEFIIEFEET T a4 F—v 2 (62
M, Cr 0.82mg/dl), BHAREERICL 2ELL
(78 52, Cr 2.67mg/dl), BEREREART % £ 5 FEIRE
(63 BB, IM¥E Cr 1.69 mg/dl) T, pH % 7.35~7.40 DfH
WZhHY, iCasrHEsME» > T-BHIZFBETE o7z,

2. A F 1t Ca fE & ZHIEENDER

Fig 2lamL7zZ e, A4 b Caffi & b i iHEg
MESNTzDIEtCa TH -7z (r=0.56, p<0.01), LATF,
theoretical Ca(r=0.50, p<0.01), K/DOQI-1 OfHIF(HE (r=
0.47, p<0.01), K/DOQI-2 OHFfEfH (r=0.43, p<0.01),
Payne OHIEE (r=0.34, p<0.01) DJEICFHEE A TRV FEEL A
Boni,
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Fig.3. Difference of ionized Ca from 1/8 Ca with/without adjustment using four formulae

Concise prediction for ionized Ca ; measured or adjusted value divided by eight was applied to non-adjusted/adjusted Ca,

and their differences from iCa along serum Alb were shown.
A :1/8 tCa, B : |/8(Ca adjusted by Payne’s formula), C :

1/8(Ca adjusted by K/DOQI-1), D :

1/8(Ca adjusted by K/DOQI-2),

E : | /8(theoretical Ca), F : Summarized statistical data of differences

The obtained difference was the least in tCa/8.

3. 1F Mt CafEE BMIEMES 8 ThRLUIEDE

Alb 2 & 2HIEDFZ Y M, M Alb L)L k> T
P32 ThH» 9 iCa & tCaDEFFIEIC L VIENTET
WEDPENIC L DRIETE %, iCa & tCa DZE I HMETE
TiBEONEWzD, TRO LI hFHEE L7,

tCa fl (mg/d) 12 XF 3 % iCa fE (mmol//) D & & % 50 %
L3 2% E, (Cafize 8 TEH|o BN iCa %25, DS
HEZRZIHEBRRTCLELIETHwLNTWE 2, Z0hHR
W2 XD SEHME - FIEME % 8 TH|- o & iCa D2 % MK
Alb fEIC > THART AT, Fig 3R LIz kX,
FHIE 23 /N (—0.005+0.010) & 72V, DA, K/DOQI-I
(—0.021+0.010), theoretical Ca(0.026+0.010), K/
DOQI-2(0.03640.010), Payne O #fi IE i (0.047+0.011) &
%0, fHEF LR U < Payne OFIEME A B b iCa %2 Sk L
BOWIERBDE N, £, ZOFHED o EHRIE K/
DOQI-1 OFHIEE /NG, Payne, K/DOQI-2, theoret-
ical Ca OFFIEMEDS AT & 725 72,

4. pH & DEGE

Fig. 4A, BIZ/R L7z Z £ <, iCa £%iCa/tCa @ pH & D
BRI # N ZFhr=0.13(p=0.15), r=0.08(p=0.39)
THESMHBEEZRS bz,

5. Cr L DEGE
Fig. 4C, D /R L7z Z & <, iCa &£%iCa/tCa DIMHE Cr
fili & OFBMEEIT Z 1 Z 1 r=0.19(p=0.03), r=0.03(p=

0.75) T, iCa 23M¥E Cr D _EFICHENE T T 2 "lgEM: %
mLUTeW, 2 OMEIEFE <, %iCa/tCa 3B E &M %2R
Mo Tz,

6. EOURFERE

Table2 1278 L 7z & & <, & CalllfE @ 2 Wi s K X
KDOQI-1 ® %45 11 % & JREEME <, fhid 33 % CH— D
WERTho I,

& Ca IfiLFE D MW TIFEBED 60 % & & b BE L E >
oS, FEELEELE 86 % CTRIKTE 5 7z,

z =

bhbnix, MEHRED iCa 3HHIE L %W tCa i & %
YT 2 2T TCICERE LY L L, MERE
ERORAZ LWL D pH OEE 2210 T WABEMEL H
SENFEEEF 2 A U EE L 7o 21T A 4 >k Ca
ZWE L, M tCa il & OREHEZMET L7z,

HAED b D E O EFEMEIC B W, MiEH o tCa #HllE
(& BEME A T LA & th ik (o-CPC ¥R I X D iThbh

9)
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lonized Ca was not affected by pH. Serum Cr was faintly correlated with iCa, but no correlation was detected
between serum Cr and %iCa/tCa.

Table 2. Diagnostic values of non-adjusted/adjusted calcium levels
tCa Ca by Ca by Ca by theoretical
Payne’s KDOQI-| KDOQI-2 Ca
Hypercalcemia
sensitivity 33%(3/9) 33%(3/9) 11%(1/9) 33%(3/9) 33%(3/9)
specificity 100 (I115/115) 100 (I15/115) 100 (115/115) 100 (115/115) 100 (115/115)
FPR 0 (0/0) 0 (0/0) 0 (0/0) 0 (0/0) 0 (0/0)
PPV 100 (3/3) 100 (3/3) 100 (1/1) 100 (3/3) 100 (3/3)
NPV 95 (l15/121) 95 (l15/121) 94  (105/123) 95 (115/121) 95 (115/121)
Hypocalcemia
sensitivity 60% (3/5) 40% (2/5) 40% (2/5) 40% (2/5) 40% (2/5)
specificity 86 (102/119) 99  (118/119) 91 (108/119) 98 (117/119) 98 (I16/119)
FPR 14 (17/119) I (1/119) 9 (I11/119) 2 (2/119) 3 (3/119)
PPV 15 (3/20) 67 (2/3) 15 (2/13) 50 (2/4) 40 (2/5)
NPV 98 (102/104) 98 (I18/121) 97 (108/111) 98 (117/120) 98 (I16/119)

FPR : false positive rate, PPV : positive predictive value, NPV :

TW3 ZEN% L, o-CPCHERERAT 2 ki
D60%%EEHDTVWBO, Lnl, HfElE Ca ~OEEME

PHHEROERIEDOH 2 & BERIEICH Y,

(BB

D IME Tl

BEREPR TR L, 0.5 mg/dl BEEWHEZ & 2

ZEPHIENT WS,

negative predictive value

[FEIREDEAIH 1/4 DERE R T

HASNTW2E MXBETOAONE 20, BIRFSTIIE

R b IEMEZR CafHz

HIE T & KBS TO kL

FErZoNb, BEREIR CafllE DL T H 2 TPk
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Table 3. Summary of previous reports
Year  Author Study population Formulae Analysis tools Reference
1978 Ladenson 55 of healthy subjects |3* CC, Average of absolute residuals or 12
404 of patients with various disorders deviations
of calcium metabolism**
1988 Sorva 558 of geriatric patients 3* CC, reference limits, sensitivity/ 13
specificity
1991 Morton 66 of dialysis patients CC, sensitivity/specificity 14
2000 Clase 54 of hemodialysis patients 5 intraclass correlation coefficients I5
2002 Sato 86 of hemodialysis patients | * CC, modified Bland-Altman’s plot 3
2003 Slomp 36 of ICU patients 6 CC, sensitivity/specificity 16

The all reports*'>~'9 shown on the table did not support any benifit by adjusting Ca with the examined formulae from the

point of predicting iCa.

*

:including Payne’s formula. **
oidism, malignancies, etc. CC : correlation coefficients

LELOTERWHBERD Y, TUER £ 250 720, 45lH
13 Z DEEREEIC LY (Ca ORIE 2175 72,

Payne OFFIE 1d b H3E T DR FE B ER IR 1A < $#
HEnTws, Lil, ZORBANRAEEBES CHES
NIz M Ca fEAITERSAIC X VITWBOS iz & 5Y,
H 5 VIFHE S Mg CafEDDMDIE S D & 2475 <
T2 0DHIERTHY, iCa L DFEBEIZFHANSNTE
59, MIEOZLEOMI b A +FThoTce TOD
mmewﬁ%ﬁbtCa@ﬁmka%ﬁﬁ%@ﬁ%<m
ENTEY, 2O—E8% Table 3 IC B L 7223312719,
ERIKAR & LT ORI TS Tw5, Z
DIz, IME Ca VIV OHWi 2D, FEEIEHO®RS
RWMN LB LIEFI T Yo N R H D, FALK
NPBBEEFEZ SND,

K/DOQI TIFHTIRD 2 DDAXDE D ST 59, L
L KDOQI-1 ZfIENTRE L DY hoBo5NTED,
XZDbDLEIHGRXOR R > T3, KDOQI-2 i
Payne DFEET L D S S0 DY T, ZOADMUDOR L
DS TR EDIET ¥ AITE WV,

FEOHAENT CasEEHE & ED & 5 REEE R T »
ERENTT 5 C L IXREETH B, Alb & Ca OFSEEALIX 12
~23 A EHEHI S TEB Y, Kragh-Hansen S 3EFED 5
%o TR 2 Vv, pH 7.4 OARTE T iCa 34 BRI BE
W 1.2 mM Tl Alb £ DFEEIFE VL TIRIZ L 1
BB LERTRLTWVWAY, ZOEETIE Alb EBE 2 —5F
(10g/D BN CalREA2ZLIETEY, Bakd
5 Alb P DZALIZES iCa DEFIMET S HTWLRWY,
UL LEEEZR 1D 1 OFSEDIMBENTHRVIIDET 5 &,
M Alb D 1 g/dl DZAEIZ iCa 0.151 mmol (6.1 mg) //

: comprising 41 of chronic renal diseases, 363 of non-renal diseases ; hyperparathyr-

YT 2 2 itk b, ik oEen 2HER MG
Alb 4g/dl #EHEE T2 L, Rkl 2T &<,

FHIE Ca(mg/dl) =tCa(mg/d/) +0.61 X {4—IM#E Alb(g/dl)}

L7 D, Payne DFR S K/DOQI-2 R L U & [l Alb &

DEEDFELLRMIEE 2, ZOMETHESNIHE
(theoretical Ca) & iCa OFREREUIL Fig. 2 R L7z &
<, 1=0.50(p<0.01) &% b, HEYHIZIZE S D DDMD
FER I D IZENIAEE E koTz, F£72, MoRIER L [HE
BRICZD1/8DEE A A b CaDFE % H 2 L 0.026+
0.010 & 7c b, FEH{E, KDOQI-1 RIZKSIES Loz
(Fig. 3),

FEE TRz Z <, MIEHRD Ca D5 B 10 %3k A
F U EEEERERRL TS, L2l IO Cafbldsih%
WET 2 ERERETHY, WELEZOHFFEIEL oK
ik antunizn, BRex Tk VB RE & D
BORDPEEHL T HEEEND D, SHBROMIPEEN
&

> DGR EOE CalllfEDOFR & LT Payne
@ﬂ# BELIEHAWwWS N TWwEH, SEORETIE, &
Ca IFEOZWREEE I3HHIE-FEMER THEREV I A SN
3Iro Tz A& Ca MUE D2 WIHE B IXFERIE Ca fEh 5 b %
ENE»otc, FIRETRMIEMEICE o720, A7) —=
v 7k e L COMERIEFHIEE RO EN TV EFb
LD %278\,

MyEH Ca DA 4 AL pHIC k> T HEEI RS
ZEBHISGNTWSEY, T HA A4 >k Car* A 4 o)
Ab FEEGHALTHAE T B0 THY, H A X V22 5
BT Tt Ca2t A A4 > D Alb FEEEBAIAK YD, Ca DA A
AT ER T 5, SEIG2IME AW TRETLTEY
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BHREWI D pH 1% 7.218~7.550 12 H v, Kl 7% pH % 7 9 4
BFEENTWRWVLY, pHOET & L HIZ CadA 4 1k
Ry ER T 2 HABA SN, L L, ZOEIFERZ
Ca DA F MR (%) =—5.7X (pH) +92.6 (r=0.077, p=
0.39) TEREMEDO Wb I RETH -7, HfIZ, iCa
& pH @O B % 1X iCa(mmol//) = —0.26 X (pH) +3.04(r=
0.13, p=0.15)Tho7z, ZDFERIIMIED pH 22452 T
iCa DEHE 2 HTzEDOHRED LIZIEFRBEEDLDTH

D, WFRIZLTH pHDA A b Ca~DFEEIEXD®
T/haweFHzohl,

SR TIEZ% < OBREREANS TN TE Y, I
i CrfE & iCa OERESHT 1T - 72, Fig. 4C, DICR L2
Zr <, iCal3iE CriiD LA & &b Ib TP IE T T
AN D 5 1208, iCa FEIFEELMHAEIES T, B
BEREDSTEE 1Ca () 1T ZAREE D v e FE 2 5
nize

A O BETIE iCa 28 tCa D 40 % & 75> T\ B FERI A
3FIRED SNTze 2D XD WENA 4 MEHEERT O
Wl 72 B (7 v 72 V) MER 7 )V 10— ¥ A DFEEDS
EZoNDD, HRTAEXRTEL Il ZTNSITIEE
B LKW, pHDZEE S Z L < technical failure & AJREH:
HYFEZ I wicd, SEOBE» S RN L Loz,
tCa 25D iCa DHEDRFAZRTHITLHY, S iCa
DHIE % & 0 JAFFIZIT> T GEETHS iz L Twn Ll
ZENTENREEFHZ B,

& I

BRI X % tCa il EME T I Alb DE B S
iCa ODZALIIRERDFH XL D A7 <, iCalEDHEE IZHH
ERZE AW L LB 0,

B

E il

Ca {llEZCB L EELR TR 2 W72 & £ Ul Y fliF
P, ER TR LRI, A OB RICHHHE L £ 9,

X Bk
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