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Evaluation of reticulocyte hemoglobin content, percentage of hypochromic red blood cells,
and ratio of serum transferrin receptor level/serum iron level as markers of
iron-deficiency erythropoiesis in patients undergoing hemodialysis
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Reticulocyte hemoglobin content (CHr), percentage of hypochromic red blood cells (%HRC, level of
serum transferrin receptor (sTfR), and sTfR/serum iron ratio(sTfR/Fe) were measured in 132
hemodialysis patients. On univariate analysis, CHr was positively correlated with serum amyloid A (SAA)
and negatively correlated with Kt/V. $HRC showed a positive correlation with the recombinant human
erythropoietin (rHuEPO) dosage. The dependency of each iron-status index on 5 variables, SAA, sFt, TS,
KtN, and dose of rHUEPO administered, was determined by stepwise multiple regression analysis. CHr
was influenced only by TS, while $HRC, sTfR and sTfR/Fe were influenced by both logrHuEPO dosage
and TS.

Patients whose hemoglobin concentration increased by more than 1 g/d/ following iron supplementa-
tion were defined as Iron-Responders, and the remaining patients were defined as Iron-Nonresponders.
Fifteen out of 20 patients responded to 10 consecutive intravenous administrations of 80 mg of saccharated
ferric oxide at each dialysis session, while five did not. The baseline CHr was significantly lower in Iron-
Responders than Iron-Nonresponders. The baseline ¥HRC, sTfR, and sTfR/Fe were significantly higher
in Iron-Responders than Iron-Nonresponders.

The baseline CHr, %HRC, and sTfR/Fe were correlated with the degree of change in Hb concentra-
tion at 4 weeks of iron supplementation. The absolute change in CHr at 2 weeks of iron supplementation
was positively correlated with the absolute change in Hb concentration over the first 4 weeks.

Conclusion : (1)In assessing the iron metabolic status of dialysis patients, CHr, %HRC, and sTfR/
Fe were unique indices compared with the ordinary indices, particularly in diagnosing the functional iron
deficiency state.(2) CHr was a valuable marker of iron deficiency anemia and could predict the degree of
increase in Hb level following iron supplementation.(3) The %¥HRC and sTfR/Fe seemed to reflect both
erythropoiesis induced by rHuEPO and the iron supply to erythropoietic cells.
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Characteristics of HD and control subjects

Characteristic

Controls (n=45)

HD patients(n=132)

Age (Year)

Sex(M : F)

Dialysis duration (Month)
Hemoglobin (g/d/)

TIBC (ug/dl)

37£17(21~84)
25:20

14.2%1.3(12.1~16.4)

315+34(239~391)

* ok ok ok ok

63+ 13(38~81)
38 :94

67+62(3~251)

1x1.2(6.2~14.7)

EEEE T

EEE R Y 9

EEEE RS

250+53(121~446)

(
Hematocrit (%) 42.9%4.0(36.3~49.8)  ***** 30.8+3.9(21.4~46.3)
MCV (fI) 91.3+3.4(84.5~102.3) ***** 95 8+6.|(71.6~107.2)
MCH (pg) 30.1%1.4(29.4~33.3) 29.9+2.3(21.4~34.3)
MCHC (%) 32.8%1.6(24.1~35.1)  ***** 3] 3%]|.|(27.2~34.1)
Fe(ug/dl) 107+40(47~198) 52£22(11~143)

(

(

Serum ferritin(ng/m/)
Transferrin saturation (%)

8057 (11~200) *
34.0%£14.0(15.6~64.6)

76 110(4~681)
21.8+9.8(4.6~54.6)

EEEE T

The results are expressed as mean % standard deviation(range).

*p<0.05, *****p<0.0001, Mann-Whitney U test
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Table 2. New iron-indices of the HD and control subjects
Characteristic Controls HD patients
(n=45) (n=132)
CHr (pg) 31.9%x1.2 31.5%£2.5
(28.7~34.8) (22.7~35.8)
%HRC I.7£1.2 e 10.8£8.5
(0.2~5.8) (1.4~53.7)
sTfR(ng/ml) 988 +203 R |,860+660
(558~1,290) (678~4,560)
sTfR/Fe [1x5 e 52+48
(4~21) (10~466)

The results are expressed as mean = standard deviation (range).
REEEEHL0.0001, Mann-Whitney U test
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Table 3.
receiving rHuEPO

Characteristics and laboratory parameters of HD patients who were or were not

Characteristic

rHUEPO(+) (n=118)

rHUEPO (=) (n=14)

Age (Year)

Dialysis duration (Month)
Hemoglobin (g/d/)
Hematocrit (%)

Serum ferritin(ng/m/)

64+ 13(32~90)
T71£74(3~251)
9.6 1.1(6.9~14.7) e 10.6%1.2(8.0~12.1)
30.7+3.6(21.4~46.3) *** 34.6+4.7(24.6~42.7)
79+ 115(4~681)

63+ 13(38~81)
82+£50(13~192)

36+34(5~120)

Transferrin saturation (%) 22.3+9.9(6.4~54.6) 19.0+8.2(4.6~34.3)
CHr (pg) 31.6+2.4(22.9~35.8) 30.8%3.3(22.7~35.4)
%HRC (%) 10.1£7.0(1.4~52.4) 16.0+16.0(2.7~53.7)
sTfR (ng/m!) I,803+570(678~400) 2,340 1,090(1,056~4,560)
sTfR/Fe 48+33(10~182) 81+ 114(23~446)

The results are expressed as mean *standard deviation (range). ***p<0.01, Mann-Whitney U test

Table 4. Correlation coefficients between iron-status indices and other factors
Duration of HD Serum
Age (Year) log rHUEPO . Kt/V
treatments amyloid A
CHr —0.042 —0.044 0.086 —0.173* —0.238***
%HRC —0.042 0.105 —0.198* 0.033 0.099
sTfR 0.070 0.034 —0.158 0.132 0.066
sTfR/Fe 0.094 0.132 —0.170 0.243%*** 0.083

log rHUEPO : log of the dose of rHUEPO (U/week), *p<0.05, ***p<0.0l

(mean corpuscular hemoglobin concentration : MCHC),
Fe, TIBC, TS, sFt3fEFICIHL CIMEENEETH
BIEETH > 7z, Table 2 ICHHIBEOFER 2R L 12,0
CHr IS O 3 MW ENT BE T, BEHCHL TER
WEMETH - 72,

rHuEPO JEf 5 /5% & rHUEPO 58 FH # i d % &,
Hb & Ht (3 rHUEPO JEf 5 B E A EIC = E (p<0.01) %
mUTens, FRFEREIWE CEEZE R0 5 2 (Table 3),

MPEATEE DOV CEFHIEE &L T RET (Filn, &
BriE, rHUuEPO #: 5.5, SAA, Kt/V)DBfR % Hal )5
Wiz THET L7z, CHr ik SAA, Kt/V &, %HRC % rtHuEPO
#5E L, sTR/Fe X SAA L HEICHHEI L 72 (Table 4),

FHIEIE MBI DR ® S 117z THUEPO ¥ 558, SAA,
Kt/V, BLXUMROBKIGETH 2 TS, sFt OFHIEZEA
DEFERF %, stepwise HEIJFHTIC & DMRET L 720 &
B, TS &sFtidEERb 2700, wiFhr—TiHHE
L, HHFAERS L WIE S % AW/, CHr=28350—
0.143 X TS (9 H 8 ¥ R2=0.311, p<0.0001), %HRC=
24.404—1.946 X log ("HEPO ¥ 5.455) —0.322 X TS (4 H %
R2=0.162, p<0.0001), sTfR/Fe=144.229—8.912x%log
(tHEPO # 5. #) —2.844 X TS(H H # 3 R2=0.344, p<

0.0001), sTfR=2999.285—127.92 X log (rHEPO # 5. &) —
31.803 X TS (H HiFH%& R2=0.239, p<0.0001) DIERTH -
725

RICHFHIBE L Ekr oo Tw 3 %EETH 2
TS, sFt & ORfR% & % 7-912, rHuEPO #&5MEENT
FH 8P 2R & J7E IO T ATz & 512 DOQI D A7
4 R T4 Y RBHFZABCH T TRET L 72 (Fig. 1), B
B TI1x CHr i3 A B¢, B#E, CHRIcZ2Rw T, D
FARE BREXL DV ARICEMETH > (p<0.0001), fH%
DOWIEMEZE A5 L, DEECHEWTIE22.7~358 pg & LW
FHEIC AR DS 4 D L7 A8, 28.1 pg LR O E#1x D BELIA
WA o iginole, BENTESE ONEE 315 pg LIT 2R
THZIIDETIESS I 39H(709%) ThHh-o7-55, A
B, BRE, CEEIC b 22T h19, 349, 333%&  h
720 YHRC X 4 FEIC =N o Tz, 1BHEBAREEE O
BIMEFED 72D DM A A K T4 VDR ZDIFIETH
2%HRC 23 10 %L B %27~ Bk, DRFETIX S5 30
BI(54.6%) bbb Ao, AR, BE, CHs
WThZFNZFN333, 372, 333%LW1/30BZCHS
Nize sSTIRIIDFENARE BIHIVERCHETH-
720 sSTIR/Fe X CHf, DX ZNZNARE BRIV E
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Fig. 1. Comparison of the reticulocyte hemoglobin content (CHr), percentage of

hypochromic red blood cells (%HRC), serum transferrin receptor (sTfR) level,

and sTfR/serum iron (STfR/Fe) level in the 4 groups of hemodialysis patients on

rHuEPO therapy
The hemodialysis patients on rHUEPO therapy were divided into 4 groups according to their
transferrin saturation(TS) and serum ferritin (sFt) levels. The definitions of Groups A, B,
C, and D are written in the Subjects and Methods. Median values are indicated with a
horizontal bar. The vertical bars indicate the range from the 10th to 90th percentile and the
horizontal boundaries of boxes represent the first and third quartiles. The values under each
group name represent the mean *standard deviation in that group.

*p<0.05, ***p<0.0l, ****p<0.00l
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Ths 2P ERRTEEIZCEHTIESHIE®33I%), DR
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&R % Table 512735 L7z, CHr £ %HRC [Zfthd> 3+~ TD
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HRC & sTfR/Fe & ORI 1344 MR 0.6 DL D5
HHE =B 72,

3. HHXEAROEZIEENEL

SR E L7 200 EET R % Table 6 12/ L7z, #k5F

Be5.421 Hb 23 1 g/dl DL EREINL 72 $k&I R GFE 1 15 41,
FRU %o I BFIHESEEE SBITH - Teo BRAIRICEE
ICB W T Hb A 1 g/dl BL B #shn L 72 BAR 13 2~4 58 T
bolze SRAIEEHIOBEER & RMRHFEE % Table 712
w7z, FHIFEIZ VT b WA CHREZE (p<0.05) %
A, CHr [ 3#kFIKIGH CIEfE%, %HRC, sTfR, sTfR/
Fe 3#kFIRIGEE CRE R R LTz, sFt & TS ORIE X8
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(sFt ; p=0.0546, TS ; p=0.0736),
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Table 5.

Correlation coefficients between each pair of iron-status indices

before iron supplementation among the 132 hemodialysis patients

CHr %HRC sTfR sTfR/Fe TS
%HRC —0.636%****
sTfR —0.449%**xx (525 *Hww*
sTfR/Fe —0.597*****  0.626%****  (0.728%****
TS 0.557***** —(0.367***** —0.457*****  (, 574%****
log sFt 0.399***** —0.296**** —0.253**** —0.207 0.399%***

#EE**p<0.0001, ****p <0.001

Table 6. Baseline characteristics of HD patients receiving
rHuEPO who were administered iron intravenously
(n=20)

Characteristic

Age(Year) 63+9(46~78)
Sex(M : F) 5:15

Dialysis duration(Month) 63+69(3~251)
Kt/V 1.344+0.27(0.94~1.88)
Serum amyloid A(ug/m/) 4.9+2.1(2.5~10.4)
3, microglobulin(mg/[) 31.4%5.1(21.4~41.2)
rHUEPO dose (U/week) 4,613x2,234(750~9,000)
Hemoglobin (g/d/) 9.2+0.6(7.9~10.1)
Hematocrit (%) 29.4+2.3(24.3~33.2)
Serum ferritin(ng/m!) 23+ 18(4~65)

Transferrin saturation (%) 20.3+8.9(8.4~33.3)

The results are expressed as mean = standard deviation (range).
The laboratory parameters measured before iron supplementation

was started, are shown.

Table 7.

Comparison of baseline characteristics and laboratory parameters of patients

whose hemoglobin level did or did not respond to iron supplementation

Characteristic Responder (n=15)

Nonresponder (n=5)

Age (Year) 62+9(46~178)
Sex(M : F) 3:12

Dialysis duration (Month) 77+74(3~251)
Kt/V 1.35+0.27(0.94~1.88)
Serum amyloid A(ug/ml) 4.7+2.0(2.5~10.4)
3, microglobulin(mg/[) 32.7£5.3(21.4~41.2)
rHUEPO dose (U/week) 4,900+ 1,834(1,500~9,000)
Hemoglobin (g/d/) 9.0+0.6(7.9~9.8)
Hematocrit 29.0%+2.3(24.3~31.8)
Serum ferritin(ng/m!) 194 17(4~65)
Transferrin saturation (%) 18.0+7.1(8.4~33.3)

CHr (pg) 30.3%+2.3(26.6~33.6)
%HRC (%) 15.0+8.2(3.5~28.6)
sTfR(ng/ml) I,722+430(1,167~2,573)
sTfR/Fe 37£20(17~87)

*

*

*

*

64+ 10(52~74)
2:3
20+£25(4~63)
|.28+0.30(0.90~1.66)
5.4+2.7(2.5~8.2)
27.5%£4.3(22.9~32.2)
3,750%3,269(750~9,000)
9.6+0.4(9.1~10.1)
30.5+2.3(27.5~33.2)
34+ 16(12~53)
27.2%10.8(10.9~39.7)
32.9%1.1(32.1~34.7)
5.7+£2.4(2.8~8.8)
1,306+ 180(1,068~1,441)
24+19(12~58)

The results are expressed as mean % standard deviation(range).

The laboratory parameters measured before iron supplementation was started, are shown.

*p<0.05, Mann-Whitney U test
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Fig. 2. Response of the CHr, %¥HRC, sTfR and sTfR/Fe in the Iron-Responders and
Iron-Nonresponders over 12 weeks of iron supplementation

Median values are indicated with a horizontal bar. The vertical bars indicate the range from

the 10th to 90th percentile, and the horizontal boundaries of boxes represent the first and third

quartiles. Open bar, Iron-Responders(n=15) ; stippled bar, Iron-Nonresponders(n=5).

Asterisks indicate a significant difference in comparison with the baseline level of the
respective group at 0 week. **p<0.0125 vs. Ow, ****p<0.001 vs. Ow

AL B E % % 3 9 72 (CHr ; p<0.0001, %HRC ; p<
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Relationship between the degree of change in the Hb level over the first

4 weeks of iron supplementation and CHr, %¥HRC, sTfR and sTfR/Fe before

iron supplementation

The degree of the increase in Hb level after 4 weeks of iron adiministration (AHb)was

most closely correlated with the 9%HRC prior to iron administration. The CHr prior to iron

administration was negatively correlated with the AHb. The sTfR/Fe was positively
correlated with the AHb. There was no correlation between the sTfR prior to iron
administration and the AHb. Open circles, Iron-Responders ; filled circles, Iron-Nonre-

sponders.
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Relationship between the degree of change in the Hb level over the first

4 weeks of iron supplementation and the degree of changes in the CHr, %

HRC, sTfR/Fe, or sTfR over the first 2 weeks of iron supplementation
There was a positive correlation between the degree of the increase in CHr at 2 weeks
and the degree of the increase in Hb level at 4 weeks after starting iron administration
(AHDb). The degree of the increase in sTfR/Fe at 2 weeks was also correlated with A
Hb. There was no correlation between the degree of the increase in %HRC at 2 weeks
and AHb nor between the degree of the increase in sTfR at 2 weeks and AHb.
Open circles, Iron-Responders ; filled circles, Iron-Nonresponders.
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