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A comparison of intravenous ascorbic acid versus intravenous iron for functional
iron deficiency in hemodialysis patients

Makoto OGI*, Tomohide HORIUCHI, Ryoetsu ABE**, Masanori WAKABAYASHI*,
and Tsunemichi WAKABAYASHI

* Department of Medicine, ** Department of Urology, Fuji Hospital, Shizuoka, Japan

The effect of intravenous ascorbic acid was compared with that of intravenous iron in the treatment
of functional iron deficiency, as defined as serum ferritin levels over 300 ng/m/ and serum iron levels
below 50 pg/d/, in patients on chronic hemodialysis.

Thirteen patients on chronic hemodialysis with functional iron deficiency received intravenous
injections of ascorbic acid, 100 mg, three times a week, after hemodialysis. The therapy was continued until
serum ferritin decreased to below 300 ng/m/ (3 months at the maximum). The iron and control group were
composed of patients who had serum iron levels below 50 yg/d/ within 3 months after serum ferritin rose
to over 300 ng/m/. Seven patients with the iron group received more than a total of 10 intravenous
injections of saccharated ferric oxide (40 mg/dose) after hemodialysis, and seven patients with the control
group received no iron preparation during the 3 months.

In the ascorbic acid group, while hemoglobin did not change from 10.9+0.5 g/d/ (mean=+SE) during
the three-month period, serum iron increased significantly from 37+4 yg/d/ to 49+4 yg/d/ after one
month (p<0.01), and remained elevated until the end of the three-month period. Serum ferritin decreased
significantly from 607+ 118 ng/m/ to 354+ 30 ng/m/ after 3 months (p<0.01). In the iron group, hemoglo-
bin and serum iron increased significantly from the respective pre-treatment levels during the 2-month
period, and serum ferritin rose significantly after 3 months. In the control group, hemoglobin, serum iron
and ferritin levels decreased significantly from the respective pre-treatment levels during the 3 months. The
recombinant erythropoietin dose remained stable for three months in the ascorbic acid, iron, and control
groups, respectively.

These results suggest that in hemodialysis patients with a functional iron deficiency, treatment with
intravenous ascorbic acid can prevent iron overload due to treatment with intravenous iron, and provide
a useful adjuvant means of maintaining hemoglobin and serum iron levels.
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Table 1. Characteristics of the hemodialysis patients in this study
Ascorbic acid Iron Controls p

Number of patients 13 1 7
Age (years) 68.3+3.3 67.1£4.2 69.9%2.4 ns
Sex : male/female 8/5 3/4 3/4
Duration of hemodialysis (months) 35.4+8.8 20.0x4.0 26.4x5.7 ns
Causes of end-stage renal failure
Diabetes mellitus I 6 5
Chronic glomerulonephritis 2 | 2
Duration of erythropoietin treatment (months) 19.9+4.0 I1.6£3.2 20.2*5.8 ns

Abbreviation : ns, not significant. Values are meanxSE. Data are analyzed by non-repeated

measure ANOVA.

Table 2. Alterations of laboratory data and rEPO dose during 3 months of study
0 month | month 2 months 3 months
Hemoglobin (g/dl)  Ascorbic acid 10.9%+0.5 I1.1£0.5 11.2+0.6 10.9%0.5
Iron 11.2%0.6 11.4%0.6 I1.6+0.5 12.0+0.5
Controls 12.2+0.4 I1.5+0.4* I1.6£0.4* 10.9£0.3**
Hematocrit (%) Ascorbic acid 31.6x1.5 32.1%1.4 32.9%1.7 32.3x1.6
Iron 32.2x1.9 32.1x1.9 32.9%x1.4 34.4x1.7
Controls 34.7%1.1 32.8%+1.2* 33.1%1.0* 3.2 1.0
MCV (fl) Ascorbic acid 93.9+1.4 94.9+1.2 95.9%1.3 95.8% 1.1
Iron 92.9% 1.1 93.3*+1.3 93.6*+1.3 93.9*+1.5
Controls 93.9*1.6 93.3%£1.2 93.1x1.1 92.7%£1.3
Reticulocyte (%o) Ascorbic acid 15.0+1.8 19.6+4.2 13.5+1.9 13.7%1.9
Iron 16.0£1.8 16.2x1.7 14.7x1.7 13.4+1.8
Controls 12.3%1.4 15.4%2.1 13.6+2.2 15.5+2.8
Serum iron (ug/dl)  Ascorbic acid 3741t 49+ 4** 5| & 5%* 47 4*
Iron 48+3 55+3 55+4 64+ 51t
Controls 57+3 59+4 52+6 39+k4**
Serum ferritin Ascorbic acid 607+ 118 420 £54** 388 £50** 354 £30**
(ng/ml) Iron 484+ 45 606+ 60*1t
Controls 522+66 388 £ 55**
rEPO dose Ascorbic acid 105£13 104£13 93£12 91 =12
(U/kg/week) Iron 12+28 6317 62+ 19 62+ 19
Controls 5212 54+13 56+ 12 59+ 12

Abbreviations : MCV, mean corpuscular volume ; rEPO, recombinant erythropoietin.

Values are mean =+ SE.

*p<0.05, **p< 0.0l vs. 0 month by repeated measure ANOVA. (Changes in serum ferritin in the iron
and control groups are analyzed by paired t test.)
tp<0.05, ' p<0.01 vs. controls by non-repeated measure ANOVA.
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Table 3. Alterations of laboratory
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data, iron and rEPO dose in

hemodialysis patients with functional iron deficiency who

received intravenous iron

0 month | month 2 months
Hemoglobin (g/dl) 11.0£0.6 I1.5£0.6** 11.8+0.5%*
Hematocrit (%) 31.5x1.6 32.5%£1.9* 33.5%1.6%*
MCV (fI) 92.8x 1.1 93.5*+1.3 93.8%1.3
Reticulocyte (%) 16.1%£2.0 6.6+ 1.8 5.4+ 1.9
Serum iron (ug/d/) 45+3 62 5% 57+ 4%*
Iron dose (mg/week) 0 9| +3%* 25+ 9%*
rEPO dose (u/kg/week) 72£26 7017 69t 17

Abbreviations : MCV, mean corpuscular volume ; rEPO, recombinant eryth-
ropoietin. Values are mean = SE.
*p<0.05, **p<0.0l vs. baselines by repeated measure ANOVA.

Table 4. Baseline data of factors affecting hemoglobin levels

Ascorbic acid Iron Control p
CTR (%) 52+2 50+2 50£2 ns
Kt/V 1.2%+0.1 [.4x0.1 1.4%0.1 ns
Urea reduction ratio (%) 62+3 65+4 69+3 ns
Serum albumin (g/d[) 3.5+0.1 3.9+0.2 3.9+0.1 ns
nPCR 0.91+0.08 0.96*£0.06 1.02%£0.09 ns
C-reactive protein (mg/d/) 0.2%0.1 0.3%0.1 0.3+0.2 ns
Intact PTH (pg/m/) 101+19 145+30 |76 +34 ns
Aluminium (ng/ml) 0.4%0.2 0.1%0.1 0.6%0.4 ns

Abbreviations : CTR, cardiothoracic ratio ;

nPCR, normalized protein catabolic

rate ; PTH, parathyroid hormone ; ns, not significant. Values are mean =+ SE.
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