
Abstract Little is known about renal function in chil-
dren with iron deficiency anemia. The purpose of this
study was to investigate renal tubular function in these
children. We compared renal tubular function in 20 chil-
dren with iron deficiency anemia with 20 healthy age-
matched controls. Blood and urine samples were ob-
tained for hematological and biochemical analysis. Mean
fractional excretion of sodium and mean urinary N-ace-
tyl-β-D-glucosaminidase/creatinine were significantly
higher in the children with iron deficiency anemia than
in controls (P<0.05). Hemoglobin levels were negatively
correlated with urinary N-acetyl-β-D-glucosaminid-
ase/creatinine (r= -0.44, P=0.015), but were not corre-
lated with fractional excretion of sodium (r= –0.29,
P=0.13). There was no correlation between urinary
N-acetyl-β-D-glucosaminidase/creatinine and fractional
excretion of sodium (r=0.32, P=0.09). The results sug-
gest that children with iron deficiency anemia have im-
paired renal tubular function.
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Introduction

Iron deficiency anemia (IDA) is common in children
who live in developing countries. This condition is
known to negatively affect a child’s growth and intellec-

tual development [1]. Iron deficiency has deleterious ef-
fects on cell respiration, mitochondrial oxidative proper-
ties, and the electron transport chain [2]. The possible
impact of IDA on renal function has not been investigat-
ed widely. Since renal ischemia is characterized predom-
inantly by tubular damage, we hypothesized that children
with IDA might develop tubular dysfunction due to
chronic renal hypoxia. Hypothetically, disturbed mito-
chondrial energy metabolism in IDA might also cause
renal tubular cell dysfunction. Therefore we designed a
study to assess renal function in children with IDA.

Patients and methods

The study was approved by the ethics committee of the Faculty of
Medicine at Başkent University. Twenty pediatric patients with
IDA (8 males and 12 females, mean age 25±9 months, age range
6–70 months) were enrolled, and 20 healthy children (6 males and
14 females, mean age 30±11 months, age range 7–72 months)
served as controls. A blood sample was collected from each sub-
ject to determine hemoglobin (Hb) level, hematocrit (Hct), mean
corpuscular volume (MCV), and red blood cell distribution width
(RDW). Healthy children with normal Hb, Hct, MCV, and RDW
served as controls. If Hb, Hct, MCV, and RDW suggested IDA
(Hb<10.5 g/dl, Hct<32%, MCV<72 fl, RDW>15%), a second
blood sample was drawn to determine the levels of serum iron,
iron-binding capacity, and ferritin. Transferrin saturation was also
calculated from the formula of serum iron level/iron-binding ca-
pacity level x 100. Criteria for iron deficiency anemia were: serum
iron level<50 µg/dl, iron binding capacity >352 µg/dl, ferritin lev-
el <12 ng/ml, and transferrin saturation <15%. Serum sodium and
creatinine were also determined in all subjects, including controls.

Fresh second-morning urine samples were obtained from sub-
jects in both groups. Immediately after collection, an aliquot from
each sample was frozen for enzyme analysis, and the remaining
urine was cultured, microscopically examined, and tested for os-
molality and levels of protein, glucose, microalbumin, creatinine,
sodium, and calcium. Patients with urinary infection or malnutri-
tion were excluded. Urinary N-acetyl-β-D-glucosaminidase (NAG)
was measured in the frozen sample using the colorimetric method.

Statistics

Statistical analysis was performed using a computer-based pro-
gram (SPSS for Windows, version 10). Data were expressed as
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Başkent University Faculty of Medicine, Ankara, Turkey

D. Aldemir · S. Türkoğlu
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Suna Türkoğlu · Esra Baskın · Namık Özbek
Ümit Saatçi

Effect of iron deficiency anemia on renal tubular function in childhood

Received: 17 May 2002 / Revised: 1 October 2002 / Accepted: 21 October 2002 / Published online: 12 February 2003
© IPNA 2003

Verwendete Distiller 5.0.x Joboptions
Dieser Report wurde automatisch mit Hilfe der Adobe Acrobat Distiller Erweiterung "Distiller Secrets v1.0.5" der IMPRESSED GmbH erstellt.
Sie koennen diese Startup-Datei für die Distiller Versionen 4.0.5 und 5.0.x kostenlos unter http://www.impressed.de herunterladen.

ALLGEMEIN ----------------------------------------
Dateioptionen:
     Kompatibilität: PDF 1.2
     Für schnelle Web-Anzeige optimieren: Ja
     Piktogramme einbetten: Ja
     Seiten automatisch drehen: Nein
     Seiten von: 1
     Seiten bis: Alle Seiten
     Bund: Links
     Auflösung: [ 600 600 ] dpi
     Papierformat: [ 595 785 ] Punkt

KOMPRIMIERUNG ----------------------------------------
Farbbilder:
     Downsampling: Ja
     Berechnungsmethode: Bikubische Neuberechnung
     Downsample-Auflösung: 150 dpi
     Downsampling für Bilder über: 225 dpi
     Komprimieren: Ja
     Automatische Bestimmung der Komprimierungsart: Ja
     JPEG-Qualität: Mittel
     Bitanzahl pro Pixel: Wie Original Bit
Graustufenbilder:
     Downsampling: Ja
     Berechnungsmethode: Bikubische Neuberechnung
     Downsample-Auflösung: 150 dpi
     Downsampling für Bilder über: 225 dpi
     Komprimieren: Ja
     Automatische Bestimmung der Komprimierungsart: Ja
     JPEG-Qualität: Mittel
     Bitanzahl pro Pixel: Wie Original Bit
Schwarzweiß-Bilder:
     Downsampling: Ja
     Berechnungsmethode: Bikubische Neuberechnung
     Downsample-Auflösung: 600 dpi
     Downsampling für Bilder über: 900 dpi
     Komprimieren: Ja
     Komprimierungsart: CCITT
     CCITT-Gruppe: 4
     Graustufen glätten: Nein

     Text und Vektorgrafiken komprimieren: Ja

SCHRIFTEN ----------------------------------------
     Alle Schriften einbetten: Ja
     Untergruppen aller eingebetteten Schriften: Nein
     Wenn Einbetten fehlschlägt: Warnen und weiter
Einbetten:
     Immer einbetten: [ ]
     Nie einbetten: [ ]

FARBE(N) ----------------------------------------
Farbmanagement:
     Farbumrechnungsmethode: Alle Farben zu sRGB konvertieren
     Methode: Standard
Arbeitsbereiche:
     Graustufen ICC-Profil: 
     RGB ICC-Profil: sRGB IEC61966-2.1
     CMYK ICC-Profil: U.S. Web Coated (SWOP) v2
Geräteabhängige Daten:
     Einstellungen für Überdrucken beibehalten: Ja
     Unterfarbreduktion und Schwarzaufbau beibehalten: Ja
     Transferfunktionen: Anwenden
     Rastereinstellungen beibehalten: Ja

ERWEITERT ----------------------------------------
Optionen:
     Prolog/Epilog verwenden: Nein
     PostScript-Datei darf Einstellungen überschreiben: Ja
     Level 2 copypage-Semantik beibehalten: Ja
     Portable Job Ticket in PDF-Datei speichern: Nein
     Illustrator-Überdruckmodus: Ja
     Farbverläufe zu weichen Nuancen konvertieren: Nein
     ASCII-Format: Nein
Document Structuring Conventions (DSC):
     DSC-Kommentare verarbeiten: Nein

ANDERE ----------------------------------------
     Distiller-Kern Version: 5000
     ZIP-Komprimierung verwenden: Ja
     Optimierungen deaktivieren: Nein
     Bildspeicher: 524288 Byte
     Farbbilder glätten: Nein
     Graustufenbilder glätten: Nein
     Bilder (< 257 Farben) in indizierten Farbraum konvertieren: Ja
     sRGB ICC-Profil: sRGB IEC61966-2.1

ENDE DES REPORTS ----------------------------------------

IMPRESSED GmbH
Bahrenfelder Chaussee 49
22761 Hamburg, Germany
Tel. +49 40 897189-0
Fax +49 40 897189-71
Email: info@impressed.de
Web: www.impressed.de

Adobe Acrobat Distiller 5.0.x Joboption Datei
<<
     /ColorSettingsFile ()
     /AntiAliasMonoImages false
     /CannotEmbedFontPolicy /Warning
     /ParseDSCComments false
     /DoThumbnails true
     /CompressPages true
     /CalRGBProfile (sRGB IEC61966-2.1)
     /MaxSubsetPct 100
     /EncodeColorImages true
     /GrayImageFilter /DCTEncode
     /Optimize true
     /ParseDSCCommentsForDocInfo false
     /EmitDSCWarnings false
     /CalGrayProfile ()
     /NeverEmbed [ ]
     /GrayImageDownsampleThreshold 1.5
     /UsePrologue false
     /GrayImageDict << /QFactor 0.9 /Blend 1 /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] >>
     /AutoFilterColorImages true
     /sRGBProfile (sRGB IEC61966-2.1)
     /ColorImageDepth -1
     /PreserveOverprintSettings true
     /AutoRotatePages /None
     /UCRandBGInfo /Preserve
     /EmbedAllFonts true
     /CompatibilityLevel 1.2
     /StartPage 1
     /AntiAliasColorImages false
     /CreateJobTicket false
     /ConvertImagesToIndexed true
     /ColorImageDownsampleType /Bicubic
     /ColorImageDownsampleThreshold 1.5
     /MonoImageDownsampleType /Bicubic
     /DetectBlends false
     /GrayImageDownsampleType /Bicubic
     /PreserveEPSInfo false
     /GrayACSImageDict << /VSamples [ 2 1 1 2 ] /QFactor 0.76 /Blend 1 /HSamples [ 2 1 1 2 ] /ColorTransform 1 >>
     /ColorACSImageDict << /VSamples [ 2 1 1 2 ] /QFactor 0.76 /Blend 1 /HSamples [ 2 1 1 2 ] /ColorTransform 1 >>
     /PreserveCopyPage true
     /EncodeMonoImages true
     /ColorConversionStrategy /sRGB
     /PreserveOPIComments false
     /AntiAliasGrayImages false
     /GrayImageDepth -1
     /ColorImageResolution 150
     /EndPage -1
     /AutoPositionEPSFiles false
     /MonoImageDepth -1
     /TransferFunctionInfo /Apply
     /EncodeGrayImages true
     /DownsampleGrayImages true
     /DownsampleMonoImages true
     /DownsampleColorImages true
     /MonoImageDownsampleThreshold 1.5
     /MonoImageDict << /K -1 >>
     /Binding /Left
     /CalCMYKProfile (U.S. Web Coated (SWOP) v2)
     /MonoImageResolution 600
     /AutoFilterGrayImages true
     /AlwaysEmbed [ ]
     /ImageMemory 524288
     /SubsetFonts false
     /DefaultRenderingIntent /Default
     /OPM 1
     /MonoImageFilter /CCITTFaxEncode
     /GrayImageResolution 150
     /ColorImageFilter /DCTEncode
     /PreserveHalftoneInfo true
     /ColorImageDict << /QFactor 0.9 /Blend 1 /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] >>
     /ASCII85EncodePages false
     /LockDistillerParams false
>> setdistillerparams
<<
     /PageSize [ 595.276 841.890 ]
     /HWResolution [ 600 600 ]
>> setpagedevice



255

mean±SD. Findings in the patient and control groups were com-
pared using the Mann-Whitney U test. Correlations were assessed
with Spearman’s correlation coefficient test. A two-tailed P value
<0.05 was accepted as statistically significant.

Results

In the IDA patient group, the mean Hb, Hct, MCV, and
RDW values were 9.6±0.8 g/dl (range 7.8–10.5 g/dl),
28.8±2.6% (range 21–31.3%), 65±6.4 fl, and 18.1±1.6%,
respectively. The corresponding findings for the control
group were 12.1±0.5 g/dl (range 11.4–13.2 g/dl),
35.8±1.6% (range 34–39.3%), 77.5±3 fl, and 13.8±0.7%,
respectively. For all these parameters, the patient and
control results were significantly different (P<0.001 for
all). In the IDA patient group, the mean levels of iron,
iron-binding capacity, and ferritin were 36±9 µg/dl
(range 17–49 µg/dl), 366±67 µg/dl (range 388–450 µg/dl),
and 4.7±3 ng/ml (range 1.2–12 ng/ml). There were no
differences between the patient and control means for se-
rum sodium (138.4±3 mEq/l versus 137.6±3.9 mEq/l, re-
spectively), serum creatinine (0.49±0.1 mg/dl versus
0.48±0.1 mg/dl), or urine osmolality (588±211 mos-
mol/kg versus 590±256 mosmol/kg). The results of the
IDA group for urinary microalbumin and calcium/creati-
nine ratio (Ca:Cr) were 0.83±0.75 mg/dl and 0.24±0.1,
respectively, and the corresponding control findings
were 1.33±1 mg/dl and 0.19±0.2 (P>0.05 for both com-
parisons). The fractional excretion of sodium (FENa)
was significantly higher in the IDA group than in the
controls [1.05±0.58% (range 0.1–2.1%) versus 0.6±0.2%
(range 0.2–0.9%), respectively. P<0.05]. Also, urinary
NAG/creatinine [UNAG/Cr (U/mg)] was significantly
higher in patients with IDA than in controls [24.8±20

(range 5.7–69) versus 16.10±21.9 (range 3–89), respec-
tively, P<0.05] (Table 1). Hemoglobin levels were nega-
tively correlated with UNAG/Cr (r= –0.44, P=0.015),
but were not correlated with FENa (r= –0.29, P=0.13).
There was no correlation between UNAG/Cr and FENa
(r=0.32, P=0.09).

Discussion

Researchers have investigated the deleterious effects of
IDA on the cardiovascular and nervous systems, but the
impact of this condition on renal function has not been
examined in depth. In this study, although there were no
differences between the IDA and control groups regard-
ing serum sodium and creatinine, urine osmolality, urine
microalbumin level, and Ca/Cr, increased FENa and
UNAG/Cr were observed in the children with IDA.

The proximal tubule reabsorbs three times the sodium
that the distal tubule reabsorbs [3], and this is why in-
creased FENa reflects mainly proximal tubular damage.
Sodium reabsorption is the primary determinant of renal
oxygen consumption [4], thus the increased sodium ex-
cretion in our anemic patients may have been due to low
cortical tissue oxygenation. Although FENa increased in
the anemic patients, we could not find a negative corre-
lation between Hb levels and FENa. We explained this
finding by our patients’ mild-to-moderate anemia status.
We hypothesized that if the patients in the anemic group
had had more severe IDA, a negative correlation would
have been found between Hb levels and FENa.

Research has shown that NAG, a lysosomal enzyme
found in proximal tubule cells, is a reliable indicator of
proximal tubular damage [5]. Urinary excretion of NAG
is increased in a variety of diseases and disorders that 
involve impaired proximal renal tubule function. In 
our study, Hb levels were negatively correlated with
UNAG/Cr and the patients with IDA had a higher mean
UNAG/Cr than the controls, indicating proximal tubule
damage in the anemic group.

The literature contains little information about the
morphological effects of anemia on the kidney. Kaissling
et al. [6] demonstrated that the most striking anemia-
related morphological change was damage to the proxi-
mal tubule. In tissues from anemic rats, the authors ob-
served focal proximal tubular necrosis in the renal cortex
but no structural signs of hypoxia in the medulla. In line
with this, our clinical findings in children with IDA indi-
cated proximal renal tubular dysfunction.

We hypothesized that the renal tubular dysfunction in
our patients with IDA may have developed secondary to
chronic hypoxia in the kidney. There is abundant blood
flow in the renal cortex [7]; thus, one would not expect
the kidney to become hypoxic as long as blood flow is
normal. Studies have shown that the kidney consumes
only 8–10% of the amount of oxygen delivered; thus, re-
nal oxygen supply far exceeds demand [3]. However, it
is well known that cortical tissue is very sensitive to
hypoxic conditions, and that peritubular fibroblasts in

Table 1 Summary of hematological and biochemical data of pa-
tients with iron deficiency anemia (IDA) and controls (Ca/Cr calci-
um/creatinine ratio, NAG N-acetyl-β-D-glucosaminidase,FENa
fractional excretion of sodium,MCV mean corpuscular volume,
RDW red blood cell distribution width, Hb hemoglobin, Hct hemat-
ocrit)

IDA patients Controls
n=20 n=20

Female/male 12/8 14/6
Age (months) 25±9 30±11
Hb (g/dl) 9.6±0.8 12.1±0.5**
Hct (%) 28.8±2.6 35.8±1.6**
MCV (fl) 65±6.4 77.5±3**
RDW (%) 18.1±1.6 13.8±0.7**
Serum iron (mg/dl) 36±9
Serum iron-binding capacity (mg/dl) 366±67
Serum ferritin (ng/ml) 4.7±3
Serum sodium (mEq/l) 138.4±3 137.6±3.9
Serum creatinine (mg/dl) 0.49±0.1 0.48±0.1
Urine osmolality (mosmol/kg) 588±211 590±256
Urine microalbumin (mg/dl) 0.83±0.75 1.33±1
Ca/Cr (mg/dl) 0.24±0.1 0.19±0.2
FENa (%) 1.05±0.58 0.6±0.2*
UNAG/Cr (U/mg) 24.8±20 16.10±21.9*

* P<0.05, ** P<0.001
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the renal cortex produce erythropoietin during hypoxia
[8]. Some researchers have questioned whether the kid-
ney actually does have a rich oxygen supply, because
low oxygen pressure has been documented in the renal
cortices of anemic dogs [9] and non-anemic rats [10].
This finding in rat renal cortex may be explained by an
oxygen shunt between the intrarenal arteries and veins,
which results in lower cortical oxygen pressure than ve-
nous oxygen partial pressure [10]. This is an example of
one situation where, even under normal blood flow con-
ditions, anemia could lead to kidney hypoxia.

Mehta et al. [11] assessed renal function in 20 adults
with IDA. They found that renal function, as measured
by 3-h creatinine clearance was impaired in IDA, and
that it improved after 3 days of intravenous iron therapy.
Since no significant Hb rise was observed with iron 
administration, the authors speculated that iron effects 
at the tissue level might have caused the decreased 
creatinine clearance. Iron is vital to the function of 
iron-dependent enzymes including mitochondrial cyto-
chromes, which participate in ATP generation. It has
been reported that iron deficiency led to an oxidant-in-
duced damage to mitochondria in rat liver [12]. As far as
we know, the effect of iron deficiency on renal tissue has
not been studied. Renal iron deficiency itself might dis-
turb mitochondrial energy metabolism and affect renal
tubular function.

In conclusion, the results of this preliminary investi-
gation suggest that patients with IDA do exhibit proxi-
mal tubular damage and dysfunction. The cause of the
dysfunction is not known. Reduced nutrient and oxygen
delivery to cortical tubular cells, altered cell function due
to anemic hypoxia, or iron deficiency in renal tissue may
be key factors. Further studies are needed to determine
the cause(s) of renal tubular dysfunction in IDA.


