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There has been little or no evidence of brainstem auditory evoked potentials
(BAEPs) among infants with iron deficiency (ID) that is not severe enough to
cause anemia. To our knowledge, the effect of ID on auditory functions and/or
potentials has not been investigated previously, though it seems reasonable
that it should be associated with BAEP measures intermediate between those
observed in iron deficiency anemia (IDA) and in iron sufficiency, considering
the role of iron in myelin formation and maintenance. We therefore aimed
in this study to investigate the effect of ID on BAEPs by comparing three
groups of infants with ID, IDA and iron sufficiency (control) both before
and after iron treatment (in iron-deficient groups). Three groups of infants
(IDA, n=25; ID, n=24; Control, n=44) were compared on the basis of
hematological laboratory parameters and BAEP measurements both at entry
into and after (12 weeks treatment with oral iron in IDA and ID groups)
the study. BAEP measurements recorded at 85 dB both at entry into and
after the study were not significantly different among the groups, although
a sufficient response to iron treatment was achieved in iron-deficient groups
(Group I and Group II). The only positive finding determined in our study was
a slight decrease in latencies obtained at the end of the study when compared
to the pre-study values in all three groups of the study in accordance with
the expected age-dependent developmental changes. Although no negative
electrophysiological effect of ID on brainstem auditory functions was found
in the present study, further longer term (late childhood or adult) studies
are necessary to elucidate the relationships among anemia (maybe other than
IDA), ID and auditory functions, and clinical implications of hearing loss
(if any) should be questioned.

Key words: iron deficiency, iron deficiency anemia, hearing, brainstem auditory evoked
potentials, infant, children.

In addition to various mental and motor
developmental impairments?!.2.3,

even to full-term healthy infants has resulted
in better developmental and behavioral test
scores!! and higher visual acuity!? at the end

iron

deficiency anemia (IDA) may cause hearing
abnormalities*>. Hearing abnormalities
caused by IDA are best demonstrated by
recording brainstem auditory evoked
potentials (BAEPs)#6. A causal relationship
between the severity of IDA and extent of
hearing abnormalities has been suggested?”s.
Furthermore, treatment of IDA with iron
improves abnormalities in BAEPs® and even
visual evoked potentials!®. Iron supplementation

of the first year of life.

However, there has been little or no evidence
of BAEPs among infants with iron deficiency
(ID) that is not severe enough to cause
anemia. To our knowledge, the effect of ID
on auditory functions and/or potentials has
not been investigated previously, though it
seems reasonable that it should be associated
with BAEP measures intermediate between
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those observed in IDA and in iron sufficiency,
considering the role of iron in myelin formation
and maintenance. We therefore aimed in this
study to investigate the effect of ID on BAEPs by
comparing three groups of infants with ID, IDA
and iron sufficiency (control) both before and
after iron treatment (in iron-deficient groups).

Material and Methods

This study was performed at the Department
of Pediatrics of Giilhane Military Medical
Academy between October 2002 and February
2004. All iron-deficient (either only ID or IDA)
infants of 6 to 24 months of age diagnosed
and followed up during the study period on
an outpatient basis were included in the study.
Patients admitted with symptoms associated
with anemia or those admitted with various
complaints other than anemia and found anemic
or iron deficient during physical and laboratory
examination were included, and the following
hematological laboratory investigations were
performed: a venous complete blood count
including hemoglobin (Hb), mean corpuscular
volume (MCV) and red cell distribution width
(RDW), serum ferritin, and free erythrocyte
protoporphyrin (FEP) when possible. Patients
with a serum Hb level of <11.0 g/dl, MCV
of <70 fl, RDW of =16%, serum ferritin
level of <12 mg/L and FEP of =1.77 pmol/
L/100 pg/dl erythrocytes were deemed to have
IDA%13.14 and constituted Group I (IDA group,
n=32), whereas those with a serum Hb level
of =11.5 g/dl, MCV of <70 fl, RDW of
>16%, and serum ferritin level of <12 mg/L
were deemed to be iron-deficient13.14 and
constituted Group II (ID group, n=35). During
the study period one respective healthy infant
for a study patient was chosen as the control
case, and these cases constituted the control
group (Group III, totally 65 cases). All the cases
in the control group had the same laboratory
investigations at the study entry, and those
with any clues suggesting either ID or IDA
were excluded from the study.

The study groups (Group I and Group II) were
treated with a daily dose of oral iron sulfate
(5 mg/kg) for 12 weeks, and the study was
terminated afterwards.

In all three groups, BAEP measurements
were made twice — at the entry into the
study and 12 weeks after the start of the
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study. In all cases, a complete ear and hearing
examination was performed before the study to
exclude any outer and middle ear pathologies.
The potentials were recorded as described in
detail elsewhere6. BAEP measurements were
performed without any pharmacological sedation
after feeding during spontaneous sleep. Absolute
latencies for waves I, III and V, and interpeak
latencies I-III, III-V and I-V were recorded.
Latency values obtained for left and right ears
were averaged to represent one value in each
case. Decreases in absolute waves and interpeak
latencies were calculated by subtracting the first
measurement from the second for each wave
and interpeak latency. The same hematological
laboratory investigations performed at entry into
the study were repeated in all three groups at
the end of the study (after 12 weeks of iron
treatment for the two study groups).

Informed parental consent was obtained for
each infant, especially for those in the control
group, and the study was approved by the local
ethics committee.

Laboratory characteristics, absolute wave
latencies and interpeak latencies of the three
groups in the study were compared using
ANOVA test with post-hoc multiple comparison
of Tukey or Tamhane tests.

Results

The study was completed with 25, 24 and 44
cases in the IDA (Group I), ID (Group II)
and control (Group III) groups, respectively,
as 7, 11 and 21 cases from the three groups,
respectively, either were excluded from the
study due to various reasons, such as diagnosis
of chronic diseases during the study period,
or they could not complete the study because
some parents did not wish to continue.

There were 12, 10 and 21 male infants in
the study groups, respectively. Mean age of
the cases in the three groups were 14.6=3.7,
13.2+2.6, and 13.1+2.7 months (range=8-24
months), respectively.

At the study entry, there were significant
differences among the hematological parameters
of the three groups. MCV and ferritin values
were significantly lower and RDW values
significantly higher in the IDA and ID groups
when compared to the control group. Hb values
were significantly lower in Group I when
compared to the other two groups (Table I).
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Table I. Hematological Parameters of the Study and Control Groups at Entry into the Study*

Group I Group II Group III
(Iron deficiency anemia) (Iron deficiency) (Control)
Hematological parameter (n=25) (n=24) (n=44) p value
I-1I=<0.001
I-1II=<0.001
Hemoglobin (g/dl) 8.1x1.1 11.9+0.5 12.5+0.8 II-1lI=0.058
[-11=0.06
I-1lI=<0.001
Mean corpuscular volume (fl) 62+7 66 =8 84=+5 II-11I=<0.001
[-11=0.326
I-1II=<0.001
Red cell distribution width (%) 19+3 18 +4 12+3 II-IT1=<0.001
[-11=0.386
I-1lI=<0.001
Ferritin (mg/L) 5+4 6+4 22+7 [I-1II=<0.001

*Values are given as mean =+ SD.

BAEP measurements recorded at 85 dB both
at entry into and after the study were not
significantly different among the groups
(Tables II and III). There were slight decreases
in latencies measured after the study, though
not significant, in each of the three groups when
compared to the pretreatment values (Fig. 1).

After 12 weeks of oral iron treatment in
iron deficiency groups (IDA and ID groups)
satisfactory responses were achieved, and
there were no significant differences among
the groups with respect to hematological
parameters measured at the end of the
treatment (Table IV).

Table II. Brainstem Auditory Evoked Potentials of the Study and Control Groups Recorded at
85 dB at Entry into the Study*

Group [ Group II Group III
Absolute wave latency or (Iron deficiency anemia) (Iron deficiency) (Control)
interpeak latency (IPL) (n=25) (n=24) (n=44) p value
Wave [ 1.84 +0.08 1.78 £0.08 1.82+0.06 >0.05
Wave III 4.42+0.07 4.68 =0.06 4.65+0.05 >0.05
Wave V 5.94+0.05 5.9+0.08 5.96 =0.06 >0.05
IPL I-III 3.14+0.07 3.22+0.07 3.25+0.06 >0.05
IPL III-V 2.16 =0.05 2.12+0.06 2.18+0.07 >0.05
IPL I-V 5.05+0.06 4.95+0.08 5.1+0.05 >0.05

*Values (msec) are given as mean = SD.

Table III. Brainstem Auditory Evoked Potentials of the Study and Control Groups Recorded at
85 dB at the End of the Study*

Group I Group II Group III
Absolute wave latency or (Iron deficiency anemia) (Iron deficiency) (Control)
interpeak latency (IPL) (n=25) (n=24) (n=44) p value
Wave [ 1.8 +0.06 1.76 =0.07 1.78 £0.05 >0.05
Wave III 4.24 +0.08 4.3+0.07 4.34=0.06 >0.05
Wave V 5.8 =0.06 5.74 £0.06 5.7 +0.07 >0.05
IPL I-III 3.04£0.06 3.08 £0.06 3.1+0.07 >0.05
IPL II-V 2.08 =0.06 2.06 =0.05 2.1+0.06 >0.05
IPL I-V 4.9+0.04 4.88 =0.06 4.92 =0.06 >0.05

*Values (msec) are given as mean = SD.
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Fig. 1. Schematic demonstration of the absolute wave and interpeak latencies in the study and control groups
recorded at 85 dB at entry into and after the study (B; before, A; after the study).

Table IV. Hematological Parameters of the Study and Control Groups at the End of the Study*

Group 1 Group II Group III

(Iron deficiency anemia) (Iron deficiency) (Control)
Hematological parameter (n=25) (n=24) (n=44) p value
Hemoglobin (g/dl) 12.8 0.8 13.4+0.7 13.2+0.5 >0.05
Mean corpuscular volume (fl) 82=+5 85+6 86+7 >0.05
Red cell distribution width (%) 14+4 13+5 13+4 >0.05
Ferritin (mg/L) 22+6 28+4 19+8 >0.05

*Values are given as mean =+ SD.

Discussion

The association between IDA and hearing loss
and/or BAEP abnormalities was first questioned
in a study from China’. In that study, 48 infants
with ID were compared with 30 healthy control
infants, and a direct relationship between
the severity of IDA and the degree of BAEP
abnormality was reported. Although response
to iron treatment was evaluated in only four
infants in that study’, a positive effect of
iron treatment on BAEP abnormalities in IDA
was later demonstrated in an experimental
study?. However, in a further study conducted
at our center neither abnormality nor any

improvement in response to oral iron treatment
in BAEP measurements in infants with IDA in
comparison to healthy control infants could
be detected®. Our explanation was that mild
to moderate anemia might not be severe
enough to cause any electrophysiologically
demonstrated hearing loss. However, another
study performed in Chile has shown that early
(at 6 months of age) IDA caused a significant
BAEP abnormality (longer central conduction
times) both at 6 months of age and at 12
and 18 months of age even after appropriate
treatment of IDA%. According to the authors, ID
could interfere directly with neurotransmission
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in the auditory pathway or indirectly by altering
certain processes that modulate brainstem
auditory activity. The same group also revealed
in an animal model that IDA in infancy has
some effects that cannot readily be corrected
with treatment!®. Authors have questioned how
longer term effects of IDA would be on BAEPs
of infants with IDA, and investigated the BAEP
responses of previously studied and treated
infants in their first study* at four years of age>.
Interestingly former (infantile) IDA children
still had BAEP abnormalities demonstrated by
significantly longer absolute latencies for all
BAEP waves and interpeak latencies (except for
I-III interval) at four years. The authors have
postulated that these abnormalities are due to
impaired myelination since iron is required for
the functioning of several neurotransmission
systems, myelination, and neuronal metabolic
activity. According to their explanation, iron
is intimately involved in oligodendrocyte
function and the associated production and
maintenance of myelin!®17. Thus, disruption
in the availability of iron should impede
myelination since oligodendrocytes have
a primary role in myelin production and
they depend on iron availability for normal
function!8. When we compare their hypothesis
to our findings (if it had been true), we would
have had abnormal BAEP findings in both
IDA and ID groups if iron deficiency were
responsible for BAEP abnormalities. However,
we could not demonstrate any abnormalities
(increases in latencies) in either the IDA or
ID groups, in which iron deficiency was the
rule. Also in accordance with our previous
study®, there were no significant differences
among the IDA, ID and control groups with
respect to BAEP values obtained before and
after the study. This is also in concert with
why formerly iron-deficient infants do not
exhibit any significant hearing loss despite
prominent electrophysiological brainstem
auditory abnormalities.

The only positive finding in our study was a slight
decrease in latencies obtained at the end of the
study when compared to the pre-study values in
all three groups in the study. This is an expected
finding since myelination is an age-dependent
process, and progressively shorter latencies until
adult levels are achieved by increasing speed of
transmission through sensory pathways, resulting
in large part from increased myelination!9-20.21,
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In conclusion, we could not detect any significant
differences in brainstem auditory potentials
of infants with IDA and ID when compared
to healthy control infants. Furthermore,
appropriate iron treatment of these iron-
deficient (either IDA or ID) infants did not
provide any extra improvements in BAEP
measurements after 12 weeks. Although there
was no negative electrophysiological effect of
iron deficiency on brainstem auditory functions
in the present study, further longer term (late
childhood or adult) studies are necessary to
elucidate the relationships among anemia
(maybe other than IDA), iron deficiency and
auditory functions, and clinical implications of
hearing loss (if any) should be questioned.
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