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Abstract

Neonatal hearing screening by means of transient evoked otoacoustic emission (TEOAE) is widely accepted. Some studies have related

how maternal smoking can be harmful for the newborn’s cochlear function. The aim of this study was to investigate the relationship between
maternal smoking and TEOAE newborn hearing screening results. Data were retrospectively collected from healthy vaginally delivered newborns of
gestational age > 37 weeks and body weight > 2.5 Kg, at the Francesc de Borja Hospital maternity ward in Gandia (Spain). Maternal smoking history
was compared with the pass rate to TEOAE performed within the first 48 hrs. of life. Results: the study group included 12,871 newborns. In this
group, no significant relation between maternal smoking and TEOAE pass rates was observed (p<0.853). As there were significant differences in
pass rate based on gender (female better than males, p<0.0001) and feeding of newborn (breastfeeding better than formula, p<0.0001) we analyzed
these subgroups separately and also found no differences related to smoking history. Conclusion: The effect of maternal smoking in newborn hearing

screening with TEOAE is not significant. Further studies are needed.
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Introduction

Universal newborn hearing screening is both, crucial and
routinely performed because only 50% of babies born with hearing
loss carry a hearing loss risk factor. Early detection leads to an
efficient treatment of the affected neonates, resulting in a better
final prognosis [1-3].

Several techniques are used in newborn hearing screening.
Otoacoustic emissions (OAEs) are low-level acoustic signals
generated by the cochlea and passed through the middle ear into
the external ear canal. OAEs are an objective indication of normal
cochlear function. OAEs occur in nearly all ears with normal hearing
and middle ear function. Transient evoked otoacoustic emission
(TEOAE) testing is one of the most frequently used techniques
because of its accuracy, simplicity, speed and low cost as described
in diverse studies [2,4-6].

TEOAEs are evoked across a broad frequency range when
stimulated by temporally short clicks, which have broad spectral
bandwidths, and multiple cochlear locations may contribute to
TEOAEs measured at any specific frequency. Researchers have

@ @ This work is licensed under Creative Commons Attribution 4.0 Licensel GJPNC.MS.ID.000521.

compared the sensitivity of evoked OAE testing with pure-tone
audiometry and concluded that OAE testing is more sensitive in
detecting the early onset of cochlear pathologies before a change in
hearing thresholds occur [7].

A major drawback of TEOAE testing as a screening technique
for newborns relates to the middle ear status, which can severely
affect its pass rate. We must keep in mind that, the presence of
debris and vermix in the external ear meatus of the newborn can
result in false positive screenings. This factors lead to a greater
than the actual hearing loss failure rate, thus a two-step newborn
hearing screening protocol has been introduced in order to allow
a better clearance of the middle and external ear, this means that
when newborns fail TEOAE at discharge, an appointment is given
to repeat the test in less than one month. This improves specificity

of test without delaying adequate diagnosis.

Another crucial factoris the newborn’s age when the testis done.
Data strongly suggests that the prime testing window is beyond 24-
48 hrs. of life, as fluid in the middle ear and in the external meatus

is normally significantly reduced on the second day of life. For this
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reason, the TEOAE test is done as near as possible to discharge.
Spain’s hospital stay average for mothers after a vaginal delivery
is 48 hrs. and for cesarean section is more than 72 hrs. allowing a
successful hearing screening implementation program [2,7].

There are well-known hearing loss risk factors defined by the
Joint Committee on Infant Hearing and The Commission for Early
Detection of Hearing Loss (CODEPEH) based in Spain and others
[8-10]. Newborns with these factors have a higher fail rate in
TEOAEs as expected because of their hearing impairment; this is
the purpose of the test.

However, some studies have demonstrated the existence of
other epidemiological factors that modify TEOAE test results [11]
such as gender, for example, Cassidy etal [12] concluded that female
newborns present with significantly higher TEOAE levels at 1.6 kHz,
2.4 kHz, 3.2 kHz, and 4.0 kHz. Also, Aidan et al. [13] demonstrated
that mean TEOAE levels in female neonates are higher than in male
neonates (22.1 dB SPL vs. 21.4 dB SPL). The results of experimental
studies point to a potential protective effect of female sex hormones
as an explanation of sex-specific differences in hearing. For example,
Kilicdag et al. [14] demonstrated that estrogen therapy may protect
against hearing loss in aging postmenopausal women. Research
continues to determine if other related hormonal and/or neural
effects have any effect.

Also breastfeeding (breastfed newborns have better response
to TEOAE) can modify pass rate to hearing screening test as
described in various studies [11,15-16] without a clear explanation.
Itis theorized that an earlier opening of the Eustachian tube and/or
a better middle ear clearance based on the position of baby or the

suction movements for breastfeeding can explain this.

Both factors are important elements in the TEOAE pass rate,
but they act as minor risk factors. The real effect on response and
pass rate of the TEOAE screening test must be considered as more
data on these phenomena are gathered [17-18].

One of these additional epidemiological factors can be the
tobacco effect because our knowledge regarding the harmful
effects of smoking and tobacco use on hearing is still limited but
increasing evidence has been accumulated on the adverse effects
among different population groups [19-21].

One of these studies that link tobacco to hearing loss is Gaur’s
[20], in 11,454 subjects of different age-groups aged 20-60 years,
where pure-tone audiometry was performed and after adjusting for
other risk factors such as age and sex, current smokers were 1.69
times as likely to have hearing loss as compared to nonsmokers
(CI 1.31-2.17). These findings are based in physio pathological
effects of smoking that have shown to result in vascular lesions and
changes in some characteristics of the blood, leading to hypoxia-
induced injury of various tissues, including the hearing organ.
It seems that effect is related to cochlear damage [22] because
nicotine administration induced damage of the outer hair cells
(OHC) which were distorted in shape with vacuolated cytoplasm
and heterochromatic nuclei. Topography revealed damage of
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the stereocilia which included disorganization, bent and limp or
complete loss and expansion of the surrounding supporting cells.
These changes were more pronounced in the basal turn of the
cochlea. So, nicotine has proved to be harmful to the cells of the
cochlea, particularly the outer hair cells of the basal turn and this
is very important because normal TEOAE results depend on outer
hair cell activity.

Some other studies [23-26] confirm this effect and have
suggested that tobacco and/or smoking may result in a lower
otoacoustic emissions response.

Korres [25] also concluded that in utero, exposure to tobacco
smoking appears to have an impact on outer hair cells. These effects
seem to be equally true for all exposed newborns, regardless of the
degree of exposure. According to the results of this study, smoking
during pregnancy seems to influence the fetal cochlea, although
the detected effects on outer hair cells were small. The adverse
effects of smoking on OHC were measured as significantly lower
TEOAE mean responses across frequencies in exposed neonates
compared to non-exposed neonates. Analysis by frequency
revealed significantly lower TEOAE amplitudes at 4000 Hz. This
adverse effect of smoking seemed to be equally true for newborns
with low and high exposure and not as dose related as it would be
expected, since by comparing subgroups with low, moderate and
high exposure to each other Korres found no significant differences,
neither at mean TEOAEs responses across frequencies, nor at the
mean amplitudes of the frequencies tested.

Also, Vinay [27] found that TEOAE amplitudes were significantly
reduced in smokers compared to non-smokers. The results found a
significant effect of age on the amplitude of efferent suppression
in smokers; however, no significant effect was found in the non-
smokers group.

This raises the question of whether smoking mothers can
influence the newborn TEOAE screening results, in a similar
manner as other previously described epidemiological factors have
been shown to modify the TEOAE pass rate.

Materials and Methods

Significant differences in TEOAE amplitudes between groups
can alter the pass rate of screening tests; therefore, the aim of
this study was to compare maternal history of smoking with the
influences on the pass rate to TEOAE test as a method for newborn
hearing screening during the first 48 h of life.

Data were collected between 2000-2019 from all healthy
newborns without any known hearing loss risk factor in the
maternity ward of Francesc de Borja Hospital in Gandia (Spain).
This retrospective study was approved by the ethical committee of
this Hospital on 15/July/2019 with code 12/2019.

Exclusion criteria

The focus of the study was limited to healthy newborns
without any syndrome or known disease. Additionally, newborns
with Apgar lower than 7 at 5 min. were excluded. Only vaginally
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delivered newborns were included because timing is a crucial
factor in response and neonates delivered by cesarean section stay
in the hospital 72 hrs. so the TEOAE test is done around this age.

In order to eliminate other possible confounding factors [28]
only newborns older than 37 gestational weeks with a birth weight
greater than 2.5 Kg were included.

Protocol

The bilateral TEOAE screening was performed as close as
possible to 48 hrs. of life. Sometimes an initial TEOAE test near
discharge at 48 hrs. was done even though the baby was a little
fussy because the baby and the screener were both available at that
moment. If the baby passed, no more testing was done. However, if
the baby “failed” it is assumed it was because the baby was fussy
and another test was done a few hours later, immediately before
discharge, most of these babies passed the test. Thus, in this case,
the second test was the more valid result and was the one included
in this study.

All nurses performed the screening, on every shift, every day of
the week, depending on availability. The screening was performed
in the newborn room with as little background noise as possible
after parental verbal consent was obtained. Testing usually took
place after feeding time to ensure the newborn was calm. No
sedation was administered.

Techniques

The TEOAEs were recorded with an ECHOCHECK OAE
Screener® based on the ILO88 (Otodynamics Ltd. Hatfield, U.K.)
system and connected to the ILO ECP® neonatal probe. This emits
a simultaneous standard click-type non-linear stimulus of 1ms
duration. The intensity of which is 84 + 3 dB SPL (sound pressure
level) 80 times per second and receives and averages the responses
issued by the cochlea to OAEs from 1-4kHz with a primary response
band of 1.6-3.2 kHz., but with the frequency 1.6 kHz filtered to avoid
noise contamination.

The device is small and portable. Its measurement automatically
adapts to the size of the external auditory canal. It has luminous
signals that confirm that the stimulus is reaching the ear correctly
and that the noise level is admissible for the test (less than 47.3
dB SPL on average, although in certain frequencies may be higher).
“Pass” results indicates there are TEOAEs. A normal result (pass)
requires a signal/noise level response above 6 dB with a minimum
of 512 valid responses for at least 5 sec. The duration of the test
usually oscillates between 45 sec and a maximum of 5 min.

A newborn with normal bilateral response was accepted as a
pass; otherwise it was deemed a referral [29].

Statistical analysis

The dependent variable is the TEOAE result before discharge at
48 hr. of life (pass/refer).

The independent variable is smoking during pregnancy
registered in maternal history (yes/no).

Additionally, differences in pass rate to TEOAE test by gender or
feeding were analyzed and also between derived subgroups versus

smoking history.

Following frequency analysis of the variables, a univariate
analysis was completed between the TEOAE results and the study
variables with the Chi-squared test and risk estimate with odds

ratio.

Statistical analyses were only conducted on patients that had
data available for either of the study variables (Maternal smoking
vs TEOAE pass/refer).

The significance level was established at p < 0.05. The data
were analyzed using Excel® 2016 and SPSS® version 20.
Results

(Tables 1-11).
Table 1: Mothers that declared to be smokers during pregnancy.

No 10267 80.1
Smoking mothers
Yes 2543 19.9
Total 12810 100
Missing 61
Total 12871

Table 2: Results for newborn hearing screening with TEOAE.

TEOAE FAIL 979 7.7
Result
TEOAE PASS 11743 92.3
Total 12722 100
Missing 149
Total 12871

Table 3: Crosstab smoking mothers vs TEOAE results.

Smoking mother No 777 9384 10161

Yes 194 2307 2501

Total 971 11691 12662
Pearson Chi-Square p 0.853

Risk Estimate 95% Confidence Interval
Value Lower Upper
0Odds Ratio for smoking
mother (No / Yes) 0.985 0.836 1.16

Table 4: Gender of newborns.

Female 6387 49.7
Gender
Male 6466 50.3
Total 12853 100
Missing 18
Total 12871
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Table 5: Crosstab gender vs TEOAE results.
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Table 10: Only Formula: Crosstab Smokers vs TEOAE.

Table 6: Females: Crosstab smokers vs TEOAE.

Smoking mother No 340 4658 4998
Yes 84 1205 1289
Total 424 5863 6287
Pearson Chi-Square p 0.715
Risk Estimate 95% Confidence Interval
Value Lower Upper
Odr‘ifoftler"(ﬁ’g ij;’;‘)mg 1.047 | 0818 1341

Table 7: Males: Crosstab smokers vs TEOAE.

Smoking mother No 436 4714 5150
Yes 110 1098 1208
Total 546 5812 6358
Pearson Chi-Square p 0.475
Risk Estimate 95% Confidence Interval
Value Lower Upper
Odisoﬁ’i‘;"(i‘l’; j“;g;mg 0.923 0.742 1.149

Table 8: Newborn feeding type.

Formula 3469 27
Feeding
Breast 9397 73
Total 12866 100
Missing 5
Total 12871

Table 9: Crosstab feeding vs TEOAE results.

Newborn feeding Formula 331 3083 3414
Breast 648 8658 9306
Total 979 11741 12720
Pearson Chi-Square p 0.0001
Risk Estimate 95% Confidence Interval
Value Lower Upper
0Odds Ratio for
smoking mother (No 1.434 1.249 1.648
/ Yes)

Gender of newborns Female 427 5890 6317 Smoking mother No 220 2150 2370
Male 551 5837 6388 Yes 109 913 1022
Total 978 11727 12705 Total 329 3063 3392
Pearson Chi-Square p 0.0001 Pearson Chi-Square p 0.212
Risk Estimate 95% Confidence Interval Risk Estimate 959, Confidence Interval
Value Lower Upper Value Lower Upper
ot B |07 | o | oane Cidslatn ek | oag | oers | 1%

Table 11: Breastfeeding: Crosstab Smokers vs TEOAE.

Smoking mother No 557 7233 7790
Yes 85 1393 1478
Total 642 8626 9268
Pearson Chi-Square p 0.052
Risk Estimate 95% Confidence Interval
Value Lower Upper
0dds Ratio for smoking
mother (No / Yes) 1.262 0.997 1.597
Discussion

In this study 19.9% of mothers stated that they were smokers
(Table 1). The prevalence of smoking varies greatly between
countries and this figure seems to be a high percentage compared
with some reviews concluding that approximately 10% of women
report smoking during pregnancy but similar to others which state
that the prevalence of smoking among pregnant women ranges
from 23% to 25%. As our figures are self-reported smoking, we
think they were real but could be higher. A study on the veracity of
the perinatal survey responses showed that up to 4% of mothers
had cotinine in their urine, despite stating they were non-smokers,
which suggests they did not respond truthfully or were passive
smokers [30-31].

The mean failure rate to TEOAE test before discharge was 7.7%.
This is a normal figure [1,2,5,7] for first step tests in good newborn
hearing protocols (Table 2).

The main result of this study is that no significant differences
were found in pass rate to first TEOAE test between smoking
mothers and non-smoking ones (Table 3).

This is a very interesting result, since some studies have related
smoking with hearing loss and TEOAE test fails if there is a hearing
loss greater than 30 dB HL. From our study, one can conclude that
smoking during pregnancy did not greatly affect the newborn’s
cochlear response or not so much to have more than 30 dB HL
hearing loss and alter pass rate to newborn hearing screening
programs.

These results disagree with our expected hypothesis, based
in different studies, which insist in the relation between smoking
and hearing loss in infancy. A recent review by Vasconcellos [24]
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concluded that even low levels of passive tobacco exposure, both
in utero and from secondhand smoke in childhood, pose a risk
for pediatric sensorineural hearing loss (SNHL). Thus, reduction
without cessation seems insufficient to eliminate tobacco-
associated risk both during pregnancy and afterward. This is since
in utero exposure, even if the mother quits smoking during the first
trimester of pregnancy, may be injurious to the still developing
auditory system, which during the first trimester is reaching its

complete functionality [18].

This can be the reason for the association between maternal
smoking during pregnancy and later hearing loss, even though
a substantial percentage of women reported quitting smoking
sometime during the pregnancy. This implies that even brief
smoke exposure during the first trimester of pregnancy has far-
reaching consequences for hearing. Prenatal smoke exposure is
independently being associated with higher pure-tone hearing
thresholds and an almost 3-fold increase in the odds of unilateral

low-frequency hearing loss among adolescents [23].

The rationale for using TEOAE test in our study is that the effect
of smoking (nicotine) on cochlear health and function has been well
documented and these changes were more pronounced in the basal
turn of the cochlea involving mainly the outer hair cells (responsible
for otoacoustic emissions) [22]. One explanation for this could be
the extreme sensitivity of the outer hair cells to hypoxia, since it
is known that nicotine produces a vasospasm which reduces the
amount of oxygen brought to the cochlea. In addition, there is
increased blood viscosity which would cause cochlear damage and

also reduce otoacoustic emission response [32].

This can be the reason why specific studies, like Durante’s [31]
which compares the effect of smoking on newborns’ otoacoustic
emissions, shows that their intensity is lower if mothers smoked
during pregnancy with a mean difference between the groups of
2.47 dB sound pressure level (SPL), regardless of the number of
cigarettes per day. Other studies in neonates have also shown that
prenatal exposure to tobacco smoke may impair cochlear function
[25,31] and disrupt auditory brainstem responses [33].

The fetus could be particularly sensitive to this toxin because,
according to Korres et al. [25] nicotine easily enters the placental
barrier and may reach fetal plasma concentration in levels 15%
higher than those in the mother. In addition, the concentration
in amniotic fluid is also higher, up to 54% higher than that of the
mother, and the concentration in the fetus therefore increases from
swallowing the fluid. This increases the effect on the outer hair cells,
which also have direct nicotinic acetylcholine receptors, adding to
the hypoxic effect of the previously mentioned vasoconstriction.

Our study’s main hypothesis was based on all these data, but
results did not show differences between the newborns studied.
This can perhaps be explained because a lower amplitude of TEOAE
with tobacco consumption can be insufficient to get a “fail/refer”
on newborn hearing screening tests because neonates have such a
powerful response to the TEOAE test that can offset the differences.

That is a very interesting practical question for newborn hearing
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screening. In fact, in Korres ‘s study mean TEOAEs response across
frequency for exposed newborns was 19.5 dB SPL, and for non-
exposed neonates was just 20.6 dB SPL; signal to noise ratio analysis
by frequency demonstrated similar TEOAE mean amplitudes for all
but one of the examined frequencies (4.000 Hz). The TEOAE test
needs a 30 dB HL hearing loss to get a “refer”, so perhaps tobacco
slightly diminishes the response but is not of clinical interest
because it is not responsible for a significant increase in percentage
of fails in newborn hearing screening protocols.

In this study 50.3% of newborns were males (Table 4). The
differences in TEOAEs depending on gender are well known and
this study confirms them as very significant differences in TEOAE
pass rates were evidenced with p<0.0001 (Table 5). For this reason,
this study separately analyzed gender subgroups with tobacco
consumption/TEOAE results and found no significant differences
in any subgroup (Tables 6-7).

The rationale for analyzing gender influences is based on the
studies aforementioned in the introduction [11-15] and also on
studies like the one from Lisowska G [26] on 84 healthy volunteers
that concluded that smoking does not modulate a hearing threshold
determined with pure tone audiometry at low, moderate, and ultra-
high frequencies, but causes a significant decrease in OAE levels.
This effect was observed only in males, which implies that they
are more susceptible to smoking-induced hearing impairment.
Sex-specific differences in otoacoustic emissions level may reflect
influences of genetic, hormonal, behavioral, and/or environmental
factors. Taking the evidence of Kilicdag [14] into account, it can be
hypothesized that female sex hormones may also protect against
tobacco smoke-induced hearing impairment, but our study did
not show any differences based on newborn gender and smoking

mothers/TEOAE results, thus more studies are needed.

In our study 73% of newborns were breastfed (Table 8).
The rationale for analyzing feeding depends on the findings
that breastfed newborns have better pass rate to TEOAE test
than formula-fed ones [11,15,16]. Our study confirms this very
significant difference (p<0.0001), having a real effect in the pass
rate to the test and therefore it can be a possible confounding
factor for tobacco effect (Table 9). The result of our study showed
no differences when we analyzed separately by feeding groups the
effect of mothers’ smoking history and pass rate to TEOAE (Tables
10&11).

This is an important conclusion because after birth, breastmilk
is also a potential source of nicotine exposure. Some studies have
shown that nicotine and cotinine can get concentrations two to
three times higher in breast milk than in plasma [30,34]. Cotinine is
a metabolite of nicotine, commonly used as biomarker of exposure
to tobacco smoke. It has a half-life of approximately 16 to 20 hours
and, therefore, reflects tobacco smoke exposure within the past 2
or 3 days. Moreover, nicotine and cotinine peaked in the breast milk
at 0.5 hrs. after just one cigarette smoked. The nicotine disappeared
from the milk by 3 hrs. while the cotinine required 72 hrs. The
relative infant doses of nicotine and cotinine were found to be,

12.8% and 77.6%, respectively [35].
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This raises the question of whether newborns from smoking
mothers that are being breastfed can have a higher fail rate than
formula-fed ones. However, in our study, no differences in feeding

subgroups were found.

In light of these results, the absence of statistical differences
can be related to the fact that while staying in hospital, smoking
is forbidden and the effect of nicotine is short, so in the two days
after delivery no direct effect depending on feeding must be
expected. Another possible explanation is that the positive effect
of breastfeeding in newborn’s TEOAEs compensates the negative
effect of tobacco.

In our study, the breastfed newborns subgroup was nearly
significant (p<0.052) but with an unexpected higher ratio (OR
1.26) of “fail/refer” in non-smoking mothers. This result for us is
unexplainable and lacks common sense based on the discussions
above. We think it can be a spurious statistical result until new
studies confirm so. Considering this result, we must bear in mind
that a possible explanation could be that passive smoking at home
is also associated with measurable nicotine levels in breastmilk
[36]. Unfortunately, our study did not collect that information and
we are unable to confirm this hypothesis, but this raises another
question on whether the possible effect of passive smoking (fathers
who smoke but mothers who do not) is worth discussing.

There are some studies which conclude that exposure to
tobacco smoke is associated with hearing loss in adults [32] but
studies of the association between passive smoking and hearing
loss in children are limited.

Wilunda et al [37] in a study that analyzed postnatal exposure
to tobacco concluded that in this retrospective cohort of 50,734
children, comparing children exposed with children not exposed
to tobacco smoke prenatally and at 4 months, the risk of hearing
impairment was elevated in children exposed to only maternal past
smoking during pregnancy (RR 1.26), only second-hand smoke at
4 months (RR 1.30), only smoking during pregnancy (RR 1.68) and
smoking during pregnancy and second-hand smoke at 4 months
(RR 2.35). This study had a strong limitation, however, because
screening for hearing impairment was done by the mother using
the whispered voice test and its validity when administered by
mothers is unknown.

Three other cross-sectional studies showed that smoking
during pregnancy and exposure to environmental tobacco smoke
are associated with sensorineural hearing impairment in 5-11-year
old’s and teenagers [38-40]. Besides being cross-sectional, these
studies were based on small samples and adjusted for only a few
potential confounders. Moreover, the individual and joint effects
of prenatal and postnatal exposure to tobacco smoke on hearing
impairment in children are yet to be explored. Thus, more evidence

from cohort studies is needed.

Another important factor to be considered in future studies
is the correlation between exposure to cigarette smoking and
the good function of the Eustachian tube, which was thoroughly
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analyzed by Pezzoli et al [41]. They found the presence of a high
number of smokers suffering from tubal dysfunction. This has
important clinical relevance in a study like ours because smoking
increases the incidence of middle ear diseases and this event can
impair the results in TEOAE test.

Despite all of the data discussed above, not all studies agree on
the harmful effects of tobacco in hearing acuity. Nomura et al. [32]
conducted a meta-analysis of 15 studies published between 1966
and 2003, in order to determine the effect of cigarette smoking on
the results of audiometry and documented the unfavorable effect
of smoking in 9 out of the 15 analyzed studies; the lack of such an
association in the remaining studies suggests that the relationship
between smoking and hearing impairment is still not completely
understood.

For example, in adults, Nondahl [42] analyzed serum cotinine
in a total of 197 participants with incident hearing loss and 394
control participants, aged 53 to 75 years, selected from the 2,800
participants of the 5-year follow-up examination of the population-
based “Epidemiology of Hearing Loss Study 1998-2000” and found
no significant associations between serum cotinine levels and

incident hearing loss.

Some other adult studies have concluded something similar
like the Framingham Study where authors assessed low-frequency
(250- to 1000-Hz) and high-frequency (4000- to 8000-Hz) hearing
loss among 1,662 study participants and found no association. The
Baltimore Longitudinal Study of Aging also found no association
between baseline smoking habits and the incidence of hearing
loss at 500 to 3,000 Hz among 531 men, although with only 46
incident cases of hearing loss there may have been limited power
to detect an association [43-44]. And Johnson’s study [45] in a
cohort of male twins, including 583 individuals (239 twin pairs
and 105 individuals without their twin brother) also concluded
that no increased risk for hearing loss was seen in smokers when
compared to non-smokers.

In children there are some studies with similar conclusions,
like Butcher’s [17] study about risk factors for permanent
childhood hearing loss on a large series of 19,504 non-increased
hearing risk children, who concluded that there is no association
between maternal report of smoking before or during pregnancy
and hearing loss, OR: 0.57 (0.23 to 1.42).

As far as we know, there is only one study similar to ours from
Islek Secen in 919 mothers that is also consistent with our results
because it showed no differences between smoking and non-
smoking mothers on newborns otoacoustic emission test results
[46]. This makes our study more credible, but more similar studies
are needed to confirm these results before drawing a reliable

conclusion.

Limitations

The Echocheck Screener results do not provide actual TEOAE
response amplitude values. As stated by other authors above, it
is possible that tobacco exposed newborns may have reduced
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amplitude OAE responses compared with non-exposed groups.
Although the responses may be significantly lower, those could still
be adequate for newborns to pass the screening test. The TEOAE
test without normal results indicates a hearing loss greater than 30
dB HL. Perhaps smoking during pregnancy did not greatly alter the
function of the hearing organ to cause a 30 dB HL hearing loss and
cause a “refer” in TEOAE test. This study cannot conclude that there
is not any mild difference in OAE response amplitudes across the
whole group. Additional studies using actual response amplitude
data are needed to consider this latter point.

The nonlinear protocol used in the current study is the most
common method to record TEOAEs [29]. This method uses three
clicks of one polarity with a subsequent single click with three
times the amplitude and opposite polarity. The test can detect
cochlear responses in the presence of linear artifacts related to
the clicks. However, part of the actual OAE recording is eliminated
as all linear components of the response are removed. Therefore,
nonlinear measurement may not be able to detect the OAE
response completely; this process results in a low signal-to-noise
ratio of TEOAEs in general and may possibly contribute to the lack
of amplitude difference among groups, thus not altering the pass
rate. Perhaps it is necessary that linear measurement of TEOAEs
should also be recorded in addition to using a nonlinear protocol in

order to clarify this issue in future research.

The Echocheck Screener explores a frequency range from 0 to 4
kHz. Further studies are required to determine if there is any effect
in some of the frequencies outside of this range, such as differences

in higher frequencies that cannot be detected with this device.

Given that healthy newborns were examined for this study, it
remains unknown if tobacco exposure increases the susceptibility
to other neonatal hearing loss factors such as hypoxia or ototoxic
drugs adding risk and lowering TEOAE response in the newborns.
More studies in this area are needed.

Additionally, perhaps there are other unknown perinatal
factors stronger than tobacco exposure that can mask their effect if

the influence is mild in nature.

Failing the TEOAE test reflects hearing loss greater than 30
dB HL; however, there are other factors that can alter the results,
including the high frequency of the etiology not being in the inner
ear but in the middle ear or in the external meatus. The findings
make it cumbersome to pair the test result to actual cochlear
response, however, given the large sample size, and the fact that all
the newborns in the study were healthy, it can be assumed that in
order to pass the test, the influence of middle ear status was similar
for all.

This study did not record the amount of tobacco consumed
by mothers, that can be an issue to address. This study relies on
maternal history and some mothers can lie when asked questions
about smoking habits. This is probably not a major issue since
the aforementioned studies of Korres and Durante did not

show differences on TEOAE amplitude depending on number of
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cigarettes smoked per day. Our study also did not take into account
secondhand exposure to tobacco that can be harmful and associated
with increased incidence of hearing loss directly related to level of

exposure [47], in this case more studies are also needed.

Conclusion

Maternal smoking appears not to be a significant factor in the
pass rate of TEOAE screening in healthy term newborns that are
vaginally delivered. Analyzed separately, neither gender nor feeding
type changed these results. That can be interesting for newborn
hearing screening programs. Additional studies are needed to
clarify this issue and if there is any mild effect in the response
amplitude that is not significant enough to make a “test refer”, or if

it affects frequencies not explored by the Echocheck screener.
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