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Abstract:

Objective: This study investigates the potential correlation between in vitro fertilization (IVF) and hearing impairment in twins
compared to naturally conceived twins.

Method: Analyzing data from 2416 twin infants born between 2019 and 2021. Analyze the pregnancy conditions and com-
plications of mothers, the birth conditions of newborns, perinatal diseases, initial hearing screening results, and subsequent
follow-up conditions.

Results: Our findings reveal that the incidence of hearing impairment in [IVF-conceived twins is comparable to that in naturally
conceived twins. Significant differences in low birth weight, preterm birth, respiratory distress syndrome, and hyperbilirubine-
mia were observed between infants who passed and referred the hearing screening (P [¢] 0.05). The IVF group exhibited a lower
incidence of low birth weight (P < 0.05) and older maternal age (P < 0.05), while showing higher rates of placental abnormal-
ities and placental abruption (P < 0.05). Notably, these distinctions did not translate into a significant impact on hearing im-
pairment. Regardless of the method of conception, the following key factors contributing to hearing impairment in twins were
identified: low birth weight, preterm birth, respiratory distress syndrome, and hyperbilirubinemia.

Conclusion: IVF technology does not exert specific effects on hearing impairment in twins, with perinatal complications being
the primary influencing factors.
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Abstract:

Objective: This study investigates the potential correlation between in vitro
fertilization (IVF) and hearing impairment in twins compared to naturally conceived
twins.

Method: Analyzing data from 2416 twin infants born between 2019 and 2021.
Analyze the pregnancy conditions and complications of mothers, the birth conditions
of newborns, perinatal diseases, initial hearing screening results, and subsequent
follow-up conditions.

Results: Our findings reveal that the incidence of hearing impairment in IVF-
conceived twins is comparable to that in naturally conceived twins. Significant
differences in low birth weight, preterm birth, respiratory distress syndrome, and
hyperbilirubinemia were observed between infants who passed and referred the
hearing screening (P [] 0.05). The IVF group exhibited a lower incidence of low birth
weight (P < 0.05) and older maternal age (P < 0.05), while showing higher rates of
placental abnormalities and placental abruption (P < 0.05). Notably, these distinctions
did not translate into a significant impact on hearing impairment. Regardless of the
method of conception, the following key factors contributing to hearing impairment in
twins were identified: low birth weight, preterm birth, respiratory distress syndrome,
and hyperbilirubinemia.

Conclusion: IVF technology does not exert specific effects on hearing impairment in
twins, with perinatal complications being the primary influencing factors.

Keyword: In vitro fertilization (IVF); Hearing impairment; Twins; Perinatal
complications; Respiratory distress syndrome

Hearing impairment ranks as the 4th largest global disability, affecting nearly 400-500
million individuals, exerting profound negative impacts on the lives of affected
individuals"?. Moreover, a significant portion of hearing impairments is congenital,
the estimated incidence of sensorineural hearing impairment (> 40 dB HL) at birth is
1.86 per 1000 newborns in developed countries®, and without timely intervention, a
majority of individuals with hearing loss may progress to experience profound
deafness®. This highlights the serious consequences of hearing impairment on daily
life.

Hearing impairments in twins are closely linked to congenital factors, with age-related
hearing loss in twins potentially manifesting earlier due to genetic influences®.
Additionally, cases of amusia in twins have been associated with deletions in the



22q11.2 chromosome region®. Other prenatal factors also play a significant role in the
incidence of hearing impairments in twins, with Congenital Cytomegalovirus
Infection being one of the most critical non-genetic factors’. The interplay between
genetics and environmental factors is equally crucial in the occurrence of hearing
impairments in twins®. However, the multifactorial origins of hearing impairments
present at birth in twins remain unclear.

With advancements in technology, twins today include those conceived naturally as
well as those born through in vitro fertilization-embryo transfer IVF-ET). IVF-ET
has become a common assisted reproductive technology (ART) procedure due to
delayed childbirth, declining fertility, and infertility issues®. The rise in IVF-ET
procedures has led to an increase in twin births, introducing uncertainties during
pregnancy'®!!. Concerns have arisen regarding potential developmental disparities
between IVF-conceived and naturally conceived infants, with studies suggesting
higher rates of cardiovascular diseases and diabetes in IVF-conceived children'?.
While hearing impairments in IVF newborns may be associated with premature
birth'3, a notable lack of comparison with naturally conceived twins hampers effective
health management for expectant mothers. Further research is needed to assess
disparities in hearing impairment incidence between the two groups.

Hearing impairment represents a major sensory deficit in humans and is the most
common birth defect'. Loss of hearing in newborns has become a severe threat to the
overall health of children'>'®. Worldwide reporting of hearing loss finds that the
prevalence of moderate and severe bilateral hearing deficit (> 40 dB HL) is 1-3 per
1,000 live births in well baby nursery population'”'® and 2—4 in 100 infants in an
intensive care population'*®, affecting 6% to 8% of the world's population*. To
investigate whether IVF-ET technology influences the incidence of hearing
impairment in twin newborns, this retrospective study analyzed clinical data from
twins born in our hospital between 2019 and 2021 who underwent hearing screening.
The findings are presented below. This study analyzed risk factors during twin
pregnancies separately to explore how these factors affect newborns' hearing based on
conception methods, offering fresh clinical insights into preventing congenital
deafness.

Materials and Methods
1.1 Study Population

Ethical approval was obtained from the Ethical Committee of third affiliated hospital
of guangzhou medical university (2023-135) for this study. Clinical data from 1,208
sets of twin newborns who underwent initial hearing screening at our hospital from
January 1, 2019, to December 31, 2021, were collected. All collected patients were
excluded for microtia and underwent tympanometry to assess middle ear conditions,



ruling out the presence of conductive hearing disorders such as secretory otitis media.
Among these, 383 sets were naturally conceived, and 825 sets were conceived
through in vitro fertilization-assisted reproduction (IVF-ART). The total number of
newborns was 2,416, comprising 1,314 males and 1,102 females. All participants
denied a history of ototoxic drug use, familial history of congenital deafness, and any
significant middle ear abnormalities in newborns.

The collected data included:

(1) Maternal age, gestational period, mode of delivery (vaginal or cesarean section),
pregnancy complications, and fetal placental conditions for both groups of mothers.
(2) Perinatal conditions of the newborns in both groups, including gender, gestational
age, preterm birth (< 37 weeks), low birth weight (< 2500g), and complications.

(3) Results of initial and follow-up hearing screenings for both groups of newborns.

1.2 Instruments and Methods
1.2.1 Instruments

Initial Hearing Screening: Transient Evoked Otoacoustic Emission (TEOAE)
instruments from the American company Natus were used for newborns in the
maternity and infant room. For newborns in the Neonatal Intensive Care Unit (NICU),
both TEOAE and Automated Auditory Brainstem Response (AABR) screening
instruments from Natus were employed.

Follow-up Hearing Screening: Distortion Product Otoacoustic Emission (DPOAE)
instruments from the Danish company Interacoustics and AABR screening
instruments from Natus were used for hearing re-evaluation.

1.2.2 Methods

Newborns typically undergo initial hearing screening within 48-72 hours after birth.
For critically ill infants in the NICU, screening are conducted when their condition
stabilizes, but no later than before discharge. Those who do not pass the initial
screening undergo a follow-up screening at 42 days after birth. If still unsuccessful,
they are advised to undergo objective diagnostic audiology examinations at a
specialized hearing assessment institution at 3 and 6 months of age.

Qualified medical personnel, trained in hearing testing, conducted the screenings. The
newborns were tested in a quiet or naturally sleeping state, with the ambient
temperature and humidity kept appropriate, and environmental noise controlled below
40 dB SPL. Results were categorized as "Pass" or "Refer" for TEOAE and DPOAE
tests and as "Pass" or "Refer" for AABR tests. Any instance where hearing screening
did not pass on one or both sides indicated a failed screening.



Hearing screenings and follow-ups were conducted at our hospital, and newborns who
did not pass the 42-day re-evaluation were recommended to undergo a comprehensive
audiological diagnostic assessment at Department of Otolaryngology and Department
of Obstetrics and Gynecology of The Third Affiliated Hospital of Guangzhou Medical
University. Additionally, to gain further insights into the patients' hearing
impairments and their impact on their lives, we conducted telephone follow-ups.

1.3 Statistical Analysis

Data were analyzed using SPSS 25.0 statistical software. Descriptive statistics were
presented as mean + standard deviation for continuous variables, and t-tests were used
for between-group comparisons. Count data were expressed as [n(%)] and analyzed
using chi-square tests. Fisher's exact test was employed if any expected cell count in a
four-cell table was less than 5. A significance level of P < 0.05 was considered
statistically significant.

2 Results

2.1 Hearing Screening and Hearing Impairment in [IVF-Conceived Twins and
Naturally Conceived Twins

A total of 2,416 newborns were included in the study, with 1,650 in the IVF group.
Among the IVF group, 208 (12.61%) did not pass the initial hearing screening, while
in the naturally conceived group of 766, 115 (15.01%) did not pass the initial
screening. Of the 208 cases in the IVF group that did not pass the initial screening, 35
[12.12%[] did not pass the follow-up screening. In the naturally conceived group, out
of 115 cases that did not pass the initial screening, 12[]1.57%[]did not pass the follow-
up screening. Ultimately, there were 17 cases (1.03%) of Sensorineural Hearing Loss
in the IVF group and 3 cases (0.39%) in the naturally conceived group. While the
initial screening failure rate was higher in the naturally conceived group, the follow-
up screening rate, as well as the incidence of hearing impairment, were higher in the
IVF group. However, statistical analysis did not reveal significant differences between
the two groups (P > 0.05), as shown in Table 1.

Table 1: Comparison of Hearing Screening and Hearing Impairment Results in Two
Groups of Newborns

Naturally Conceived
Group
(N =766)

IVF Group 2
[IN = 1650[]

Hearing Initial Screening
Failure
Hearing Follow-up
Screening Failure

115[]15.01%(] 208[]12.61%[] 2.617 0.106

12[01.57%(] 35[]2.12%[]  0.844 0.358



Sensorineural Hearing Loss 3[]0.39%[ ] 17[]1.03%[] - 0.147

*Statistical analysis did not reveal significant differences between the two groups (P >
0.05).

2.2 Comparison of Hearing Impairment Factors and Perinatal Conditions in Newborn
Groups

Among the newborns, a total of 20 cases of hearing impairment were identified.
Correlation analysis revealed a higher incidence of hearing impairment associated
with several perinatal complications, such as low birth weight, preterm birth,
respiratory distress syndrome, and hyperbilirubinemia, all of which showed
statistically significant associations (P < 0.05) as detailed in Table 2. This table
compares various factors between newborns who passed and referred the hearing
screening, indicating significant correlations with conditions like low birth weight,
preterm birth, respiratory distress syndrome, respiratory pause, asphyxia,
hyperbilirubinemia, and anemia in hearing-impaired newborns. In the group of
newborns conceived via in vitro fertilization (IVF), consisting of 1,650 newborns,
there were 917 males (55.58%) and 733 females (44.42%), with an average
gestational age of 35.43 + 17.16 weeks and an average birth weight of 2298.63 +
533.41g. The naturally conceived group, comprising 766 newborns, included 397
males (51.83%) and 369 females (48.17%), with an average gestational age of 35.29 +
16.54 weeks and an average birth weight of 2167.52+486.72g. Comparison of
outcomes between the two groups revealed no statistically significant differences in
the incidence rates of preterm birth, respiratory distress syndrome, respiratory pause,
asphyxia, hyperbilirubinemia, hypoglycemia, infection, intracranial hemorrhage, and
anemia (P > 0.05), except for a statistically significant higher proportion of low birth
weight infants in the naturally conceived group (P < 0.001), as shown in Table 2. This
analysis underscores the importance of monitoring and managing perinatal risk factors
to mitigate the risk of hearing issues in newborns.



Table 2: Comparison of Factors Related to Hearing Impairment and Perinatal

Variable Hearing Screening Perinatal Conditions
Pass Refer P Naturally IVF P
B Conceived
Gender 130‘;/ 109 4010 397/369  917/733
(Male/Fema (50%/50 0.692  (51.83%/4 (55.58%/44.  0.085
le) (54.42%/ =/ 8.17%) 42%)
45.58%) > R N
Low Birth 1568 18 0.021 576 1010 <0.001
Weight  (65.44%) (90.00%)  * 75.20% 61.21% Hokok
g ( ) ) ( ) ( )

Preterm 1771 19  0.032 558 1232 0340
Birth (73.91%) (95.00%)  * (72.85%)  (74.67%) :
Reg‘gtrraegosry 533 9 0.015 189 353 -

(o) o sk o (o) Y
Syndrome  (22:25%)  (45.00%) (24.67%)  (21.39%)
Respiratory 16 1 4 13
Pause  (0.67%) (5.00%) 1% 0s2%)  (0.79%)  O%
. 76 1 25 52
Asphyxia 3 170, (5.00%) 0478 (3.26%)  (3.15%) O
Hyperbiliru 935 13 0.018 317 631 R
binemia  (39.02%) (65.00%)  * (41.38%)  (38.24%) '
Hypoglyce 354 4 103 255
mia (14.77%) (20.00%) 92?3 (13.45%) (1545%) ~ O-19°
. 524 6 186 344
Infection 1 8706y (30.00%) 0382  (2428%) (085%)  0-0%8
Intracranial 121 0 45 76
Hemorrhage (5.05%)  (0%) %' 8w  @ein) %183
. 637 8 223 422
Anemia 6 s900)  (40.00%) V7 (2911%)  (25.58%) 0067

Conditions in Two Groups of Newborns
*Statistical significance at P < 0.05.***Statistical significance at P < 0.001.

2.3 Comparison of Maternal Pregnancy and Delivery Conditions in Two Groups of
Newborns

In the IVF group, consisting of 825 mothers, the average age was 33.23 + 4.50 years,
with a gestational period of 35.43 + 17.16 weeks. Among them, 744 cases (90.18%)
underwent cesarean section. In the naturally conceived group, the average maternal
age was 30.10 + 4.64 years, with a gestational period of 35.29 + 16.54 weeks, and 332
cases (86.68%) underwent cesarean section. The comparison revealed that mothers in
the IVF group were older (P < 0.05). The incidence rates of maternal complications
during pregnancy were not statistically significant between the two groups for
gestational hypertension, gestational diabetes, intrahepatic cholestasis of pregnancy,



anemia, premature rupture of membranes, abnormal amniotic fluid, anterior placenta,
and fetal distress (P > 0.05). However, placental abnormalities and placental
abruption had a higher incidence in the IVF group (P < 0.05), as shown in Table 3.

Table 3: Comparison of Maternal Pregnancy and Delivery Conditions in Two Groups
of Newborns

Naturally Conceived  IVF Group (N

t/x? p

Group (N = 383) = 825)
Maternal Age (years) 30.10+4.64 33.23+4.50 11.120 <0.001%***
Gestational Weeks 35.29+16.54 35.43+17.16 1.123 0.262
Cesarean Section 332[186.68% ] 744[190.18%[] 3.288 0.070
Gestational o o
Hyper i 38[19.92%(] 101[]12.24%[] 1.384 0.240
Gestational Diabetes 93[]24.28%[] 243[]29.45%[] 3.486  0.062
Intrahepatic X o
Cholestasis 13[]3.39%/(] 23[]2.79%(] 0.333 0.564
Anemia 100[]26.11%/(] 254[]30.79%[] 2.763 0.096
Premature Rupture of o o
Membranes 52[]13.58%] 137(]16.60%[] 1.818 0.178
Ab“"mlljﬁlﬁlmmom 26[16.79%] 6207.52%[]  0.204  0.651
Placental o o "
Abnormalities 32[18.36%] 101[]12.24%[] 4.034 0.045
Anterior Placenta 7[]1.83%[] 29[13.52%[] 2.576 0.108
Placental Abruption 4[]1.04%/[] 24[12.91%(] 4.017 0.045*
Fetal Distress 21[]5.48%(] 34[]4.12%(] 1.116 0.291

*Statistical significance at P < 0.05, ***Statistical significance at P < 0.001.
2.4 Analysis of the Stimulating Effect of IVF on Other Risk Factors

To investigate whether IVF may stimulate the impact of previously analyzed risk
factors, we conducted a separate analysis of infants who passed and referred the
hearing screening. Despite the limited number of infants with hearing impairment in
our dataset, hindering statistical comparisons, we still observe significant differences
in the occurrence of certain factors. Non-IVF infants have a higher incidence of
hyperbilirubinemia (100% vs. 58.82%) and hypoglycemia (66.67% vs. 11.76%)
compared to IVF infants. In contrast, IVF infants with hearing impairment more
frequently experienced respiratory distress syndrome (0% vs. 52.94%), infections (0%
vs. 35.29%), and anemia (3.33% vs. 41.18%) compared to naturally conceived
infants.



Table 4: Comparison of Factors in Infants with Hearing Impairment in Non-IVF and

IVF Groups

Pass (N = 763) - Pass (N = 1633) - Refer (N = 3) Refer (N = 17)

Non-IVF IVF - Non-IVF -IVF
Gender 397/366 907/726 0/3 10/7
(Male/Female) (52.0%/48.0%) (55.5%/44.5%) [0%/100%[]  (58.8%/41.2%)
Low Birth Weight 573/763[]175.10% 995/1633[]60.93% 3/3 15/17
Infants [ i [1100%(] [188.24%]
Premature Birth 555/763[]72.74% 1216/1633[]74.46 3/3 16/17

0 %] []100%([] [194.12%[]
Respiratory 189/763[]23.85% 344/1633[]20.45% 0/3 9/17
Distress Syndrome [] [ [10%l[] [152.94%( ]
Respiratory Pause  4/763 12/1633[]0.73%[]  0/3 1/17

[10.52%![] [0%/(] [15.88%[]
Asphyxia 25/763 51/1633[]3.12%[] 0/3 1/17

[13.28%!(] [10.0%l(] [15.88%[]
Hyperbilirubinemi  314/763[]41.15% 621/1633[]38.03% 3/3 10/17
a 0 0 [1100%[] [158.82%(]
Hypoglycemia 101/763[]13.24% 235/1633[]14.39% 2/3 2/17

0 0 [166.67%[] [11.76%[]
Infections 186/763[]24.38% 338/1633[]20.70% 0/3 6/17

0 0 [10%(] [135.29%(]
Intracranial 45/763 76/1633[]4.65%[] 0/3 0/17
Hemorrhage [15.90%[] [10%l[] [10%l[]
Anemia 222/763[129.10% 415/1633[]125.41% 1/3 7117

0 0 [13.33%[] [141.18%(]

Note: Percentages are based on the total number of infants in each group.

3 Discussion

The key findings of this study can be summarized as follows: (1) Premature birth,

combined with respiratory distress syndrome and hyperbilirubinemia, are

independently associated with an increased risk of referring the hearing screening in
twins; (2) Among the factors affecting twins are not linked to “Refer” results or other
prenatal diseases, except for placental abnormalities; and (3) Among infants with
“Refer” results, those conceived through IVF face a higher risk of respiratory distress
syndrome, infection, and anemia leading to “Refer”. In contrast, infants conceived



naturally are more susceptible to the impact of hyperbilirubinemia and hypoglycemia.
These findings suggest that IVF-conceived twin infants are more prone to the
influence of respiratory distress syndrome, contributing to the pathogenesis of
referring the hearing screening.

Following adjustments for confounding factors like parental characteristics, prenatal
anomalies, and infant health, our study reveals no notable link between neonatal
Newborn Hearing Screening (NHS) and hearing impairment, irrespective of natural
conception or IVF. This aligns with previous research'?, challenging earlier
suggestions that In Vitro Fertilization Assisted Reproductive Technology (IVF-ART)
may increase the risk of hearing impairment. Our study emphasizes that there is no
differential impact on hearing development between natural conception and I'VF.

In a comprehensive comparison between infants with hearing impairment and those
with “Pass”, we observed that hearing impairment is independently associated with
the risks of low birth weight, preterm birth, respiratory distress syndrome, and
hyperbilirubinemia in twins. Perinatal infections are a significant cause of hearing
impairments in twins?*23, yet children with such infections were not included in this
study, suggests that the families involved place a high value on the well-being of their
infants. Infantile hearing impairments may be preventable through immunization,
early prenatal diagnosis, proper treatment of infections, and avoiding the prescription
of ototoxic drugs**, underscoring the significance of infections in infantile hearing
impairments. Apart from infections, genetic non-syndromic, asphyxia, and
prematurity are more common in infantile hearing impairments®®, and this study also
focuses on non-infectious factors. Preterm birth has long been considered a significant
risk factor for hearing impairment, as it represents a crucial negative factor for the
development of the nervous system®>*. Notably, the association of respiratory distress
syndrome and hyperbilirubinemia with hearing impairment in twins is reported for the
first time in this study. While previous studies highlighted increased risks associated
with IVF in adverse perinatal outcomes, our findings provide novel insights into the
specific factors contributing to hearing impairment in twins.

The acute detrimental effects of respiratory distress syndrome on the nervous system
have been recognized in early studies®”*°, much like the well-established adverse
effects of hyperbilirubinemia®, although previous studies were focused on singleton
infants®. However, our study unveils a novel revelation regarding the impact of these
conditions on neonatal hearing impairment in twins. Given the prevalence of
respiratory distress syndrome and hyperbilirubinemia, this information holds
paramount importance for twins pregnant women®, emphasizing the critical need for
prompt delivery when confronted with these conditions to avert the onset of hearing
impairment in fetuses. Moreover, the incidence of placental abnormalities in IVF
infants surpasses that in naturally conceived infants***, and IVF infants face issues
such as hearing impairment, hypoxia, and respiratory distress syndrome. It is evident
that respiratory distress syndrome resulting from placental abnormalities is a major



contributor to hearing impairment in IVF infants. Therefore, during routine prenatal
check-ups, particular attention should be paid to the status of the placenta in IVF
fetuses, especially when there are indications of placental abnormalities or early
detachment. Proactive measures should be taken to prevent respiratory distress
syndrome in fetuses in such cases.

We conducted a comprehensive comparison of perinatal conditions and maternal
pregnancy characteristics between the IVF and non-IVF groups. Our findings
unveiled a correlation between low birth weight and maternal age at childbirth,
aligning with previous research. This study further corroborates the influential role of
fetal low birth weight and advanced maternal age in the manifestation of hearing
impairment.

When differentiating infants who passed the hearing screening from those with
hearing impairment into the IVF and non-IVF groups, we scrutinized potential risk
factors. A higher incidence of hyperbilirubinemia was observed in non-IVF infants
compared to IVF infants. Meanwhile, infants with hearing impairment in the IVF
group exhibited a greater likelihood of experiencing respiratory distress syndrome
compared to naturally conceived infants. Although explicit statistical differences were
not discerned, proportional variations were evident.

This section of the analysis underscores the heightened risk of hyperbilirubinemia in
naturally conceived infants. For mothers with natural conception, adopting a proactive
monitoring and prevention approach toward hyperbilirubinemia is recommended to
better safeguard infant hearing. Conversely, for [VF-conceived infants, the increased
incidence of respiratory distress syndrome, potentially associated with the impact of
IVF on the placenta, emphasizes the necessity for enhanced prevention measures
against respiratory distress syndrome in IVF pregnancies. This is particularly
significant for protecting infant hearing in IVF pregnancies.

This study is subject to limitations such as a relatively small sample size,
discrepancies in case numbers between the naturally-conceived and IVF-conceived
groups, and potential selection bias due to sourcing subjects solely from a single
hospital. To address these limitations, we plan to increase the sample size, conduct
multicenter studies, and further explore the incidence of hearing impairment in
comparison to existing literature.

Conclusion

Given the higher incidence of twin births facilitated by IVF-ET technology, our study
sought to examine the potential impact of IVF on hearing impairment in twins
compared to naturally conceived twins. However, our analysis did not reveal any
discernible influence. The primary factors associated with the occurrence of hearing
impairment in twins were identified as low birth weight, preterm birth, respiratory
distress syndrome, and hyperbilirubinemia—common perinatal complications.



Notably, there were no significant differences in maternal pregnancy complications
and neonatal perinatal complications between IVF-conceived pregnancies and
naturally conceived pregnancies, except for a higher maternal age, increased
incidence of placental abruption, and higher newborn weight in the IVF group. In
summary, IVF technology does not demonstrate specific effects on hearing
impairment in twins. The influencing factors primarily stem from perinatal
complications in newborns, emphasizing that this technology does not lead to long-
term harm.
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IVF In Vitro Fertilization
IVF-ET In Vitro Fertilization-embryo Transfer
ART Assisted Reproductive Technology
IVF-ART In Vitro Fertilization-assisted Reproduction
TEOAE Transient Evoked Otoacoustic Emission
NICU Neonatal Intensive Care Unit
AABR Automated Auditory Brainstem Response
DPOAE Distortion Product Otoacoustic Emission
NHS Newborn Hearing Screening
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