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Abstract
Background: Delayed neuro-psychomotor development in infants tends to be present more often as a result of perinatal issues such as
asphyxia, respiratory failure, and prematurity. Brainstem auditory evoked potentials (BAEP) provide an objective analysis of central nervous
system function and development in infants. This study proposed to assess the neuro-psychomotor development in infants affected by
perinatal conditions by comparing the results of their BAEP with assessments of development including mental development indices (MDI), a
form of Bayley Scales of Infant Development. Methods: The retrospectively selected population included preterm (28-36 weeks gestation; 95
cases) and term infants (≥ 37 weeks gestation; 100 cases) who were born with specific perinatal conditions. The BAEP were recorded in these
infants from 1 to 8 months of age, and the MDI were performed in these infants at age 2 years. Chi-square, ANOVA, and student t-tests were
used to test significance of BAEP correlations with MDI indices in theses infants. Significance was determined at a p-value ≤ 0.05. Results: In
premature infants (28-32 weeks gestation), 75% had abnormal BAEP, and MDI at age 2 years were moderately low (90.76 ± 4.1); fewer term
infants had abnormal BAEP (24.5%), and MDI at age 2 years were moderately higher (98.55 ± 4.6). Preterm infants with abnormal BAEP, and
perinatal asphyxia or respiratory failure had low MDI at age 2 years (76.36 ± 3.66 or 80.36 ± 7.66, respectively); 60% fewer term infants with
these perinatal conditions had abnormal BAEP, and their MDI were 3-10% higher. Our results show that infants experiencing prematurity,
perinatal asphyxia or respiratory failure, may have lower scores of neuro-psychomotor development at age 2, if earlier tests reveal abnormal
BAEP assessments in these infants. Conclusion: Our study found that premature infants exposed at birth to conditions such as asphyxia and
respiratory failure, and exhibiting abnormal BAEP in their first year, may be predicted to present with delayed neuro-psychomotor development.
We propose that BAEP may be utilized as a potential indicator for neuro-psychomotor development, and suggest that parental education and
early intellectual interventions to enrich cognition development in children with abnormal BAEP should be encouraged.

Background
There has been a rapid increase in survival rates of premature infants in recent decades because of the advancement in neonatal intensive
care. Certain unexpected medical issues occur in newborn infants which affect the long-term learning ability in children [1-4]. If not addressed
properly in the early stages of infant development, these medical issues in early infancy can have long-term effects on neural development.
Asphyxia during birth could be one of the key issues leading to major neurodevelopmental deficits in early childhood learning. Studies have
indicated that during hypoxia, hypoxanthine accumulation generates oxygen radicals, especially in the recovery phase, and this may lead to
hypoxia-induced injury due to asphyxia [5].
Studies have also shown that children surviving birth asphyxia develop neurodevelopmental disorders, such as learning and intellectual
disabilities [6-7]. Infants treated with resuscitation who survived birth asphyxia may be expected to have normal development until at least age
three [8]. Another study indicated that basic resuscitation at birth prevents abnormal neurodevelopmental outcomes at one year of age when
compared to low-risk newborns [9]. Other factors, like late-preterm birth (34 to 36 weeks) have also been found to lead to long-term cognitive
issues [10, 11].
Abnormality in the brainstem auditory evoked potentials (BAEP) is considered to be an early indicator for cognitive related brain issues in
preterm and postnatal infants [12]. BAEP may be used to assess auditory function in infants and children, and is a clinically useful method for
evaluation of cognitive development [13]. The Bayley scales of infant development (BSID) is considered the best measuring tool for assessing
infant developmental progress [14-16]. The BSID-I can be used for assessing infants between two to 30 months of age, and the BSID-II and
Bayley-III can assess infants ranging between one to 42 months of age [14-16]. The BSID-II has two scales which include the mental
developmental index (MDI) and the psychomotor developmental index (PDI) [14].
In this study, we used BAEP and the BSID II for the assessment of infants born prematurely or at term with diseases or certain medical
conditions during the time of delivery. We then analyzed the neuro-psychomotor development of these infants by using their MDI/PDI scores
and comparing with the BAEP assessments of these infants. We propose that by using these assessments, we may be able to predict the
neuro-psychomotor development of infants exposed to compromising medical conditions at birth.

Methods

Study population
This retrospective study from Hubei Provincial Maternal and Child Health Hospital, included preterm infants (95 cases; 28-36 weeks
gestational age), and term infants (100 cases; ≥ 37 weeks gestational age) who were born between June 1st, 2014 to October 31st, 2015. All
infants included in this study had issues such as asphyxia, respiratory failure, or infection at the time of delivery, and they were followed up to
the age 2 years. The assessment form included family status, parental occupation and education, perinatal status, and whether mothers had
issues of hypertension, diabetes, or history of miscarriage, threatened abortion, intrauterine distress or jaundice. The study was approved by
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the Ethics Committee of Hubei Provincial Maternal and Child Health Hospital. Informed consent of parents was obtained for all infants. All
procedures and methods were performed by the authors in accordance with the approved guidelines.

BAEP assessment
The auditory function of all infants in this study was assessed with BAEP at 28-41 weeks after birth. The BAEP assessment is considered an
effective tool in screening for possible hearing loss in children with conditions such as meningitis, where it has been found that the frequency
of BAEP impairment or hearing loss was 34.6% and 30.8%, respectively [17]. BAEP have been used to assess the hearing abilities in infants 6
months old, and in those older who have motor or intellectual problems [18]. In our study, BAEP were recorded using the Navigator PRO
brainstem auditory evoked potential system (Bio-logic Inc., USA). The recording electrode was placed in the midline of the forehead, and the
reference electrode was placed at the bilateral mastoid. Electrode impedance was reduced to <5kΩ, which was maintained during the whole
session of the BAEP recording. The acoustic stimuli were given through TIP-50 earphones using a click sound stimulus. Band pass filter was
0.1~3kHz, superimposition was 1024-2048 times, and stimulation rate was 30.1 times/second, and the sweep duration was 10 ms.
The BAEP assessments were performed in a sound-insulated room with a noise level below 30 dBA. The I, III, V wave latency and I-III, III-V, I-V
wave interval were recorded under 80 dBnHL short-sound stimulation. The waves (I-V) are usually recorded in the first 10 ms following broadband and high-intensity clicks. The latencies of waves I, III, and V, interpeak latencies of I-III, III-V, and I-V, and the amplitude ratio of wave V to
wave I are assessed for abnormalities of BAEPs [16, 19]. Recordings are obtained and compared with respect to midline forehead and
mastoids. Evaluating different components of the latencies and amplitudes of the waves allows for evidence of impaired neural function in
the auditory brainstem as evidenced by delayed latencies and reduced amplitudes of the component waves [16, 19]. BAEP impairment is
determined by latencies of waves I, III, and V that are increased beyond 2 S.D. of age-matched normal infant values, with normal interpeak
latencies of I-III, III-V, and I-V, and hearing thresholds elevated to above 40 dB. Abnormal BAEP is also noted by hearing thresholds increased to
greater than 40 dB, with normal latencies and interpeak latencies; or increased latencies of wave V or III (or both) and increased interpeak
latencies of waves I-V and III-V, with elevated or normal hearing thresholds [16, 19]. Duplicate recordings were made in response to each
stimulus condition to recheck the reproducibility. BAEP were monitored in infants at 1, 3, 6, and 8 months of age.

Neurodevelopmental assessment
The Bayley scale of infant development (BSID II) was used for neurodevelopment assessment [14, 15]. The BSID-II has the mental
development index (MDI) divided into distinct cognitive, receptive language, and expressive language scales, and the psycho-motor
development index (PDI) divided into motor development scales. The MDI indicating the intelligence scale includes adaptive behaviors,
language and exploration activities, and the PDI indicates the gross and fine movements [14, 15]. A recent meta-analysis study which reviewed
the usage of BSID-II indicated that MDI scores correlated strongly with later cognitive functions, explaining 37% of variance, while PDI scores
indicated later motor outcomes with only 12% of the variance [19]. In our study, professionally trained medical staff performed the
assessments under the same test conditions on children at 1 to 2 years of age that were born either preterm or at full-term. The following scale
was used for MDI and PDI score assessment: ≥ 120 is excellent development; 119 to 90 is moderate development; 80 to 89 is less than
moderate development; 70 to 79 is low development; and ≤ 69 is developmental delay. The relationship between the normal and abnormal
BAEP assessment at the 6th and the 8th month of age, and the MDI/PDI scores for neuro-psychomotor development at age 2 years were
monitored with respect to different conditions at birth.

Statistical analysis
Statistical analysis was performed with the Statistical Package for the Social Science System version SPSS 17.0 (Inc, Chicago, IL, USA). First,
the clinical characteristics of the samples were outlined at different gestational ages, including delivery mode, birth weight, days of
hospitalization, and the perinatal conditions of infection, jaundice, asphyxia, respiratory failure, and intracranial hemorrhage. Second, the Chisquare test was used to test the significance in BAEP abnormalities between term and preterm infants of different gestational ages. This was
performed on data from the infants at age 1 month, 3 months, 6 months and 8 months. Third, normally-distributed continuous variables were
compared using the ANOVA for the significance of the neurodevelopmental indices, MDI and PDI, between term and preterm infants of
different gestational ages. This was performed on data from the infants at age 1 month, 3 months, 6 months and 2 years. The student t test
was then used to examine the significance of the MDI neurodevelopmental index at age 2 years, between the preterm and term infants
exposed at birth to infection, jaundice, asphyxia, respiratory failure, or intracranial hemorrhage, with respect to whether each of the infants had
normal or abnormal BAEP assessments at age 6 months. All statistical tests were considered to be significant at an alpha level of 0.05 on a
two-tailed test.
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Results

Characteristics of study population
The preterm infants (28-36 weeks gestational age), and term infants (≥ 37 weeks gestational age) enrolled in this study had conditions
including infection, jaundice, asphyxia, respiratory failure and intracranial hemorrhage during the time of delivery. Among the 95 preterm
infants, the mean gestational age was 34.8 ± 3.82 weeks, the mean birth weight was 2.65 ± 0.41kg, and the mean hospitalization time was
7.57 ± 2.35 days. A number of the preterm and term infants in the study had issues of asphyxia (34.9 %), followed by jaundice (26.7%),
respiratory failure (21.5%), infection (16.9%), and intracranial hemorrhage (10.2%) (Table 1). There were 100 infants born at term (gestational
age, 37 - 41 weeks), and birth by Caesarean section was seen in 70 % of the cases in both preterm and term infants (Table 1).

BAEP assessment
BAEP assessments were recorded in all term and preterm infants included in this study. In preterm infants, abnormal BAEP assessments
tended to be increased at age 1 month in those born at 28-32 weeks (85.7%), 33-34 weeks (100%), 35-36 weeks (82.6%) and in term infants
(80.7%) (Table 2). In premature infants born at 28-32 weeks, abnormal BAEP assessments did not improve significantly from the 1st month
(85.7%) to the 8th month (75%). However, a significant improvement in BAEP were observed at age 8 months in infants born at 35-36 weeks
gestation (32%) and in the infants born at term (24.5%). Significant differences in the improvement of BAEP at age 8 months were found
between infants born at 28-32 weeks (75%) and term infants (24.5%) (Table 2). Our results indicate that abnormal BAEP assessments tend to
be higher and that BAEP remains abnormal during the early growth period in preterm infants when compared to BAEP in term infants (Table
2).

Neurodevelopment assessment based on BSID
The BSID neurodevelopment assessment of the infants varied according to gestational age (Table 3). The MDI/PDI scores in the infants born
at 28-32 weeks showed an increased trend from the 1st month (78.36 ± 8.51/77.08 ± 8.89) to the 6th month (85.95 ± 5.73/85.33 ± 7.11), and
increased further at age 2 years (90.66 ± 4.10/91.10 ± 3.26) (Table 3). In the infants born at 35-36 weeks, there were also trends for higher
MDI/PDI scores during the growth period, at 1 month (81.80 ± 2.67/80.42 ± 2.64), 6 months (87.21 ± 1.11/86.24 ±1.15), and at age 2 years
(94.13 ± 4.80/94.53 ± 4.72). In the term infants, MDI/PDI scores were higher than in preterm infants at age 1 month, and were increased to a
greater extent at age 2 years (98.55 ± 4.64/99.81 ± 3.92). Overall, these data show that the neurodevelopment of premature infants of
different gestational ages gradually increases with age, and that their developmental level gradually approaches that of the term infants
(Table 3). However, when compared to the neurodevelopment of term infants at each of the respective age groups, these data also reveal that
there are trends for differences in the neurodevelopmental levels of premature infants at 1-month, 3-months, 6-months and 2 years of age
(Table 3).

Neurodevelopment associated with BAEP and issues at birth
Issues like diseases or conditions at birth may impact the BAEP scores in both preterm and term infants (Table 4). In preterm infants who
experienced asphyxia, the number of abnormal BAEP cases at age 6 months (32 infants) was higher, and the MDI scores were significantly
lower in this group at age 2 years (76.36 ± 3.66), when compared to those preterm infants with asphyxia at birth who were assessed with
normal BAEP (10 infants; MDI scores, 82.30 ± 5.67) (Table 4). Similarly, in term infants with asphyxia at birth and abnormal BAEP at age 6
months (13 infants), lower MDI scores were observed at age 2 years (83.12 ± 5.66), but significantly higher MDI scores were observed in the 13
infants with asphyxia at birth and normal BAEP (93.42 ± 5.45) (Table 4). In the preterm infants who experienced respiratory failure at birth, the
MDI at age 2 years was 80.36 ± 7.66 in those with abnormal BAEP at age 6 months (25 infants), but the MDI showed higher scores in those 10
preterm infants with respiratory failure at birth and normal BAEP (84.44 ± 5.55). In preterm infants who had issues such as infection, jaundice
and intracranial bleeding at birth, the MDI scores at age 2 were significantly higher in those infants with normal BAEP (89.75 ± 5.25, 94.30 ±
7.74, and 92.28 ± 4.52, respectively) (Table 4). With respect to infection, jaundice and intracranial bleeding issues at birth, similar patterns
were observed in the MDI scores of term infants with normal BAEP (respectively, 93.89 ± 9.75; 93.62 ± 5.66; 93.32 ± 5.31) (Table 4).

Discussion
There is increasing evidence that the issues related to child mental and motor function performance in the early infant stages are related to
conditions or diseases during preterm or term birth [1, 20]. Our study provides evidence that premature infants have issues of mental and
motor function performance following exposure to asphyxia, respiratory failure, jaundice, infection and intracranial bleeding. These infants
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exhibited higher levels of abnormal BAEP, auditory function scores in the first year of infancy, and this is correlated with their lower MDI/PDI
scores in the BSID, indicators of mental and psychomotor development. Our results indicate that abnormal BAEP could be a potential indicator
for altered mental and motor function at later ages. The majority of preterm infants who experienced asphyxia at birth and had abnormal
BAEP at 6 months of age, exhibited lower MDI/PDI scores, suggesting that there may be altered mental and psychomotor functions, especially
in language development in these infants at age 2.
In our study, we used the modified Bayley II scale which is used in Chinese hospitals to assess the neurodevelopment in premature infants. Our
results utilizing the Bayley-II scale showed good predictability for infant neurodevelopment, yet further studies are needed to compare with
assessments reported using the Bayley III scale. Previous studies have shown that the Bayley-III scale could be effective in measuring
developmental functions with respect to examiner observations, and parent-reported behaviours [21]. But, while this scale may be used to
collectively assess language development, many larger studies are needed to prove its effectiveness [21]. Previous publications have indicated
that the BSID-II has higher predictive abilities for future functioning, while others favour Bayley-III [22, 23]. There are indications that BSID-II
might underestimate development and BSID-III might overestimate development [24]. The Bayley III scale identified significantly fewer children
with disabilities with respect to low birth weight preterm infants, and the authors proposed that intervention may be essential for these infants
at the time of discharge from the neonatal intensive care unit [25, 26]. The Bayley-II and brain magnetic resonance imaging to assess the
neurodevelopmental outcomes have mostly been applied to infants exposed to asphyxia [27, 28]. In our study using the Bayley-II application,
we identified a number of cases with neurodevelopmental issues especially in the infants exposed to asphyxia and respiratory failure.
In a previous study on infant brain damage due to total asphyxia, the magnetic resonance imaging of the brain indicated abnormal intensity
of the putamen and thalamus, with atrophy in the brainstem [29]. Other studies showing magnetic resonance imaging in newborns exposed to
asphyxia indicated lesions in basal ganglia, thalamus, brainstem tectum, parasagittal cortex and midline cerebrum, but found no lesions in
basal ganglia and parasagittal regions [30]. Perinatal hypoxemia has also been shown to damage the neonatal auditory system, including the
cochlea and auditory pathways in the brain, which then leads to hearing deficits [30]. Children suffering from perinatal asphyxia tend to exhibit
hearing loss with residual neurodevelopmental deficits when compared to those not exposed to asphyxia [31, 32]. Previous studies showed
that perinatal asphyxia often produces discrete lesions in the generators of brainstem auditory-evoked response central components, the
cochlear nuclei, superior olive, and inferior colliculus, and that brainstem auditory-evoked response abnormalities occurred more frequently in
those after severe, prolonged asphyxia [30, 33]. In several clinical cases of perinatal asphyxia, he infants generally recovered without
neurological disorder, but some exhibited residual neurodevelopmental deficits due to hypoxic-ischemic conditions in their brains [33, 34]. In
our study, the data revealed abnormal brainstem auditory-evoked responses in infants exposed to perinatal conditions such as asphyxia and
respiratory failure, and that this auditory assessment may be used to predict delays in their neuro-psychomotor development.
The MDI/PDI scores of mental and psychomotor function vary during the stages of early infant development [35, 36]. A previous study
indicated that variation in the PDI score for psychomotor function is less significant compared to the MDI score for mental function in low
birth weight infants [36]. In our study, however, there was a steady increase in the MDI/PDI scores from age 1 month to 2 years in early preterm
infants, and there was little significant variation in the scores of term infants at each of these respective age groups. We also observed
significant greater increases in MDI scores in early preterm (< 32 weeks) infants, when compared to those of late preterm (33-36 weeks)
infants. Similar variations in the PDI scores of these infants were also observed. These results are consistent with other studies [37].
Interestingly we found that preterm infants exposed to asphyxia with abnormal BAEP in the first few months had significantly lower MDI
scores, compared to those of term infants exposed to asphyxia. This may be due to early interventions in the infants born at term.
Studies using the Bayley II scale consistently identified high rates of cognitive impairments among preterm or low birth rate infants [38]. In our
study, the cognitive impairments tend be higher in preterm infants subjected to asphyxia or respiratory failure based on the Bayley II
assessment. Other studies have shown that there is a reduction in cognitive impairment level from 39% at 20 months to 16% at 8 years, based
on the Bayley II assessment in extremely low birth weight infants [39]. The MDI/PDI values for mental and motor scores that were observed at
age 2 years in our study could have shown increases at the later stage of development, if these infants had been exposed to early
interventions to improve their developmental skills.
In a study where interventions supporting parent-child interactions to enhance motor control and coordination, are provided weekly at home
from the age of six months to 12 months, the overall cognitive level, especially in verbal performance was higher at age 4. We therefore
propose that to improve their cognitive level during the stages of infant growth, early interventions are highly essential in infants with low
MDI/PDI scores. In a previous publication, high doses of DHA supplementation were given at an early age, and was found to be beneficial for
improving mental development, especially in girls [40, 41]. Studies on low birth weight infants showed that their behavioral characteristics are
also affected by family socioeconomic status, which may play a role in delayed cognitive developmental at 18-22 months [42-44].
There are some limitations in our studies. One is the limited number of preterm infants with disease or conditions at birth enrolled in our study
to examine the MDI/PDI scores. Another limitation may be our use of the Bayley II scale in the assessments because the Bayley III scale might
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reveal different results with respect to the current data. Larger scale, long-term studies are also needed to provide further investigations
concerning neurodevelopmental outcomes from birth to childhood. In addition, issues related to gender or parent socioeconomic conditions
may need to be taken into consideration in future studies.

Conclusions
Our study found that premature infants exposed to conditions such as asphyxia and respiratory failure at birth exhibited abnormal BAEP
auditory function scores, and also lower MDI/PDI indicators of mental and psychomotor development during the first year of infancy. These
infants also showed less improvement in language and cognitive development at the later developmental stages. Preventive prenatal care and
early diagnoses and treatments during the perinatal period could help prevent later problems with neuro-psychomotor development in early
childhood. In addition, certain early intellectual interventions like parental education with respect to skills and games to enrich infant learning
may facilitate cognitive and motor development in babies with abnormal BAEP scores and lower MDI/PDI scores. For infants who experience
asphyxia, respiratory failure, or other compromising conditions at birth, early interventions to improve cognitive and motor skills development
for these infants might help to attenuate the abnormal neuro-psychomotor issues that develop at later stages in both premature infants, and in
those born at term.

Abbreviations
BAEP: Brainstem auditory evoked potentials; BSID: Bayley scales of infant development; MDI: Mental development index; PDI: Psychomotor
developmental index
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Tables
Table 1. Clinical characteristics of 95 preterm infants and 100 term infants.
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Gestational
age(n)

28-32
weeks (25)
33-34
weeks (28)
35-36
weeks (42)
≥ 37
weeks
(100)
Total n (%)

Delivery mode n (%)

Vaginal
delivery
8 (4.1%)
9 (4.6%)
13(6.7%)
18
(9.2%)
48
(24.6%)

Caesarean
birth
17
(17.9%)
19 (9.7%)
29
(14.9%)
82
(32.9%)

Birth
Days of
Infection Jaundice Asphyxia
weight hospitalization
(g)

19702415
18502557
24903102
29004100

Respiratory Intracranial
failure
hemorrhage

n (%)

n (%)

n (%)

n (%)

n (%)

22
(11.3%)
15
(7.7%)
5 (2.6%)

8 (4.1%)

15 (7.7%)

7 (3.6%)

7 (3.6%)

3 (1.5%)

1-7

3 (1.5%)

10
(5.1%)

17
(8.7%)
13
(6.7%)
12
(6.2%)
26
(13.3%)

13 (6.7%)

3-7

15
(7.7%)
12
(6.2%)
3 (1.5%)

7 (3.6%)

2 (1.0%)

33
(16.9%)

52
(26.7%)

68
(34.9%)

42 (21.5%)

20 (10.2%)

7-22
5-15

147 (75%)

Term infants, ≥ 37 weeks gestational age; Preterm infants, 28-36 weeks gestational age

Table 2. Brainstem Auditory Evoked Potential (BAEP) assessment for 95 preterm infants and 100 term infants.
Gestational age (n)

Abnormal BAEP cases Abnormal BAEP cases Abnormal BAEP cases Abnormal BAEP cases
at age 1 month

28-32 weeks (25)
33-34 weeks (28)
35-36 weeks (42)
≥37 weeks (100)
χ2 values
*p-value

n (%)
22 (85.7%)
28 (100.0%)
35 (82.6%)
81 (80.7%)
2.16
0.080

at age 3 months
21
17
20
61

at age 6 months

n (%)
(82.7%)
(61.8%)
(47.4%)
(60.5%)
7.62
0.001

20
16
17
54

at age 8 months

n (%)
(80.0%)
(57.0%)
(42.0%)
(54.1%)
6.55
0.005

n (%)
(75.0%)
(45.0%)
(32.0%)
(24.5%)
8.79
<.0001

19
13
13
25

Term infants, ≥ 37 weeks gestational age; Preterm infants, 28-36 weeks gestational age.*P-value was obtained from chisquare test for categorical variables. Significant level p ≤ 0.05

Table 3. Neurodevelopment assessment for 95 preterm infants and 100 term infants by Bayley Scale of Infant Development
(BSID II).
Gestational age
(n)

28-32 weeks
(25)
33-34 weeks
(28)
35-36 weeks
(42)
≥37 weeks (100)
F-value
*p-value

MDI/PDI at age 1
month

MDI/PDI at age 3
months

MDI/PDI at age 6
months

(mean±SD)

(mean±SD)

(mean±SD)

78.36 ± 8.51/77.08
8.89
80.98 ± 6.00/79.70
5.58
81.80 ± 2.67/80.42
2.64
90.22 ± 2.18/90.61
3.26
73.19/93.97
<.0001/<.0001

±
±
±
±

82.60 ± 4.65/80.05
5.31
85.76 ± 4.91/85.10
4.10
84.96 ± 2.20/84.38
2.44
91.11 ± 3.35/90.87
2.59
101.96/47.57
<.0001/<.0001

±
±
±
±

85.95 ± 5.73/85.33
7.11
86.57 ± 2.35/85.26
2.60
87.21 ± 1.11/86.24
1.15
90.35 ± 4.87/91.17
3.37
47.96/101.47
<.0001/<.0001

MDI/PDI at age 2 yrs
(mean±SD)
±
±
±
±

90.76 ± 4.10/91.10
3.26
90.93 ± 5.57/94.36
6.67
94.13 ± 4.80/94.53
4.72
98.55 ± 4.64/99.81
3.92
18.10/27.87
<.0001/<.0001

±
±
±
±

Term infants, ≥ 37 weeks gestational age; Preterm infants, 28-36 weeks gestational age. MDI: Mental Development Index;
PDI: Psychomotor Development Index MDI or PDI Index: ≥ 120 is excellent, 119 to 90 is moderate development, 80 to 89 is
less than moderate, 70 to 79 is low, and ≤ 69 is developmental delay. *P-value was obtained from Anova. Significant level p
≤ 0.05

Table 4. Brainstem Auditory Evoked Potential (BAEP) at age 6 months versus Mental Development Index (MDI) at age 2
years in preterm infants and term infants with respect to disease/condition at birth.
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Gestational Disease/condition

Abnormal BAEP cases

MDI at age

Normal BAEP cases at

MDI at age

*p-

age

at age 6 months

2 years

age 6 months

2 years

value

(weeks)

n (%)

(mean ±

n (%)

(mean ±

SD)
28-36

SD)

Infection

2 (0.1%)

80.63 ±
5.21

28 (14.4 %)

89.75 ±
5.25

0.086

Jaundice

3 (1.5%)

83.43 ±
3.56

39 (20.0 %)

94.30 ±
7.74

0.054

Asphyxia

32 (16.4 %)

76.36 ±

10 (5.1 %)

82.30 ±

<.0001

Respiratory
failure

25 (12.8 %)

80.36 ±
7.66

10 (5.1 %)

5.67
84.44 ±
5.55

0.004

Intracranial
bleeding
Infection

2 (0.1 %)

90.35 ±
7.57
90

16 (8.2%)

3.66

≥ 37

1 (0.5 %)

2 (0.1 %)

92.28 ±
4.52
93.89 ±

0.065
0.102

9.75
Jaundice

1 (0.5 %)

92

9 (18.0 %)

93.62 ±
5.66

0.203

Asphyxia

13 (6.7 %)

83.12 ±
5.66

13 (6.7 %)

93.42 ±
5.45

<.0001

Respiratory

5 (2.6%)

81.15 ±

2 (0.1 %)

95.78 ±

<.0001

failure
Intracranial
bleeding

5.64
1 (0.5%)

90

4.52
1 (0.5%)

93.32 ±
5.31

0.074

Term infants, ≥ 37 weeks gestational age; Preterm infants, 28-36 weeks gestational age. MDI Index: ≥ 120 is excellent, 119
to 90 is moderate development, 80 to 89 is less than moderate, 70 to 79 is low, and ≤ 69 is developmental delay. *P-value
was obtained from student t-test. Significant level p ≤ 0.05
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