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1,914 children in Beijing, China
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Objectives: School-aged children may experience hearing loss and emotional
problems. Previous studies have shown a bidirectional relationship between
hearing loss and emotional problems in the elderly population, and we
aimed to analyze the association between hearing thresholds and emotional
problems in school-aged children.

Methods: Based on the Beijing Child Growth and Health Cohort (PROC) study,
the hearing screenings were conducted in November 2019 using pure tone
audiometry. A total of 1,877 parents completed the Strengths and Difficulties
Questionnaire (SDQ) to assess children’s emotional and behavioral status. We
used generalized linear regression analysis to assess the potential association
of emotional problems with hearing thresholds, based on multiple imputed
datasets with a sample size of 1,914.

Results: The overall pass rate of hearing screening was 91.5%. The abnormal
rate of SDQ total difficulties was 55.8%. Emotional symptoms were positively
associated with left ear average hearing thresholds (8 = 0.24, 95%CI:
0.08-0.40), and right ear average hearing thresholds (8 = 0.18, 95%CI:
0.04-0.32). Conduct problems, hyperactivity/inattention, peer problems, and
prosocial behaviors had no association with the pass rate of the hearing
screening. Regarding emotional symptoms, boys with many fears and who are
easily scared coincided with increased right ear average hearing thresholds
(B = 0.67, 95%Cl: 0.01-1.33). Girls having many worries, frequently feeling
unhappy and downhearted were positively associated with left and right ear
average hearing thresholds, respectively (8 = 0.96, 95%C/: 0.20-1.73; p =0.72,
95%ClI: 0.07-1.37).

Conclusions: The co-occurrence of hearing problems and emotional
problems of children aged 6-8 in Beijing attracts attention. It is important
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to address undiscovered hearing loss and emotional problems from the
perspective of comorbidity driving factors.

hearing screening, Strengths and Difficulties Questionnaire (SDQ), emotional
problems, children, hearing loss, hearing threshold, China

Introduction

Hearing loss in children is becoming an urgent public
health issue. For school-aged children, newly onset hearing
loss remains a matter of great concern as one of the most
common developmental disorders, and its prevalence increases
till adulthood due to the additions of late-onset, late identified,
and acquired hearing loss (1).

The WHO estimates that approximately 34 million children
worldwide live with hearing loss in 2021 (2). The National
Health Interview Survey results showed that, in the US, the
prevalence of moderate to severe hearing loss among children
and adolescents aged 3-17 years fluctuated from 0.64% in 2009-
2011 to 0.68% in 2012-2014, and to 0.58% in 2015-2017 (3).
The estimated prevalence of pure-tone audiometric hearing loss
among 34,618 first grade primary school students in Poland was
11% (4).

Currently, newborn hearing screening is routinely
conducted in some countries (5), and research interests mainly
focus on evaluation of its social benefits (6, 7). A 10-year cohort
study noted that some children who passed newborn hearing
screening still presented varying degrees of hearing impairment
in primary school (8). Hearing loss in children is influenced by
a variety of factors, while the causes of delayed hearing loss are
still uncertain (9, 10). Hearing screening for school-age children
is no less important than newborn hearing screening (11), with
a particular role to play in the early detection of hearing loss.

Childhood hearing screening can be performed by pure
tone audiometry (12), acoustic conductance testing (13),
speech audiometry (14), and otoacoustic emissions (15). The
American Academy of Audiology Childhood Hearing Screening
Guidelines stated that pure tone audiometry is a preferred
method of hearing screening for school-aged children in general,
while younger or less capable children should be screened
with tympanic chamber acoustic conductance or otoacoustic
emissions.1 In addition, the standard for minimum hearing loss
(MHL) in children varies in studies, ranging from 15 to 25 dB
HL (16, 17). And 20 dB HL used as MHL in this study has been
proven effective in ensuring the sensitivity of screening (18).

In the first year of primary school, a time of role
adaption for children who experience significant changes in
a social environment, children may present emotional and
behavioral problems (19). Hearing loss seems to be negligible
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and indiscoverable, not only affecting the child’s growth and
psychological health but also having a long-term impact and
even reducing the quality of life in adulthood.

Previous studies reported that children with hearing
abnormalities were more likely to have emotional and behavioral
problems, based on the Strengths and Difficulties Questionnaire
(SDQ) assessment (20, 21). Children with emotional symptoms,
conduct problems, hyperactivity/inattention, peer problems,
and behavioral problems may suffer more stress. A study found
that long-term stress exposure may increase the risk of hearing
problems (22). Emotional status may affect the hearing threshold
of children, and early hearing impairment needs to be prevented
for better education performance, and cognitive and social
development of the children during their growth.

Cortical hemispheric asymmetries may be present in early
childhood, it means the hemispheric superiority dominates in
language processing (23). With further research, the concept
of asymmetry in auditory processing was verified, i.e., right
ear advantage: when two different auditory inputs in the two
ears, people were more likely to report better hearing in
the right ear (24, 25). In addition, many studies have found
that atypical hemispheric language asymmetries are associated
with cognitive and psychiatric disorders among children,
e.g., autism (26) and development dyslexia (27). Therefore,
the issue whether emotional problems may have an impact
on right and left ear hearing thresholds among children is
worth exploring.

This study aimed to understand the hearing thresholds
of children aged 6-8 years during their transition from
kindergarten to primary school, and analyze the impact of
emotional problems on hearing thresholds.

Materials and methods

Study design and participants

The participants aged 6-8 years were recruited from the
Beijing Child Growth and Health Cohort (PROC) Study,
launched in October 2018 in six non-boarding primary schools
in Beijing (28). All parents of the children signed informed
consent forms. Figure 1 showed the flow chart of this study’s
enrollment and exclusion process.
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1914 children enrolled in baseline
Strengths and Difficulties Hearing screening
Questionnaire . 1839 children participated (96.1%).
. 1914 questionnaires were distributed * The reason for non-participation:

and 1910 were returned (99.8%).

absenteeism on the day of the screening.

v

. 33 excluded:

incomplete answers.

A\ 4

. 1877 completed questionnaires were

retained actually (98.3%).

. 1839 screening results were retained

actually (96.1%).

A4

For the missing data, the multiple imputation was used and the final sample size was 1914 (7 imputed datasets obtained).

FIGURE 1
Flow chart of this study.

Hearing screening

The hearing screenings were conducted in soundproof
classrooms of each school from November 4-8, 2019. Before
the screening, children were given a nasopharyngoscopy and
otoscopy by an otolaryngologist to exclude possible hearing
loss due to cerumen impaction and nasopharyngeal problems
such as nasal obstruction. Children with cerumen impaction
were included in this study after cerumen impaction was
removed by the otolaryngologist. We exclude children who
wore hearing aids or had otitis media because they were not
suitable for hearing screening, and 1,839 of 1,914 children
were screened (96.1%) except those who were absent on
screening day.

Pure tone audiometry was conducted by the Madsen Xeta
screening audiometer (Natus Medical Denmark ApS, Denmark)
and the ambient noise was <45 dB A. The audiologists
conducted the tests and explained the notes about the screening
before the start of the test, to ensure that children understood
the test procedure. The child was tested with right ear first (if
the child reported greater hearing problems in the right ear,
began with the left ear) (29) and raise his/her hand immediately
upon hearing the sound from a headset, and the audiologists
recorded the hearing thresholds and whether the child passed
the screening.
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According to the American Academy of Audiology
Childhood Hearing Screening Guidelines, a pure tone sweep
was conducted at 1,000, 2,000, and 4,000 Hz and 20 dB HL
was used as MHL, a non-response to any frequency in either
ear was considered a failure of the screening. The test sound
can be given multiple times at each frequency in each ear, up
to four times. For all children participating in the screening, a
threshold test is performed using the “10 down, 5 up” method
to determine a specific threshold as continuous measures to
quantify the degree of hearing loss and those who failed were
recommended for a referral to a clinical service for further
diagnosis or treatment. The procedure and results of further
diagnostic test were shown in the Supplementary material.

Questionnaire

We conducted a baseline survey among the 1,914 children’s
parents from November 2018 to May 2019, and 1,910 parents
responded (99.8%). Taking out 33 responses of incomplete
answers, a total of 1,877 completed questionnaires were
analyzed (98.3%).

We used the parental version of the Strengths and
Difficulties Questionnaire (SDQ) to assess the emotional and
behavioral status of children, including 5 scales: (a) emotional
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symptoms; (b) conduct problems; (c) hyperactivity/inattention;
(d) peer problems; and (e) prosocial behaviors. Each scale
includes 5 questions and each question has three options, “not

» o«

true”, “somewhat true” and “certainly true”. The options were

»

given different scores “0”, “1” and “2” according to the meaning
of each question, and the scores were calculated in subtotal
and total. We categorized scores for each scale into 3 groups
of “normal”, “borderline” and “abnormal”. Each group had
different cutoff values, and the instruction of the questionnaire

was followed per the SDQ website (30).

Statistical analysis

We used Statistical Analysis System V.9.4 (SAS Institute
Inc., Cary, North Carolina, USA) software for statistical analysis.
Multiple imputation was used to process the missing data,
and 7 imputed datasets were obtained. We used means
+ standard deviation to describe continuous variables for
normal or proximate to a normal distribution, and used
number (%) to describe categorical variables. Generalized linear
regression was used to analyze the potential association of
the emotional problems on the mean thresholds of the right
and left ears, unadjusted and adjusted for child sex, age,
BMI, and parental education (31, 32). Further analysis was
conducted for statistically significant dimensions to explore
the differences by sex. Two-tailed p < 0.05 was considered
statistically significant.

Results

Of the 1,914 children, the median age (IQR) was 6.6
(6.4, 6.9) years. Among them, 956 were boys. The boys’ BMI
is higher than the girls (p < 0.001). The girls maternal
educational attainment is higher than the boys’ (p = 0.018). The
abnormal rate of SDQ in total difficulties reported by parents
was 55.8%, with no differences between the sexes (boys was
57.4% and girls was 54.1%, p = 0.21). The abnormality rates
were, from highest to lowest, 17.2% for peer problems, 9.3%
for emotional symptoms, 9.0% for conduct problems, 8.3% for
hyperactivity/inattention, and 0.0% for prosocial behaviors. The
borderline rates were sequential, 16.8% for peer problems, 14.2%
for prosocial behaviors, 14.0% for conduct problems, 10.2% for
hyperactivity/inattention, and 10.1% for emotional symptoms.
The normal rates rank as, 85.8% for prosocial behaviors, 81.5%
for hyperactivity/inattention, 80.6% for emotional symptoms,
77.1% for conduct problems, and 66.0% for peer problems.
Except for the conduct problems (p = 0.12), the reporting
rates for the remaining four problems differed between sexes
(p < 0.05). Girls presented more emotional symptoms and boys
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presented more hyperactivity/inattention, peer problems and
prosocial behaviors (Table 1).

The failure rate of the hearing screening was 8.5%, with no
significant difference between the sexes. Of 162 failed children,
69.8% failed unilaterally. The hearing thresholds of the left ear
at 2,000 Hz, right ear at 1,000, 2,000, and 4,000 Hz were different
between sexes statistically (p < 0.05). And the hearing thresholds
of the left ear at 4,000 Hz were marginally significant (p = 0.052)
between sexes (Table 2).

Figure 2 showed the hearing thresholds distribution of
the 1,914 children using blue, red, and green lines reflecting
the abnormal, borderline, and normal groups of SDQ in
total difficulties respectively. For the left ear, the hearing
threshold of the normal group was the lowest line. At
1,000 Hz, the centralized densities were sequentially ranked
as abnormal, normal, and borderline groups. At 2,000 and
4,000 Hz, centralized distribution decreased in the order of
normal, abnormal, and borderline groups. For the right ear at
1,000, 2,000, and 4,000 Hz, the hearing thresholds distributions
of different SDQ total difficulties score categorization were
similar, borderline groups top and abnormal groups follow or
similar to normal groups.

Generalized linear regression showed that the emotional
symptoms score was positively associated with the left ear
average hearing thresholds (8 = 0.24, 95%CI: 0.08 to 0.40,
p = 0.004), and the right ear average hearing thresholds
(B = 0.18, 95%CI: 0.04 to 0.32, p = 0.012). Adjusting sex,
age, BMI of children, and parental education, the association
with the left ear average hearing thresholds was similar, and
the association with right ear average hearing thresholds was
marginally significant (8 = 0.14, 95%CI: 0.00 to 0.28, p = 0.054).
Conduct problems, hyperactivity/inattention, peer problems,
and prosocial behaviors did not have a significant impact on the
hearing threshold (Table 3).

In terms of the emotional symptoms, boys with many
fears and easily scared were associated with increased right ear
average hearing thresholds (8 = 0.67, 95%CI: 0.01 to 1.33,
p = 0.046). For girls, having many worries was positively
associated with the left ear average hearing thresholds (8 = 0.96,
95%CI: 0.20 to 1.73, p = 0.014) and was marginal significant
on increased right ear average hearing thresholds (8 = 0.57,
95%CI:—0.02 to 1.16, p = 0.060). Often being unhappy and
downhearted was positively associated with the right ear average
hearing thresholds (8 = 0.72, 95%CI: 0.07 to 1.37, p = 0.029)
(Table 4).

Discussion

We found that the hearing screening failure rate of children
was 8.5% among children aged 6-8 years in Beijing, China,
and the overall abnormal rate of SDQ in total difficulties score
categorization reported by parents was 55.8%. The emotional
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TABLE 1 Sociodemographic characteristics and the SDQ scores among 1,914 children aged 6-8 years in Beijing, China (imputed data).

Characteristics Total (N = 1,914) Boys (n = 956) Girls (n = 958) P
Age,X £ s 6.7+0.3 6.7£0.3 6.6£0.3 0.24
BMLx + s 16.4 £ 3.0 169 £3.1 159 +2.5 <0.001
Mother’s educational attainment, n (%) 0.018
Vocational school or below 186 (9.7) 106 (11.1) 80 (8.4)

High school 158 (8.3) 90 (9.4) 68 (7.1)

Junior college 599 (31.3) 308 (32.2) 291 (30.4)

Bachelor’s degree 875 (45.7) 409 (42.8) 466 (48.6)

Master’s degree or above 96 (5.0) 43 (4.5) 53 (5.5)

Father’s educational attainment, n (%) 0.73
Vocational school or below 241 (12.6) 129 (13.5) 112 (11.7)

High school 180 (9.4) 93 (9.7) 87(9.1)

Junior college 575 (30.0) 280 (29.3) 295 (30.8)

Bachelor’s degree 826 (43.2) 410 (42.9) 416 (43.4)

Master’s degree or above 92 (4.8) 44 (4.6) 48 (5.0)

SDQ in total difficulties SC, n (%) 0.21
Normal 292 (15.3) 147 (15.4) 145 (15.1)

Borderline 555 (29.0) 260 (27.2) 295 (30.8)

Abnormal 1,067 (55.8) 549 (57.4) 518 (54.1)

SDQ in emotional symptoms SC, n (%) 0.035
Normal 1,543 (80.6) 785 (82.1) 758 (79.1)

Borderline 194 (10.1) 99 (10.4) 95(9.9)

Abnormal 177 (9.3) 72 (7.5) 105 (11.0)

SDQ in conduct problems SC, n (%) 0.12
Normal 1,475 (77.1) 724 (75.7) 751 (78.4)

Borderline 267 (14.0) 149 (15.6) 118 (12.2)

Abnormal 172 (9.0) 83 (8.7) 89 (9.3)

SDQ in hyperactivity/inattention SC, n (%) <0.001
Normal 1,559 (81.5) 746 (78.0) 813 (84.9)

Borderline 196 (10.2) 108 (11.3) 88(9.2)

Abnormal 159 (8.3) 102 (10.7) 57 (5.9)

SDQ in peer problems SC, 71 (%) <0.001
Normal 1,263 (66.0) 595 (62.2) 668 (69.7)

Borderline 321(16.8) 162 (17.0) 159 (16.6)

Abnormal 330 (17.2) 199 (20.8) 131 (13.7)

SDQ in prosocial behaviors SC, n (%) <0.001
Normal 1,642 (85.8) 792 (82.8) 850 (88.7)

Borderline 272 (14.2) 164 (17.2) 108 (11.3)

Abnormal 0(0.0) 0(0.0) 0(0.0)

BMI, body mass index; SDQ, Strengths and Difficulties Questionnaire; SC, score categorization.

symptoms were positively associated with the left and right ear
average hearing threshold and presented a sex discrepancy.

The hearing screening failure rates of children varied
significantly across the globe. A Poland study which also used 20
dB HL as MHL showed that the estimated prevalence of hearing
loss among 5,029 children aged 6-7 years was 11.6% (33). And
other two studies using 25 dB HL as the MHL presented that the
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prevalence of hearing impairment was 5.73% in 79,340 school-
aged children in Nepal (34) and was 10% in 11,423 children in
Sisimiut, Greenland (35). A 8.5% detection rate in our study
seems not too high in comparison. However, given the large
child population in China (253 million children aged 0-14 years
in 2020 according to the seventh national census statistics),
the disease burden responding to such prevalence is alarmingly
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TABLE 2 Hearing screening results among 1,914 children aged 6-8 years in Beijing, China (imputed data).

Characteristics Total (N =1,914)

Screening results, 1 (%)

Passing 1,752 (91.5)
Failed 162 (8.5)
Unilateral 113 (69.8)
Bilateral 49 (30.2)
Hearing threshold, x £ s

Left ear

1,000 Hz 17.1£5.3
2,000 Hz 12.8 £ 6.5
4,000 Hz 11.0£7.5
Average 13.7£5.5
Right ear

1,000 Hz 17.0 £ 4.7
2,000 Hz 126 £5.8
4,000 Hz 11.2£6.7
Average 13.6 £4.8
Bilateral

Average 13.6 £ 4.5

high with over 21 million hearing loss cases potentially among
children aged 0-14 years. Specifically, for the children who
failed this screening, nearly 70% failed unilaterally. This means
that a significant proportion of children have hearing loss that
was slight or imperceptible, except for possible false positive
results due to stress or other factors (36). However, children with
unilateral hearing loss may have asymmetric speech perception
and listening-related fatigue which may reduce quality of life as
well (37, 38).

We found that hearing thresholds differed by sex except for
the hearing thresholds of the left ear at 1,000 Hz, with higher
thresholds for girls than for boys, but no sex difference in
screening failure rates, which is consistent with the findings of
a study on preschool children (39). This result may indicate
that girls have a higher risk of hearing deterioration than boys
even if they can pass the hearing screening. And a study based
on the National Health and Nutrition Examination Survey
(NHNES) showed that increased exposure to recreational noise
and minimum use of hearing protection may contribute to the
increased prevalence of noise-induced threshold shift among
female youths (40). Therefore, it is important to pay attention to
hearing threshold shift, especially for children with a threshold
close to MHL, who need to protect their hearing and be
screened regularly.

Globally, an increasing number of children and adolescents
suffer from hearing loss. Due to different characteristics of
hearing loss (late-onset, late identification, and late acquisition),
the prevalence of hearing loss increases throughout school age
(1). A meta-analysis reported an upward trend in the pooled
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boys (n = 956) girls (n = 958) P

0.88

876 (91.6) 876 (91.4)

80 (8.4) 82 (8.6)

53 (66.3) 60 (73.2)

27 (33.7) 22(26.8)

1704+ 5.1 173455 0.14

124 +64 132466 <0.001

108473 113476 0.052

134+53 139457 0.004

16.6 + 4.8 174445 <0.001

120462 132454 <0.001

108+ 7.1 11.6+6.3 <0.001

131451 141444 <0.001

133+ 4.6 14.0 £ 4.3 <0.001

prevalence of childhood hearing loss from 1990 to 2010 and
suggested that the progress may develop slowly over decades
(41). In the Recommendations for Preventive Pediatric Health
Care, the American Academy of Pediatrics (AAP) emphasizes
hearing screenings at each stage of childhood and adolescence
(42). In addition, the American Academy of Audiology
Childhood Hearing Screening Guidelines recommends that at
a minimum, preschool, kindergarten, and grades 1, 3, 5, and
7 or 9 children should be screened regularly for hearing. One
pure tone audiometry screening is applicable to children aged 3
years and above. Likewise in China, to protect children’s hearing,
to promote speech development, and also to reduce hearing
and speech disabilities in children, the National Health and
Family Planning Commission issued the Technical Specification
for Children’s Ear and Hearing Care in 2013. The technical
specification recommends that all children aged 0-6 years should
receive hearing screening. Screening technologies include ear
appearance examination, auditory behavioral observation, and
the use of portable auditory assessment instruments and
otoacoustic emission (43).

This study found that the abnormal rate of SDQ total
difficulties reported by parents was 55.8%, 57.4% for boys and
54.1% for girls. It is worth noting that compared to other
studies, the children in this study had more severe emotional
and behavioral problems. A study using the SDQ to screen
for emotional and behavioral problems assessed 596 families
among children aged 7-8 years and showed that the prevalence
of emotional and behavioral problems was 30.0% for boys and
28.2% for girls. Hyperactivity/inattention was more prevalent
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The density plots of binaural hearing thresholds at 3 frequency levels for children with SDQ total difficulties score categorization. SDQ, Strengths
and Difficulties Questionnaire; (A), left ear at 1,000 Hz, (B), left ear at 2,000 Hz, (C), left ear at 4,000 Hz, (D), right ear at 1,000 Hz, (E), right ear at
2,000 Hz, (F), right ear at 4,000 Hz. Blue line, abnormal group of SDQ in total difficulties, red line, borderline group of SDQ in total difficulties, and
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among boys, which was consistent with this study (44). For
children aged 6-18, the Child Behavior Checklist (CBCL) is also
used to estimate emotional and behavioral problems. In this
field, studies from Beijing and Nepal reported similar results, the
prevalence of Total Problems were 16.7% and 18.3% respectively
(45, 46). Nonetheless, a study noted that for children aged 6-18

Frontiersin Public Health

07

years in Kenya, older children performed better on emotional
symptoms compared to the younger (47). It was proposed that
emotional problems are common in early childhood but the
emotional maturity of children can be improved with age (48).
Children are only able to experience and perceive emotions
when their brains develop a specific capacity (49). This is a
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TABLE 3 The association of emotional problems/competence with hearing thresholds among 1,914 children aged 6—8 years in Beijing, China.

Scales of SDQ Left ear on average Right ear on average

BLO%CI)  p B2 (95%CI)  p BL(O5%CI)  p B2 (95%CI)  p
Emotional symptoms 0.24 (0.08, 0.40) 0.004 0.21 (0.05, 0.38) 0.011 0.18 (0.04, 0.32) 0.012 0.14 (—0.00, 0.28) 0.054
Conduct problems —0.08 (—0.31,0.15) 0.49 —0.09 (—0.32,0.14) 0.45 —0.09 (—0.29, 0.10) 0.35 —0.11 (—0.30, 0.09) 0.30
Hyperactivity/inattention —0.07 (—0.25,0.12) 0.47 —0.03 (—0.22, 0.16) 0.75 —0.05(—0.22,0.11) 0.51 —0.01 (—0.17,0.15) 0.91
Peer problems —0.12 (—0.30, 0.06) 0.20 —0.09 (—0.27, 0.10) 0.37 —0.10 (—0.26, 0.05) 0.19 —0.06 (—0.22, 0.09) 0.42
Prosocial behaviors —0.00 (—0.16, 0.16) 1.00 —0.00 (—0.16, 0.16) 0.98 —0.03 (—0.16, 0.10) 0.66 —0.04 (—0.17, 0.09) 0.55
B1, adjusting other 4 variables of emotional problems. f,, adjusting sex, age, BMI of children, parental educational attainment, and other 4 variables of emotional problems.
TABLE 4 The association of emotional symptoms with hearing thresholds among 1,914 children aged 6-8 years in Beijing, China.
Parameters Left ear on average Right ear on average

B (95%CI) p B (95%CI) p

Boys (n = 956)
Often complains of headaches 0.06 (—0.66, 0.77) 0.88 0.23 (—0.45,0.91) 0.51
Many worries —0.27 (—1.02, 0.48) 0.48 —0.43 (—1.14,0.28) 0.23
Often unhappy, downhearted —0.44 (—1.26,0.38) 0.29 —0.43 (—1.20, 0.35) 0.28
Nervous or clingy in new situations 0.15 (—0.43, 0.73) 0.62 0.08 (—0.46, 0.63) 0.76
Many fears, easily scared 0.61 (—0.08, 1.29) 0.081 0.67 (0.01, 1.33) 0.046
Girls (n =958)
Often complains of headaches —0.37 (—1.10, 0.35) 0.31 —0.07 (—0.64, 0.49) 0.80
Many worries 0.96 (0.20, 1.73) 0.014 0.57 (—0.02, 1.16) 0.060
Often unhappy, downhearted 0.50 (—0.34, 1.34) 0.24 0.72(0.07, 1.37) 0.029
Nervous or clingy in new situations 0.01 (—0.62, 0.63) 0.98 —0.14 (—0.64, 0.36) 0.57
Many fears, easily scared 0.05 (—0.65, 0.75) 0.88 —0.31 (—0.85, 0.24) 0.27

Adjusting sex, age, BMI of children, and parental educational attainment.

long-term, complex and interactive process (50). This means
that a child who does not have the emotional capacity cannot
understand others and express him- or herself well when
emotional problems arise, especially when the child has just
begun school. Several studies found similar results (51-53).
Children with emotional problems are at risk for elevated
hearing thresholds or even hearing loss. The exact biological
mechanisms are not fully understood, but a series of studies
were performed to help explain the reason. Such emotional
abnormalities can affect the neuroendocrine system (54). An
early review suggested that there may be multiple interactions
between the sympathetic and complex neuroendocrine systems,
which can interact with the immune system and therefore
may lead to inner ear dysfunction such as tinnitus, vertigo,
and hearing loss (55). Exposure to stress hormones may
cause hearing problems (56). Specifically, generalized anxiety
disorder was associated with elevated inflammatory markers
(57) which may contribute to the pathogenesis of hearing
loss (58). Additionally, one research proposed the hypothesis:
anxious personality may cause psychological distress and
hearing problems (59). Although it still needs to be supported by
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more research, it shed light to us in future study hypothesis. That
is stress or emotional problems, a matter of mental health, may
have certain impact on a person’s physical health or maintenance
of normal functioning. These findings strengthened the
evidence for the potential association of emotional problems
with hearing. Moreover, several epidemiological studies from
different countries found the same result of a bidirectional
relationship between emotional problems or psychological stress
and hearing loss in both adult and elderly populations (59-63).
However, this result has not been found in children. Thus, we
expanded the literature in this area.

One who pass the hearing screening does not mean that he
or she has normal hearing certainly. People with higher hearing
thresholds can manifest hearing impairment, communication
difficulties, etc., even within the normal range (64, 65). It is
of note that children with hearing impairment but normal
audiograms have problems with cognitive processing (66). In
this study, we found that children with abnormal or borderline
SDQ total difficulties scores had higher hearing threshold at
certain frequencies. For the 5 scales included in the SDQ, the
presence of emotional symptoms may interplay with increased
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mean hearing threshold in both ears. Specifically, boys who had
many fears and were easily scared, and girls who were often
worried, unhappy, and downhearted, may have higher hearing
threshold compared to their peers without emotional problems.

Our study has apparent strength. It is the first study to
focus on the potential association of school-aged children’s
emotional problems with hearing using a prospective cohort
study. There are also several limitations. The hearing screening
and SDQ questionnaire surveys are cross-sectional at the
baseline, so the cause-and-effect temporal relationships cannot
be inferred definitively and in the future, we could continue
to verify such association longitudinally. As the screening
was performed in children aged 6-8 years in Beijing, the
findings cannot be generalized to the entire childhood nor
in other geographical areas. But it expanded knowledge in
understanding children aged 6-8 years. The questionnaires
were completed by parents based on their observations of the
children for screening purposes of the prevalence of emotional
and behavioral problems, not for diagnosis. Generally, SDQ is
reliable and we can use it to identify children with a tendency for
emotional and behavioral problems.

In conclusion, hearing loss and emotional problems of
school-aged children in Beijing are cause for concern. We
emphasized the necessity and importance of regular audiological
monitoring in school settings and call for the attention to
undiscovered hearing loss as well as emotional problems.
This study is innovative in its exploration of the interplay
of emotional problems with hearing status in children. It is
expected that we can inform school health policy to address both
challenges in the near future.
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