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Abstract

Background: Occupational hearing loss of workers exposed to impulse noise and workers exposed to steady
noise for a long time may have different clinical characteristics.

Methods: As of May 2019, all 92 servicemen working in a weapon experimental field exposed to impulse noise
for over 1 year were collected as the impulse noise group. As of Dec 2019, all 78 servicemen working in an
engine working experimental field exposed to steady noise for over 1 year were collected as the steady noise
group. The propensity score matching (PSM) model was used to eliminate the imbalance of age and working
time between the two groups of subjects. After propensity score matching, 51 subjects in each group were fi-
nally included in the study. The machine learning model is constructed according to pure tone auditory thresh-
old, and the performance of the machine learning model is evaluated by accuracy, sensitivity, specificity, and
AUC.

Results: Subjects in the impulse noise group and the steady noise group had significant hearing loss at high
frequencies. The hearing of the steady noise group was worse than that of the impulse noise group at speech
frequency especially at the frequency of 1 kHz. Among machine learning models, XGBoost has the best pre-
diction and classification performance.

Conclusion: The pure tone auditory threshold of subjects in both groups decreased and at high frequency.
The hearing of the steady noise group at 1 kHz was significantly worse than that of the impulse noise group.
XGBoost is the best model to predict the classification of our two groups. Our research can guide the preven-
tion of damage caused by different types of noises.
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Introduction

Military operators are easily exposed to various
noises. These noise environments are more com-
plex than those exposed to factory personnel,
such as impulse noise from weapons and explo-
sions, and steady noise from engines of vehicles,
aircraft, and ships(l). Unlike the usual steady
noise, impulse noise is defined as a single burst of
noise with a duration of less than 1 second and a
peak value of 15 dB higher than the background
noise. In previous studies, multiple shipborne,
ground, air transport, and weapon platforms cre-
ated a noise environment of 110 dBA during op-
erations (1, 2). Noise-induced hearing loss
(NIHL) is a major health risk among military per-
sonnel due to excessive noise exposure through-
out their military career (3). The standards for
permissible occupational noise exposure, accord-
ing to National Institute for Occupational Safety
and Health, is for an 8-hour workday not to ex-
ceed 85 to 90 dBA. However, the output of mili-
tary weapons and machinery can easily exceed
these permissible levels (4). The analysis of dif-
ferent types of military noise will help us to better
protect the hearing of servicemen.

In special operation posts that may be exposed to
different noises for a long time, hearing loss and
tinnitus are common consequences of workers
exposed to high-intensity noise(5). The main im-
pact of hearing loss among adults, especially
noise-induced hearing loss, is high-frequency
hearing loss and may cause communication barri-
ers to some extent, which may adversely affect
the relationship with family and friends and cause
difficulties in the workplace. Untreated hearing
loss also has indirect health, psychosocial and
economic effects, and has adverse effects on so-
cial isolation and quality of life decline of hear-
ing-impaired individuals (6). Impulse noise is dis-
continuous and consists of irregular pulses or
noise spikes with short duration and large ampli-
tude. In the military environment, the impulse
noise generated by weapons is the most com-
mon. Hazards are associated with high levels of
noise in military environments, which may physi-
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cally damage fragile cells and structures in the
inner ear, leading to tinnitus and temporary and
possibly permanent hearing loss. For steady
noise, these effects may appear after long-term
repeated exposure. For impulse noise, a single
unprotected exposure may cause irreversible
damage. If the servicemen are exposed to im-
pulse noise for a long time, the chances of hear-
ing loss will be greatly increased. Although theo-
retically, NIHL can be prevented with sufficient
protective measures. So far, NIHL is still the
main health burden for soldiers. An ideal predic-
tion model can reduce the hearing loss of ser-
vicemen.

Occupational NIHL mainly occurs in mining,
construction, manufacturing plants, and the mili-
tary (7). In past studies, there were many investi-
gations on the hearing of veterans, mainly focus-
ing on the research on the damage of high-
frequency hearing threshold. The hearing loss of
personnel exposed to military noise would be
aggravated by environmental noise, which was
more serious than the age factor (8-10). Many
studies have shown that military noise exposure
causes the greatest hearing loss at 4, 6, and 8
kHz. Moreover, NIHL may cause tinnitus (8, 11).
In the past, machine-learning methods were also
used to distinguish different exposure environ-
ments through listening situations (12, 13). How-
ever, the method of machine learning is single,
and it is impossible to find an optimal algorithm.
In addition, they only distinguish the sound pres-
sure level for industrial noise, and cannot distin-
guish different types of noise.

In previous studies, the classification of impulse
and steady noise was not detailed, and the inves-
tigation and classification of environmental noise
were relatively general. Although some studies
have classified military noise to some extent, in
the previous NIHL study, the noise exposure of
the included population may be complex (11, 14-
15). It is impossible to distinguish the different
impacts of different military noises, especially the
possible impacts of steady noise and impulse
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noise. In our study, military operators were en-
gaged in a more specific and consistent position,
and the noise exposure was characterized by long
daily duration.

For a long time, the research on the damage of
steady noise and impulse noise to hearing has
been controversial and little research has been
done. Therefore, it is particularly important to
select appropriate research objects to carry out
the hearing loss caused by military steady noise
and impulse noise and build a classification mod-
el to better identify the exposed environment.

Materials and Methods

Participants

As of May 2019, all 92 servicemen working in a
weapon experimental field exposed to impulse
noise for over 1 year were collected as the im-
pulse noise group. As of Dec 2019, all 78 ser-
vicemen working in an engine working experi-
mental field exposed to steady noise for over 1
year were collected as the steady noise group. All
subjects in the two groups were asked to have no
family history of hearing loss, ototoxic drug use,
or nervous system disease. They were no abnor-
mal symptoms of the hearing system such as
conscious hearing loss, tinnitus, and ear tightness
before work, and successfully passed the routine
specialized physical examination for enlistment.
They were also asked to be generally healthy and
had never experienced traumatic brain injury.
The subjects of this study stated that they did not
use ear plugs or other protective devices in their
previous work. Among them, servicemen from
the weapon experimental field are 20 to 59 yr old
and have worked for 1 to 36 yr. Servicemen from
the engine working experimental field are 21 to
55 yr old and have worked for 1 to 30 yr. Due to
the particularity of the working environment and
military operations, the subjects in both groups
were all males.

Data Collection Methods
In the steady noise group, the steady noise test
was carried out according to the different work-
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ing environments of the subjects, and 20 tests
were completed to test the noise conditions of
different engine workshops at the test sites. In
the impulse noise group, the impulse noise test
was carried out for different weapons. Overall, 18
tests were completed to test the impulse noise
exposure of different posts at the test site. Using
a handheld acoustic analyzer (Danish B&K,
BK2250), on-site detection of noise acoustic pa-
rameters in the subject's work positions was con-
ducted. For impulse noise, we calculate the aver-
age peak sound pressure level of the noise. For
steady noise, we calculate the average A-weighted
sound pressure level of the noise.

Hearing test method: We used pure tone audi-
ometry (Danish Otometrics, Astera) to test the
hearing function in both ears of the subjects. In
May 2019, we conducted pure tone audiometry
on subjects in the impulse noise group. In Dec
2019, we conducted pure tone audiometry on
subjects in the steady noise group. Then compare
the hearing loss in the results of pure tone audi-
ometry at 0.25 kHz, 0.5 kHz, 1 kHz, 2 kHz, 3
kHz, 4 kHz, 6 kHz, and 8 kHz of the steady
noise group and the impulse noise group. Speech
frequency is the average value of the hearing
threshold at 0.25, 0.5, 1, and 2 kHz, while high
frequency is the average value of the hearing
threshold at 3, 4, and 6 kHz.

According to the working years exposed to noise,
subjects are divided into two groups: the < 10 yr
group and the>10 yr group. Regarding the
grouping, the hearing impairment of the subjects
caused by impulse noise and steady noise during
the working years exposed to noise is analyzed.

Statistics

R (4.2.1) was used for statistical analysis. Quanti-
tative data are expressed as mean * standard de-
viation (SD). Age, working hours, and hearing
threshold, which are consistent with the continu-
ous measurement data of normal distribution,
were tested by Student t. P < 0.05 was considered
statistically significant. The propensity score
matching (PSM) method was adopted with a ratio
of 1:1, to overcome the data imbalance in the
grouping analysis process. Boxplot and line
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charts were used to show the visualization of the
hearing condition of the two groups of subjects.

Machine learning

To distinguish different military operating envi-
ronments from the differences in hearing thresh-
olds of the two groups of personnel, to predict
different hearing loss that may occur in different
military operating environments. Four machine
learning methods were tested, including logistic
regression (LR), random forest (RF), XGBoost
(XGB), and support vector machine (SVM). A
detailed description of the above algorithms can
be found in other studies (16, 17). In the two
groups of subjects, 60% of the subjects were ran-
domly selected as the training set and 40% as the
test set. Use 10-fold cross validation to train four
machine learning models in the training set, and
put the trained models in the test set to see the
performance.

Model performance evaluation adopts accuracy,
sensitivity, and  specificity, where accura-
cy=(TP+TN)/(TP+FP+FN+TN),sensitivity="T
P/(TP+FN), specificity=TN/(TN+FP), T=true,
F=false, P=positive, N=negative. The ROC
curve is generated by comparing the true positive
rate (IPR) and false positive rate (FPR) under
various threshold settings, while AUC represents
the area under the ROC curve. The AUC of a
model with good predictability is close to 1. We
use the possibility of the prediction made by the
four machine learning methods to visualize the
actual grouping and the predicted grouping ac-
cording to the hearing of the subjects in different

groups.

Ethics approval and consent to participate

The authors are accountable for all aspects of the
work in ensuring that questions related to the
accuracy or integrity of any part of the work are
appropriately investigated and resolved. The
study was conducted in accordance with the Dec-
laration of Helsinki (as revised in 2013). The
study was approved by the ethical committee of
PLA Strategic Support Force Characteristic Med-
ical Center (No. K2019 (03) and informed con-
sent was taken from all individual participants.

Results

Groups' characteristics

Ninety-two servicemen were recruited from a
weapon experimental field as the impulse noise
group. They were generally exposed to the im-
pulse noise generated by weapons and worked
morte than 6 h a day. Overall, 78 servicemen were
recruited from the engine experimental field as
the steady noise group. They were generally ex-
posed to the steady noise generated by the engine
for a long time, and their daily working hours
were more than 6 hours.

Table 1 shows the age of the steady noise group
is significantly greater than that of the impulse
noise group. Through the PSM method, age and
working time are included in the logistic regres-
sion model, and age and working time are
matched to eliminate the differences between
groups. After matching, 51 subjects were finally
included in each group. Finally, age and working
time, which may have a significant impact on the
hearing condition, were controlled. Table 2
shows the baseline of age and work time of 51
subjects in each group after matching.

Table 1: Comparison of age and working time between the impulse noise group and the steady noise group before

Group Impulse Noise Group (  Steady Noise Group T P
*N=92) GN=78)

Age(yr) 31.231£8.98 34.15%8.42 3.080 0.002

Work Time (Years) 9.8118.4 8.8118.04 1.114 0.266

*n: Number of subjects in each group.
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Table 2: Comparison of age and working time between the impulse noise group and the steady noise group after

PSM.
Group Impulse noise group (n=51) Steady noise group t p
Cn=s51)
Age(yr) 33.751+8.35 33.7518.12 0.000 1.000
Work time (years) 10.28+8.39 10.2218.54 0.051 0.959

*n: Number of subjects in each group.

Hearing condition

According to the noise measured at several
points, the average peak sound pressure level of
impulse noise in the weapon experimental field is
145 dB, and the average A-weighted sound pres-
sure level of steady noise in the engine working
experimental field is 81 dB. Table 3 shows the
hearing threshold of the two groups of military
operators increases with the increase in frequen-
cy. It is the highest at 6 kHz and the average val-
ue exceeds 25 dB. This is also similar to the pre-
vious study of noise-induced hearing loss. At the
speech frequency of pure tone audiometry, espe-
cially at 1 kHz, the hearing of people in the
steady noise group was significantly worse than
that in the impulse noise group, with statistical
significance (P < 0.05). As two groups of subjects
were exposed to noise, the impulse noise group
and the steady noise group suffered from hearing
loss at high frequencies and the damaging effect
was similar. However, at the speech frequency,

the hearing of the subjects in the engine experi-
mental field is significantly worse than that in the
weapon experimental field. Figures 1 and 2 show
the hearing condition of two groups of subjects
at each frequency by visualizing way.

In the impulse noise group, 33 people worked for
less than or equal to 10 yr and 18 people worked
for more than 10 yr. In the steady noise group,
34 people worked for less than or equal to 10 yr
and 17 people worked for more than 10 yr. Ac-
cording to the results in Table 4 and Fig. 3, when
working for a short period, steady noise will
cause more damage to hearing than impulse noise
at the speech frequency (P is 0.001), especially at
the frequency of 1 kHz (P is 0.002). There is also
a slight difference in the frequency of 250 Hz
(P=0.081). With the increase of working years,
the damage of steady noise and impulse noise to
hearing is aggravated, but the difference is not
obvious.

Table 3: Comparison of pure tone audiometry thresholds between impulse noise group and steady noise group

(meantSD)
Frequency (khg) Impulse notse group Steady noise group t P
(N=102) (N=102)
Speech frequency 14.71+4.87 16.94+4.99 2.028  0.001
High frequency 24.02+12.87 22.29%13.07 0.953 NS
0.25 15.25+5.94 16.13+6.45 1.078 NS
0.5 16.9616.30 16.18%06.86 0.030 NS
1 14.17%6.06 17.21+7.63 5216  0.002
2 16.32+7.74 15.88+7.43 0.728 NS
3 18.28%11.64 18.24£10.52 0.897 NS
4 22.79%15.39 23.09%16.71 0.407 NS
6 28.92+17.54 29.85%119.27 1.384 NS
8 24.02%15.67 23.33£18.99 0.282 NS

N: Number of ears in each group.
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Fig. 1: Boxplot of pure tone auditory threshold results in impulse noise group and steady noise group
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Fig. 2: Line Chart of the average of pure tone auditory threshold in impulse noise group and steady noise group
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Table 4: Pure tone audiometry thresholds of the two groups grouped by work time (mean*SD)

Worktime group <10 year >10 year
Frequency (khz) Impulse noise  Steady noise P Impulse Steady noise P
gI'OLlp gI'OLlp ﬂOiSC group gI'OLlp
(N=102) (N=102) (N=102) (N=102)
Speech frequency 12.88%3.45 16.18£4.30  <0.001  18.06%5.35 18.46£5.93 NS
High frequency 20.81+10.47  20.59%+11.40 NS 29.91+14.82  25.69%£15.54 NS
0.25 13.64£4.69 15.07£4.77 0.081 18.19£6.88 18.24£8.61 NS
0.5 14.92%5.00 15.51£4.97 NS 20.6916.78 17.50£9.55 NS
1 12.27+4.49 16.32£5.44  <0.001 17.64£7.02  18.97%£10.64 NS
2 15.00£6.20 14.78%5.82 NS 18.75£9.59 18.09£9.61 NS
3 15.23£7.91 17.06£8.47 NS 23.89+14.98  20.59%13.58 NS
4 19.47£12.74  21.40£16.70 NS 28.89+17.97  26.471£16.45 NS
6 25.98+16.37  27.13%19.19 NS 343111856 35.29+18.54 NS
8 21.21+14.17 21.1£17.19 NS 29171713 27.79%£21.75 NS
N: Number of ears in each group.
354 \
304 \
E
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g‘ 25 4 =@= impulse noise group > 10 year
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Fig. 3: Line Chart of the average of auditory threshold in impulse noise group and steady noise group

Machine learning predicts the working envi-
ronment of different subjects according to hear-
ing loss

According to hearing loss, we regard impulse
noise and steady noise as two types and take the
hearing of each frequency as a feature. After 10-
fold cross validation in the training set, the
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trained model was used in the test set. For the
noise exposure of subjects, compared with XGB
and RF: 0.716(0.605, 0.811), the accuracy of LR
and SVM is reduced. Table 5 shows the perfor-
mance of the classifier used, and shows that ran-
dom forests are significantly better than the re-
sults of logical regression and decision trees,
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which show more or less similar results in accu-
racy, sensitivity, specificity, and ROC area. In
AUC (Fig. 4), XGB performs best (0.807). Over-
all, XGB is the best model in our dataset. Figure

5 shows the confusion matrix of the four ma-
chine learning algorithms, which shows the clas-
sification prediction of the four machine learning
algorithms in the test set.

Table 5: The performance for LR, RF, SVM, and XGB in the testing samples

Model Accuracy (95%CI) Sensitivity Specificity AUC
LR 0.654(0.540, 0.757) 0.600 0.707 0.740
RF 0.716(0.605, 0.811) 0.650 0.781 0.762
SVM 0.642(0.528, 0.746) 0.575 0.707 0.641
XGB 0.716(0.605, 0.811) 0.650 0.781 0.807
ROC Curves
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Fig. 4: ROC for machine learning algorithms
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Fig. 5: Confusion matrix of four machine-learning algorithms

Discussion

As an unspecified physiological and psychological
stressor, the potential impact of environmental
noise is universal, numerous, lasting, and cumula-
tive, and has corresponding actual and intangible
losses. In a long time of chronic exposure, noise
pollution is related to various auditory and non-
auditory health effects, such as metabolic disor-
der, cardiovascular disease, and cognitive dys-
function (18, 19). Moreover, especially impulse
noise can also affect hearing, nerves, cognition,
and so on (9, 10, 20). NIHL is a complex disease
caused by exposure to strong impulse noise or
long-term exposure to steady noise of over 85
decibels (18). These high noise levels (85 dB) can
cause hair cells in the cochlea to die after apopto-
sis (21). Many military servicemen may be ex-
posed to noise for a long time and have hearing
loss (22), it is necessary to carefully analyze dif-
ferent hearing loss caused by different noise envi-
ronments in military operations. Even though
there have been some studies to analyze the hear-
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ing of subjects exposed to a variety of steady
noise or impulse noise environments, few studies
are comparing steady noise and impulse noise to
our knowledge.

This is the first retrospective study in China,
which compares the clinical hearing loss results
of subjects exposed to steady noise and impulse
noise for a long time, stably and regularly. In ad-
dition, we used four machine learning methods to
predict the classification of the two groups of
subjects. In the past, some machine learning
models about hearing loss have been used to
classify and predict. Bing et al. made machine
learning predictions on sensorineural deafness
(23), and Tomiazzi et al. made predictions on the
classification of hearing loss caused by smoke
and pesticides among Brazilian farmers (24).

The focus of our research is to analyze the pure
tone audiometry of subjects exposed to noise in
two different noise environments and to build a
machine learning model to achieve the role of
prediction and classification. First of all, we need
to exclude the influence of age and working
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hours on the hearing of the two groups of differ-
ent subjects, so we used the PSM method to bal-
ance age and working time. The hearing condi-
tion of the two groups of subjects exposed to
steady noise and impulse noise decreased signifi-
cantly at high frequencies such as 4,6,8 kHz,
which is similar to the characteristics of previous
research on noise-induced hearing loss(25-27).
The subjects exposed to steady noise were signif-
icantly worse than those exposed to impulse
noise in terms of average speech frequency and 1
kHz frequency. In our subjects, no matter what
kind of noise environment they were exposed to,
the average hearing threshold at 6 kHz was the
worst, and the average value exceeded 25 dB.
29.85 + 19.27 dB at 6 kHz for the steady noise
group and 28.92 £ 17.54 dB at 6 kHz for the im-
pulse noise group. After grouping the working
time of the two groups of subjects, we can see
that the damage of steady noise to speech fre-
quency is mainly reflected in the early working
time. After working for more than 10 years, the
difference in hearing loss between the two groups
was not significant. As we all know, the impact of
noise exposure is cumulative. Before the thresh-
old sensitivity is affected, about 20% - 40% of
the outer hair cells may be lost (23, 28). In addi-
tion, there may be temporary threshold shifts
(TTS) in the early stage of work (29), so there
may be some differences between the two
groups. Therefore, it may be possible to reflect
the difference in the damage caused by different
environments of impulse noise and steady noise
in the early stage, while in the late stage of work,
due to the accumulation of noise damage, the
difference in hearing loss between the impulse
noise group and the steady noise group is not
very obvious.

Pattern recognition is one of the most important
functions of artificial intelligence (30). The effi-
ciency of machine classification programs in the
medical and biological fields (31, 32). In the ma-
chine learning models, we first randomly divide
the listening situation of our subjects into the
training set and test set. In the training set, we
train our model through 10-fold cross validation.
Accuracy, sensitivity, specificity, and AUC were

Available at:  http://ijph.tums.ac.ir

used to evaluate the performance of our four
machine learning algorithms. Random forests and
XGBoost have the same accuracy: 0.716(0.605,
0.811). However, the XGBoost algorithm has the
best performance. XGBoost is the abbreviation
of eXtreme Gradient Boosting. It illustrates the
Gradient Boosting Machine (GBM), which is a
technology mainly used to build regression and
classification predictive modeling problems.
XGBoost is an integration method in which a
new model is generated to correct the residuals or
errors of previous models. This machine-learning
algorithm can minimize errors, maximize the per-
formance of the model, and effectively prevent
overfitting (33).

The innovation points of this study are listed be-
low. First of all, this is the first study on the hear-
ing loss of military operators exposed to impulse
noise and steady noise in different military noise
environments, and the hearing loss of two groups
of different working time is compared. Then we
developed a machine learning model to predict
the grouping of subjects in different hearing loss
situations, and used different indicators to ex-
plore the performance of different machine
learning algorithms.,

Our research still has some limitations. First, the
data of noise and hearing of servicemen from
two different military operating environments
were selected retrospectively. This may lead to
selection bias. A prospective cohort can be de-
signed to improve the reliability of future results.
Secondly, we can increase the number of people
to improve the reliability of the model.

Conclusion

We creatively selected subjects in different mili-
tary noise environments, summarized, and evalu-
ated noise-induced hearing loss between groups.
Subjects in the steady noise group and the im-
pulse noise group had significant hearing loss at
high frequencies, while the hearing condition of
the steady noise group is worse than the impulse
noise group in speech frequency, especially in the
frequency of 1 kHz. Several prediction models
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based on machine learning are comprehensively
evaluated, and the XGBoost algorithm may be
the best model to predict the classification of pa-
tients with noise-induced hearing loss in our situ-
ation.
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