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ABSTRACT

Extensive training has been shown to improve the effectiveness of hearing protection devi-
ces (HPDs) in reducing noise exposure for workers. This study aimed to (1) assess the evi-
dence for short- and long-term effectiveness of HPD fit testing paired with extensive
instructions and (2) identify the type and frequency of refresher instruction associated with
maintaining its effectiveness. A literature search was completed on February 5, 2025. The
inclusion criteria focused on uncontrolled before-and-after (UBA) studies that reported per-
sonal attenuation ratings (PARs) provided by HPDs in the field. A total of 23 UBA studies
involving 5,575 workers were included, meta-analyses were performed when multiple com-
parable studies were located. For earplugs, retesting immediately after extensive training
increased the mean PAR by 12.88dB (13 studies) compared with the pre-intervention PARs
without instructions. The improvement decreased to 8.84 dB (2 studies) within 6 months and
further reduced to 4.46dB (2 studies) at 12 months. For earmuffs, only one study reported
increase in PARs of 5, 2, and 3dB for immediate, short-term, and long-term assessment,
respectively. Introducing extensive refresher training within a 6-month interval increased the
mean PAR from earplugs by 1.53dB (2 studies) compared with the post-intervention PAR
retested immediately after extensive training, with a further increase of 3.45dB (1 study) fol-
lowing annual extensive instruction. Simple refresher instructions within a 6-month interval
maintained the PAR values (1 study). However, without any refresher training, the PAR
decreased by 2.64dB (2 studies) within 6 months and 3.09dB (2 studies) over 6 months or
longer. Refresher training may increase the probability that workers receive efficient protec-
tion from their HPDs. However, more high-quality studies could help inform the optimal
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type and frequency of refresher training.

Introduction

Noise exposure has long been recognized as a com-
mon physical hazard in various industries and work-
places (Themann et al. 2023). It is the primary cause
of preventable hearing loss among other health effects
(Le et al. 2017). Worldwide, it is estimated that occu-
pational noise exposure contributes to 16% of the
cases of moderate or worse (>40dB HL) hearing loss
in adults (Nelson et al. 2005) and accounts for 7 mil-
lion years lived with disability (YLDs) (95% CI 4.76 to
10.1, GBD 2019 Hearing Loss Collaborators 2021).
The National Institute for Occupational Safety and
Health (NIOSH) estimated that 22% of the United
States (U.S.) workforce has a history of occupational

noise exposure (Kerns et al. 2018), which was respon-
sible for 11.2% (95% CI: 10.2 to 12.4) of YLDs due to
hearing loss (Haile et al. 2024). While still high, glo-
bally, the burden of occupational noise-induced hear-
ing loss has decreased from 1990 to 2019 by 1.72%,
especially in countries from middle and lower social
demographic indices (C. Liu et al. 2024).

Controlling the hazard at the source is recognized
as the most effective and preferred approach to pre-
vent occupational injury and illness (https://www.cdc.
gov/niosh/noise/about/noise.html). However, a lack of
emphasis on noise control and over-reliance on hear-
ing protection are recognized factors that likely con-
tribute to the continuing high burden of hearing
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loss among noise-exposed workers. (Themann and
Masterson 2019). In the U.S., hearing protection devi-
ces are labeled with a Noise Reduction Rating (NRR)
to indicate their potential for noise reduction (EPA
1979). The NRR is a laboratory-derived statistical esti-
mate that does not accurately reflect attenuation
achieved by an individual worker in the field. It has
been shown repeatedly to overestimate real-world
sound reductions (Themann and Masterson 2019). By
measuring personal attenuation ratings (PARs) on
each worker through hearing protector fit testing
(HPFT) (Voix et al. 2022), one can ensure that work-
ers are receiving effective attenuation from their
HPDs.

The concept of HPFT has been around since the
1970s (Lempert and Edwards 1983). Advances in
computer technology have enabled the development
of portable and economical fit-test systems. Several
commercial fit-test systems are available on the mar-
ket, and these have seen gradual adoption by employ-
ers and occupational hearing testing companies (Voix
et al. 2022).

Fit-test interventions are designed to help an indi-
vidual worker properly fit their HPDs and achieve the
necessary attenuation level with a particular protector.
This is accomplished in part by providing the worker
with instructions on how to choose, fit, and use
HPDs. Recent studies report that HPD fit testing
could help workers wear their HPDs correctly and
improve the protectors’ attenuation (Gong et al. 2021;
Murphy et al. 2016). It may also help lower rates of
hearing loss. Four facilities that used fit testing in
their hearing conservation program achieved the low-
est rates of hearing shift among the 14 participating
sites within the same company (Sayler et al. 2018). A
2024 Cochrane systematic review reported that fit test-
ing combined with extensive instructions can immedi-
ately reduce noise level at workers’ ears following the
test and associated training (Morata et al. 2024).

A few countries have published standards recom-
mending (Argentina, Australia, Brazil, Italy, Russia,
Uruguay, and Venezuela) or regulating (Canada,
Germany, Malaysia, US DoD) the use of fit testing as
part of hearing conservation interventions (Wells
et al. 2023). In 2025, the US National Institute for
Occupational Safety and Health (NIOSH) published a
Science Policy Update recommending individual fit-
testing for hearing protection devices (https://www.
cdc.gov/niosh/docs/2025-104/pdfs/2025). This Update
clarifies hearing protector recommendations in the
1998 NIOSH Criteria for a Recommended Standard -
Occupational Noise Exposure.

There are still unanswered questions about the
development and implementation of HPD fit-testing
interventions. It remains unclear how long the effect-
iveness of extensive instructions can be maintained,
whether instruction is necessary during follow-up fit
tests, and if so, which type of instructions (extensive,
simple, or none) and how often they would need to
be provided to sustain the effectiveness of the inter-
vention. In addition, the Cochrane review did not
find any studies that evaluated whether fit testing and
training contributed to the use of HPDs (Morata et al.
2024). These gaps in the evidence represent a critical
barrier to implementing universal HPD fit testing in
occupational settings (Murphy et al. 2023).

The 2024 Cochrane review (Morata et al. 2024)
located not only three randomized controlled trials
(RCTs, with 756 participants) but also 17 uncontrolled
before-and-after (UBA) articles with complete datasets
(Table Al). Among them, two articles (Casali and
Park 1991; Park and Casali 1991) reported one UBA
study. In addition, one randomized controlled trial
(Federman et al. 2021) had a UBA component. Given
their methodological design limitations, the results
from the UBA studies supported the discussion but
not the conclusions. The Cochrane review authors
(Morata et al. 2024) noted, however, that despite their
higher risk of bias (compared with RCT studies),
UBA studies (given their design) can provide add-
itional insight in scenarios when information from
RCTs is limited.

Conducting an evidence synthesis that includes
UBA studies allows one to map the scope and depth
of research on a particular topic while identifying
gaps, clarifying concepts, and informing future
research directions. The primary goals of this mixed
method review were to (1) assess the evidence for the
effectiveness of HPD fit testing associated with exten-
sive instructions, specifically examining both short-
and long-term effectiveness; and (2) identify the type
and frequency of refresher instructions most strongly
associated with maintaining the effectiveness of HPD
fit testing associated with extensive instructions. The
secondary goal was to evaluate the impact of fit test-
ing effectiveness on adherence to hearing pro-
tector use.

Methods

This mixed methods review combined the framework
of a scoping review with key features of a systematic
review. A scoping review delineates the coverage and
focus of a body of literature with a synthesis of
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evidence (Munn et al. 2018). It also allows the identi-
fication of the nature of a broad field of evidence and
evaluates whether a systematic review or meta-
analyses are feasible. The key features of a systematic
review include framing the question in a structured
and explicit way; using a comprehensive, transparent,
and reproducible search of the literature; and con-
ducting the quality assessment of included studies
(Khan et al. 2003).

The PICO (Population, Intervention, Comparison,
and Outcome) model was used to guide the formula-
tion of the research questions, development of search
strategies, and characterization of studies or meta-
analyses as in Morata et al. 2024. In this model, the
population was defined as workers exposed to noise
who use HPDs, the intervention involved fit testing
with different formats of instructions, the comparison
included various instruction formats, and the outcome
was PAR, the PAR pass rate, or the rate of HPD use.

Systematic literature search

A systematic search was performed on Medline,
Embase, PsycINFO, the Cochrane Central Register of
Controlled Trials; CINAHL) (Cumulative Index to
Nursing and Allied Health Literature), Scopus,
NIOSHTIC-2 (National Institute for Occupational
Safety and Health), ClinicalTrials.gov, and World
Health Organization (WHO) International Clinical
Trials Registry Platform. The search strategy employed
was consistent with that reported in a previous
Cochrane review (Morata et al. 2024). There were no
restrictions on language, publication year, or publica-
tion status. Citations were imported into EndNote,
where duplicates were removed. The databases were
last searched on February 5, 2025.

Selection criteria

The inclusion criteria were (1) UBA studies involving
fit-tested workers who used HPDs and were exposed
to noise levels of more than 80 dBA; (2) studies that
reported noise attenuation levels provided by various
types of HPDs used by workers; (3) studies involving
fit testing procedures and different formats of instruc-
tions for workers on how to properly select and fit
HPDs. The primary outcome was noise attenuation
measured either as a PAR and/or PAR pass rate. PAR
pass rate is the percentage of workers who passed an
established level of sufficient attenuation from their
HPDs, determined based on their individual noise
exposure levels. The secondary outcome was the HPD

JOURNAL OF OCCUPATIONAL AND ENVIRONMENTAL HYGIENE . 3

use rate, defined as the percentage of workers who
used HPD during their work shift.

Eligible studies were selected in two stages. First,
the 17 UBA studies identified in the previous
Cochrane review (Morata et al. 2024) were automatic-
ally included. The last search of the Cochrane review
was February 29, 2024. Second, search results from
February 29, 2024 to February 5, 2025 were imported
to the web-based software Covidence. Two review
authors (WG, TM) independently screened the title
and abstracts of all studies identified from the new
search. The same two authors then conducted full-text
screening. Any discrepancies between reviewers were
resolved by discussion or by consulting a third review
author (AS).

Data extraction and analysis

One review author extracted study -characteristics
using the same data collection form from the previous
Cochrane Review (Morata et al. 2024) and entered
data in a Microsoft Excel (Microsoft Excel for
Microsoft 365 MSO, Version 2402) spreadsheet to
perform a meta-analysis using a random-effects model
(Neyeloff et al. 2012). The second review author spot-
checked data entry for accuracy against the study
report. For dichotomous outcomes, risk ratios (RRs)
were calculated for PAR pass rate and the rate of
HPD use. For continuous outcomes, mean differences
(MDs) were used for PAR. The sample mean and
standard deviation (SD) were estimated as described
by Wan et al. (2014) when studies reported only sam-
ple size, median, range, and/or interquartile range.

All training formats reported in the included stud-
ies were categorized into two levels: extensive and
simple. Extensive training was defined as any format
of training that includes individualized instruction,
while simple training was defined as any training for-
mat without an individualized instruction component.
Initially, all workers underwent pre-intervention fit
testing, and the first PAR was recorded as pre-
intervention PAR. Subsequently, some workers took a
post-intervention retest after receiving an extensive
and/or simple instruction either immediately (same
day), in the short-term (up to 6 months), or in the
long-term (beyond 6 months). This retested PAR was
recorded as the post-intervention PAR. Later, a
follow-up fit test was conducted among those who
had completed the post-intervention test to obtain
follow-up PAR values; this follow-up fit test could
include or exclude refresher training. The refresher
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training was also categorized as either extensive or
simple instruction.

To assess the effectiveness of HPD fit testing with
extensive instruction, the post-intervention PARs were
compared with the pre-intervention PARs. This com-
parison allows for an evaluation of how long the
effectiveness of extensive instructions is maintained.

To determine whether refresher instruction was
necessary to maintain the effectiveness of extensive
instruction, the follow-up PARs were compared with
the post-intervention PAR values obtained immedi-
ately after extensive instruction. This comparison also
allows evaluation of which type of refresher instruc-
tion (extensive, simple, or none) would be most effect-
ive and how often it would need to be provided to
maintain the effectiveness of extensive instruction.

In addition, the rate of HPD use among workers
was compared between the pre-and post-intervention
fit testing, as well as between follow-up and the post-
intervention fit testing. This comparison aims to
examine whether HPD fit testing accompanied by
instruction enhances adherence to HPD use.

The data were pooled from studies deemed suffi-
ciently homogenous in terms of intervention, partici-
pants, and settings. A meta-analysis was performed
with random-effects model, if more than one study
provided useable data in any single comparison.
Statistical significance alpha levels were set at 0.05.

Assessment of risk of bias and quality of evidence

The authors aimed to use the Risk of Bias in Non-
randomized Studies of Interventions (ROBINS-I) tool to
assess the risk of bias in the eligible UBA studies (Sterne
et al. 2024). If the evidence allowed, the five considerations
(risk of bias, inconsistency, imprecision, indirectness, and
publication bias) of the Grading of Recommendations,
Assessment, Development and Evaluation (GRADE)
method was employed to assess the certainty of a body of
evidence as it related to the studies that contributed data
for the pre-specified outcomes.

Results
Characteristics of included studies

The latest search vyielded 284 references in total.
During the title and abstract screening, 277 were not
eligible for inclusion. The remaining seven articles
underwent full-text review, and one was excluded
because of incomplete data. This process resulted in 6
recent UBA studies being added to 17 UBA studies
(reported in 18 articles) identified in the 2024

Cochrane review (Morata et al. 2024). A total of 23
UBA studies with completed datasets were included in
this review (Figure 1, Table Al). No RCT studies
were found. Workers from 14 studies (Table A1) who
did not achieve the desired PAR during the initial fit
tests and/or with incorrect fit skill received an inter-
vention followed by follow-up fit tests. In contrast,
workers from nine studies (Table Al) underwent ini-
tial and follow-up fit tests regardless of the PAR levels
they achieved at their initial tests.

Of 5,575 workers who were recruited in the 23
UBAs, a total of 4,629 workers were eligible and par-
ticipated in the initial fit test to obtain their pre-
intervention PARs. Of these, 4,184 received extensive
instructions and were fit tested to estimate their post-
intervention PARs. Among them, 3,374 were retested
on the same day when they received extensive instruc-
tions, 456 were tested within 6 months after receiving
extensive instructions, and 351 were tested more than
6 months later. In addition, 1,275 took a third test to
estimate their follow-up PARs, either within 6 months
or beyond 6 months after their second test.

Seventeen studies were conducted in manufacturing
facilities, with 11 located in China, two in the United
States, with one each from Canada, Taiwan, Korea,
and Japan. In addition, one study took place at the
U.S. Department of Defense, two were in the U.S.
Marine Corps, and one was at an energy distribution
company in Canada. Furthermore, two studies were
performed at a public university in Brazil (Table Al).
All workers reported being exposed to noise at work.
Fourteen studies documented noise exposure levels
ranging from 80 to 107 dBA, while some peak levels
from rifles reached up to 160 dB SPL. Only five stud-
ies provided detailed descriptions of noise measure-
ment methods and results (Murphy et al. 2016; Gong
et al. 2021; Zhong et al. 2023; J. Liu et al. 2024; Shu
et al. 2025). The ages of participants, reported by 16
studies, ranged from 18 to 69years old (Table Al).
Three studies included only male participants, one
study primarily included female workers, and 17 stud-
ies reported a predominance of male participants
(Table Al).

Eight studies used the real-ear attenuation at
threshold (REAT, ISO 2018) method to estimate PAR
values, while the remaining 15 studies used the micro-
phone in the real-ear (MIRE, ANSI 2018) method
(Table Al). Only one study measured PAR levels for
canal caps, two studies tested earmuffs, and the
remaining studies tested different types of earplugs,
including foam, pre-molded, and push-to-fit earplugs
(Table Al).
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Studies identified

from the previous

Cochrane review.
n=17)

Identification

Screening

Eligibility

-~
7

Records identified through searching
from February 29, 2024, to February
5,2025
(n=284)

VY

Records screen title and abstract
(n=284)

Records excluded
(n=277)

A4

Full-text articles assessed for
eligibility
m=7)

J

Full-text articles
excluded with
incomplete data

n=1)

Articles met the inclusion criteria
(n=06)

Studies included in qualitative
synthesis
(n=23)

Included

Figure 1. Prisma flowchart for screening process conducted for the mixed method review.

Three types of training format were defined: exten-
sive, simple, and no instruction. To evaluate the
effectiveness of intervention, 14 studies compared no
instruction with extensive instruction (Table Al);
three studies compared extensive instruction with sim-
ple instruction—specifically, HPD manufacturers’
package instruction in two studies (Assuncao et al.
2019; Takada et al. 2020) and group instruction in
one study (Tsukada and Sakakibara 2008). In addition,
one study reported the intervention effect of a short
video instruction (simple), expert-fit instruction
(extensive), or integrated video training and expert-fit
instruction (extensive), compared with no instruction
(Federman et al. 2021).

Twenty-one studies (Table Al) measured the
immediate effects of fit testing combined with instruc-
tion. Eight studies assessed short-term effects, while
four studies measured long-term effects (Table Al).
Eight studies evaluated the effect of follow-up fit test-
ing with refresher training weekly (Martin et al. 2019),
biannually (Assuncao et al. 2019), or over a period
within 6 months (Tsukada and Sakakibara 2008; Gong
et al. 2019; Y. Liu et al. 2020; Li Lin et al. 2022) or in
12 months or more (Murphy et al. 2016; Y. Liu et al.
2020; Fu et al. 2024). In addition, Kim et al. provided

annual individualized instruction to earplug users for
four consecutive years to evaluate the effect of annual
training (Kim et al. 2019). Only one study examined
whether fit testing with instructions contributed to the
use of hearing protection (Tsukada and Sakakibara
2008).

Regarding the assessment of risk of bias and quality
of evidence, it is important to note that all the UBA
studies identified in this review reported only one
pre-intervention outcome measurement and one post-
intervention outcome measurement for each partici-
pant. While the ROBINS-I tool is particularly relevant
for UBA studies, it is not appropriate for those that
rely on single pre- and/or post-intervention outcome
measurements for each participant. Such studies are
typically judged to be at serious or critical risk of bias
because it is impossible to determine whether pre-post
changes are due to the intervention rather than other
factors (Sterne et al. 2024). Furthermore, UBA studies
are observational in nature and focus solely on sub-
jects who underwent the intervention. As a result,
they usually warrant downgrading from low to very
low quality according to the GRADE handbook
(Schiinemann et al. 2013). Therefore, all included
studies were judged to be at serious risk of bias, which
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resulted in very low quality of evidence and should be
considered with caution.

Effects of fit testing of HPD with extensive
instructions

Immediate effects

Compared with the pre-intervention PARs without
instructions, earplug users experienced an immediate
post-intervention PAR increase of 12.88dB (95% CI:
10.09 to 15.66; 12 studies, Z=9.87, p < 0.00001), and
the PAR pass rates improved with a risk ratio (RR) of
1.60 (95% CI: 1.13 to 2.27; 7 studies, Z=3.69,
p=0.0002). For earmuff users, the post-intervention
PAR increased by 5.00dB (95% CI: 3.99 to 6.01; 1
study, Z=15.48, p <0.00001), and the PAR pass rate
improved with an RR of 1.14 (95% CI: 1.07 to 1.21; 1
study, Z=9.72, p < 0.00001).

When compared with the pre-intervention PARs
with simple instructions, the post-intervention mean
PARs for earplugs increased by 5.06dB (95% CI: 3.99
to 6.01; 3 studies, Z=9.72, p < 0.00001), and the PAR
pass rate rose with an RR of 1.13 (95% CI: 1.06 to
1.19; 3 studies, Z=4.01, p < 0.0001).

No study examined whether fit testing with extensive
training could immediately affect the rate of HPD use.

Short-term effects
Compared with the pre-intervention PARs without
instructions, the 6-month post-intervention visits
(Gong et al. 2019; Y. Liu et al. 2020) showed an increase
in the mean PAR from earplugs of 8.84dB (95% CI
—3.70 to 21.38; 2 studies, Z=28.96, p < 0.00001), while
the PAR from earmuffs increased by 2dB (95% CI 0.53
to 3.47; Z=2.67, p =0.008). PAR pass rates for earplugs
also increased (Gong et al. 2019), with an RR of 2.08
(95% CI 1.74 to 2.50; 1 study, Z=7.88, p < 0.00001).
Overall, the short-term improvements in mean PAR
were observed to be lower than the immediate effects.
Compared with the pre-intervention PARs with sim-
ple instruction, retests at 3-week (Park and Casali 1991)
and 2-month intervals (Tsukada and Sakakibara 2008)
showed increases in the mean PAR for earplugs, earmuff,
and canal cap of 6.22 dB (95% CI 1.19 to 11.26; 2 studies,
Z=242, p=0.02), 1.60dB (95% CI —2.7 to 9.97; 1
study, Z=9.21, p < 0.00001), and 3.50dB (95% CI —2.7
to 9.97; 1 study, Z =1.06, p = 0.29), respectively. In add-
ition, the rate of earplug use increased from 46% to 66%
over the 2-month period following the training
(Tsukada and Sakakibara 2008). At a 1-month follow-up
visit, 26 of 37 workers from a printing enterprise self-

reported that they increased the use of HPD when
exposed to noise in their work shift (Lt Lin et al. 2022).

Long-term effects
In the 12-month retest (Kim et al. 2019; Y. Liu et al.
2020), an increase in the mean PAR of 4.46 dB (95%
CI -15.86 to 7.32; 2 studies, Z=2.79, p=0.005)
for earplugs was observed when comparing post-
intervention PAR with pre-intervention PAR.
However, this increase was smaller than the retest
conducted within 6 months (8.84 dB) and significantly
less than the immediate retest following extensive
instructions (12.88 dB) (Figure 2). No study examined
whether fit testing combined with extensive training
could affect the long-term rate of HPD use, nor did
any study compare the post-intervention PARs from
simple instruction with the pre-intervention PARs.
Figure 2 shows the immediate, short-term, and
long-term effectiveness of fit testing of earplugs with
extensive instruction when compared with pre-
intervention fit testing without instruction.

Effects of fit testing of HPD with refresher
instruction

Short-term effects

The follow-up fit test, along with extensive refresher
instruction within 6 months (Assuncao et al. 2019;
Martin et al. 2019), increased the mean PAR values of
earplugs by 1.53dB (95% CI 0.99 to 2.06; 2 studies,
Z=5.25, p<0.00001) when compared with the post-
PAR immediate retest following extensive instructions.
The PAR pass rates for earplugs remained stable
(Assunc¢ao et al. 2019), with an RR of 0.97 (95% CI
0.43 to 2.71; 1 study, Z=0.29, p=0.77).

Interestingly, simple refresher instruction at the
follow-up fit test did not show changes either in PAR
values (mean difference 0.65dB, 95% CI —3.75 to 5.10;
1 study, Z=0.55, p=0.58) or the PAR pass rate (RR
0.86, 95% CI 0.32 to 2.32; 1 study, Z=0.96, p =0.34).

However, a follow-up fit test conducted alone with-
out refresher instruction within 6 months (Tsukada and
Sakakibara 2008; Gong et al. 2019; Y. Liu et al. 2020; Lu
Lin et al. 2022) indicated that the mean PAR values for
earplugs decreased by 2.64dB (95% CI —0.44 to 5.71; 4
studies, Z=2.51, p=0.005), while the mean PAR val-
ues for earmuff decreased by 2 dB (95% CI 0.81 to 3.19;
1 study, Z=3.29, p=0.001; Liu and Yang 2018).

Long-term effects
The follow-up fit test conducted with extensive
refresher instruction after 12 months (Kim et al. 2019)
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Mean difference

Study [95%C1]
Immediate effect —h— 12.88 [10.09, 15.66]
Copellietal. 2021 4 2.20 [-1.08, 5.48]
Federman etal. 2021 —_— 17.70 [15.71, 19.69)
Federman et al. 2021 —_— 17.90 [15.52, 20.28]
Gong etal.2019 — 14.00 [12.92, 15.08
Gongetal. 2021 —_— 15.00 [12.98, 17.03
Gongetal. 2021 o T 15.00 [11.60, 18.40]
Hayesetal. 2022 _— 15.30[11.54, 19.12]
Kim etal. 2019 —a 4.70[3.17, 6.23)
Liuetal.2020 - 12.00 [11.42, 12.58]
Zhong et al. 2023 - 13.00 [12.37, 13.63]
J.Liuetal. 2024 — 8.20 [6.22, 10.18)
Wang etal. 2024 - 14.10 [13.56, 14.64]
Shuetal. 2025 —_— 5.30 [3.68, 6.92)
Shietal. 2023 —_— 17.70 [15.38, 20.02)
Shi etal. 2023 —- 20.70 [19.84, 21.56)
LU etal. 2022 — 0.87 [0.75, 10.10)
Short-term effect —h— 8.84 [6.91, 10.78]
Gong etal. 2019 —_— 10.00 [7.67, 12.33]
Liuetal. 2020 — 8.00 [6.28,9.72)
Long-term effect —k— 4.46 [1.33, 7.59]
Kim etal. 2019 — 2.80[1.01, 4.59)
Liuetal. 2020 — 6.00 [4.68, 7.32)
-18 <15 <12 -9 6 -3 0 3 6 9 12 15 18 21 24

Favors initial test without training

Favors post-interventiontest with extensie training

Mean difference between pre-intervention and post-intervention in PARs
(dB) [95% CI]

Figure 2. Mean differences in personal attenuation rating (PAR) values between results of the pre-intervention PARs without
instruction and post-intervention PARs with extensive instruction at immediate, short-term, and long-term retests. The larger solid
triangles represent the overall effect for each timeframe and the small open triangles indicate the effect for individual studies.

revealed an increase in the mean PAR values of ear-
plugs of 3.45dB (95% CI 2.01 to 4.88; Z=5.16,
p <0.0001) when compared with the immediate retest
following extensive instructions. No study examined
the long-term effects of a follow-up fit test with sim-
ple refresher instruction.

In contrast, the follow-up fit test conducted with-
out refresher instruction after 1year led to a decrease
in the mean PAR for earplugs by 3.09dB (95% CI
—2.19 to 8.37; 2 studies, Z=1.82, p=0.07, Kim et al.
2019; Y. Liu et al. 2020) when compared with the
post-intervention PAR with extensive instruction.
PAR pass rates for earplugs also decreased (Liu and
Yang 2018), with a RR of 0.64 (95% CI 0.16 to 2.59;
Z=1.82, p=0.07). For earmuffs, the mean PAR
decreased by 1dB (95% CI —0.78 to 2.78; 1 study,
Z=1.10, p=0.27; Liu and Yang 2018). However,
none of these decreases were statistically significant.

Figure 3 illustrates the short-term and long-term
effectiveness of fit tests for earplugs with or without
refresher instruction, in comparison with the retest
immediately after extensive instruction.

Discussion
Effects of fit testing of HPD with extensive instructions

This mixed method review of 23 UBA studies revealed
that providing extensive instructions immediately fol-
lowed by fit testing achieved the greatest increase in
PAR values and PAR pass rates for earplugs, com-
pared with the pre-intervention PARs from fit testing

without instruction. The increase in mean PAR (MD
12.88 dB; 95% CI: 10.03 to 15.66) is greater than that
reported in the Cochrane review (MD 8.34dB; 95%
CIL: 7.32 to 9.36). One possible explanation for this
difference is that 14 UBA studies only provided inter-
vention for workers who failed to achieve the desired
PAR and/or with inappropriate use of HPDs, indicat-
ing that the pre-intervention PAR values for these
workers were relatively lower than those in the
randomized controlled trials (RCTs) analyzed in
the Cochrane review (Morata et al. 2024). However,
the increase in PAR levels is consistent regardless
of the difference in the study design and rigor.

When there was a time interval of 1 week to
17 months between the extensive training and the
post-intervention fit tests, a longer time interval
between the instructions and the fit test was associated
with lower attenuation. An exception was noted in the
Park and Casali (1991) study, where workers received
extensive instructions before a 3-week experimental
period and were fit tested once a week. Their 3-week
post-intervention mean PARs for earplugs improved
by 12dB compared with their pre-intervention PARs
(Park and Casali 1991). This increase was even greater
than the immediate effects observed in the random-
ized controlled trial (RCT) study (Federman et al
2021). Beyond the different study designs, a possible
explanation is that frequent fit testing (once a week)
may enhance the effectiveness of extensive instruction.

For earmuffs, one study (Liu and Yang 2018) observed
improvements in mean post-intervention PAR values at
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Mean difference
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With extensive
refresher Short-term —=* 1.53 [0.96, 2.11]
instruction Assungdoet al.2019 1 1.70[-1.00, 4.40]
Assungdoet al.2019 —4— 1.30[-1.10,3.70]
Martinet al. 2019 — 1.80[0.99, 2.61]
Martinet al. 2019 —tr= 1.20([0.30, 2.10)
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Liu et al.2020 e -4.00 [-5.25,-2.76]
Tsukada and Sakakibara 2008 —— -1.20[-3.45, 1.05]
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Figure 3. Mean differences in personal attenuation rating (PAR) values between results of the follow-up test with or without
refresher training and that of retest immediately after extensive instructions. The large solid triangles represent the overall effect
for each timeframe and the small open triangles indicate the effect for individual studies.

immediate, 6-month, and 12-month tests after partici-
pants received extensive instruction. The results, along
with those from earplugs, consistently show that an inter-
val of 6 months or more between instructions and fit test-
ing significantly reduces the increase in PAR values from
baseline. This finding indicates that providing extensive
instruction immediately followed by a fit test leads to the
greatest improvement in PAR values or pass rates.
Conversely, longer intervals between instructions and fit
testing (whether 6 or 12 months) are associated with a
lower increase in attenuation. This suggests that a follow-
up fit test is necessary after workers have demonstrated
their ability to receive effective protection following
extensive training.

One study reported a change in the rate of earplug
use, showing an increase from 4% to 66% over 2 months
following extensive training (Tsukada and Sakakibara
2008). In another study, workers indicated that they
increased their earplug usage after initial fit tests; how-
ever, the rate of HPD use was not reported (Lii Lin et al.
2022). A 2024 study found that 138 out of 192 workers
removed their earplugs during their initial visit for con-
versations or equipment checks; however, this number
decreased to only 94 workers citing the same reasons
after 17 months of their fit testing and instructions (Fu
et al. 2024). These findings suggest that measuring the

rate of HPD use may not comprehensively assess the
impact of HPD fit testing since workers are generally
required to wear HPDs when exposed to hazardous
noise. Neitzel and Seixas (2005) noted that construction
workers who reported “always” using HPDs in high
noise environments actually wore them only one-third
of the time when their noise exposure exceeded 85 dBA.
Addressing factors contributing to nonuse—such as
communication, comfort, and convenience—could
enhance the consistency of HPD usage. Alternative met-
rics like HPD wearing duration, frequency of removal,
or comfort levels may serve as better indicators for
assessing consistent HPD use.

Effects of fit testing of HPD with refresher
instruction

Evidence from two uncontrolled studies (Assungao
et al. 2019; Martin et al. 2019) indicated that when the
same subjects received extensive refresher instructions
(either weekly or biannually), the mean post-training
PAR improved by an average of 1.53 dB compared with
the previous post-intervention PAR (95% CI: 0.99 to
2.06). In another study, annual fit testing combined
with extensive instructions for 172 workers over 2 years
and 30 workers over 4years resulted in a mean PAR



increase of 3.45dB (95% CI: 2.01 to 4.88) at the 4th
year test, compared with the post-intervention PAR
values measured immediately after extensive training at
the first year (Kim et al. 2019).

Extensive instructions can be time-consuming.
Murphy et al. (2016) reported that training sessions
lasted between 3 and 7 min, while Gong et al. (2021)
noted that the duration of fit testing combined with
extensive training varied from 5 to 30 min, depending
on the number of times workers needed to be trained,
refitted, and retested. In contrast, group training, video
presentations, or written instructions typically require
less time and fewer resources than the individualized
extensive instruction. One study provided a 10-minute
hearing health education and HPD training for groups
of 8 to 16 U.S. Marine Corps recruits (Kulinski et al.
2024). This group training combined a standardized
script, visual inspection, and immediate feedback from
an occupational audiology staff member who provided
recruits with the necessary skills to properly insert
their HPDs. The study authors found a significant
immediate increase of 14.6 dB in post-intervention PAR,
with a slight decrease at 1-month follow-up, yet still
above pre-intervention levels. The study indicates that
implementing small-group training at large-scale in-
processing events, where resource constraints may limit
one-on-one intervention, could be considered a viable
option for refresher instruction (Kulinski et al. 2024).

This mixed method review found that providing
follow-up fit testing with simple refresher instruction at
6-month intervals allows workers to achieve the same
level of protection as they did with initial extensive
training. Therefore, this review suggests that simple
instruction could serve as an alternative intervention to
maintain the effectiveness of extensive instruction once
workers are proficient in selecting and wearing hearing
protection devices correctly. However, no studies have
examined the long-term effects (beyond 6 months) of
follow-up using refresher simple instruction.

In contrast, the follow-up fit test without refresher
instruction resulted in a decrease in the mean PAR for
both earplugs (Kim et al. 2019; Y. Liu et al. 2020) and
earmuffs (Liu and Yang 2018) over 6 months to 1 year.
This finding confirms that periodic follow-up fit testing
with some forms of refresher instruction is necessary
after workers have demonstrated their ability to achieve
effective protection following extensive training.

Limitations

Because of the high bias present in the UBA studies
included in this review, no definitive conclusions can be
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drawn regarding the type and frequency of refresher
instruction needed. In addition, the effectiveness of train-
ing—both short-term and long-term—is likely influenced
by noise exposure levels. This is especially relevant for
workers exposed to a noise level of 85 dBA or lower, as
they may not need as much attenuation from their HPDs
during daily work as they did after extensive training.

Furthermore, publication bias may have influenced
our evaluation of the effects of extensive instruction
from four UBA studies that were partially funded by the
manufacturer of one of the systems used as an interven-
tion. This funding source may have had an interest in
publishing studies that demonstrate a preventive effect
of fit testing for HPDs (Liu and Yang 2018; Gong et al.
2019; Y. Liu et al. 2020; Gong et al. 2021).

Conclusions
Implications for practice

The findings from this mixed method review indicate
that providing extensive training can immediately
enhance the noise attenuation offered by HPDs, align-
ing with the results reported in the Cochrane review
published in early 2024. However, this initial increase
in effectiveness tends to diminish time.
Fortunately, implementing periodic follow-up fit test-
ing, along with either extensive or simple refresher
instruction, can help maintain—and in some cases even
improve—the effectiveness of the initial training. In
other words, periodic follow-up fit testing with
refresher training is beneficial for workers who demon-
strate their ability to achieve effective protection.

From a practical perspective, biannual, annual, or
biennial training would be more feasible than weekly
sessions. However, few high-quality studies have eval-
uated the effects of periodic refresher instruction or the
maintained effects of such instructions. These findings
align with a previous Cochrane review (Tikka et al.
2017), which noted a limited number of studies exam-
ining the effectiveness of refresher training. Further
research is likely to have an important impact and
could modify the conclusions reached in this review.

over

Implications for research

Future randomized controlled trials (RCTs) could
examine the need for optimal time intervals between
tests with extensive instruction and periodic testing
combined with refresher instructions. This mixed meth-
ods review indicates that periodic fit testing of HPDs
with extensive or simple refresher instruction could help
maintain the achieved attenuation from HPDs. To
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support this finding, RCTs of high or moderate quality
could offer greater certainty to enhance the implementa-
tion of the intervention in workplace settings. Future
studies also could use hierarchical clusters of noise
exposure levels in the data analysis to better evaluate the
training effects across different time frames.

For an HPD fit-testing strategy to be widely accepted
in industry, it is important to identify its key elements
and develop an efficient implementation model. In add-
ition, addressing factors that contribute to nonuse of
HPDs—such as communication, comfort, and conveni-
ence—could improve the consistency of hearing protector
use. Other outcomes, such as HPD wearing time, fre-
quency of removal, and comfort levels, may also serve as
valuable indicators for assessing consistency in HPD use.

As noted in the Cochrane review (Morata et al.
2024), two variables have not yet been explicitly inves-
tigated: the effect of experience with HPD use and
past training history.
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Table A1. Characteristics of included studies (ordered alphabetically by first author’s last name and publication year).

Reference

Participants

Intervention

Comparison

Outcome

Assuncao et al. 2019

Chiu and Wan 2020

Copelli et al. 2021

Federman and Duhon 2016

Federman et al. 2021

Workers at a public university

N=67

Noise exposure levels: not
reported

Age: 48.53 + 8.48 years
Gender: 90% male

HPDs: foam and premolded
earplugs

Brazil

Manufacturing
N=50
Noise exposure levels: not
reported
Age: no reported
Gender: 100% male
HPDs: foam earplugs
Taiwan

Manufacturing
N=30
Noise exposure levels: not
reported
Age: not reported
Gender: 100% male
HPDs: foam earplugs
Canada

U.S. Marine Corps
N=320

Noise exposure levels: 160 dB

impulse
Age: not reported
Gender: not reported
HPDs: foam earplugs
USA

U.S. Marine Corps
N=341

Noise exposure levels: 160 dB

impulse

Age: not reported
Gender: not reported
HPDs: foam earplugs
USA

Pre-training: simple instructions-
manufacturers’ package
instruction
Post-training: extensive
instructions
Refresher-training: simple and
extensive instructions
Intervention provided to all
workers: yes
Fit testing technology: MIRE

Pre-training: no instructions
Post-training: extensive
instructions
Intervention provided to all
workers: no
Fit testing technology: MIRE

Pre-training: no instructions.
Post-training: extensive
instructions
Intervention provided to all
workers: yes
Fit testing technology: REAT

Pre-training: no instructions.
Post-training: extensive
instructions
Intervention provided to all
workers: no
Fit testing technology: REAT

Pre-training: simple instructions-
short video
Post-training: extensive
instructions
Intervention provided to all
workers: no
Fit testing technology: REAT

Post extensive instruction vs. pre-
simple instruction: immediate
effects
Simple refresher instruction vs.
post-extensive instructions:
short-term effects

Extensive instructions vs. no
instructions: immediate effects

Extensive instructions vs. no
instructions: immediate effects

Extensive instructions vs. no
instructions: immediate effects

Extensive instructions vs. no
instructions: immediate effects

PAR;
PAR pass rate

PAR pass rate

PAR

PAR pass rate

PAR;
PAR pass rate

(Continued)
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Reference

Participants

Intervention

Comparison

Outcome

Fu et al. 2024*

Gong et al. 2019

Gong et al. 2021

Hayes et al. 2022

Kim et al. 2019

Liu and Yang 2018

J. Liu et al. 2024*

Y. Liu et al. 2020

Manufacturing
N=192
Noise exposure levels: 85-99
dBA
Age: 44.35+5.25 years
Gender: 14.6% male
HPDs: foam earplugs
China
Manufacturing
N=335
Noise exposure levels: 90-98
dBA
Age: 18-59 years
Gender: 57% male
HPDs: foam earplugs
China
Manufacturing
N =503
Noise exposure levels: 80-100
dBA
Age: 38+ 11years
Gender: 93% male
HPDs: foam and premolded
earplugs
China

Pre-training: no instructions.

Post-training: extensive
instructions
Refresher-training: no
instruction

Intervention provided to all
workers: no

Fit testing technology: MIRE

Pre-training: no instructions.

Post-training: extensive
instructions.
Refresher-training: no
instructions

Intervention provided to all
workers: no

Fit testing technology: MIRE

Pre-training: no instructions.

Post-training: extensive
instructions

Intervention provided to all
workers: no

Fit testing technology: REAT

Workers at the U.S. Department of Pre-training: no instructions.

Defense
N=100
Noise exposure levels: >85 dBA
Age: mean 33.9years
Gender: 81% male
HPDs: foam and premolded
earplugs
USA

Manufacturing
N=172
Noise exposure levels: not
reported
Age: mean 51 years
Gender: 82% male
HPDs: foam earplugs
Korea

Manufacturing
N=189
Noise exposure levels: >95 dBA
Age: not reported
Gender: 57% male
HPDs: earmuffs
China

Manufacturing
N=94
Noise exposure levels: 80.1-94.3
dBA
Age: 36.76 + 11.48 years
Gender: 95.7% male
HPDs: foam earplugs
China
Manufacturing
N=774
Noise exposure levels: 90-95
dBA
Age: 18-59 dBA
Gender: 95% male
HPDs: premolded earplugs
China

Post-training: extensive
instructions

Intervention provided to all
workers: no

Fit testing technology: REAT

Pre-training: no instructions.

Post-training: extensive
instructions

Refresher training: no and
extensive instructions
Intervention provided to all
workers: yes

Fit testing technology: MIRE

Pre-training: no instructions.

Post-training: extensive
instructions
Refresher-training: no
instructions

Intervention provided to all
workers: no

Fit testing technology: MIRE

Pre-training: no instructions.

Post-training: extensive
instructions

Intervention provided to all
workers: yes

Fit testing technology: MIRE

Pre-training: no instructions.

Post-training: extensive
instructions
Refresher-training: no
instructions

Intervention provided to all
workers: no

Fit testing technology: MIRE

No refresher instructions vs.

extensive instructions: long-
term effects

Extensive instructions vs. no

instructions: immediate and
short-term effects

No refresher instruction vs.
extensive instructions: short-
term effects

Extensive instructions vs. no
instructions: immediate effects

Extensive instructions vs. no
instructions: immediate effects

Extensive instructions vs. no

instructions: immediate and
long-term effects
Extensive refresher instruction

vs. extensive instructions: long-

term effects

No refresher instruction vs.
extensive instructions: long-
term effects

Extensive instructions vs. no
instructions: immediate, short-

term, and long-term effects
No refresher instruction vs.
extensive instructions: short-
term and long-term effects

Extensive instructions vs. no
instructions: immediate effects

Extensive instructions vs. no
instructions: immediate, short-

term, and long-term effects
No refresher instruction vs.
extensive instructions: short-
term and long-term effects

PAR pass rate

PAR;

PAR pass rate

PAR;

PAR pass rate

PAR;
PAR pass rate

PAR

PAR

PAR

PAR

(Continued)
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Table A1. Continued.

Reference

Participants

Intervention

Comparison Outcome

Li Lin et al. 2022*

Martin et al. 2019

Murphy et al. 2016

Park and Casali 1991

Shi et al. 2023*

Shu et al. 2025*

Takada et al. 2020

Manufacturing
N=37
Noise exposure levels: 83.7-86.6
dBA
Age: 37.0 + 84 years
Gender: 91.9% male
HPDs: foam and premolded
earplugs
China

Manufacturing
N=18
Noise exposure levels: not
reported
Age: 49.1 +8.36 years
Gender: 94% male
HPDs: foam and push-to-fit
earplugs
Canada

Manufacturing
N=126
Noise exposure levels: 87-100
dBA
Age: 20-69 years
Gender: 96% male
HPDs: foam and premolded
earplugs
USA

Manufacturing
N=46
Noise exposure levels: 87.8—
106.4 dBA
Age: mean 37.9years
Gender: not reported
HPDs: foam and premolded
earplugs, earmuffs, canal caps
USA

Manufacturing
N=639
Noise exposure levels: 81%
>80 dBA
Age: predominance between 20
and 40years
Gender: predominance male
HPDs: foam and premolded
earplugs
China

Manufacturing
N =862
Noise exposure levels: >80 dBA
Age: 60% between 31 and
50years
Gender: 82.5% male
HPDs: foam earplugs
China

Workers at a public university
N=140
Noise exposure levels: not
reported
Age: mean 49 years
Gender: 89% male
HPDs: foam and premolded
earplugs
Brazil

Tsukada and Sakakibara 2008 Manufacturing

N=68

Noise exposure levels: >80 dBA
Age: 35.5+9.1years

Gender: 100% male

HPDs: foam and premolded
earplugs

Japan

Pre-training: no instructions.
Post-training: extensive
instructions
Refresher-training: no
instructions
Intervention provided to all
workers: no
Fit testing technology: MIRE

Pre-training: simple instructions-
manufacturers’ package
instruction
Post-training: extensive
instructions
Refresher training: extensive
instructions
Intervention provided to all
workers: yes
Fit testing technology: MIRE

Pre-training: no instructions.
Post-training: extensive
instructions
Refresher-training: no
instructions
Intervention provided to all
workers: no
Fit testing technology: REAT

Pre-training: simple instructions.
Post-training: extensive
instructions
Intervention provided to all
workers: yes
Fit testing technology: REAT

Pre-training: no instructions.
Post-training: extensive
instructions
Intervention provided to all
workers: no
Fit testing technology: MIRE

Pre-training: no instructions.
Post-training: extensive
instructions
Intervention provided to all
workers: yes
Fit testing technology: MIRE

Pre-training: simple instructions.
Post-training: extensive
instructions
Intervention provided to all
workers: yes
Fit testing technology: MIRE

Pre-training: simple instructions.
Post-training: extensive
instructions
Refresher-training: no
instructions
Intervention provided to all
workers: yes
Fit testing technology: REAT

PAR;
PAR pass rate

Extensive instructions vs. no
instructions: immediate effects
No refresher instruction vs.
extensive instructions: short-
term effects

Extensive refresher instruction vs. PAR
extensive instructions: short-

term

Extensive instructions vs. no
instructions: immediate effects
No refresher instruction vs.
extensive instructions: long-
term

PAR pass rate

Extensive vs. simple instructions: ~ PAR
short-term effects

Extensive instructions vs. no PAR
instructions: immediate effects

Extensive instructions vs. no PAR
instructions: immediate effects

Extensive vs. simple instructions:  PAR;

immediate PAR pass rate

PAR;
PAR pass rate
HPD use rate

Extensive vs. simple instructions:
immediate and short-term
effects
No refresher instruction vs.
extensive instructions: short-
term

(Continued)
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Table A1. Continued.

Reference Participants Intervention Comparison Outcome
Wang et al. 2024* Manufacturing Pre-training: simple instructions.  Extensive instructions vs. no PAR

N =485 Post-training: extensive instructions: immediate effects

Noise exposure levels: 80.2-95.0 instructions

dBA Intervention provided to all

Age: 60.5% between 25 and workers: no

44 years Fit testing technology: MIRE

Gender: predominance male
HPDs: premolded earplugs

China
Zhong et al. 2023 Manufacturing Pre-training: no instructions. Extensive instructions vs. no PAR
N=179 Post-training: extensive instructions: immediate effects
Noise exposure levels: 80.1-94.4 instructions
dBA Intervention provided to all
Age: not reported workers: no
Gender: 60% male Fit testing technology: MIRE
HPDs: premolded earplugs
China

*Articles were identified through a search covering the period from March 1, 2024, to February 5, 2025.
HPD: hearing protection device; MIRE: microphone in the real-ear, PAR: personal attenuation rating; REAT: real-ear attenuation at threshold.
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