

  safety-09-00023




safety-09-00023







Safety 2023, 9(2), 23; doi:10.3390/safety9020023




Brief Report



Workforce Diversity and Occupational Hearing Health



David Nadler[image: Orcid]





New York Institute of Technology, Old Westbury, NY 11568, USA







Academic Editor: Raphael Grzebieta



Received: 11 February 2023 / Revised: 10 April 2023 / Accepted: 12 April 2023 / Published: 13 April 2023



Abstract

:

Hearing loss is one of the more common occupation health hazards across the globe yet is preventable. Extensive research has been done across a number of industries measuring the magnitude and frequency of hearing impairment. This study uses the National Health and Nutrition Examination Survey data to analyze hearing impairment in the United States. Regression and structural equation models were developed utilizing this publicly available data. A statistically significant correlation exists between general hearing condition and ethnicity, χ2 (30, N = 8897) = 264.817, p < 0.001. A statistically significant correlation exists in this database between general hearing condition and gender, χ2 (6, N = 8897) = 40.729, p < 0.001. An ordinal logistic regression was significant between the general health and ethnicity, χ2 (30, N = 5968) = 212.123, p < 0.001. A structural equation model presents the first of its type for this area of research. Focusing on addressing diversity issues may be the foundation for hearing health improvement. Tools such as smartphone apps may be useful for tracking hearing loss within the workforce.
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1. Introduction


There is a lack of awareness regarding hearing loss, the impacts it poses, and its management among policymakers and the public [1,2]. According to the World Health Organization (WHO), “approximately 50% of hearing loss could be prevented and most of the remainder could be treated effectively” [2]. “Healthy People 2020 has identified several goals to address the rising burden of hearing loss” [3]. This program, now rebranded as “Healthy People 2030” for the new decade, has the national goals of health promotion and disease prevention. According to Goman, Reed, and Lin, “by providing baseline measures, ambitious yet achievable targets, and tools and guidance to reach population health goals, the Healthy People initiative serves as a roadmap for the nation’s health. Healthy People is a federally led, stakeholder-driven initiative housed in U.S. Department of Health and Human Services (HHS) Office of Disease Prevention and Health Promotion (ODPHP)” [4].



As the average life expectancy in the United States continues to rise, along with an increasing age of retirement, the number of persons with hearing loss will grow [5]. “The risk of hearing loss due to occupational exposure is substantial” and the ‘implementation of hearing conservation programs in occupational settings will decrease this risk” [6,7]. A reduction in noise levels, improved regulations, and the use of protective equipment are effective strategies to lessen the incidence of occupational hearing loss [8].



Noise mitigations are needed to prevent citizens from being exposed to a level of noise that will lead to negative health effects such as sleep disorders with awakenings [9], learning impairment [10], impaired work performance [11,12], and hypertension [13,14]; other factors include intensity variation over time, the impulsivity of events, the frequency distribution, and psychoacoustics parameters [15].




2. Background


2.1. Violation History


Between 1972 and 2019, 119,305 violations were recorded involving four noise standards: “29 CFR 1910.95, occupational noise exposure in general industry; 1926.52, occupational noise exposure in construction; 1926.101, hearing protection in construction, and 1904.10, recording criteria for cases involving occupational hearing loss” [16]. The Occupational Safety and Health Administration (“OSHA”) has set occupational hearing loss recordable criteria using a standard threshold shift (“STS”), a “change from an ear’s audiometric baseline of 10 dB averaged over 2 kHz, 3 kHz, and 4 kHz [17].”



The most commonly violated noise standard was 1910.95, Occupational Noise Control, in manufacturing [16]. Park states that the four most frequently cited noise standards were a lack of feasible administrative or engineering controls (1910.95 [b] and 1926.52 [d]) and an inadequate hearing conservation program (1910.95 [c] and 1926.52 [b]). These violations were more highly penalized (μ = $1036.50) than other subparagraph violations (μ = $915.80).




2.2. Hearing as a Public Health Issue


Compared with other health conditions that are common in the United States, such as diabetes or cardiovascular disease, relatively little is known about the public health burden associated with hearing loss, and the condition tends to go untreated and underreported [18]. Workers with hearing loss earned an average of $35,000, compared with $47,000 for those with typical hearing [19]. Lost productivity was estimated at $1.8 billion to $194 billion annually in the United States [20]. Diminished quality of life (DQL) is another factor in hearing impairment, quantifying the likelihood of biological consequences of an exposure incident [21].



Hearing impairment does not exclude any industry. Dental professionals, particularly dental assistants and technicians, have a risk of hearing impairment three to twenty times higher than other occupations and can be directly attributable to noise generated by faulty or worn dental equipment [22]. Workers exposed to organic solvents have been shown to be at increased risk of high-frequency hearing loss [23]. Associations between hearing loss and benzene [OR 1.50; 95% confidence interval (CI) 1.15–1.94], ethylbenzene (OR 1.31; 95% CI 1.04–1.67), and toluene (OR 1.29; 95% CI 1.04–1.60) were statistically significant as reported by Staudt and others.



Epidemiological evidence demonstrates that farm youth are at disproportionate risk for negative health effects of noise exposure, with risk factors including frequent exposure to high farm noise, including firearms and all-terrain vehicles, from an early age [24,25,26]. These farm youth have lower hearing ability than their urban peers [26,27]. Logistic regression analyses have shown that “occupational noise exposure partially accounted for higher levels of hearing difficulties in the agricultural industry compared with finance, and occupational noise exposure, older age, low socioeconomic status, and non-white ethnic background partially accounted for higher levels of hearing difficulties in the construction industry” [28].



Differences in demographic, health, and lifestyle factors could also contribute to high levels of hearing difficulties and tinnitus in some industries [28]. The levels of tinnitus were greatest for music and construction industries compared with finance, and these differences were accounted for by occupational and music noise exposure, as well as older age [29,30]. Blue collar compared with white collar workers were significantly more likely to have hearing loss (p < 0.05) [31].





3. Methodology


All analyses were conducted with Stata/MP 16.1 for Mac (64-bit Intel) by StataCorp (www.stata.com, accessed 10 April 2023). Stata’s Survey Data Analysis feature was utilized to adjust for sample weighting. Data were provided by the National Health and Nutrition Examination Survey (“NHANES”) [32]. Four databases were used: Audiometry (“AUQ_J”), Demographics (“DEMO_J”), Current Health Status (“HSQ_J”), and Occupation (“OCQ_J”). Records between the four databases were matched by the respondent sequence number. Terminology, including genders and ethnicities, were taken directly from the NHANES survey (https://www.cdc.gov/nchs/nhanes/index.htm accessed on 5 March 2023). Significance levels were set to 0.01, with confidence intervals at 99 percent for all tests.



3.1. Variables


A total of 88 variables across the sample population (N = 9254) were analyzed. Interaction variables were created to evaluate the effects of an additional variable on another exploratory variable to a response.




3.2. Statistical Analyses


Several bivariate analyses were conducted to examine the relationships between some of the other variables collected in this study. They consist mostly of Pearson’s chi-square in order to reveal any significant association between two variables. The χ2 test of independence can be used with data in which each subject is measured by two categorical variables. The test assumes a χ2 distribution. The statistical procedure follows the same type of process, as does the χ2 test of independence, in which the observed frequency of cases in each cell is compared to an expected number. The observed frequencies in each cell are then compared to the frequencies that were expected for significance [33].



In the case where we have multiple independent samples, and where we would ordinarily perform a between-subjects ANOVA, the Kruskal–Wallis test is the designated nonparametric alternative test [34].



Sometimes, treating the outcome variable as a quantitative, interval-level measure is problematic. Many surveys have response options, such as agree, do not know, and disagree. In such cases, we can score these so that 1 is agree, 2 is do not know, and 3 is disagree, and then we can do an ANOVA. However, some researchers might say that the score was only an ordinal-level measure, so we should not use ANOVA. The Kruskal–Wallis rank test lets us compare the median score across the groups [35].



Logistic regressions incorporated a number of predictor variables on the outcome of hearing damage (0 = no hearing damage, 1 = at least some hearing damage occurred). Where outcomes were discrete rather than continuous (i.e., ordinal responses), an ordinal logistic regression was conducted. These ordinal regressions were used where responses to survey data provided an outcome variable whose value existed on an arbitrary and ordered scale [36,37].




3.3. Structural Equation Modeling (“SEM”)


Regression models test hypotheses about relationships between predictor and outcome variables. Unlike standard regression models, SEM accommodates regression relationships between several latent variables and between observed and latent variables [38].



SEM presents models as a path diagram as in Figure 1.



Boxes contain variables that are observed in the data. Circles contain variables that are unobserved, or latent variables. Arrows, called paths, connect the boxes and circles.





4. Results


4.1. Analysis by Ethnicity


Self-reported hearing conditions were scored in the survey as 1 = “Excellent”, 2 = “Good”, 3 = “A little trouble hearing,” 4 = “Moderate trouble hearing”, 5 = “A lot of trouble hearing”, and 6 = “Deaf”. A statistically significant correlation exists in this database between the general hearing condition and ethnicity, χ2 (30, N = 8897) = 264.817, p < 0.001. Table 1 presents the data analysis.



A Kruskal–Wallis H-test was conducted to determine if hearing conditions differed by ethnicity: “Mexican American” (N = 1294), “Other Hispanic” (N = 782), “Non-Hispanic White” (N = 3006), “Non-Hispanic Black” (N = 2050), “Non-Hispanic Asian” (N = 1163), and “Other Race” (N = 602). This H-test showed that there was a statistically significant difference in self-reported hearing condition, χ2 (5) = 204.553, p < 0.001.




4.2. Analysis by Gender


Self-reported hearing conditions were scored in the survey as 1 = “Excellent”, 2 = “Good”, 3 = “A little trouble hearing”, 4 = “Moderate trouble hearing”, 5 = “A lot of trouble hearing”, and 6 = “Deaf”. A statistically significant correlation exists in this database between general hearing condition and gender, χ2 (6, N = 8897) = 40.729, p < 0.001. Females (µ = 1.791, 99% CI [1.735, 1.847]) reported a generally better hearing health than males (µ = 1.887, 99% CI [1.823, 1.951]).




4.3. Analysis by Preexisting Conditions


Self-reported general health was scored in the survey as 1 = “Excellent,” 2 = “Very good,” 3 = “Good,” 4 = “Fair,” and 5 = “Poor.” A statistically significant correlation exists in this database between general health and hearing conditions, χ2 (36, N = 5968) = 401.477, p < 0.001). Table 2 presents the data analysis results.




4.4. Logistic Regression


Ordinal variables are typically coded as consecutive integers from “1” to the number of categories. Analyzing ordinal outcomes with a linear regression model is appealing yet incorrect as they violate the assumptions of linear regression models [39].



The literature review did not reveal any previous studies that used ordinal logistic regression to analyze reported hearing conditions, particularly using demographics as the predictors. Gender (binary), age (interval), and general health (ordinal) showed statistical significance with a relatively low effect. The results are presented in Table 3. The model developed is statistically significant (p < 0.001) when weighted for population size (N = 13,887,180).



The six cut points above (“/cut”) are for the levels of the latent response variable not accounted for within the database. Figure 2 and Equation (1) below represent the observed general hearing variable mapped to a latent continuous hearing variable and its solved equations [39]. Those who receive a latent score less than 2.567 are classified as having “Excellent” hearing; those who receive a latent score between 3.823 and 4.527 are classified as having “Good” hearing, and so on.



A system of equations for this ordinal logistic regression can be represented as:


   y  i =             1 →    Excellent         if     τ 0  < − ∞ ≤  τ 1         2    →    Good         if     τ 1  ≤  y i  ≤  τ 2         3    →    Little   Trouble         if     τ 2  ≤  y i  ≤  τ 3                   4    →    Moderate   Trouble       if     τ 3  ≤  y i  ≤  τ 4         5    →    A   Lot   of   Trouble       if     τ 4  ≤  y i  ≤  τ 5         6    →    Deaf       if     τ 5  ≤  y i  ≤  τ 6  = ∞            



(1)







The general hearing condition was recoded into a binary variable where “Excellent” and “Good” were coded as a “1” and the remaining options were coded as a “0.” A multiple logistic regression was applied with this new dependent variable and the NHANES factors from the ordinal logistic regression, but no significance was revealed.



General health was further investigated after its significance was revealed during the ordinal logistic regression. Table 4 presents the data analysis for general health scores by ethnicity, where the scale ranged from 1 (“Excellent”) to 5 (“Poor”). There is statistical significance between the two variables, χ2 (30, N = 5968) = 212.123, p < 0.001. A Kruskall–Wallis rank test shows a statistically significant difference for those who identified as “Other Hispanic” and “Other Race,” χ2 (5) = 163.089, p < 0.001.




4.5. Structural Equation Modeling


Demographics (“DEM”) was created as a latent variable—one not directly observed—and was analyzed through the Structural Equation Modeling feature in Stata 16. Five variables taken from NHANES were used to build DEM: “riagendr” (gender), “ridageyr” (age), “ridreth3” (ethnicity), “dmdeduc2” (education), and “indhhin2” (income). Techniques used for these types of variables followed standard reported SEM modeling guidelines [40]. Table 5 and Figure 3 present the Stata output for the model as well as the path diagram created by it. It is crucial to clarify that the SEM built and analyzed a latent variable and not the typical dependent variable used earlier—hearing condition.



The path diagram displays the coefficients of association between the latent variable and the observed variables on the arrows [38,40,41]. The 95% confidence intervals span a wide range under statistically significant outcomes. This is likely due to the mixture of the different types of observed variables, including dichotomous, ordinal, and interval. The errors, reported as “e.variable_name”, had a narrow 95% confidence interval. A goodness of fit for the model indicated that the observed variables predicted 80.76% of the variance (R2 = 0.8076, p < 0.01).





5. Discussion


An analysis of the self-reported data indicates correlations between certain demographics and general hearing health. Non-Hispanic White respondents recorded a significantly better hearing condition than other ethnicities. This is consistent with reported disparities associated in hearing health care in the United States [42]. Preexisting conditions and gender are strongly correlated with hearing health are magnified by demographic variables.



Hearing loss has an impact on work ability, communication, the understanding of instructions, and the awareness of hazards in the immediate vicinity.



This was the first ordinal logistic regression conducted on this set of NHANES data, and we correlated the associations between hearing condition and age, general health, and gender. The unobserved latent variables associated with general hearing conditions were measured, and the accompanying expressions were developed.



A latent variable was created based on demographic data to develop a path model between the observed and unobserved variables.



As smartphones continue to evolve into personal health monitoring devices, hearing conservation apps are becoming commonplace on the Google Play Store (Android devices) and the Apple App Store (iOS devices). One study used a repeated measures (RM) analysis of variance (ANOVA), testing for significance between noise signal sources for different phone models and sound levels [43]. McLennon [43] reports a significant between-phone effect in the RM-ANOVA completed for each phone type based on operating system: F(1,4)iOS = 10.4, p = 0.03, F(1,4) Android = 8.4, p = 0.04). Android apps were found to underreport sound levels at the 90 dBA sound level. iOS apps presented a smaller error ranges than their Android versions. A strong positive correlation between hearing assessment apps and standard procedures (i.e., otoscopy and tympanometry) has been measured (r = 0.79) [44]. Smartphone-based solutions may prove to be useful in resource-limited settings [45], and any necessary calibration, as well as frequency checks, should be followed.




6. Conclusions


Safety managers and employers in general can be the driving force in meeting and exceeding the Healthy People Objective of hearing conservation. Focusing in on addressing diversity issues may be the foundation for hearing health improvement. A foundation can be built by promoting diversity in the safety workforce, which may foster innovative ideas, viewpoints, and tactics, ultimately bringing in measurable change [46,47].



Smartphone apps show promise as a tool for capturing hearing loss progression. Apps using a pure tone threshold have shown high sensitivity and specificity in hearing loss detection [48]. Employers using apps need to ensure that background noises are kept to a minimum when using tone thresholds as they can interfere with the subjects [49].



Noise-induced hearing loss attributed to a workplace condition may result in an employee’s eligibility for compensation [50], so safety managers and human resource professionals need to address this occupational health issue with a toolset as diverse as their workforce.
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Figure 1. Structural equation model. 






Figure 1. Structural equation model.



[image: Safety 09 00023 g001]







[image: Safety 09 00023 g002 550] 





Figure 2. Model of latent variable cutoffs from ordered logistic regression. 
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Figure 3. Path diagram of DEM as a latent variable. 
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Table 1. Means of self-reported hearing condition by ethnicity.
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Ethnicity

	
Mean

	
99% Confidence Interval






	
Mexican American

	
1.845

	
1.712

	
1.980




	
Other Hispanic

	
1.642

	
1.563

	
1.721




	
Non-Hispanic White

	
1.926

	
1.872

	
1.980




	
Non-Hispanic Black

	
1.654

	
1.605

	
1.702




	
Non-Hispanic Asian

	
1.499

	
1.438

	
1.560




	
Other Race

	
1.881

	
1.664

	
2.098
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Table 2. Respondent health and hearing condition.
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General Health

	
Mean

	
99% Confidence Interval






	
Excellent

	
1.500

	
1.375

	
1.625




	
Very good

	
1.806

	
1.722

	
1.891




	
Good

	
1.971

	
1.902

	
2.040




	
Fair

	
2.272

	
2.106

	
2.437




	
Poor

	
2.913

	
1.693

	
2.397
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Table 3. NHANES factors and their impact on general hearing.
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NHANES Factors

	
Coefficient

	
p

	
99% Confidence Interval






	
Ethnicity

	
−0.042

	
0.107

	
−0.0920

	
0.009




	
Age

	
0.037

	
<0.001

	
0.0330

	
0.0403




	
Gender

	
0.303

	
<0.000

	
0.152

	
0.454




	
General Health

	
0.410

	
<0.000

	
0.328

	
0.492




	
/cut1

	
2.242

	

	
1.972

	
2.567




	
/cut2

	
4.180

	

	
3.832

	
4.527




	
/cut3

	
5.450

	

	
5.088

	
5.812




	
/cut4

	
6.851

	

	
6.481

	
7.221




	
/cut5

	
8.907

	

	
8.403

	
9.411




	
/cut6

	
11.582

	

	
10.850

	
12.315
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Table 4. Mean general health scores by ethnicity.
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Mean

	
99% Confidence Interval






	
Mexican American

	
2.975

	
2.875

	
3.075




	
Other Hispanic

	
2.807

	
2.686

	
2.927




	
Non-Hispanic White

	
2.571

	
2.503

	
2.638




	
Non-Hispanic Black

	
2.831

	
2.753

	
2.908




	
Non-Hispanic Asian

	
2.529

	
2.435

	
2.624




	
Other Race

	
2.749

	
2.559

	
2.939
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Table 5. Socioeconomics as a latent variable on general hearing.
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Measurement

	
Coef.

	
Std. Err.

	
z

	
p

	
95% Conf. Interval






	
riagendr

	

	

	

	

	

	




	
DEM

	
1

	

	

	

	

	




	
_cons

	
0.484

	
0.0069

	
70.16

	
0.000

	
0.4707

	
0.4978




	
ridageyr

	

	

	

	

	

	




	
DEM

	
101.311

	
44.7724

	
2.26

	
0.024

	
13.5586

	
189.0634




	
_cons

	
51.4635

	
0.2456

	
209.57

	
0.000

	
50.9822

	
51.9448




	
ridreth3

	

	

	

	

	

	




	
DEM

	
−28.0772

	
11.8562

	
−2.37

	
0.018

	
−51.3149

	
−4.8395




	
_cons

	
3.4980

	
0.0226

	
154.74

	
0.000

	
3.4537

	
3.4823




	
dmdeduc2

	

	

	

	

	

	




	
DEM

	
−60.4020

	
31.0683

	
−1.94

	
0.052

	
−121.2948

	
0.04908




	
_cons

	
3.5196

	
0.0170

	
207.79

	
0.000

	
3.4864

	
3.5527




	
indhhin2

	

	

	

	

	

	




	
DEM

	
48.0350

	
25.4332

	
1.89

	
0.059

	
−1.8133

	
97.8832




	
_cons

	
12.8207

	
0.2480

	
51.71

	
0.00

	
12.3348

	
13.3068




	
var(e.riagendr)

	
0.2450

	
0.0049

	

	

	
0.2400

	
0.2596




	
var(e.ridageyr)

	
312.7803

	
6.2187

	

	

	
300.8263

	
325.2092




	
var(e.ridreth3)

	
2.4182

	
0.1052

	

	

	
2.2205

	
2.6334




	
var(e.dmdeduc2)

	
0.2964

	
0.4334

	

	

	
0.0169

	
5.2036




	
var(e.indhhin2)

	
321.55

	
6.2922

	

	

	
309.4511

	
334.1220




	
var(DEM)

	
0.0003

	
0.0003

	

	

	
0.0001

	
0.0018
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