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Abstract

Objectives: Hazardous materials (HAZMAT) pose risks to the health and safety of professionals involved with transportation and
emergency responses. Two distinct occupational groups that encounter HAZMAT events are first responders and professional drivers.
Wearable technology is a tool that can assist with monitoring the health of professionals involved in HAZMAT events. The aim of this
study was to compare and evaluate the perceptions of first responders and professional drivers on wearable technology and attitudes
toward health monitoring.
Methods: A survey was administered to first responders (n = 112) and professional drivers (n = 218). Statistical approaches included
bivariate analysis, latent class analysis, logistic regression analysis, and path analysis for the variables of interest.
Results: There were significant differences between the groups in perceptions of the benefits of monitoring certain health indicators.
Professional drivers were more likely to have a history of wearable technology use compared with first responders (odds ratio [OR] = 10.1;
95% CI, 4.42-22.9), reported greater exposure to HAZMAT (OR = 4.32; 95% CI, 2.24-8.32), and were more willing to have their health data
monitored by someone other than themselves (OR = 9.27; 95% CI, 3.67-23.4). A multinomial regression model revealed that occupation
was not a significant predictor of class preference for acceptance of monitoring specific health indicators.
Conclusions: Occupation appeared to be important but further analysis uncovered that characteristics of individuals within the
occupations were more salient to the use of wearable technology. HAZMAT exposure, someone else monitoring health data, and
experience with wearable technology use were found to be important factors for perceptions about benefits of health monitoring with
wearable technology.

Key points:

• Wearable technology can be useful to protect health and safety of high-risk occupations. Before integrating real-time monitoring
of occupational groups, perceptions and acceptability of wearable technology must be assessed. The perceptions of wearable
technology for real-time monitoring differed between characteristics of individuals within occupations rather than the occupa-
tion itself. Key variables identified in this study can guide integration of wearable technology to protect the health and safety of
high-risk occupations potentially exposed to HAZMAT.
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Introduction
First responders such as firefighters, paramedics, and police offi-
cers face significant dangers, injuries, and fatalities in their line
of work.1 They are at risk of exposure to chemicals, drugs, and
other hazardous substances, leading to adverse acute or chronic
health effects. Fatigue is a common issue among first responders
due to physical exhaustion, cognitive task, sleep cycles, burnout,
and emotional stress.2 Firefighters are at high risk of injury on the
fireground, with traumatic injuries, cuts, bruises, burns, asphyxi-
ation, and respiratory injuries being the most common.3 Physical
stress, being lost or trapped in a fire situation, and vehicle crashes

are the primary causes of death.3 Carbon monoxide poisoning is
a danger at every fire,4 with half of on-duty firefighter deaths
being attributed to heart attacks or stroke.3 Psychological chal-
lenges also affect first responders, including exposure to trau-
matic events, prolonged exposure to stress, and the potential for
mental health conditions.5,6 Overall, the nature of the work of first
responders presents a significant risk to their physical and mental
health, and there is a need for measures to protect them from
these dangers.

Professional drivers who transport hazardous materials
(HAZMAT) face multiple hazards in their work,7 including
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extended sitting, whole-body vibration, uncomfortable posture,
and repeated motions, which can lead to musculoskeletal pain.8

They also have poor cardiometabolic risk profiles,9 including
overweight and obesity,10 hypertension, hypercholesterolemia,
high blood glucose, poor mental health, and cigarette smoking.9

Transporting HAZMAT increases the risk of incapacitation or fatal
injury experienced by professional drivers in single- and multi-
vehicle crashes.11,12 Short sleep durations have been associated
with motor vehicle accidents, with fatigue also an issue for
driver alertness and performance.13 HAZMAT spills from truck
crashes14 can cause significant casualties, injuries, and damage
to the environment and property. Therefore, designing solutions
to maintain driver alertness and lessen the number of slips, trips,
and falls is crucial.

A variety of chronic health concerns threaten the well-being
of firefighters and professional drivers, with cancer and coronary
heart disease being among the most common.15 The inhalation
of toxic chemicals from smoke, as well as exposure through the
skin, puts firefighters at a higher risk of developing cancer.16,17 In
addition, they may suffer from respiratory system problems18,19

when working without respiratory protection during overhaul.
Prolonged exposure to extreme physical, mental, and psycho-
logical demands, as well as cardiovascular strain and altered
circadian rhythm, can lead to body stressors that contribute to
coronary heart disease.20 Being overweight or obese,21,22 suffering
from hyperthermia, and having a sedentary lifestyle also increase
the risk of coronary heart disease,23 which is the leading cause
of death for first responders. Professional drivers, on the other
hand, face health threats such as sitting for prolonged hours,
exposure to vibration, and physical fatigue.24 They have signif-
icantly higher body mass index, current cigarette use, and low
physical activity compared with US drivers overall.25 The length of
exposure, toxicity, routes of exposure, and individual health and
physical conditions all play a role in the severity of the health
effects.

Wearable health devices are increasingly being used by first
responders and transportation workers to monitor their body’s
reactions in hazardous conditions, manage their efforts, and
assess their occupational health.26,27 These devices can provide
real-time feedback on an individual’s vital signs, enabling them
to assess their occupational health and take necessary actions
in emergency situations.28 These wearables have the potential
to aid cardiologists in studying stress and fatigue among first
responder professionals.29 Wearables can also provide real-
time feedback and interventions to manage cognitive fatigue
and prompt breaks or adjust environmental factors to reduce
cognitive load.30,31 Devices can detect proximity to hazardous
locations and moving equipment, provide early warnings for
potential exposure to HAZMAT or environmental conditions,
remotely monitor lone workers, and provide timely emergency
response or evacuation notifications.32 Although drivers are
aware of their unhealthy lifestyle, they have concerns regarding
continuous monitoring by their employers.33 However, in order
to avoid accidents, supervisors must ensure that workers are
instantly informed of possible hazards. Wearables can be used to
notify their superiors about their location, fatigue levels, health
condition, and the surrounding environment.27 Continuously
tracking health physiological changes may lead to early diagnosis
of disease and initial treatment, improving their quality of life.34

The measurement of multiple signals, such as blood pressure,
heart rate, respiratory rate, and blood oxygen saturation levels,
can bring greater insight into the pathophysiology of disease and
new indications of physiological markers of disease status.35

The significant risks associated with HAZMAT highlight the
importance of monitoring and mitigating potential hazards to
protect the safety of first responders, professional drivers, and
the general public. Although wearable technology offers better
insights and monitoring schemes, usability is still a concern.
Wearable technology must be easy to use for the wearer.31 There
is limited research exploring first responders’ and professional
drivers’ current use of wearable health monitoring technology,
which health indicators are perceived as important to them,
and/or who should monitor their information during emergen-
cies.

Aims
This study is part of a larger project that involves developing
continuous health and environment monitoring systems for pro-
fessional drivers and first responders who are exposed to HAZ-
MAT. The REaCH (Real-Time Emergency Communication System
for HAZMAT Incidents) application was created for real-time
monitoring of workers with wearable devices to capture individual
health indicators and environmental exposures.36 In this specific
study the focus was on exploring the health indicators.

Before the REaCH application can be implemented, more infor-
mation is required for health indicators to be monitored, sensors
to be used, and acceptability of continuous monitoring by the
users as well as barriers to use. The questions were: (1) Do
first responders and professional drivers differ in their history of
using wearable technology? (2) Do first responders and profes-
sional drivers differ in their views of who should monitor their
health data collected using wearable technology? (3) What health
indicators do first responders and professional drivers consider
useful to monitor in the work field? (4) Are there patterns in the
acceptance of monitoring specific health indicators in the sample
of first responders and professional drivers? (5) What character-
istics, such as a history of using wearable technology, exposure to
HAZMAT, or views on who should monitor health data, explain
any patterns identified in the acceptance of measuring health
indicators? (6) What are the barriers for first responders and
professional drivers using wearable technology?

The objective of this study was to compare and evaluate the
perceptions of first responders and professional drivers on using
wearable technology and attitudes towards health monitoring.

Methods
Survey preparation
A survey was prepared to identify feasibility of first respon-
ders using wearable technology, current use of health monitor-
ing technology, and perception of health monitoring. The survey
was administered in 2019 by the College of Public Health at the
University of Nebraska Medical Center on behalf of the REaCH
project.37 The survey was sent to 24 local area fire departments
and collected by first responders’ supervisors. There were no
inclusion/exclusion criteria. The survey was approved by the Insti-
tutional Review Board (IRB) (IRB# 691–17-EX) of the University
of Nebraska Medical Center. A similar survey was prepared for
professional drivers in 2022, which included demographics and
perception of wearable technology.38 The survey was reviewed
by 3 experts in the trucking industry before it was administered
to ensure questions were clear and terminology was suitable
for professional drivers. The experts included a HAZMAT profes-
sional from the local state patrol, a Safety Manager for a HAZ-
MAT trucking company, and a Commercial Driver’s License (CDL)
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Truck Driver Instructor. The professional driver survey was dis-
tributed electronically through multiple sources including truck-
ing industry companies, professional organizations, and Facebook
Ads. Facebook Ads were the most sufficient strategy in obtaining
respondents due to barriers encountered during the COVID-19
pandemic. Employers were hesitant or declined to distribute a
health-related survey. The surveys are included in Appendix A.

Statistical approaches
The total sample comprised 115 first responders and 218 profes-
sional drivers for a total of 333 participants. The final sample with
complete data was 261. The chi-squared test for independence
was used to compare acceptance of measuring health indica-
tors using wearable technology between the 2 groups. Charac-
teristics that might influence acceptance of perceptions were
compared using the chi-squared test. Latent class analysis (LCA)
was used to capture person-centered effect of the sample to
identify subgroups of individuals based on heterogeneity in pref-
erences for monitoring health indicators. The probabilities were
used to classify respondents into a specific subgroup or class.
The patterns of responses were then tested to assess charac-
teristics that might explain the subgroups. Logistic regression
analysis was conducted to examine the effect size for occupa-
tional groups and ever or currently using wearable technology,
exposure to HAZMAT, and who should monitor health indica-
tors. A multinomial generalized linear model was used to test
whether occupational group and other covariates were associated
with the class assignments from the LCA. The model was built
by adding the occupational group first as it was the primary
variable of interest, followed by ever or currently using wear-
able technology, exposure to HAZMAT, and who should moni-
tor health data. Based on the results from individual regression
models, path analysis was used to build a proposed concep-
tual model of how the characteristics fit together to explain
the use of wearable technology. The statistical analyses were
conducted in R software. More detailed methods can be found in
Appendix B.

Results
The results from bivariate analysis, shown in Table 1, com-
pared the first responders’ and professional drivers’ wearable
technology use, exposure to HAZMAT at work, views on who
should monitor health data, and specific health indicators
using wearable technology indicated as useful to monitor
(yes/no). The bold values indicate statistically significant results
at P < .05. First responders and professional drivers differed
significantly in ever use of wearable technology (P < .0001),
current use of wearable technology (P < .0001), exposure to
HAZMAT (P < .0001), and who should monitor health data
(P< .0001). The specific health indicators that first responders
and professional drivers identified as useful to monitor (yes/no)
that significantly differed were heart rate (P = .004), blood
pressure (P < .0001), core body temperature (P < .0001), stability
(maintenance of body position) (P < .0001), blood oxygen levels
(P = .003), respiration carbon dioxide levels (P = .0004), and cortisol
levels (P < .0001).

Table 2 shows the model fit for the LCA, which identified 3
classes (low, medium, and high preference). Plotting this 3-class
solution demonstrated that it was theoretically sound because
it was based on varying frequency of acceptance of the health
indicators on the x-axis (Figure 1). The lines of the 3 groups did
not cross, which revealed 3 distinct levels of preference of health

monitoring. The subgroup that strongly accepted the monitoring
of nearly all health indicators was only 6.5% of the sample (n = 17),
whereas the largest subgroup (51%) was those in the medium
category. Fifteen professional drivers were in the subgroup of
17 respondents who strongly favored monitoring health indica-
tors (binomial probability of 0.001). Table 3 (Kruskal-Wallis chi-
squared used due to small cell sizes) shows the distribution of
characteristics in the LCA, which included ever use of wearable
technology, current use of wearable technology, exposure to HAZ-
MAT, and who should monitor health data.

Multivariable analysis revealed that professional drivers
were more likely to ever use wearable technology (odds ratio
[OR] = 10.1; 95% CI, 4.42-22.9), more likely to be exposed to
HAZMAT (OR = 4.32; 95% CI, 2.24-8.32), and to think that someone
other than themselves could monitor their health data (OR = 9.27;
95% CI, 3.67-23.4). Replacing ever using wearable technology
with currently using wearable technology produced similar
results, although with a higher OR for current use (OR = 14.7;
95% CI, 6.84-31.6). Exposure to HAZMAT (OR = 3.91; 95% CI,
1.95-7.84) and others monitoring health data (OR = 10.2; 95%
CI, 3.96-26.4) showed only slight changes. Each of the variables
significant in the chi-squared analysis remained significant and
improved model fit when included in the model of occupational
group. The differences between first responders and professional
drivers were in past or current use of wearable technology,
whether someone else should monitor health data, and exposure
to HAZMAT. Professional drivers were more likely to accept
all 3 compared with first responders. Exposure to HAZMAT
significantly increased the odds of accepting that others could
monitor personal health data in an unadjusted model (OR = 2.02;
95% CI, 1.14-3.58).

In the multinomial regression model with the 3 classes as
the outcome variable, the medium preference group was com-
pared with the low preference and the high preference groups.
After adding exposure to HAZMAT and having others monitor
health indicators in a hierarchical approach, occupation was no
longer significant in the model (Table 4). The likelihood ratio test
indicated that Model 4 was statistically identical to Model 5;
these 2 models fit the data equivalently. The small size of the
high preference group, which included at most 17 respondents,
resulted in wide CIs, although with large ORs. HAZMAT remained
significant in the model in the 131 who accepted monitoring at
low levels.

Path analysis was used to better understand the order of
associations among the variables shown in Table 4. Exposure to
HAZMAT was positively and significantly associated with being a
professional driver (driver), which was positively associated with
currently using wearable technology (WT) and preferring others
to monitor health data (others) (Figure 2). Age was negatively cor-
related with being exposed to HAZMAT and positively associated
with using wearable technology. The chi-squared statistics were
not significant (P = .68), the comparative fit index and Tucker-
Lewis index were 1.00, and the root mean square error of approx-
imation was 0. Reversing the order of variables in the path model
did not fit the data, suggesting the path shown in Figure 2 is the
most probable fit to the data.

There were not enough responses (n = 23 for professional
drivers and n = 76 for first responders) to statistically analyze
the response to barriers of using wearable technology. Barriers
reported among the professional drivers were lack of interest and
not owning a wearable device. Of the 76 first responders who
responded, 50% reported lack of interest, 21% reported cost, 16%
reported not owning a device, and 11% reported durability.



4 | Journal of Occupational Health, 2024, 66: uiad002

Table 1. Characteristics of first responders (n = 112) and professional drivers (n = 159) and their preferences for monitoring health
indicators using wearable technology.

Variable First responders n (%) Professional drivers n
(%)

Chi-squared (P value) a

Ever used wearable technology
Yes
No

46 (45.1)
56 (54.9)

142 (89.3)
17 (10.7)

60.3
(<.0001)

Currently use wearable technology
Yes
No

28 (27.5)
74 (72.5)

134 (84.3)
25 (15.7)

85.2
(<.0001)

Exposed to hazardous materials at
work

Yes
No

31 (30.7)
70 (69.3)

117 (75.0)
39 (25.0)

49.3
(<.0001)

Preferred person to monitor health
data

No one
Myself
Someone else
Myself and someone else

2 (2.0)
25 (25.0)
10 (10.0)
63 (63.0)

2 (1.26)
34 (21.4)
67 (42.1)
56 (35.2)

32.2
(<.0001)

Barriers to using wearable technology
in those who are not currently using it

Cost
Lack of interest
Durability
Do not own one
Lack of accuracy
Privacy

16 (21.0)
38 (50.0)
8 (10.5)
12 (15.8)
1 (1.3)
1 (1.3)

0
14 (60.9)
0
9 (39.1)
0
0

N/A

Heart rate
Yes
No

100 (98.0)
12 (2.0)

140 (88.1)
19 (11.9)

8.38
(.004)

Blood pressure
Yes
No

95 (93.1)
7 (6.9)

110 (69.2)
49 (30.8)

21.2
(<.0001)

Core body temperature
Yes
No

91 (89.2)
11 (10.8)

101 (63.5)
58 (36.5)

21.1
(<.0001)

Skin temperature
Yes
No

68 (66.7)
34 (33.3)

98 (61.6)
61 (38.4)

0.68
(.41)

Hydration level
Yes
No

88 (86.3)
14 (13.7)

124 (78.0)
35 (22.0)

2.80
(.09)

Stability (maintenance of body
position)

Yes
No

48 (47.1)
54 (52.9)

141 (88.7)
18 (11.3)

53.9
(<.0001)

Falls
Yes
No

52 (51.0)
50 (49.0)

91 (57.2)
68 (42.8)

0.98
(.32)

Breathing rate
Yes
No

89 (87.3)
13 (12.7)

120 (75.5)
39 (24.5)

5.41
(.02)

Breathing depth
Yes
No

65 (63.7)
37 (36.3)

107 (67.3)
52 (32.7)

0.35
(.55)

Blood oxygen levels
Yes
No

93 (91.2)
9 (8.8)

122 (76.7)
37 (23.3)

8.93
(.003)

Respiration CO2 levels
Yes
No

87 (85.3)
15 (14.7)

104 (65.4)
55 (34.6)

12.5
(.0004)

Cortisol levels (stress)
Yes
No

88 (86.3)
14 (13.7)

103 (64.8)
56 (35.2)

14.6
(<.0001)

Skin resistance (stress and hydration)
Yes
No

72 (70.6)
30 (29.4)

113 (71.1)
46 (28.9)

0.007
(.93)

Classes of 13 health measures
High preference for measuring health
Medium preference for measuring

health
Low preference for measuring health

2 (2.0)
49 (48.0)
51 (50.0)

15 (9.43)
83 (52.2)
61 (38.4)

7.50
(.02)

aBold values indicate statistically significant results at P<.05. Abbreviation: N/A, not available.
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Table 2. Model fit parameters for 2 to 4 classes of preference for measuring health indicators using wearable technology in 261 first
responders and professional drivers.a

Model fit statistic 1-class solution 2-class solution 3-class solution 4-class solution

AIC 3767 3215 3049 3012
BIC 3813 3311 3195 3208
Entropy N/A 0.906 0.927 0.882
Smallest class count N/A 0.471 0.065 0.065
Smallest class size N/A 123 17 17

aShown in bold are low BIC value and high entropy, which indicates best model fit. Abbreviations:AIC, Akaike information criterion; BIC, Bayesian information
criterion; N/A, not available.

Figure 1. Estimated probability of class inclusion for 13 possible health indicators.

Table 3. Distribution of wearable technology use, exposure to hazardous materials, and preferences for monitoring by class.

Characteristic Low preference
class
n = 112 (42.9%)

Medium
preference class

n = 132 (50.6%)

High preference
class
n = 17 (6.51%)

Chi-squared
(P value) a

Ever use wearable technology
Yes
No

13 (23.5)
4 (23.5)

74 (66.1)
38 (33.9)

101 (76.5)
31 (23.5)

3.46
(.18)

Currently use wearable
technology

Yes
No

13 (23.5)
4 (23.5)

64 (57.1)
48 (42.9)

85 (64.4)
47 (35.6)

2.96
(.23)

Exposed to hazardous materials
Yes
No

14 (82.3)
3 (17.7)

51 (46.8)
58 (53.2)

83 (63.4)
48 (36.6)

11.3
(.004)

Preference for health data
monitoring

No one
Myself
Others
Both

0
0
12 (75.0)
4 (25.0)

2 (1.80)
35 (31.5)
25 (22.5)
49 (44.1)

2 (1.52)
24 (18.2)
40 (30.3)
66 (50.0)

2.88b

(.24)

aBold values indicate statistically significant results at P<.05. b Kruskal-Wallis chi-square used due to small cell sizes.
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Table 4. Multinomial regression analysis with subgroup (class) as the outcome in 255 first responders and
professional drivers with the medium group as the reference category.

Variable High preference class
OR (95% CI)

Low preference class
OR (95% CI)

Model 1: n = 17 n = 132
Professional drivers vs first responders 6.27 (1.37-28.7) 1.42 (0.85-2.37)
Model 2:
Professional drivers vs first responders
Exposure to hazardous material

n = 16
3.89 (0.78-19.4)
3.27 (0.83-13.0)

n = 131
1.08 (0.60-1.91)
1.91 (1.08-3.38)

Model 3:
Professional drivers vs first responders
Exposure to hazardous material
Preferring others to monitor health data

n = 16
3.35 (0.37-30.2)
4.74 (0.94-23.8)
7.01 (1.97-25.0)

n = 131
0.95 (0.51-1.73)
1.99 (1.12-3.54)
1.39 (0.74-2.60)

Model 4:
Exposure to hazardous material
Preferring others to monitor health data

n = 16
6.32 (1.33-30.0)
8.72 (2.53-30.1)

n = 131
1.95 (1.15-3.28)
1.37 (0.75-2.49)

Abbreviation: OR, odds ratio.

Figure 2. Path analysis showing that being a professional driver
mediates the relationship between exposure to hazards and preferring
that others monitor personal health data.

Discussion
Initial results showed that compared with first responders, pro-
fessional drivers were more likely to ever use wearable technology,
more likely to be exposed to HAZMAT, and to think that someone
other than themselves could monitor their health data. Past use of
wearable devices has been shown to positively influence willing-
ness to use wearable technology in the occupational setting. The
perception of benefits from wearable technology has also been
shown to influence attitude toward using wearable technology.39

Even though both groups in this study were different occupations,
it was appropriate to combine them into 1 class analysis because
both groups had similar potential exposure to HAZMAT. Also,
first responders and professional drivers require routine physical
exams.

History of using wearable technology
Both bivariate analysis and multivariable analysis showed that
compared with first responders, professional drivers were more
likely to ever use wearable technology, which was statistically
significant. This was an important finding because the history of
wearable devices can influence willingness to use wearable tech-
nology at work. A study by Häikiö et al40 showed that construction
workers with experience of wearable devices positively influenced
willingness and interest of using wearable technology during the
workday. Although construction workers were a different occu-
pational group, they had similar potential exposure to HAZMAT,
physical demands, and weather extremes, to occupations in this
study. The history of using wearable technology differed between
first responders and professional drivers.

Views on monitoring health data
The views of who should monitor health data from wearable
technology were evaluated between first responders and pro-
fessional drivers. Compared with first responders, professional
drivers were more agreeable that someone other than themselves
could monitor their health data. No statistical interactions were
seen between the first responders and professional drivers. Pro-
fessional drivers may be more comfortable being monitored on
an individual level, which might be another factor for further
exploration. First responders were more commonly monitored on
a group level through the air packs with less individual monitor-
ing.

Useful health indicators
The perceived usefulness of health indicators to monitor in the
work field was evaluated between responders and professional
drivers. First responders and professional drivers differed in their
responses to what health indicators should be monitored. The
question was asked, “In your opinion, what types of health infor-
mation would be useful to monitor for [first responder or profes-
sional driver] safety when working in the field?” In Table 1, first
responders rated monitoring the following health indicators as
more acceptable (meaning a greater percentage of first respon-
ders answered “yes”) compared with professional drivers: heart
rate, blood pressure, core body temperature, blood oxygen levels,
respiratory carbon dioxide levels, and cortisol levels. Professional
drivers rated stability as more acceptable compared with first
responders. First responders may be more familiar with health
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indicators and terminology compared with professional drivers.
With background medical knowledge, first responders might be
more accepting of monitoring certain health indicators like vital
signs and rated these as more acceptable. Most of the vital signs
except for breathing rate and depth were rated as more acceptable
by a greater percentage of the first responders than professional
drivers. This result was consistent with data previously collected
from the focus group session with first responders from a local
HAZMAT response team. Short- and long-term health and safety
were the majority of concerns reported by first responders in the
focus group.36

Next, patterns in the acceptance of monitoring specific health
indicators in the sample of first responders and professional
drivers emerged. The LCA revealed 3 class preferences for accep-
tance of monitoring of 13 possible health indicators: low, medium,
and high preference classes. The low preference class was the
group that weakly accepted monitoring of health indicators, and
the high preference class was the group that strongly accepted
monitoring of almost all health indicators. The medium prefer-
ence class was the reference group. Fifteen out of the 17 indi-
viduals in the high preference class were professional drivers
whereas most first responders fell into the low and medium
classes. Characteristics of professional drivers indicated that pro-
fessional drivers were more frequently exposed to HAZMAT com-
pared with first responders. When exposure to HAZMAT and
having others monitor health data indicators were added to the
multinomial regression model, occupation was no longer signif-
icant. This suggested that not occupation, but rather character-
istics (past wearable technology use, exposure to HAZMAT, and
allowing others to monitor health data) of the first responders and
professional drivers were factors in class membership in those
who strongly accepted health monitoring of most of the health
indicators. Professional drivers might perceive greater exposure
potential; therefore, they may be more open to the idea of their
health data being monitored. These results suggest that the per-
ception of being exposed to HAZMAT and being amenable to
having others monitor their health data partially explain class
membership. The users of wearable technology would need to
understand the value of health monitoring in order to move from
a low to medium or medium to high preference class.

Acceptance of measuring health indicators
Characteristics such as history of using wearable technology,
exposure to HAZMAT, or views on who should monitor health
data explained patterns identified in the acceptance of measuring
health indicators. The results indicated that patterns in accep-
tance of measuring health indicators were not related to occu-
pation. The characteristics of the groups were more predictive
for class rather than being a first responder or a professional
driver. These characteristics included age, exposure to HAZMAT,
use of wearable technology, and allowing others to monitor health
data. The order of associations in the path analysis revealed that
exposure to HAZMAT was positively and significantly associated
with being a professional driver (driver), which was positively
associated with using wearable technology (WT) and preferring
others to monitor health data (others) (Figure 2). Age was nega-
tively correlated with being exposed to HAZMAT and positively
associated with using wearable technology. A greater perceived
risk of HAZMAT exposure might lead to perceived greater benefit
of health monitoring, which might explain greater acceptance
of having someone else monitor health data. The path analysis
showed that being a professional driver mediated the relationship

between exposure to HAZMAT and preferring that others monitor
personal health data.

Barriers to using wearable technology
Several barriers resulted from the sample of respondents.
Although some barriers to use differed between first responders
and professional drivers, both groups reported a lack of interest
as a barrier. The reported lack of interest in using wearable
technology of both groups could be attributed to lack of clear
individual benefit. Another barrier professional drivers reported
was not owning a wearable device, which could be linked to lack of
interest. First responders reported cost and durability as barriers.
Cost could be related to the upfront cost of purchasing wearable
technology or replacement costs. Durability could be attributed to
the working conditions. Their concern for durability of wearable
technology was consistent with the type of environment they
might encounter, for example, extreme heat. Professional drivers
work in a more controlled environment and may not be as
concerned with durability. Cost was a barrier to use reported
by first responders but not by professional drivers. Reasons for
not owning wearable devices and cost could be related; however,
this is beyond the scope of this study but warrants further
investigation to address all the barriers reported.

Limitations and contributions
A possible limitation of this study was that the 2 surveys were
administered at different times (2019 for first responders and 2022
for professional drivers) but both surveys were administered via
an online Microsoft form and were very similar. A major strength
of this study was strong statistical models. Another strength of
this study was access to subject matter experts in developing the
survey. Education about health indicators for health monitoring
was not assessed in this study but it could be addressed in a
future study to determine if this might be a factor in preference
for health monitoring. Even though others monitoring health data
for professional drivers was a strong predictor for using wearable
technology, there were more variables that have not been explored
yet that might be predictors for using wearable technology.

Overall based on qualitative response data, there was evidence
that cost and durability may provide insight on reasons for dif-
ferences in history of wearable technology use between the 2
occupations. This warrants further investigation for future studies
to determine the importance of cost and durability as barriers to
use of wearable technology. Another potential factor that was not
included in this study was the financial status of the 2 occupa-
tional groups, which might provide further insight for differences
between the use of wearable technology. Finally, the education
level of the participants should be ascertained in future studies
as this might limit the willingness to monitor health indicators.

Conclusion
Occupation appeared to be most important after initial analysis
with significant differences observed at the occupational level;
however, deeper analysis uncovered characteristics of individuals
within the occupations that became more salient to the use
of wearable technology. Those characteristics were exposure to
HAZMAT, someone else monitoring health data, and experience
with wearable technology use. From a public health perspective,
first responders and professional drivers are part of a high-risk
occupational population, and therefore may benefit from health
monitoring. Other potential characteristics should be explored
regarding perceptions and attitudes toward health monitoring,
which might explain potential barriers as well. This information
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can be useful to identify types of sensors required for the highly
rated health indicators identified to be important in this study,
which can be integrated with the dashboard application system.
Wearable technology should be considered as a tool for mon-
itoring health and safety of any occupational groups that are
at greater risk for occupational exposures, especially related to
HAZMAT.
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