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Objectives: Recent research indicates a potential association between workplace violence and an increased risk of cardiovascular dis-

ease (CVD) in the working-age population. However, the relevant evidence in the United States is sparse. Thus, this study was conducted 

to explore the possible relationship between workplace violence and CVD among United States workers.

Methods: We utilized cross-sectional data from the 2015 National Health Interview Survey, which included a representative sample of 

18 380 workers, to investigate the associations between workplace violence and the prevalence of CVD using logistic regression. Work-

place violence was determined based on self-reported threats, bullying, or harassment at work over the past 12 months, supplement-

ed with additional information regarding frequency. CVD included all forms of heart disease and stroke.

Results: A total of 1334 workers reported experiences of workplace violence, and 1336 workers were diagnosed with CVD. After ad-

justment for covariates, participants who reported any instance of workplace violence had significantly higher odds of having CVD 

(odds ratio [OR], 1.76; 95% confidence interval [CI], 1.35 to 2.30) than those who reported no such violence. Furthermore, the highest 

odds of CVD (OR, 1.80; 95% CI, 1.23 to 2.63) were observed among those frequently exposed to workplace violence. Even occasional 

exposure to workplace violence was associated with 74% excess odds of CVD.

Conclusions: Our study indicates an association between workplace violence and CVD in United States workers, exhibiting a dose-re-

sponse pattern.
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INTRODUCTION

The US National Institute for Occupational Safety and Health 
defines workplace violence as “the action or threat of violence, 
ranging from verbal abuse to physical assaults directed toward 
persons at work or on duty” [1]. This issue is a major occupa-
tional health problem in the United States and worldwide [2], 
given its ubiquity across various industries and professions. 
Workplace violence encompasses a range of behaviors, includ-
ing physical violence, bullying, harassment, intimidation, and 
other forms of disruptive behavior [3]. Such violence can result 
in physical injury or even death. According to data from the US 
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Occupational Safety and Health Administration, acts of vio-
lence and other injuries are currently the third-leading cause 
of fatal occupational injuries in the United States [2]. In addi-
tion to physical harm, workplace violence can also lead to vari-
ous psychological disorders and symptoms among employ-
ees, such as stress, depression, and anxiety [4]. It is well-docu-
mented that poor mental health is closely linked to numerous 
psychosomatic disorders over the long term. For example, 
many victims of workplace violence have reported headaches, 
fatigue, and insomnia, among other symptoms [5,6].

Recent research suggests that workplace violence may be 
associated with an increased risk of cardiovascular disease 
(CVD) among workers. Kivimäki et al. [7] found that Finnish 
hospital employees who experienced prolonged bullying had 
a significantly higher incidence of CVD compared to their non-
bullied colleagues at the same facility. Several cohort studies 
conducted in Germany, Sweden, and Denmark have shown 
that workplace bullying and violence are risk factors for CVD 
[8,9]. This research has also indicated a dose-response rela-
tionship between exposure to workplace bullying and/or vio-
lence and the onset of CVD [9]. In the United States, workplace 
violence, bullying, and/or harassment have recently garnered 
substantial attention due to the underreported, ubiquitous, 
and persistent nature of these problems, which were previ-
ously largely ignored [3]. However, limited research evidence 
exists connecting workplace violence and CVD in the United 
States. A study involving cross-sectional data from the 2010 
US National Health Interview Survey (NHIS) revealed a signifi-
cant association between workplace harassment and angina 
pectoris [10], a symptom of coronary artery disease. Another 
study using the same data indicated a higher prevalence of 
hypertension, a risk factor for CVD, among workers who had 
experienced workplace violence [11]. These 2 United States 
studies provide preliminary evidence of a potential link be-
tween workplace violence and symptoms or risk factors of 
CVD. However, to date, no study has been conducted to broad-
ly assess the associations of workplace violence with overall 
CVD in the United States adult working population. To address 
this major gap in United States occupational health research, 
we used data from a large national survey involving a repre-
sentative sample of workers to examine the associations be-
tween workplace violence and CVD, as well as to test the dose-
response relationship. While most previous studies have fo-
cused on European populations, findings from other countries, 
including the United States, can enhance our understanding 

of workplace violence, help assess hazards in occupational set-
tings, and inform preventive actions.

The NHIS is a national survey conducted by the US Census 
Bureau on behalf of the National Center for Health Statistics. It 
covers a broad range of health-related topics, collected through 
personal household interviews [12]. For this study, we utilized 
data from the 2015 NHIS, as it included several measurements 
of working conditions (detailed below) and, crucially, was the 
only year in which information on the frequency of workplace 
violence was collected. Consequently, our study was based  
on 2 hypotheses: (1) the presence of any workplace violence 
would be associated with a higher prevalence of CVD among 
United States workers, and (2) this association would intensify 
with an increased frequency of workplace violence.

METHODS

Study Sample
The data for this study were extracted from the 2015 NHIS, 

for which face-to-face interviews were conducted with a rep-
resentative sample of households nationwide [13]. The NHIS 
employs multistage sampling techniques to select dwelling 
units that represent the civilian non-institutionalized popula-
tion of the United States. These multistage methods divide the 
target population into several nested levels of strata and clus-
ters [14]. The response rate for the 2015 NHIS questionnaires 
was 70.1% [14]. The working population was defined as paid 
workers who were either “working at a job or business” or “with 
a job or business but not at work” during the week preceding 
the interview, as per the criteria routinely established by previ-
ous NHIS investigations [15]. Of the 33 672 adult participants, 
19 150 individuals were identified as workers. Participants with 
missing data or those who responded with “refused/not ascer-
tained” to questions about workplace violence (n=37), CVD 
(n=32), and other covariates (n=701) were subsequently ex-
cluded. Consequently, a sample size of 18 380 participants, 
representing 96.0% of the total working individuals in the sur-
vey, was used for our analyses (Figure 1).

Measures
In this study, we assessed exposure to workplace violence 

using the question: “During the past 12 months, were you 
threatened, bullied, or harassed by anyone while you were on 
the job?” Answer categories were “yes”, or “no”. If a participant 
responded with “yes,” we followed up with another question: 
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“During the past 12 months, how often were you threatened, 
bullied, or harassed by anyone while you were on the job? Would 
you say the frequency of harassment?” The responses were 
categorized as either “occasional workplace violence” (respons-
es of “once,” “a few times,” or “monthly”) or “frequent workplace 
violence,” which included responses of “weekly” or “daily.”

The identification of CVD among the participants relied on 
their responses to inquiries about whether a doctor or another 
healthcare professional had ever diagnosed them with coro-
nary heart disease, angina pectoris, heart attack, any form of 
heart condition or disease, or stroke. If the participant respond-
ed affirmatively to having any of the aforementioned condi-
tions, they were then classified as a patient with CVD [15].

We selected major demographic characteristics, health-re-
lated behaviors, and occupational characteristics as covariates. 
Age was treated as a continuous variable for adult NHIS partic-
ipants who were over 18 years old. Participants were classified 
by sex as either male or female. Race/ethnicity categories in-
cluded non-Hispanic White, Hispanic or Latino, non-Hispanic 

Black, non-Hispanic Asian, and other [16]. Education was di-
vided into 3 groups: high school or below, some college or as-
sociate degree, and bachelor’s degree or above. United States 
nativity included categories of United States-born and not 
United States-born. Smoking status was assigned as never, 
former, or current. Alcohol consumption was also categorized 
as never, former, or current. Annual household income (in US 
dollars) was divided into 4 categories: less than 25 000, 25 000-
54 999, 55 000 or above, and unknown. Body mass index (BMI, 
kg/m2) was categorized as normal (BMI <25 kg/m2), overweight 
(25≤BMI<30 kg/m2), or obese (BMI ≥30 kg/m2) [17]. Leisure-
time physical activity was divided into 4 categories: inactive 
(none), insufficiently active (<150 min/wk), sufficiently active 
(≥150 and ≤300 min/wk), and highly active (>300 min/wk), 
based on United States aerobic physical activity guidelines [18]. 
Working hours were classified as “<35 hr/wk,” “35-54 hr/wk,” or 
“≥55 hr/wk” [19]. Total occupational activity was calculated 
by summing scores from 2 questions about the frequency of 
“repeated lifting, pushing, pulling, or bending” and “standing 
or walking.” These scores were measured using a 5-item Likert 
scale (0=never, 1=seldom, 2=sometimes, 3=often, and 4=  
always). The total occupational activity was then categorized 
as never (0), seldom (1 or 2), sometimes (3 or 4), often (5 or 6), 
or always (7 or 8) [20]. Job demand was analyzed by scoring 
participants’ responses to whether they were given enough 
time to complete their work, while job control was determined 
by reversing the self-assessed scores of whether the job allowed 
participants the freedom to make decisions. A previous study 
tested single-item measures of psychosocial work characteris-
tics and found satisfactory validity [21]. Responses to the items 
regarding job demand and job control were “strongly agree,” 
“agree,” “disagree,” and “strongly disagree,” with values ranging 
from 1 to 4. High valued reflected high job demand and job 
control, respectively [22].

Statistical Analysis
We utilized weighting and design variables, including strati-

fication, clustering, and oversampling of specific population 
subgroups, to produce valid estimates [14]. Our study incor-
porated these weighted analyses. Initially, we calculated the 
weighted characteristics of the study participants. We then 
determined differences according to workplace violence using 
the weighted t-test for continuous variables and the weighted 
chi-square test for categorical variables. Subsequently, we es-
timated the associations between workplace violence (yes vs. 

Figure 1. Flow chart of study sample selection from US Na-
tional Health Interview Survey 2015.

All participants in adult sample 
(n=33 672)

Working population
(n=19 150)

Working population with complete
information on workplace violence 

(n=19 113)

Participants with complete 
information on cardiovascular 

disease (n=19 081)

Final sample size for analyses 
(n=18 380)

Participants who were not working 
(n=14 522)

Participants with missing data or 
answered with “refused/not 

ascertained” on workplace violence 
(n=37)

Participants with missing data or 
answered with “refused/not 

ascertained” on cardiovascular 
disease (n=32)

Participants with missing data or 
answered with “refused/not 

ascertained” on covariates (n=701)
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no) and CVD using weighted multivariable logistic regression. 
The results were presented as odds ratios (ORs) with 95% con-
fidence intervals (CIs). We created multivariable models in 4 
steps: building on the crude model (model I), model II was ad-
justed for major demographic characteristics such as age, sex, 
race/ethnicity, education, household income, and United States 
nativity. Beyond demographic characteristics, model III was 
further adjusted for health-related behaviors, including smok-
ing status, alcohol consumption status, BMI, and leisure-time 
physical activity. Model IV was additionally adjusted for occu-
pational characteristics such as working hours, total occupa-
tional activity, and psychosocial work factors (job demand and 
job control). Lastly, we analyzed the associations between the 
frequency of workplace violence (categorized as no, occasion-
ally, and frequently) and CVD using the same procedure as above. 
All analyses were conducted using SAS version 9.4 (SAS Insti-
tute Inc., Cary, NC, USA), and the alpha level was set at 0.05.

Ethics Statement
The study adhered to the guidelines set forth by the Decla-

ration of Helsinki. The Institutional Review Board of the Uni-
versity of California, Los Angeles (IRB#22-001879) reviewed 
and granted an exemption for this study.

RESULTS

Table 1 presents the weighted characteristics of the study 
population. The study included a total of 18 380 participants, 
of whom 1334 reported experiencing threats, bullying, or ha-
rassment in their workplace within the past 12 months. No 
significant differences were found between those who had 

Table 1. Characteristics of the study population (n=18 380)1 

Characteristics
Workplace violence

p-value 
No (n=17 046) Yes (n=1334)

Age 41.99±0.17 41.25±0.53 0.208

Sex <0.001

   Male 8560 (53.5) 539 (44.3)

   Female 8486 (46.5) 795 (55.7)

Race/Ethnicity 0.052

   Non-Hispanic White 10 491 (64.5) 879 (68.0)

   Hispanic or Latino 3015 (16.4) 196 (13.5)

   Non-Hispanic Black 2056 (11.1) 155 (11.4)

   Non-Hispanic Asian 1062 (5.9) 50 (4.2)

   Other 422 (2.1) 54 (2.8)

(Continued to the next)

Characteristics
Workplace violence

p-value 
No (n=17 046) Yes (n=1334)

Education <0.001

   High school or below 5314 (30.5) 316 (23.5)

   Some college or associate  
      degree

5482 (31.7) 475 (37.0)

   Bachelor’s degree or above 6250 (37.8) 543 (39.6)

Annual household income (US dollar) 0.001

   <25 000 4509 (24.9) 360 (27.2)

   25 000-54 999 5316 (29.2) 490 (33.0)

   ≥55 000 4368 (27.5) 347 (27.4)

   Unknown 2853 (18.4) 137 (12.4)

Nativity <0.001

   US-born 13 679 (80.9) 1166 (87.5)

   Not US-born 3367 (19.1) 168 (12.5)

Smoking status <0.001

   Never 11 176 (67.1) 776 (59.1)

   Former 3275 (18.6) 291 (21.2)

   Current 2595 (14.3) 267 (19.7)

Alcohol consumption status 0.012

   Lifetime abstainer 2728 (16.1) 155 (13.4)

   Former drinker 1718 (9.2) 174 (12.2)

   Current drinker 12 600 (74.7) 706 (74.4)

BMI 0.067

   Normal 5729 (34.3) 428 (33.5)

   Overweight 5883 (34.3) 417 (30.7)

   Obesity 5434 (31.4) 489 (35.8)

Leisure-time physical activity 0.180

   Inactive 4382 (25.5) 313 (23.7)

   Insufficiently active 3461 (20.0) 288 (21.8)

   Sufficiently active 2982 (17.8) 229 (15.6)

   Highly active 6221 (36.7) 504 (38.9)

Working hours (hr/wk) <0.001

   <35 3801 (21.8) 231 (19.4)

   35-54 11 484 (68.2) 900 (65.8)

   ≥55 1761 (9.9) 203 (14.7)

Total occupational activity <0.001

   Never 1082 (6.5) 42 (2.9)

   Seldom 2756 (16.4) 122 (8.2)

   Sometimes 3918 (22.8) 243 (16.9)

   Often 3846 (22.6) 324 (25.2)

   Always 5444 (31.7) 603 (46.8)

Job demand   1.78±0.01   2.09±0.03 <0.001

Job control   3.28±0.01   3.06±0.03 <0.001

Values are presented as mean±standard error or number (%).
1Differences were determined via weighted t-test or chi-square test.

Table 1. Continued from the previous
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and had not experienced workplace violence in terms of age, 
race/ethnicity, or level of leisure-time physical activity. A high-
er number of females reported instances of workplace violence 
than males. Participants who reported workplace violence gen-
erally had higher education levels and lower annual incomes. 
The proportion of participants born in the United States was 
higher in the group that reported workplace violence than in 
the group that did not. Those with experiences of workplace 
violence were more likely to smoke and consume alcohol. In 
terms of total occupational activity, the group reporting work-
place violence had a higher percentage of participants engaged 
in jobs requiring heavy physical activity compared to the group 
that did not report workplace violence. Participants who re-
ported workplace violence also had longer working hours, 
higher job demands, and lower job control compared to those 
who did not report any workplace violence.

Table 2 displays the results of the associations between bi-
nary workplace violence and CVD. In the study sample, 1336 
individuals reported having CVD. The weighted prevalence of 
CVD was 6.7% in the group that reported no workplace violence 
and 11.7% in the group that reported experiencing workplace 
violence. Participants who reported workplace violence were 
more likely to have CVD, with a crude OR of 1.85 (95% CI, 1.44 
to 2.38). However, models II through IV, which included incre-
mental adjustments, showed significant associations between 

workplace violence and CVD. When compared to those report-
ing no workplace violence, individuals who had experienced 
any form of workplace violence had higher odds of CVD. This 
was the case even after accounting for demographic charac-
teristics, health-related behaviors, and other occupational char-
acteristics, with a fully adjusted OR of 1.76 (95% CI, 1.35 to 2.30).

Table 3 presents the results according to the frequency of 
workplace violence. In the fully adjusted model IV, those fre-
quently exposed to workplace violence had the highest odds 
of CVD (OR, 1.80; 95% CI, 1.23 to 2.63). Even occasional expo-
sure to workplace violence was associated with 74% increased 
odds of CVD. Further trend analysis indicated a significant 
trend of rising CVD prevalence correlating with an increase in 
the frequency of workplace violence (p for trend <0.001).

DISCUSSION

CVD is the leading cause of death both in the United States 
and worldwide [23]. Numerous factors have been widely doc-
umented to be involved in the development of CVD. For in-
stance, health behavior-related factors such as smoking, BMI, 
and alcohol consumption are well-established risk factors for 
CVD [24]. Cumulative evidence indicates that occupation-re-
lated factors also play critical roles in the etiology of CVD [25]. 
Certain specific occupational factors, including high job de-

Table 2. Associations1 between workplace violence and CVD (n=18 380)2

Workplace violence Prevalence of CVD Model I Model II Model III Model IV

No 1178 (6.7) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Yes     158 (11.7) 1.85 (1.44, 2.38) 1.90 (1.46, 2.47) 1.81 (1.39, 2.35) 1.76 (1.35, 2.30)

Values are presented as number (%) or odds ratio (95% confidence interval). 
CVD, cardiovascular disease.
1Logistic regression. 
2Model I: No adjustment; Model II: Adjusted for age, sex, education, income, and nativity; Model III: Model II+additionally adjusted for smoking, alcohol con-
sumption, leisure-time physical activity, and body mass index; Model IV: Model III+additionally adjusted for working hours, total occupational activity, job de-
mand, and job control.

Table 3. Associations1 between workplace violence frequency and CVD (n=18 380)2

Workplace violence Prevalence of CVD Model I Model II Model III Model IV

No 1178 (6.7) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Occasionally 100 (11.9) 1.88 (1.38, 2.56) 1.86 (1.34, 2.57) 1.78 (1.28, 2.46) 1.74 (1.25, 2.43)

Frequently 58 (11.4) 1.80 (1.25, 2.57) 1.98 (1.36, 2.88) 1.87 (1.28, 2.73) 1.80 (1.23, 2.63)

Values are presented as number (%) or odds ratio (95% confidence interval). 
CVD, cardiovascular disease.
1Logistic regression. 
2Model I: No adjustment; Model II: Adjusted for age, sex, education, income, and nativity; Model III: Model II+additionally adjusted for smoking, alcohol con-
sumption, leisure-time physical activity, and body mass index; Model IV: Model III+additionally adjusted for working hours, total occupational activity, job de-
mand, and job control.



373

Workplace Violence and CVD

mand and low job control, can significantly elevate the risk of 
CVD [26,27]. Additional studies have highlighted the signifi-
cant impact of long working hours and occupational physical 
activity on CVD [19,28]. Recent studies from Europe have sug-
gested that workplace violence and bullying can have detri-
mental effects on employee CVD rates. Our current study dis-
covered that United States participants who reported frequent 
exposure to workplace violence had an 80% higher likelihood 
of CVD compared to those who did not report such violence. 
This finding demonstrated a significant dose-response pattern. 
To our knowledge, this is the first study to reveal a dose-re-
sponse relationship between workplace violence and CVD in 
United States workers, based on an analysis of nationally rep-
resentative data.

Our results indicate that the associations of workplace vio-
lence with CVD are independent of socio-demographic factors 
and health-related behaviors, such as age, sex, alcohol con-
sumption, smoking, and obesity. These results align with pre-
vious findings from other studies [9,29]. Furthermore, we dis-
covered that incorporating additional occupational factors 
such as working hours, total occupational activity, job demand, 
and job control into regression models slightly weakened the 
strength of the associations between workplace violence and 
CVD. However, these associations remained stable and robust. 
We also examined potential interactions between workplace 
violence and these occupational factors but found no signifi-
cant interactions (p>0.05, data not shown).

The mechanisms through which workplace violence impacts 
CVD are not entirely clear. Previous studies have suggested 
that both behavioral and biological pathways could provide 
plausible explanations [30]. Past research has shown that work-
place violence and bullying can lead to negative emotions, 
which can directly impact CVD through the excessive release 
of stress hormones [31]. Frequent experiences of anxiety, sad-
ness or depression, and anger can harm the cardiovascular 
system and weaken immune function [32]. These emotional 
states can also promote unhealthy behaviors, further contrib-
uting to the development of CVD [33]. Other research has in-
dicated that several pathways are implicated in the biological 
mechanisms. These include the hypothalamic-pituitary-adre-
nal axis [34], the autonomic nervous system, platelet receptors, 
coagulopathy factors, pro-inflammatory cytokines, neurohor-
monal factors, and the genetic serotonin transporter mecha-
nism [35]. These biological mechanisms may increase the bur-
den of atherosclerotic plaque, either during or shortly after in-

stances of workplace violence and bullying. This could lead to 
pathological changes associated with CVD [36]. Given the com-
plex nature of workplace violence and bullying, the mecha-
nisms that link these experiences to CVD likely involve multi-
ple stress-related pathways. These pathways could serve not 
only as contributing factors but also as triggers that exacer-
bate CVD in susceptible individuals.

Our study has several clear strengths. The data used in this 
study were sourced from the NHIS, a United States national 
survey with a large representative sample and a high response 
rate (over 70%) [14]. This enhanced the robustness and gener-
alizability of our findings. Additionally, we considered several 
covariates identified as risk factors for CVD in our regression 
analyses. Our data also revealed a dose-response relationship 
between workplace violence and CVD. However, this study is 
not without limitations that warrant discussion. The primary 
limitation is the cross-sectional design, as opposed to a cohort 
design, due to the nature of the NHIS data collection. Conse-
quently, it is not possible to infer causality from the observed 
associations. For example, the measure of CVD was based on 
whether it had ever been diagnosed, which could have occurred 
prior to the violence. This suggests a potential reverse associa-
tion, with the disease possibly predisposing affected individu-
als to workplace violence. Another limitation is that the mea-
sure of workplace violence was confined to the past 12 months. 
This means that information on the long-term cumulative du-
ration of exposure was absent. Furthermore, the NHIS data did 
not specify the source of workplace violence (e.g., supervisor or 
colleague), which warrants further investigation to better un-
derstand and prevent workplace violence. A third limitation is 
the potential for common method bias, given that both the 
exposure and outcome variables were self-reported. This could 
potentially exaggerate the relationship between workplace vi-
olence and CVD. Finally, while we were able to adjust for several 
potential confounders, we cannot completely rule out the pos-
sibility of unmeasured or residual confounding in our study.

While no global statistics are available, previous studies 
have found a wide range of prevalence for workplace violence, 
largely due to varying measures of this occupational risk fac-
tor. For example, the prevalence of workplace violence was 
found to be 6% in Finland [7], 15% in Germany [8], 13% in 
Sweden and Denmark [9], and between 7% and 8% in the 
United States according to 2010 NHIS data [10,11], and the 
current study involved 2015 NHIS data. Among certain occu-
pational groups, such as healthcare professionals, the preva-
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lence may be even higher [37]. Notably, underreporting is a 
common issue in surveys on workplace violence. Considering 
education as an example, participants with lower education 
levels reported less workplace violence, which contradicts 
general assumptions. We suspect that these workers may ex-
perience workplace violence more frequently but choose not 
to report it due to high job insecurity and fear of job loss, as 
suggested by other studies [37]. Regarding the risk factors of 
workplace violence, certain characteristics, such as being fe-
male, are often cited [38]. Recently, an understanding has de-
veloped that occupational structure and organizational factors 
also strongly relate to workplace violence. These factors in-
clude authoritarian and laissez-faire leadership behaviors, role 
conflict, role ambiguity, monotonous or rotating tasks, high 
job demands, work pressure, and unclear job duties [38]. In 
statistical modeling, we accounted for demographic charac-
teristics (including sex and education), health-related behav-
iors, and work-related factors such as working hours, occupa-
tional activity, job demand, and job control.

The prevention or reduction of CVD resulting from workplace 
violence is an important issue in the field of occupational safe-
ty and health in the United States. Our research into the asso-
ciation between workplace violence and CVD underscores the 
importance of policy implications and early interventions in 
the workplace to decrease the incidence of CVD among United 
States workers. Several practices have been demonstrated ef-
fective related to policy implications and interventions aimed 
at preventing workplace violence and bullying [39,40]. These 
include the development of training programs for individuals, 
groups, and organizations, focusing on stress management, 
conflict resolution, and the enhancement of communication 
skills. However, the impact of these practices on CVD-related 
outcomes has not yet been documented.

In conclusion, the findings of this study indicate an associa-
tion between workplace violence and the prevalence of CVD 
in United States workers, following a dose-response pattern. 
Future research should explore the associated mechanistic 
pathways, conduct prospective cohort studies, and consider 
interventions to prevent workplace violence and lower the risk 
of CVD.
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