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Abstract
Background Evidence on the effects of occupation categories on cardiovascular disease (CVD) progression and 
longevity has mostly come from cross-sectional studies, which limits our understanding of the pathogenesis of 
CVD. This study aimed to evaluate the associations of occupation categories with CVD and all-cause mortality in the 
American population. 

Methods We analyzed data from the 2005–2014 U.S. National Health and Nutrition Examination Survey (NHANES), 
a large-scale public health survey representative of the U.S. population, linked to mortality data obtained in 2019. To 
evaluate the association between occupation categories and the risks of cardiovascular disease (CVD) and all-cause 
mortality, we estimated Cox proportional hazard ratios (HRs) with 95% confidence intervals (CIs).

Results Among 11,102 participants (aged 20–85 years, 53.99% male), 132 died from CVD among the total 478 deaths 
during a median follow-up of 9.9 years. In multivariable-adjusted models, the occupation categories were significantly 
associated with CVD mortality, with the hazard ratios (HRs) and 95% confidence intervals (95% CIs) of 3.95(1.94–8.04) 
for construction and clean-up industry, 2.51(1.15–5.52) for sales and service industry, 2.49(1.04–5.95) for business 
and management, and 2.98(1.56,5.71) for others. For all-cause mortality, only construction and clean-up industry and 
sales and service industry were positively associated with all-cause mortality, and HRs (95% CIs) were 2.05(1.33–3.16) 
and 1.64(1.12–2.41). Both working hours in the previous week and the number of months worked exhibited varying 
degrees of dose-response relationships with CVD and all-cause mortality.

Conclusions Occupation categories were found to be significantly associated with the risk of CVD and all-cause 
mortality. Future research could incorporate different work properties into specific prevention strategies for these 
outcomes.
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Introduction
Cardiovascular disease (CVD) is a growing public 
health problem and the leading cause of death world-
wide. The World Health Organization (WHO) estimates 
that 17.9  million deaths were caused by CVD in 2019, 
accounting for 32% of all global deaths. The updated 2023 
CVD statistics from the American Heart Association 
(AHA) suggest that CVD remained the leading cause of 
death in the United States in 2020, with 928,741 deaths, 
while the direct and indirect costs associated with the 
disease totaled $407.3 billion between 2018 and 2019 [1]. 
Given the high prevalence, economic burden, and mor-
tality of CVD, there is an urgent need to identify new 
modifiable factors as a priority.

There is limited evidence indicating that occupation 
categories are significantly associated with CVD and 
all-cause mortality [2, 3]. In the international research, 
evidence suggests that drivers, police officers, factory 
workers, and other blue-collar occupations are more 
likely to be associated with higher occupational risks 
[2, 4, 5]. In addition, employees with type 2 diabetes in 
occupations associated with a higher risk of CVD may 
be particularly vulnerable to developing vascular compli-
cations [6]. A previous study reported that occupations 

with high CVD incidence had high rates of overweight, 
smoking, and low physical fitness [7]. Irregular working 
hours, shift work, workplace stress, and physical or sed-
entary demands are well-established occupational risk 
factors for CVD. Shift work, for instance, disrupts circa-
dian rhythms, leading to metabolic issues such as insulin 
resistance, hypertension, and dyslipidemia [8]. Work-
place stress, characterized by imbalances in job demands 
and control, can trigger systemic inflammation, elevated 
cortisol levels, and endothelial dysfunction, all of which 
are associated with a higher risk of CVD [9]. Physically 
demanding jobs may strain the cardiovascular system, 
while sedentary roles contribute to physical inactivity 
and obesity [10, 11]. Additionally, adverse psychosocial 
environments, such as job insecurity and lack of social 
support, often promote unhealthy behaviors like smok-
ing, poor diet, and physical inactivity, further compound-
ing CVD risk [12].

Therefore, this study aimed to investigate the associa-
tions of different occupation categories with the risk of 
CVD and all-cause mortality in adults aged ≥ 20 years 
who participated in the NHANES 2005–2014, which 
proposed some guidelines for bettering the population’s 
health outcomes.
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Methods
Study population
This prospective, complex and comprehensive multistage 
cohort study included US adults aged ≥ 20 years from 
the National Health and Nutrition Examination Sur-
vey (NHANES) 2005 to 2014, an independent national 
cross-sectional survey of US civilians not in institutions, 
conducted biennially by the National Center for Health 
Statistics (NCHS). Further details about NHANES are 
available elsewhere [13]. Participants under 20 years old 
(n = 21,494), with incomplete demographic information 
(n = 1,069) or occupation category data (n = 12,980), who 
reported having heart failure or stroke at baseline, or 
who did not have data on heart failure or stroke mortality 
(n = 3,310), were excluded (Fig. 1). During a median fol-
low-up period of 9.9 years, a total of 11,102 adults were 
included in the final analysis.

The NHANES data used in this study were derived 
from a de-identified and public database ( h t t p  s : /  / w w 
w  . c  d c .  g o v  / n c h  s /  n h a n e s / i n d e x . h t m). The NHANES is 
approved by the National Center for Health Statistics 
Research Ethics Review Board, and all participants pro-
vided written consent.

Exposure assessment and confounding factors
Employed survey participants were asked the following 
questions: “What was your current job?” Participants’ 
free-text responses were assigned to the 2010 US Cen-
sus Bureau Occupational Classification System using 
NIOCCS, an automated coding system. NIOCCS is a 

web-based tool that converts industry and occupation 
text from qualitative data into standardized codes based 
on the U.S. Census Bureau’s system. In this study, occu-
pation [15, 16] categories were defined as administrative 
and healthcare industry, production and transportation 
industry, construction and clean-up industry, sales and 
service industry, business and management, and oth-
ers (Table  1). Additionally, administrative and health-
care industry was defined as the reference group for 
comparison with other occupational categories, taking 
into account the stability and importance of the admin-
istrative and healthcare industry, as well as the generally 
higher level of education and relatively better health sta-
tus of individuals in these fields.

Age, sex, marital status, race/ethnicity, education, body 
mass index (BMI), drinking status, smoking status, physi-
cal activity, albumin, total energy intakes, total choles-
terol intakes, total fat intakes, history of hypertension, 

Table 1 Most frequently reported occupations by census 
occupational category
Occupation Group Title Census Bureau Occupation 

Classification Source Codes
Administrative and Healthcare Industry 3000–3540, 5000–5940
Production and Transportation Industry 7700–8965, 9000–9750
Construction and Clean-up Industry 1300–1530, 4200–4250, 

6200–6940
Sales and Service Industry 3700–3955, 4000–4160, 

4700–4965
Business and Management 0010–0430, 0500–0950
Others Other codes

Fig. 1 Sample selection flowchart
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history of diabetes, and history of weak/failing kidneys 
were collected using standardized questionnaires and 
laboratory protocols during interviews. Race/ethnicity 
was classed as non-Hispanic white, non-Hispanic black, 
Mexican American, and others. Education was defined 
as < high school, high school, and > high school. BMI 
was calculated as weight in kilograms divided by height 
in meters squared and was categorized as < 25.0  kg/
m², 25.0–29.9  kg/m², and ≥ 30.0  kg/m². Current alco-
hol intake was categorized as none (0  g/day), moderate 
drinking (0.1 to 27.9 g/day for men and 0.1 to 13.9 g/day 
for women), and heavy drinking [14]. Drinking status 
was grouped into never drinkers, moderate drinkers, and 
heavy drinkers. Smoking status was classified as never 
smoker, former smoker, and current smoker. Physical 
activity was assessed using the metabolic equivalent of 
task (MET), with a higher MET score indicating greater 
physical activity. History of hypertension, diabetes mel-
litus, and weak/failing kidneys was self-reported or previ-
ously diagnosed.

Mortality ascertainment and follow-up
The mortality of NHANES participants was determined 
by probabilistically matching their records with death 
certificate data from the National Death Index (NDI). 
Through December 31, 2019, the NHANES-linked NDI 
public access data were used to identify the mortality sta-
tus and cause of death. According to ICD-10, heart dis-
eases (codes I00-I51) and cerebrovascular disease (i.e., 
stroke) (codes I60-I69) were defined as CVD. This study 
defined CVD deaths as those from either heart or cere-
brovascular disease. Meanwhile, the follow-up time was 
defined as the date when the participants participated in 
NHANES 2005–2014 until December 31, 2019. The NDI 
and the data of every participant are linked by probabilis-
tic matching based on identifiers.

Statistical analysis
This study used weighted samples from NHANES. Con-
tinuous variables were described using the mean and 
standard error (SE), while categorical variables were 
described using frequency and percentage (%). Weighted 
Cox proportional hazard models were used to estimate 
the hazard ratios (HRs) and 95% confidence intervals 
(CIs) for the association of occupation categories with 
CVD and all-cause mortality. Model 1 adjusted for age, 
sex, marital status, educational level, and race/ethnicity. 
Model 2 adjusted for model 1, alcohol drinking status, 
smoking status, physical activity, and BMI. Model 3 fur-
ther adjusted model 2, albumin, cholesterol, triglycerides, 
globulin, history of hypertension, diabetes mellitus, and 
kidney conditions. In addition, restrictive cubic splines 
(RCS) were used to analyze the relationship between 

hours worked last week, number of months working and 
CVD and all-cause mortality.

As sensitivity analyses, we excluded the first three years 
of follow-up for all participants to minimize the possibil-
ity of baseline health conditions affecting deaths. In addi-
tion, we repeated the weighted Cox proportional hazard 
analyses, excluding participants with histories of hyper-
tension, diabetes mellitus, or kidney conditions, to con-
firm the observed associations among healthy general 
US adults. Since multiple comparisons can lead to type 
I error, the endpoints and subgroup analyses should be 
interpreted as exploratory.

All analyses were summarized by SAS software version 
9.4 and GraphPad Prism 8 software. Statistical signifi-
cance is P values < 0.05.

Results
Baseline characteristics of participants
A total of 11,102 eligible participants were included in the 
present study. During 2005 to 2014, 478 deaths were con-
firmed among 11,102 adults who had self-reported sur-
veys or laboratory tests, and out of the total 461 deaths, 
132 cases were from CVD during a median follow-up of 
9.9 years. In the cohort, the mean age was 42.38 years, 
53.99% were male, 68.94% were non-Hispanic Black, and 
65.60% had at least a high school education. Only 5.70%, 
24.36%, and 1.16% of the cohort had baseline diabetes, 
hypertension, and kidney conditions, respectively. Par-
ticipants were more likely to be married (66.87%), non-
smokers (82.90%), non-drinkers (69.19%), and likely to 
have a higher BMI. Moreover, there were four biological 
indicators in our study, including serum albumin, choles-
terol, triglycerides, and globulin. Detailed baseline char-
acteristics of the participants are described in Table 2.

Association of occupation categories with CVD and all-
cause mortality
Table  3 shows the association of occupation categories 
with CVD and all-cause mortality. Overall, occupation 
categories were positively associated with CVD mortality. 
Even after adjusting for covariates, occupation categories 
were still significantly associated with CVD mortality, 
especially 3.95(1.94–8.04) for construction and clean-
up industry, 2.51(1.15–5.52) for sales and service indus-
try, 2.49(1.04–5.95) for business and management, and 
others for 2.98(1.56–5.71), compared with administra-
tive and healthcare industry. For all-cause mortality, we 
found that construction and clean-up industry and sales 
and service industry were positively associated with all-
cause mortality, and HRs (95% CIs) were 2.05(1.33–3.16) 
and 1.64(1.12–2.41) after adjusting for covariates.
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RCS between hours worked last week and the number of 
months worked with CVD and all-cause mortality
Here, there was a significant dose-response relationship 
between the hours worked last week and CVD mortal-
ity (Fig.  2A) (P < 0.001). Notably, a threshold effect was 
identified, with an inflection point at hours worked last 
week of approximately 39  h. When the hours worked 
last week exceeded this cutoff, the risks of CVD mortal-
ity exhibited a declining trend. However, there was no 
significant dose-response relationship between hours 
worked in the past week and all-cause mortality (Fig. 2B) 
(P > 0.05). For the number of months worked, there was 
no dose-response relationship with CVD mortality 
(Fig. 2C) (P > 0.05). However, a significant dose-response 
relationship was observed for all-cause mortality. When 

the number of months worked exceeded 56 months, the 
risks of all-cause mortality exhibited an increasing trend 
(Fig. 2D) (P < 0.001).

Sensitivity analysis
Sensitivity analyses excluded mortality that occurred 
during the first years of the follow-up, and results were 
similar to findings of the entire sample population 
(Table  4). In addition, when participants with a history 
of chronic diseases, including diabetes, hypertension, 
or kidney conditions, were excluded from analyses, this 
study found that occupation categories had little associa-
tion with CVD and all-cause mortality (Table 5).

Table 2 Baseline characteristics of participants (n = 11102)
Total
(N = 11102)

Administra-
tive and 
Healthcare
(n = 1846)

Production 
and Trans-
portation
(n = 1633)

Construction 
and Clean-up
(n = 1593)

Sales and 
Service
(n = 1939)

Business and 
Management
(n = 1385)

Others
(n = 2706)

P 
value

Age, year 42.38 ± 0.13 42.68 ± 0.32 42.37 ± 0.32 41.59 ± 0.32 40.55 ± 0.32 44.88 ± 0.33 42.25 ± 0.26 < 0.001
Male, n (%) 5961(53.99) 491(24.60) 1221(76.96) 1255(82.16) 992(53.16) 773(57.38) 1229(47.54) < 0.001
Race/Ethnicity, n (%) < 0.001
Non-Hispanic White 1855(8.97) 205(5.65) 402(15.66) 489(17.85) 315(9.15) 126(4.28) 318(6.24)
Non-Hispanic Black 2229(12.37) 366(12.45) 300(12.31) 315(13.48) 412(14.27) 250(8.73) 586(12.75)
Mexican American 4695(68.45) 801(6.50) 530(57.61) 576(62.22) 781(64.85) 763(79.72) 1244(71.43)
Others 2323(10.20) 474(12.04) 401(14.41) 213(6.45) 431(11.72) 246(7.28) 558(9.59)
Marital Status < 0.001
Married, n (%) 7128(66.87) 1135(65.51) 1099(67.20) 1095(68.72) 1130(60.97) 1004(75.13) 1665(65.56)
Widowed 248(1.68) 64(3.06) 19(0.67) 27(1.30) 37(1.06) 21(0.97) 80(2.25)
Divorced 1117(10.35) 222(12.29) 149(11.30) 128(9.14) 189(10.22) 143(10.22) 286(9.30)
Single 2609(21.10) 425(19.13) 366(20.83) 343(20.85) 583(27.76) 217(13.68) 675(22.89)
Education, n (%) < 0.001
< High school 2153(12.98) 145(5,65) 579(26.67) 637(29.42) 409(14.22) 79(4.09) 304(7.66)
High school 2420(21.42) 341(17.93) 579(39.70) 435(28.73) 473(23.82) 180(13.63) 412(14.41)
> High school 6529(65.60) 1360(76.42) 475(33.63) 521(41.84) 1057(61.96) 1126(82.28) 1990(77.93)
Physical activity 9.06 ± 0.07 7.55 ± 0.15 8.98 ± 0.18 10.49 ± 0.19 9.11 ± 0.16 8.83 ± 0.17 9.54 ± 0.13 < 0.001

BMI (kg/ m2), n (%) < 0.001

< 25.0 3452(31.83) 585(32.04) 409(25.37) 486(30.36) 639(33.19) 398(28.95) 935(36.42)
25.0 ∼29.9 3792(33.99) 570(31.05) 614(36.60) 624(39.64) 637(32.79) 491(35.87) 856(31.52)
≥ 30.0 3858(34.18) 691(36.90) 610(38.03) 483(30.00) 663(34.02) 496(35.17) 915(32.06)
Current smoker 1858(17.10) 220(13.30) 394(26.32) 368(26.74) 374(19.45) 154(10.63) 348(12.75) < 0.001
Current drinker 3048(30.81) 428(23.97) 402(26.43) 517(37.11) 508(30.90) 446(36.27) 747(31.13) < 0.001
Diabetes, n (%) 773(5.70) 136(6.81) 140(7.30) 92(3.75) 142(5.99) 92(5.60) 171(5.02) < 0.001
Hypertension, n (%) 2782(24.36) 497(28.16) 431(26.10) 362(22.37) 460(23.77) 371(25.90) 661(21.33) < 0.001
Kidney Conditions, n (%) 153(1.16) 19(1.07) 21(0.95) 24(1.23) 32(1.19) 21(1.39) 36(1.13) < 0.001
Albumin (g/dL) 4.30 ± 0.01 4.22 ± 0.01 4.32 ± 0.01 4.36 ± 0.01 4.30 ± 0.01 4.31 ± 0.01 4.29 ± 0.01 < 0.001
Cholesterol (mg/dL) 196.17 ± 0.38 196.46 ± 0.88 195.32 ± 1.03 197.90 ± 0.99 194.16 ± 0.93 198.39 ± 1.05 195.47 ± 0.76 0.013
Triglycerides (mg/dL) 155.85 ± 1.24 139.77 ± 2.45 168.11 ± 3.68 173.79 ± 3.85 155.51 ± 2.82 161.41 ± 3.55 148.86 ± 2.39 < 0.001
Globulin (g/dL) 2.80 ± 0.01 2.83 ± 0.01 2.81 ± 0.01 2.80 ± 0.01 2.81 ± 0.01 2.74 ± 0.01 2.79 ± 0.01 < 0.001
Abbreviation: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared)

Percentages and means were estimated using US population weights

Values are weighted mean ± SE for continuous variables (Analysis of Variance, ANOVA) or weighted % for categorical variables (Chi-square test)

Race/ethnicity was determined using preferred terminology from the National Center for Health Statistics as non-Hispanic white, non-Hispanic black, and Mexican 
American. Mexican
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Discussion
In this prospective cohort study involving 11,102 par-
ticipants from NHANES 2005–2014, we observed sig-
nificant associations between occupation categories with 
CVD and all-cause mortality. In particular, occupations 
in the construction and clean-up industry, as well as the 
sales and service industry, were linked to a higher risk of 
CVD and all-cause mortality, highlighting the potential 
impact of occupational hazards and lifestyle factors on 
overall health outcomes.

Previous studies have reported that factory workers, 
cleaners, and construction workers had a higher risk of 
death [15–17], which is consistent with our findings. A 
study on occupational mortality rates in the UK from 
1991 to 2011 found that healthcare professionals had the 
lowest mortality rate (225 deaths per 100,000 person-
years [95% CI 145–304]), while the construction indus-
try had the highest mortality rate (701 deaths per 100,000 
person-years [95% CI 593–809]), followed by domestic 
workers and factory workers [15]. Another statewide 
study in Australia showed that significantly more blue-
collar workers had a high risk of cardiovascular disease 
compared to white-collar workers [males 1.45 (95% CI 
1.37 to 1.53); females 1.48 (95% CI 1.17 to 1.88)] [16]. 
Additionally, in a study of trends in CVD risk factors 
among Belgian workers, we observed that incident CVD 
was more common in transport and construction, and 
the prevalence of CVD was 14% and 12%, respectively 
[17]. Specifically, blue-collar workers may face multiple 
hazards, such as carbon monoxide, irregular schedules, 
noise, and vigorous physical activity, which have been 
linked to a higher risk of CVD [18]. It is possible that 
within these broad occupational groups, individuals in 
certain occupations were more likely to be involved in 
specific high-risk jobs, which could explain the higher 
risk of mortality. In addition, we found that managers and 
sales-related occupations have a higher risk of mortality, 
compared to office or administrative staff. Although the 
evidence is inconsistent, the increased risk of CVD may 
be explained by some studies linking sedentary behavior, 
which is common among managers, to increased blood 
pressure [19]. In addition, the frequency of long-term 
business travel and job strain in sales-related workers, 
which have been associated with CVD [20], may also play 
an important role.

With hours worked last week > 39  h, the risk of CVD 
mortality may decline, potentially due to increased 
engagement in health-promoting activities or bet-
ter work-life balance for those who limit hours. In con-
trast, the lack of a significant link between hours worked 
and all-cause mortality suggests that other factors, 
such as lifestyle, socioeconomic status, and healthcare 
access may play a more critical role in overall mortal-
ity risk [21]. Regarding months worked, the absence of a Ta
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dose-response relationship with CVD mortality indicates 
that work-related stress may not accumulate linearly, or 
protective factors might develop over time. However, the 
significant association with all-cause mortality after 56 
months suggests potential long-term effects of cumula-
tive occupational stress or exposure to hazardous condi-
tions [22].

In sensitivity analysis, we excluded individuals with 
chronic diseases and found that the association of occu-
pation categories and CVD and all-cause mortality 
risk weakened significantly. These findings suggest that 
chronic diseases may mediate the relationship between 
occupation and CVD risk. Certain occupations could 
influence chronic disease incidence through factors like 
lifestyle, work environment, or socioeconomic status. For 
example, sedentary behavior and occupational stress can 
increase chronic disease risk, which in turn exacerbates 
CVD risk [23, 24]. Additionally, a high prevalence of 
chronic diseases in specific occupations may have ampli-
fied the initial association, indicating that the relationship 

between occupation and health risks can vary by popu-
lation characteristics, especially in occupations where 
chronic diseases are key determinants of CVD risk.

Some limitations of the present study should be dis-
cussed in order to understand its interpretation. First, 
as an observational analysis, this study is subject to the 
limitations of such studies, including the potential for 
residual confounding and reverse causation. Second, 
subjective questionnaires were the basis for some of the 
covariates used in this study, such as smoking, drink-
ing, hypertension, and diabetes, which may influence the 
results. Third, our study included individuals from the 
general U.S. population, so we should be cautious when 
generalizing the findings to other countries. Finally, the 
use of broad occupational groups limits our ability to 
assess specific job-related exposures relevant to cardio-
vascular disease, as we lack details on noise, radiation, 
and chemical exposures.

Fig. 2 RCS between hours worked last week and the number of months worked with CVD and all-cause mortality. HRs were adjusted for age, sex, marital 
status, race/ethnicity, education, BMI, drinking status, smoking status, physical activity, albumin, cholesterol, triglycerides, globulin, histories of hyperten-
sion, diabetes mellitus, and kidney conditions. CVD = cardiovascular disease
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Conclusion
This study provided valuable insights into the relation-
ship between occupation categories and CVD and all-
cause mortality, particularly in high-risk sectors such as 
construction and clean-up, sales and service industry. 
Overall, this study highlights the critical importance of 
understanding the interplay between work-related factors 
and health outcomes, advocating for policies and prac-
tices that promote healthier work environments and sup-
port the well-being of workers across various industries.
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