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Abstract
Objectives—Evidence from general population based studies and occupational cohorts has
identified air pollution from mobile sources as a risk factor for cardiovascular disease. In a cohort
of US trucking industry workers, with regular exposure to vehicle exhaust, we previously
observed elevated standardized mortality ratios (SMRs) for ischemic heart disease compared to
members of the general US population. Therefore, we examined the association of increasing
years of work in jobs with vehicle exhaust exposure and ischemic heart disease mortality within
the cohort.

Methods—We calculated years of work in eight job groups for 30,758 workers using work
records from four nationwide companies. Proportional hazard regression was used to examine
relationships between ischemic heart disease mortality 1985–2000 and employment duration in
each job group.

Results—Hazard ratios for at least one year of work in each job were elevated for dockworkers,
long-haul drivers, pick-up and delivery drivers, combination workers, hostlers, and shop workers.
There was a suggestion of an increased risk of IHD mortality with increasing years of work as a
long-haul driver, pick-up and delivery driver, combination worker, and dockworker.

Conclusions—These results suggest an elevated risk of ischemic heart disease mortality in
workers with a previous history of regular exposure to vehicle exhaust.

Corresponding Author: Jaime E Hart, Channing Laboratory, 181 Longwood Ave, Boston, MA 02115; phone: 617-525-2289; fax:
617-525-2578; Jaime.hart@channing.harvard.edu.
The Corresponding Author has the right to grant on behalf of all authors and does grant on behalf of all authors, an exclusive licence
(or non-exclusive for government employees) on a worldwide basis to the BMJ Publishing Group Ltd, and its Licensees to permit this
article (if accepted) to be published in Occupational and Environmental Medicine and any other BMJPGL products and to exploit all
subsidiary rights, as set out in our licence

Sources of financial support: NIH/NCI R01 CA90792; NIEHS ES00002

NIH Public Access
Author Manuscript
Occup Environ Med. Author manuscript; available in PMC 2014 August 01.

Published in final edited form as:
Occup Environ Med. 2013 August ; 70(8): 523–528. doi:10.1136/oemed-2011-100017.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Keywords
vehicle emissions; diesel exhaust; cardiovascular disease

Introduction
There is growing evidence from population-based studies that fine particulate air pollution is
a risk factor for cardiovascular disease. [1–5] The specific constituents responsible are
currently not known; however, attention has focused on the importance of particles from
motor vehicles that fall mostly within the fine (less than 2.5 microns in diameter – PM2.5)
range.[6] There is also suggestive evidence from occupational studies that professional
drivers, a group with regular exposure to particulate matter (PM) from mobile sources, have
an elevated risk of cardiovascular disease.[7–12] These occupational studies have mainly
been conducted in Denmark and Sweden with exposure based on occupation reported in
central registers or by self-report. Detailed occupational records in a large cohort of workers
with regular exposure to traffic-related PM have not been available.

In a large US cohort of trucking industry workers we have previously identified elevated
Standardized Mortality Ratios (SMR) for ischemic heart disease mortality (SMR=1.41; 95%
Confidence Interval (CI): 1.33–1.49) compared to the general US population.[13] We also
found that, independent of occupational exposures, ambient long-term exposures to PM10,
NO2, and SO2 at the last known home address were associated with an increased risk of
ischemic heart disease mortality in this cohort.[14] In this industry, job and specific
exposure-related duties have remained stable over time and the dates of diesel and other
equipment usage are known.[15] An industrial hygiene job review was conducted to identify
specific jobs and job duties in the industry and the use of diesel and non-diesel vehicles, and
we conducted a national exposure assessment to characterize occupational exposures by job
title.[16–20] Each company has provided us with detailed monthly work records for each
individual. Thus, we have the unique opportunity to examine the effects of years of work in
specific job titles within the industry on ischemic heart disease mortality while controlling
for ambient pollution exposures.

Methods
Population

Details of the cohort are provided elsewhere.[13, 21] Briefly, we obtained detailed
computerized work records for unionized employees working in 1985 (54,319 men and
4,007 women) from four large national companies. We used National Death Index record
axis data 1985–2000 that lists both underlying and contributing causes of death and
identified all deaths with ischemic heart disease (ICD-9 410–414.9; ICD-10 I20-I25.9)
listed. We also considered sensitivity analyses restricting to only those cases identified as
the underlying cause of death. We limited analyses to men with at least one year of work in
a trucking industry job (n= 52,836) who also had ambient pollution information available
(n=52,345) at their home address. Job title and duties are the same across companies, and
the work records included start date, retirement, and layoff dates. This allowed us to
calculate years of work in each specific trucking industry job group for each employee.
Study approval was obtained from the Institutional Review Boards of Brigham and
Women's Hospital, Harvard School of Public Health, and VA Boston Healthcare System.
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Exposure Assessment
We categorized exposure into eight job categories based on a review of job titles and duties
from a 2001–2005 industrial hygiene exposure assessment,[16–18] and information on the
historical use of diesel and other vehicles by workers in the cohort.[15] The number of
workers in each job in 1985 is summarized in Table 1. Long-haul drivers deliver freight
from one large trucking terminal to another, and are often away from home for up to three
days. Pick-up and delivery drivers bring freight to and from customers in the surrounding
area and the loading dock. Dockworkers move freight from one truck to another on the
loading dock, primarily using propane-powered forklifts, while hostlers move trucks and
trailers in the terminal yards. Combination workers perform the duties of a dockworker and
of a P&D driver as needed on a daily basis. Shop workers perform maintenance on tractors
and trailers. Office workers (mostly clerks, managers, and salespeople) spend the majority of
their work time in an office environment. Each worker could potentially accumulate
exposure in each job category throughout his career.

Statistical Methods
Proportional hazard regression was used to examine relationships between ischemic heart
disease mortality and employment duration in each trucking industry job category. All eight
job-specific exposure variables were included in regression models to adjust for different
jobs held throughout a worker's career. Penalized splines,[22] were used to test for
nonlinearity in mortality risk with employment duration, and the change in hazard ratio
(HR) and 95% confidence intervals (CI) associated with each year of work was calculated.
To closely adjust for age and secular trends, risk sets were generated using attained age in
one year increments as the time scale. As individuals starting work at one of the
participating companies at different ages and different time periods may have different
baseline risks of IHD and that these risks will change with calendar time, we created
separate baseline hazards based on categories of age in 1985 (<40, 40–49, 50–59, 60–69,
70+), calendar year and decade of hire. Race, census region of residence (based on last home
address), and company were considered as potential confounders in the regression models.
To control for long-term ambient pollution exposures, we included the average (1985–2000)
PM10, NO2, and SO2 pollution predicted at the last known address of each employee using
national exposure models we previously developed based on data from EPA monitors.[23]
Time-varying variables for years employed and years off work were used to adjust for a
healthy worker survivor effect. All analyses were performed in UNIX SAS 9.2 or R 2.4.1.

Indirect Adjustment for Cigarette Smoking
Information on cigarette smoking is not available from the company personnel databases.
However, to assess job-related variation in smoking habits, in 2003 a questionnaire was
mailed to a sample of 11,986 active and recently retired workers from the same companies
as the cohort members.[24] The response rate was 40.5%, and distributions of job titles,
gender, region of residence, number of employees at the workplace, and urban or rural work
location among responders and non-responders were similar. We have previously shown
that in logistic regression models adjusted for age, region of the country, educational status,
and size and location of the workplace, long haul drivers had higher odds of being ever
smokers compared to other job groups and pick-up and delivery drivers were less likely to
be current smokers. To indirectly adjust for smoking, proportions of current, former, and
never smokers among male questionnaire respondents for each job group were used to
weight cigarette smoking literature-based fatal ischemic heart disease relative risks for US
males [current smoker RR=2.4; former smoker RR=1.1 [25]]. A job-specific smoking
adjustment factor was calculated by dividing the weighted risk for workers employed in
each job by the weighted risk for workers not employed in that job [26, 27] and 95% CIs
were calculated by considering sampling error in calculating the adjustment factors.[28]
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Results
Characteristics of the analysis cohort are presented in Table 1. The average age in 1985 was
42 years old, and most workers were hired after long-haul trucks changed from gasoline to
diesel during the 1950's–1960's, but before or during the transition of pick-up and delivery
trucks from gasoline to diesel during the 1970's–1980's. The workers were predominantly
Caucasian and lived in the South or Midwest. The largest group of workers worked as long-
haul drivers in 1985, followed by pick-up and delivery drivers, dockworkers, and
combination workers. There were smaller numbers of hostlers, shop workers, office
workers, and people in other jobs (managers, trainees, etc.)

There were 1,357 deaths from ischemic heart disease (IHD) (1,094 as the underlying cause
of death) during the follow-up period (1985–2000). Hazard ratios for IHD mortality
associated with at least one year of work in each specific job category are presented in Table
2. There was little difference between the basic, healthy worker survivor effect (HWSE)
adjusted, and multivariate models. Hazard ratios were statistically significantly elevated for
dockworkers and long-haul drivers and were elevated for pick-up and delivery drivers,
combination workers, hostlers, and shop workers. The multivariate hazard ratio for clerks
was 0.63.

Percent change in the hazard ratio per additional year of work was calculated for long-haul
drivers, pick-up and delivery drivers, dockworkers, and combination workers, the four job
titles with the largest number of cases (Table 3). Based on the penalized splines (Figure 1),
the association of IHD with increasing years of exposure was not statistically significantly
different from linear in any of these job categories. In linear models, there was a suggestive
positive association between increasing years of work in each of these four jobs and an
increased risk of IHD mortality. Results were similar for models restricted to those IHD
cases listed only as the underlying cause of death.

The job-specific coefficients from the regression models in Table 3 were used to estimate
hazard ratios for 20 years of work. The job-specific smoking adjustment factors were used to
estimate smoking-adjusted risks by dividing each job-specific regression coefficient by the
appropriate adjustment factor. After the indirect smoking adjustment, the hazard ratios did
not appreciably change in any of the job groups.

Discussion
Within this population of U.S. trucking industry employees, jobs associated with exposures
to vehicle exhaust were associated with increases in ischemic heart disease mortality.
Increasing years of work was associated with increases in ischemic heart disease mortality,
although these increases were not statistically significant. These exposures were robust to
adjustment for residential ambient average PM10, NO2, and SO2 pollution and indirect
adjustments for cigarette smoking. Clerks, who did not work in a job with regular exposure
to vehicle exhaust, had a decreased risk of dying of IHD. Our findings of elevated risks in
the specific job titles are consistent with our earlier SMR analysis comparing this population
to members of the general US population (SMRs: ever driver = 1.49 (95% CI, 1.40–1.59),
ever dockworker = 1.32 (95% CI, 1.15–1.52, ever mechanic = 1.34 (95% CI, 1.05–1.72)).

Other studies have reported elevated risks of cardiovascular disease in professional drivers,
an occupational group with regular exposure to PM from mobile sources, although not all
studies have reported elevated risks [7–11]. In Danish bus, taxi, and truck drivers, rates of
hospital admissions for ischemic heart disease were consistently elevated in successive 5-
year cohorts of 20–59 year old men studied between 1981 and 1997. Compared to rates in
other employed Danish men, the risk was significantly increased 20 to 80% [11].
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Gustavsson et al [29] found a significantly elevated risk of myocardial infarction among 691
long distance truck drivers in five counties in Sweden (Relative Risk=1.31). The risk was
not elevated among short distance truck drivers, but relatively few (only 169) were included
in the study. In a later case-control study assessing cardiovascular risk factors in survivors of
first time myocardial infarction ages 45–70 in Stockholm County between 1992–1994,
Gustavsson et al. [30] used a job-exposure matrix to estimate vehicle exhaust exposure
intensity and duration. Adjusting for gender, smoking, diabetes, and body mass index, the
risk associated with greater exposure levels was 1.2 to 1.3. In a similar analysis in the same
cohort, but based on job title, male bus and taxi drivers who worked for more than 1 year
had a non-statistically significantly elevated risk (RR=1.49; 95% CI 0.90–2.45 and
RR=1.34; 95% CI 0.82–2.19, respectively). The risk among truck drivers was 1.10; 95% CI
0.79–1.53 [31].

Current research efforts suggest that exposure to PM from mobile sources is responsible for
adverse cardiovascular events in the general population as well. A prospective study of
4,466 participants followed for eight years in the Netherlands concluded that long-term
exposure to traffic-related particulate air pollution measured by ambient Black Smoke
measurements, an indicator of elemental carbon (EC), presumably from gasoline and diesel-
powered vehicles, was associated with increased all cause mortality (RR=1.32,
95%CI=0.98–1.78) and specifically cardiopulmonary mortality (RR=1.71; 95%CI=1.10–
2.67) for each 10 μg/m3 increase in Black Smoke [32]. An analysis based on specific
elements from particles in 6 US Cities found greater effects on daily mortality rates
(particularly for cardiovascular deaths) attributable to particles from mobile sources than to
particles from other sources [33]. Death from cardiovascular disease in Western European
cities has been associated with daily ambient concentrations of Black Smoke [34].

PM from mobile sources has also been associated with non-fatal cardiovascular disease and
systemic markers associated with a greater disease risk. The increased risk of cardiovascular
hospitalization associated with a fixed increment in recent exposure to ambient particles has
been shown to increase with the percent of the particles emitted from traffic sources [35]. In
a US Medicare cohort examining the constituents of PM2.5, one of the strongest associations
was observed between EC and cardiovascular admissions [36]. Findings from Peters et al.
also supported a more specific role for traffic related particles in cardiovascular damage
[37]. In a Boston-based cohort of subjects wearing implantable defibrillators EC and
nitrogen dioxide (NO2) (markers of traffic exposure), were stronger predictors of
defibrillator discharge than PM2.5. Similarly, in a London study, Black Smoke and NO2
showed stronger associations with plasma fibrinogen – an intermediate marker of
cardiovascular disease risk– than particulate matter less than 10 microns in diameter (PM10)
[38]]. Peters and coworkers found that exposure to traffic was associated with the time of
onset of myocardial infarction [39]. In a study of state police troopers riding in their patrol
cars, in-vehicle PM (presumably from traffic sources) was associated with elevations in C-
reactive protein and changes in heart-rate variability [40]. In a design similar to our current
study, but based in the general population, residents living closer to traffic had a greater risk
of incident coronary heart disease, adjusting for residential background air pollution [41].
These observations indicate that exposure to fine particles from traffic can influence the
occurrence of clinical IHD and in some studies, systemic markers of inflammation.

Recent studies have assessed the mechanism responsible for the association of
cardiovascular disease mortality with traffic-related exposures. Traffic-exposures may
specifically adversely affect future IHD by accelerating systemic atherosclerosis (and
presumably coronary atherosclerosis) assessed based on quantity of aortic calcification [42],
increase in pulse-wave velocity [43], and carotid intima-media thickness [44, 45]. Findings
in experimental animal models also support the potential for fine particulate air pollution
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and specifically traffic-related particles to contribute to the progression of atherosclerosis
[46–48].

A limitation of this analysis is the lack of personal information on potential risk factors for
ischemic heart disease. Although cigarette smoking is an important risk factor, the degree
that it is a confounder in this study depends on differences in smoking behavior associated
with job title within the cohort. To minimize the possible effect of uncontrolled confounding
by smoking, we have studied workers of similar socioeconomic class, a known correlate of
smoking habits [49, 50]. Although we were unable to directly survey workers in this cohort,
using a representative sample of active and retired workers in the industry [24], we found
that variation in ischemic heart disease risk among exposed workers did not reflect
differences in smoking rates, and adjustment did not significantly influence the observed
results. As expected [51] we found that smoking rates in the survey varied by age and birth
cohort [13]. Although a limitation of this indirect adjustment is that smoking patterns
between jobs may have been different historically, we found that birth-cohort specific
smoking rates were similar among drivers and non-drivers [13], suggesting that smoking
rates did not vary substantially between jobs. In addition, all analyses are tightly controlled
for age and calendar year. However, it is still possible that residual confounding by smoking
exists. In addition, we do not have information on other important potential confounders,
such as physical activity, diet, alcohol consumption, family history, medication use, etc,
which, if also related to job title could partially explain our results. Other job related factors,
such as stress, noise, personal work practices, in addition to or instead of traffic pollution
exposures may also explain our results. Without direct information on each of these factors,
we are unable to definitely determine the precise factors of these job titles responsible for
the elevated risk of IHD.

To conclude, our results suggest that ischemic heart disease mortality in workers with a
previous history of regular exposures to vehicle exhaust is elevated and that this risk may
increase with increasing exposure duration.

What this paper adds
Occupational studies of professional drivers, conducted mainly in Denmark and Sweden,
have identified elevations in ischemic heart disease in this occupational group. The results of
this study suggest that workers in the US trucking industry with a variety of patterns of
exposure to vehicle exhaust are at an increased risk of mortality from ischemic heart disease,
and that this risk may increase with increasing years of work.
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Figure 1.
Natural log of the hazard ratio and 95% confidence intervals for ischemic heart disease
mortality risk for cumulative years of work as a (A) long-haul driver, (B) pick-up and
delivery driver, (C) dockworker, and (D) combination worker. The solid lines indicate the
natural log of the hazard ratio, and the dotted lines are the 95% confidence intervals. A
histogram of the distribution of years of work is at the bottom of each graph.

Hart et al. Page 10

Occup Environ Med. Author manuscript; available in PMC 2014 August 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Hart et al. Page 11

Table 1

Characteristics of the study population (N=52,345).

Characteristic Mean ± SD

Age in 1985 42.3 ± 9.9

Year of Hire 1975 ± 7.9

Average annual ambient pollution 1985–2000*

 PM10 (μg/m3) 26.8 ± 5.9

 NO2 (ppb) 14.1 ± 7.0

 SO2 (ppb) 4.8 ± 2.9

Job in 1985 Number (%)

 Long haul driver 13,752

 Pick-up and delivery (P&D) driver 8,930

 Dockworker 12,652

 Combination worker 8,022

 Hostler 1,258

 Shop worker 3,199

 Office worker 2,284

 Other jobs 2,204

Census Region of Residence

 Northeast 8,483 (16.2)

 South 18,755 (35.8)

 Midwest 16,833 (32.2)

 West 8,274 (15.8)

Race/Ehtnicity

 Asian 69 (0.1)

 African American 4,831 (9.2)

 Hispanic 2,007 (3.8)

 Native American 387 (0.7)

 White 44,114 (84.3)

 Other 937 (1.8)

*
Based on the last-known home address
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Table 2

Ischemic heart disease mortality hazard ratios and 95% confidence intervals associated with any work in each
major job title, follow-up 1985–2000

Job title Person years Ischemic heart
disease deaths

Basic Hazard Ratio
(95%CI)*

HWSE Adjusted Hazard
Ratio (95%CI)**

Multivariate Hazard
Ratio (95%CI)***

Long haul 216,019 626 1.39 (1.18–1.64) 1.41 (1.19–1.66) 1.44 (1.22–1.70)

P&D 228,961 369 1.11 (0.96–1.28) 1.09 (0.95–1.26) 1.11 (0.96–1.28)

Dockworker 295,369 352 1.31 (1.13–1.52) 1.30 (1.12–1.51) 1.30 (1.12–1.51)

Combination 165,151 201 1.07 (0.90–1.28) 1.11 (0.93–1.33) 1.11 (0.93–1.32)

Mechanic 46,524 76 1.05 (0.80–1.38) 1.07 (0.82–1.41) 1.10 (0.84–1.44)

Hostler 58,833 56 1.01 (0.77–1.33) 1.06 (0.80–1.39) 1.04 (0.79–1.37)

Clerk 78,531 31 0.60 (0.41–0.87) 0.61 (0.42–0.89) 0.63 (0.43–0.91)

Note: Each worker could potentially accumulate exposure in multiple job categories throughout his career.

*
Basic hazard ratios using regression coefficients from Cox proportional hazards regression models stratified on age in 1985, decade of hire, and

calendar time, with risk sets by attained age, and adjusted for race.

**
HWSE hazard ratios additionally adjusted for the healthy worker survivor effect (total years on work, years off of work).

***
Multivariate hazard ratios additionally adjusted for Census region and the 1985–2000 average ambient PM10, NO2, and SO2 values at the last

known residential address.
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Table 3

Ischemic heart disease hazard ratios and 95% confidence intervals associated with cumulative years of work in
each major job title

Hazard Ratio for 20 yrs of work

Job title Person years
Ischemic

heart disease
deaths

% change in relative
risk per year of

work
Smoking adjustment factor* Multivariate† Smoking Adjusted‡

Long haul 216,019 626 4.2 (−0.9, 9.8) 1.04 2.32 (0.84–6.44) 2.23 (0.80–6.18)

P&D 228,961 369 3.7 (−1.4, 9.2) 0.92 2.09 (0.75–5.82) 2.27 (0.81–6.32)

Dockworker 295,369 352 3.9 (−1.2, 9.5) 1.04 2.20 (0.79–6.13) 2.11 (0.76–5.89)

Combination 165,151 201 3.2 (−2.0, 8.7) 0.98 1.89 (0.67–5.30) 1.93 (0.68–5.42)

Note: Each worker could potentially accumulate exposure in multiple job categories throughout his career.

*
Job-specific smoking adjustment factors were calculated by dividing the smoking weighted risk for each job by the smoking weighted risk for

workers not employed in that job.

†
Multivariate hazard ratios using regression coefficients from Cox proportional hazards regression models stratified on age in 1985, decade of hire,

and calendar time, with risk sets by attained age, adjusted for the healthy worker survivor effect (total years on work, years off of work) race,
Census region of residence and the 1985–2000 average ambient PM10, NO2, and SO2 values at the last known residential address.

‡
Smoking adjusted hazard ratios are calculated by dividing the multivariate hazard ratio by the appropriate smoking adjustment factor. The 95% CI

were calculated by considering the sampling error in calculating each job-specific correction factor.
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