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Background	 The standard exercise protocol for patients in a traditional cardiac rehabilitation (rehab) programme 
may not be adequate for preparing manual workers for a safe return to work, as these activities bear 
little resemblance to the physical movements and force exertion required in most industrial jobs.

Aims	 To measure the energy expenditure as metabolic equivalents (METs) required for automotive techni-
cians, to compare this MET level with that normally attained in traditional cardiac rehab programmes 
and to suggest cardiac rehab exercises for automotive technicians based on specificity of training.

Methods	 Automotive technicians who volunteered to participate had their MET levels measured while they 
performed a defined series of work tasks in the service department of an automobile dealership. 
Their daily walking distance was also determined.

Results	 Thirty-six of 95 eligible subjects participated; a response rate of 38%. Mean peak MET level was 
7.1, less than the 8 METs target training goal often used in traditional cardiac rehab programmes. 
However, patients’ outcome MET levels in cardiac rehab are usually measured by a treadmill stress 
test, whereas the subjects reached 7.1 METs while performing work tasks. The subjects walked an 
average of 5 km during a normal workday.

Conclusions	 Because MET level measurements are work specific, automotive technicians in a cardiac rehab pro-
gramme should strive to reach and maintain a level of >7 METs while performing specific training 
exercises that mimic the work tasks they must do throughout the day. They can also benefit from 
traditional endurance training such as treadmill walking.
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Introduction

Manual workers who experience a cardiac event may 
be encouraged to attend an outpatient cardiac rehabili-
tation (rehab) programme, which is intended to reduce 
the risk of subsequent cardiac problems and promote the 
patient’s safe return to a full and normal life. Cardiac 
rehab programmes are multidisciplinary and include 
baseline patient evaluation, cardiac risk factor manage-
ment, counselling, education and prescribed exercise 
training. Cardiac rehab, by definition, is designed to 
enhance patients’ psychosocial and vocational status [1]; 
however, discussions about occupation-specific exercise 

training for a safe return to work are typically omitted 
[2]. It is recognized that medically related withdrawal 
from normal social roles, including work, is destabilizing 
and may be detrimental to a patient’s mental, physical 
and social well-being [3,4]. The earliest possible return 
to work or re-employment should be a primary objective 
of cardiac rehab training programmes [5].

Exercise intensity is often expressed as metabolic 
equivalents (METs), a value that is commonly used as 
a goal for exercise training [6]. The activity of sitting 
requires 1 MET (defined as the average seated resting 
energy cost of an adult [7]), whereas heavy work requires 
6 to 8 METs [8]. Comprehensive tables of MET levels 
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for common household, occupational and recreational 
tasks, such as the Compendium of Physical Activities 
[9], are available and used to determine the fitness levels 
required for graduation from a cardiac rehab programme. 
Even so, it has been suggested that the MET levels for the 
activities listed in the compendium are too low [10]. If 
this is true, measured MET levels for specific work tasks 
should be verified and reported so that the graduation 
training goals prescribed in cardiac rehab might be more 
appropriate for an efficacious return to work.

The standard exercise protocol for a patient in a 
cardiac rehab programme involves walking on a tread-
mill, pedalling a stationary exercise bicycle, and lifting 
0.45–2.3 kg hand weights [6,11] and is generally recom-
mended for all participants, regardless of their occupa-
tion or individual fitness requirements. This standard 
protocol may be adequate and appropriate for patients 
who lead essentially sedentary lives or have occupations 
that are not physically demanding. However, it may not 
be adequate for preparing manual workers to return to 
work safely and efficaciously because the activities bear 
little resemblance to the combinations of physical move-
ment, load handling and force exertion that are required 
of workers in most industrial jobs [5]. By contrast, an 
exercise prescription based on specificity of training, i.e. 
one that includes exercises that simulate the mode and 
intensity of the patient’s job tasks is likely to necessitate 
the use of selected resistance exercises.

The American College of Sports Medicine (ACSM) 
recognizes that specificity of training is important for pre-
paring patients to return to work after a cardiac event, but 
a conundrum arises when patients need to perform resist-
ance exercises to simulate their job tasks. The ACSM 
guidelines recommend a delay in resistance training 
(lifting weights ≥50% of one repetition maximum), for a 
minimum of 5 weeks after myocardial infarction (MI) or 
cardiac surgery, ‘including’ 4 weeks of consistent partici-
pation in a supervised cardiac rehabilitation endurance 
training programme [6]. Therefore, patients whose jobs 
require heavy lifting and force exertion cannot begin the 
specific training they need until at least week 5 of a typ-
ical 6–8 week [11] cardiac rehab programme. This delay 
may notably hinder their ability to return to work. The 
results of a Danish study support a focus on cardiac rehab 
for manual workers, as well as individuals younger than 
60 years, who have coronary heart disease. The investi-
gators found that these two groups had a significantly 
higher risk of withdrawing early from the labour market 
than individuals without coronary heart disease [12].

The current study was one in a series designed to assess 
the physical demands of various manual occupations; the 
overall goal is to develop more effective cardiac rehab 
training that enables patients to return to such occupa-
tions safely and confidently after a cardiac event. The aims 
of the study were to measure the MET level required for 
automotive technicians, to compare this MET level with 

that normally attained in traditional cardiac rehab pro-
grammes and to suggest cardiac rehab exercises for auto-
motive technicians that are based on specificity of training.

Methods

The Baylor Research Institute Institutional Review 
Board approved the study, and consent was obtained 
from all subjects, who were recruited from the workforce 
at a vehicle repair centre in Dallas, Texas. This has 140 
bays and employs 95 automotive technicians, who were 
all told about the study and invited to participate. Those 
who volunteered completed an ‘obstacle course’ of typ-
ical work tasks while wearing a portable metabolic sys-
tem (K4 b2, Cosmed USA Inc., Chicago, IL). The K4 
b2 software and a laptop computer were used to create a 
data profile for each subject at the testing site; the date of 
birth, height, weight and percentage body fat (obtained 
by the skinfold method [13]) were included in this pro-
file. For safety, blood pressure and heart rate were meas-
ured before and after the individual subjects completed 
the obstacle course. On the days of testing, the K4 b2 
system and the 28 mm turbine flowmeter were calibrated 
according to the manufacturer’s instructions and recali-
brated after every subject to ensure accurate collection of 
oxygen consumption (VO2) data. In addition to captur-
ing and recording the data, the K4 b2 software automat-
ically calculated the subjects’ MET levels.

The subjects wore their usual uniform (trousers, shirt 
and athletic shoes or work boots). Before starting the obs-
tacle course, each subject was fitted with a data collec-
tion mask that sealed tightly around the mouth and nose 
and was secured by a head cap. The optoelectronic reader 
containing the turbine, wind cover and sampling plug was 
attached to the front of the mask. The obstacle course was 
explained and demonstrated to all subjects to ensure con-
sistent performance of the five activities: pushing a car, 
compressing a strut spring, removing and replacing a 
power seat, raising and lowering a V8 engine and rotat-
ing and balancing tyres. These activities were chosen as 
the most common physically demanding tasks that auto-
motive technicians perform. To simulate normal workday 
activity, subjects walked for 1 min between stations in the 
aisle of the automotive shop. Two study team members 
walked the course with the subjects to ensure task compli-
ance at each station and to time the walk between stations.

The details of the obstacle course are summarized 
in Table  1. After completing the obstacle course, each 
subject removed the K4 b2 equipment and harness. The 
subject was escorted back to the rest area where water, 
healthy snacks and a chair were available. Recovery blood 
pressure and heart rate were measured.

From their workspace, automotive technicians walk 
outside to get vehicles and walk to the parts counter and 
the service aisle multiple times each day. To measure the 
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distance they walk during a typical workday, subjects 
were given pedometers (W4LElite, Walk4Life, Plainfield, 
IL) and were asked to record their steps from 8:30 a.m. 
to 5:30 p.m. for 3 days. A study team member calibrated 
each pedometer by counting the number of steps that the 
subject took to walk 9 m. The stride length was calcu-
lated from this number and used to determine the total 
distance reflected by the pedometer step counts.

Results

Thirty-six male career automotive technicians volun-
teered to participate in this study (38% of those working 
at the repair centre and invited to participate). The age 
range was from 21 to 60 years. The subjects were screened 
for hypertension, and none were taking medication 
that might have affected physiological variables during 

testing. All subjects completed the obstacle course, and 
no adverse events were noted. Demographic characteris-
tics are summarized in Table 2.

Table 3 lists the MET and VO2 data, along with the 
average daily distance walked. The subjects’ mean peak 
MET level of 7.1 (95% confidence interval [CI]: 6.8–
7.5) was lower than 8 the goal MET level commonly 
used in traditional cardiac rehab (t35 = −4.51; P< 0.001). 
The mean peak VO2 was 25.0 ml/kg/min (95% CI: 23.7–
26.3), and the mean daily distance walked during the 
3 day monitoring period was 5 km (95% CI: 4.5–5.5).

Discussion

The automotive technicians in this study walked an aver-
age of 5 km per workday. Because patients in traditional 
cardiac rehab programmes walk on a treadmill an average 

Table 1.  Details of the obstacle course

Obstacle course task Task details

Pushing a car (approximately 1624 kg) The subject walked to a parking lot adjacent to the automotive shop 
to push a car positioned between two sets of cones placed 9 m 
apart. A study team member put the car in neutral and steered 
while the subject, on command, began to push the car at the back 
bumper. The task was complete when the back bumper passed the 
second set of cones. To ensure uniformity throughout the study, 
the same team member steered the car during each trial.

Compressing a strut spring The subject picked up a strut and spring from the floor and 
positioned them in a wall-mounted compressor (mid-point height, 
140 cm). Using both hands, he manually turned a crank until the 
spring was compressed enough to remove the strut. This activity 
required the subjects to reach overhead as they worked.

Removing and replacing a power seat To simulate lifting a front seat with heater/motor assembly out of 
a sport utility vehicle (SUV), the subject performed a bent-knee 
squat to grasp a power seat that was positioned on the floor. He 
tilted the seat from side to side to simulate removing it and then 
placed the seat on a workbench that was 89 cm tall. To simulate 
replacing the seat in the vehicle, he lifted the seat from the 
workbench and placed it back on the floor.

Raising a V8 engine (approximately 318 kg) The subject used a standard, manually operated (hand pump) 
engine hoist to raise a V8 engine high enough to clear the front of 
an SUV as if he were going to remove the engine from a vehicle. 
Once the engine was lifted, he pulled the engine/hoist assembly 
back 4.5 m, then pushed the engine/hoist assembly forward  
4.5 m to an engine stand where he lowered the engine and 
mounted it on the stand. After securing the engine to the stand 
with a bolt, he reversed the process; he lifted the engine from the 
stand and lowered it back down to the starting position.

Rotating and balancing tyres (four wheel/tyre assemblies,  
each weighing 28.6 kg)

The subject first squatted down and adjusted the automotive lift 
height so he could raise a full-size SUV approximately chest high. 
After raising the vehicle to the proper height, he removed the 
lug nuts from all four wheels with a pneumatic impact gun, then 
removed the tyres and placed them on a cart. He pushed the cart 
across the shop to a tyre-balancing machine (spindle height, 76 cm 
from the floor), where he mounted, spun and unmounted each 
tyre. He stacked the tyres back on the cart, pushed the cart to the 
SUV and put the tyres back on, tightening the lug nuts with the 
impact gun. He lowered the SUV and removed the lift.
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of 1.5–3 km per exercise session, cardiac rehab training 
would, in theory, adequately prepare automotive techni-
cians for the amount of walking required by their job. 
Moreover, a primary goal in traditional cardiac rehab is 
to train patients to an intensity of 8 METs, which cor-
relates with a fitness level that serves as the minimum 
requirement for graduation from the programme [14].

The study subjects reached a mean peak MET 
level of 7.1; however, they did so while simulating the 
specific automotive tasks that they must perform on the 
job. Thus, in addition to walking approximately 5 km, 
the automotive technicians in this study must be able 
to perform work tasks at >7 METs (not 3 METs, as 
indicated in the Compendium of Physical Activities [9]) 
for extended periods throughout an 8 hour workday.

Three aspects of the study potentially limit the gen-
eralizability of the findings and therefore must be noted. 
First, the possibility of participation bias exists because 
volunteer subjects were used. The differences between 
the automotive technicians who participated and those 
who did not are unknown, as are their potential effects 
on the MET levels reached. Second, the sample size, 
though recommended by the statistician, was relatively 
small. Third, the study was conducted in a modern, well-
equipped service centre with moderate to cool tempera-
tures, a setting that is unlikely to represent the working 
environment of all automotive technicians. Those who 
work in higher temperatures or who lack the benefit of 
ergonomic equipment may reach higher MET levels.

In similar studies of firefighters [15] and police offic-
ers [16], the subjects reached mean peak MET levels 
that were much higher than the traditional cardiac rehab 
goal of 8 METs (firefighters, 17; police officers, 14.7), 
indicating that traditional cardiac rehab training would 
clearly be inadequate for patients in those occupations. 
The mean peak MET level of the automotive technicians, 
however, was comparable to the traditional cardiac rehab 
goal. Taken together, these findings illustrate considerable 
variation in the physical demands of manual labour jobs. 
Although it would be impractical to measure the MET 
levels required for every occupation, it is hoped that these 
initial studies will demonstrate the need for task-specific 
cardiac rehab training of appropriate candidates and,  
ideally, lead to better outcomes in return to work.

The most effective way to increase specific work per-
formance is to train in a manner that mimics that task [6]. 
Although the standard cardiac rehab protocol (treadmill 
walking, stationary cycling, and lifting light hand weights) 
may be satisfactory for patients in many occupations, it 
cannot meet the needs of all, particularly those whose 
jobs require heavy lifting. Automotive technicians, for 
example, must lift wheel/tyre assemblies that can weigh 
20–35 kg, depending on vehicle size, and seats that can 
range from 10 (manual seat) to 35 kg (motorized seat). 
According to the American Heart Association, super-
vised resistance training, in addition to aerobic training, 

Table 2.  Characteristics of the study subjects (n = 36)

Variable Value

Age and anthropometric data, mean (standard deviation)
  Age in years 36 (10)
  Height in cm 170 (2)
  Weight in kg 91 (15)
  Per cent body fat 22 (5)
Race/ethnicity, n (%)
  Asian 3 (8)
  Black 1 (3)
  Caucasian 22 (61)
  Hispanic 10 (28)

Table 3.  Metabolic equivalent, oxygen consumption, and walking 
distance data

Subject Peak METs Peak VO2 Average daily 
distance (km)a

  1 9.4 32.9 5.9
  2 6.9 24.2 7.7
  3 7.6 26.6 5.7
  4 7.7 27.0 5.4
  5 6.3 22.1 3.9
  6 6.7 23.5 3.7
  7 6.1 21.4 4.0
  8 6.7 23.5 6.7
  9 5.6 19.6 7.6
10 7.6 26.6 3.8
11 7.4 25.9 3.1
12 6.4 22.4 3.9
13 7.6 26.6 5.2
14 9.9 34.7 5.2
15 4.2 14.7 4.0
16 6.7 23.5 4.5
17 7.8 27.3 1.4
18 7.9 27.7 3.6
19 7.2 25.2 5.0
20 7.4 25.9 4.0
21 7.2 25.2 6.2
22 8.8 30.8 5.0
23 8.2 28.7 4.7
24 6.5 22.8 2.5
25 6.1 21.4 7.2
26 8.2 28.7 5.3
27 7.0 24.5 3.5
28 7.7 27.0 3.7
29 7.7 27.0 1.6
30 6.2 21.7 6.2
31 6.3 22.1 6.5
32 7.9 27.7 6.2
33 6.1 21.4 7.7
34 6.7 23.5 7.3
35 4.9 17.2 4.8
36 8.4 29.4 6.4

METs indicates metabolic equivalents; VO2, oxygen consumption (ml/kg/min).
aAverage of distances calculated from pedometer step counts for three consecutive 
workdays.

 by guest on February 22, 2016
http://occm

ed.oxfordjournals.org/
D

ow
nloaded from

 

http://occmed.oxfordjournals.org/


J. ADAMS ET AL.: ENERGY EXPENDITURE IN AUTOMOTIVE TECHNICIANS AND OCCUPATION-SPECIFIC CARDIAC REHAB  107

can be safely prescribed in phase II cardiac rehab [17]. 
Table 4 lists examples of exercises that could be used to 
train automotive technicians in the cardiac rehab setting, 
which is a safe clinical environment in which to assess 
patients’ physiological limits.

In summary, the results of the current study suggest 
that training to a level of 8 METs on the treadmill is 
not satisfactory for patients who want to return to work 
as automotive technicians. Although the goal for these 
patients is still 8 METs, their training should simulate 
their occupational tasks. With resistance training at an 
appropriate intensity level, along with treadmill walking, 
automotive technicians can be prepared for a safe return 
to work after a cardiac event.
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Mesothelioma
There are three cases of mesothelioma that stand out in 
my mind during my career as an occupational physician. 
The first was a lagger I encountered whilst I was a trainee 
working for a power generation company. I visited him 
at home to talk about ill health retirement, the cool-
ing towers of the power station he had lagged 20 years 
beforehand looming over his back garden. Only in his 
mid-forties, he was bewildered, and I came away feel-
ing hopeless and helpless. I had seen one or two cases 
whilst working on a chest ward but this was palpably 
a terrible occupational disease. The second memorable 
case was 20 years later: a very fit and healthy manager 
in his late forties who had worked in the same factory 
as I had for a similar length of time. The majority of his 
working life had been in offices and not the shop-floor. 
He hadn’t worked in departments where we knew there 
was an asbestos legacy and where I had been keeping an 
eye on the toll of mesothelioma cases slowly mounting 
in long retired workers. It was difficult to understand 
how this manager had contracted the condition and 
worrying to think that his relevant exposure was prob-
ably the general factory environment.

The ever increasing death rate of mesothelioma in 
the UK is frightening. In 1968 there were 153 deaths. 
In 2009 there were 2321 deaths from the condi-
tion, only a few hundred more than people claiming 
disablement benefit. The median time from diagno-
sis to death remains stubbornly fixed at 18 months. 

In males, death rates show an almost perfect 10-fold 
increase with increasing age: one death per 10 million 
in 30-year-olds, one death per million in 40-year-olds, 
one death per 100 000 in 50-year-olds, one death per 
10 000 in 60-year-olds and approaching one death per 
1000 in 70-year-olds. Those who die are those who 
worked in certain occupations. This has shifted from 
primary users, such as those who manufactured and 
made products with asbestos and classical occupations 
such as shipbuilding, to secondary users or those who 
come into contact with asbestos as part of their work 
and specifically those in construction and craft trades, 
plumbers, carpenters, and electricians. Male deaths 
are estimated to peak in 2016, but this does not look 
certain from the graphs.

The third case rang me in 2011. He had heard 
a scratching noise in his chest when he was in bed. 
He rang me because he knew my speciality but also 
because he wanted me to provide a witness statement. 
Did I remember the underground passageway between 
the medical school and the hospital 30 years ago? The 
overhead pipes, the crumbling lagging, the number of 
times we had used it, the adjacent pigeon holes and 
seating area where we often met and had a chat and a 
coffee as medical students. He died aged 50, 7 months 
after the phone call. I still have the voicemail.

John Hobson
e-mail: hon.editor@som.org.uk
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