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Health, fitness, physical activity, and morbidity of
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ABSTRACT A description of the fitness, physical activity of lifestyle, and some aspects of health
status and attitudes in a population of male factory workers aged 35-60 is presented as the first part
of a report on a study of morbidity in this population. A total of 1394 subjects were included,
undergoing medical examination, fitness testing by bicycle ergometry, assessment of body fat, and
interview questionnaire. The inter-relation of fitness, body composition, habitual exertion, health
risk factors, and attitudes to exercise are discussed. Fitness levels are compared with those reported
in other studies and discussed in terms of capacity for walking and running and in relation to criteria
for health benefit. In these two latter respects fitness appears to be inadequate among the great
majority of those tested, although it is comparable with that reported by several other recent studies.
Fitness is associated with physical activity of leisure but not that of work. Only relatively strenuous
physical activity in leisure time appears to be related to fitness, and is only participated in by some
28% of the sample. Cycling has the strongest association with fitness of all the physical activity
variables. Blood pressure and percentage body fat are also associated, inversely, with fitness, the
latter not unexpectedly because of the weight related measure of fitness.

The relation between physical activity and health has
been extensively studied over the past 30 years and
comprehensively reviewed,`-7 interest focusing par-
ticularly on the possible significance of activity level
in the aetiology of ischaemic heart disease (IHD).
Despite the difficulty of using evidence of an epi-
demiological nature in establishing and verifying
relations between different risk factors, a growing
consensus of lay and medical opinion believes that
physical activity may protect against heart disease. If
so then its relative importance may well increase as
the impact of other risk factors, particularly smoking,
is reduced. A substantial decrease in incidence of fatal
heart attacks in the United States has occurred
recently alongside a major public response to specific
health education programmes which have led to
reduced smoking, modified diet, and increases in level
and in incidence of exercise. It is not, however, possi-
ble to say which, if any, of these responses have been
the effectors. If increased exercise has indeed con-
tributed to the improved cardiac health of Americans
further investigation will still be necessary to deter-
mine whether exercise is of direct benefit or whether
its effect is to modify other risk factors, perhaps pro-
Accepted 3 February 1986

moting greater tolerance, particularly of dietary fac-
tors. Encouraging evidence for this last explanation is
accumulating from studies of serum lipids,8 9
especially when exercise is accompanied by weight
loss.

Population studies of the relation between physical
activity and incidence of IHD seldom include infor-
mation about the physical condition of individuals,
describing only physical activity and incidence of
IHD. The present study including the direct assess-
ment of fitness of individuals was undertaken for the
following reasons.

(1) If increased physical activity is to be promoted
as a health enhancing aspect of lifestyle, and given
that fitness both aids and reflects that activity, it is
necessary to know the present distribution and nature
of both physical activity and fitness among the popu-
lation expected to benefit from such an increase. No
such information exists for Britain.

(2) The collection of such descriptive data in a sub-
stantial group of normal men in which morbidity and
mortality can be monitored would in the long term
help to clarify the inter-relation of physical fitness,
activity, and health.

It was also considered that experience with exercise
733
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testing in a factory population would be of direct
practical benefit to occupational medical profession-
als interested in fitness programmes.
A study with similar objectives examined the

subsequent morbidity and mortality from IHD in
Swedish men whose maximum oxygen uptake
(VO2 max) had been assessed at age 50.10 A question-
naire was also completed to ascertain physical activity
of lifestyle as well as other health related behaviour
such as smoking habits. Two features of the popu-
lation tested cast doubt on the extent to which the
findings of the study might be applicable to a similar
population in Britain. One is the homogeneity of the
sample in terms of V02 max, only 1P5 ml/kg/min sepa-
rating the mean value for the group physically active
at work and at leisure (31.3 ml/kg/min) from that of
the group sedentary in both (29.8 ml/kg/min). The
other is that the occupationally physically active men
are heavier smokers. At the very least it was thought
necessary to find out whether these two features
might also be characteristic of a British population.
Since the study began the results of another major
study 'egun in 1971 have been published which show
a predictive value for fitness testing on the occurrence
of myocardial infarction.11

Also, since the study began in 1981, the design and
methodology for a prospective epidemilogical study
in Belgium has been published.12 This study had
already begun in 1978 with the objective of examining
the role of fitness and physical activity in the predic-
tion of cardiovascular disease. A sample of 3179 men
aged 40 to 55 was selected ofwhom 47-6% completed
an exercise test. Cardiovascular morbidity is being
monitored through notification of all 28 day absences
from work or longer over a period of six years. Simul-
taneously with the announcement of the Belgian
project, data were published describing the fitness and
physical activity of the sample."3

Procedures

The measurement phase of the project necessitated a
medical examination to establish health status, fol-
lowed by physique assessment, measurement of car-
diorespiratory work capacity using bicycle ergometry,
and finally, the determination of physical activity of
lifestyle by means of interview questionnaire.
The completion of this phase was to allow a

descriptive picture to be drawn of the section of the
population most at risk from heart disease, assuming,
as seemed reasonable, that these workers were essen-
tially typical of most of their age group in the popu-
lation of England as a whole. The second phase (now
in progress) requires the monitoring of morbidity in
all included subjects for long enough to produce
sufficient data to discern any relation between the ini-
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tial information gathered and subsequent morbidity.
It was decided to attempt to monitor all illness
resulting in at least four days absence from work
rather than only diseases of a cardiovascular nature.

All men aged 35-60 at a food factory were asked to
participate unless already known to have precluding
medical conditions. Thus of an initial total nominal
roll of 2142, 82 were pronounced medically unfit, 83
left the factory (through early retirement, redundancy
or other reasons) before they could be tested, and
seven were lost owing to administrative error. Of the
remaining 1977 potential subjects, 231 declined to
participate, 345 failed to reply to the invitation, and
1394 (70 5%) completed all components of the
investigation.
Of the 345 who failed to reply, many will have been

non-responding decliners, but limited investigation
also showed several people who claimed to have
received no communication. It is not known to what
extent this was a "polite" or embarrassed response to
an unwelcome confrontation. It should also be noted
that the voluntary nature of participation may well
have led to a bias towards those who are fitter, more
interested in physical activity, or more health con-
scious. There is no evidence that employees from any
particular social class or type ofjob rejected the invi-
tation. The whole range of grades of employee from
cleaner to management is well represented.

Diminution in numbers through early retirement
and redundancy was not envisaged when the project
began in October 1979, the implications of the
impending recession not being fully appreciated at
that time. The poor economic climate also frustrated
attempts to include at least one other factory in the
study. The consequences of these factors for phase 2
of the study is that monitoring of as many as possible
of the initial 1394 subjects will probably need to con-
tinue for more than the five years originally envisaged
in order to assemble sufficient data. In addition,
positive health education at the factory over several
years seems to have borne fruit in the form of a reduc-
tion in recent incidence of coronary heart disease-
hardly an unwelcome complication but one with
obvious implications for the duration of the mor-
bidity study. A "pruning" effect resulting from
redundancies has also probably occurred.

RECRUITMENT
Every man aged between 35 and 60 on 1 October 1979
received a written invitation from the factory's medi-
cal department to join the project as a subject. The
letter explained that the project was concerned with
preventing heart disease and that involvement would
include a non-exhausting exercise test preceded by a
medical examination and an interview questionnaire.
Positive respondents were then given an appointment
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Health, fitness, physical activity, and morbidity of middle aged male factory workers I

for the medical and test procedures to be carried out
within the participant's working time.

Medical assessment
Inevitably there are risks in performing exercise toler-
ance testing on a middle aged population.14 Steps
were taken to minimise these risks while attempting to
include the maximum possible number of subjects in
the study. Medical records were available for most of
the participants. These were updated by question-
naires and examination before the exercise test.
The medical questionnaire asked about previous

significant medical history and current medication
and treatment. Additional information on history of
chest pain and exertional dyspnoea were obtained,
together with a smoking history.
Each participant was examined by a physician

immediately before testing. The medical records and
the questionnaire were reviewed and any additional
information recorded. The physical examination con-
sisted of assessments of the heart, lungs, heart rate,
and blood pressure. Quick checks were done to dis-
cover evidence of congestive cardiac failure and other
systems requiring further examination were noted at
this stage. A 12-lead resting electrocardiogram was
then taken.

It was then decided whether to allow the subject to
participate in the test. All subjects were clinically fit
for work and in full time employment, total exclusion
from the trial therefore being uncommon (82, 5-5%).
The contraindications followed were those outlined
by the American Heart Association,15 and, in addi-
tion to cardiac criteria, included severe locomotive
problems-for instance, multiple sclerosis, osteo-
arthritis of hips or knees, and intermittent claudica-
tion. Drug treatment may interfere with an exercise
test and subjects taking beta-blocking agents and dig-
italis were therefore rejected. Those subjects with a

history of myocardial infarction, angina, hyper-
tension, and less severe intermittent claudication were

tested with a physician familiar with exercise testing
present in the laboratory during the test, the test being
terminated prematurely if there was cause for con-

cern. Although safety of the subjects was the para-

mount consideration, the availability of medical
supervision permitted the inclusion of many people
with serious clinical problems, minimising as far as

possible any bias towards selection of the healthy.

Exercise test
The rationale for the selection of the exercise test
mode, the design of the protocol, the nature of its
administration, and the terms in which the physical
fitness assessment is described are to be fully reported
elsewhere. Briefly, it was decided to use a
modification of submaximal bicycle ergometric pro-

cedures to predict maximum oxygen consumption
(Vo2 max) (pioneered by Wahlung"6 and Astrand17)
as being appropriate measures of cardiorespiratory
functional capacity and yielding measures compara-
ble with those from other recent studies. The protocol
for this population was extensively piloted and
modified to ensure appropriateness to the range of
age and condition of the subjects.

In particular an attempt was made to ensure uni-
formity of relative exertion without exceeding recom-
mended heart rate for a given age.18 Such procedures
have also been adopted by the Council of Europe19
and the World Health Organisation.20
A "constant power" electrically braked bicycle was

used to overcome any problems in controlling ped-
alling cadence. Chest electrodes and telemetry were
used to portray heart rate and electrocardiogram
(chest leads only). The use of telemetry was thought
to avoid some subjects' apprehension at being con-
nected to electrical instruments.

Because the subjects could not be habituated to the
test, conditions were made as relaxed and informal as
possible. All the subjects were familiar with having
electrodes fixed to their chest, having just undergone
a clinical electrocardiogram examination at the
assessment medical. They also sat in the mobile unit
answering the questions put to them about their life-
style by friendly interviewers while watching the pre-
vious subject perform his bicycle test, usually enjoy-
ing it, and always surviving it. Administrators
attempted to reassure subjects, but not excessively,
about the non-exhausting nature of the test, and took
particular care with those men who were clearly
apprehensive or embarrassed about their condition.
Some flexibility of appointment time was retained so
that in certain cases rather more time could be made
available for preparing or coaching or both of the
subject.
A physician was on call at all times when testing

took place. Full emergency equipment and drugs were
available, including resuscitators and defibrilator.
The company ambulance was on standby. The physi-
cian was present in the exercise laboratory during the
testing of the special groups mentioned earlier and at
all times could be called from his nearby office by a
direct telephone or radio link.

ANTHROPOMETRY
Subjects were weighed on a Salter balance calibrated
with standard weights and their height was recorded
using a stadiometer. Wrist girth was measured using a
non-stretch tape for an indication of skeletal bulk.
Body fat was assessed using the skinfold method

and protocol of Durnin and Womersley-that is, the
four skinfold sites designated as biceps, triceps, sub-
scapular, and suprailiac.2' The four skinfold thick-
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nesses were summed and converted to estimated per-
centage body fat using the formula of Durnin and
Womersley.

Physical activity of lifestyle questionnaire
In addition to the information sought as part of the
medical examination a questionnaire was constructed
that aimed to determine the physical activity of life-
style of subjects and also to obtain some indication of
attitudes to exercise and diet.
The questionnaire was administered by interview.

This served the dual purpose of ensuring comprehen-
sion and consistency in interpretation of questions
and that subjects were rested and relaxed before the
exercise test. Every effort was made to ensure a
friendly, informal atmosphere including the use of
mature, female interviewers with sympathetic person-
alities.

Information about physical activity of lifestyle was
sought in three areas; activity at work, activity at
leisure, and disposition to exertion.

Results

The subjects were 1394 men aged between 35 and 60
who were representative of the occupational structure
of the workforce. Just under 50% of the subjects were
50 and older.

PHYSICAL CHARACTERISTICS
The mean height for the whole sample is 176 46 cm.
Figure I shows that there is a statistically significant
(p < 0 001) monotonic decrease in height in relation
to age. The difference in mean height between the old-
est and youngest groups is 3 08 cm for the 20 years
spanning the mean ages or about 1 cm for 6-5 years.
The mean gross body weight for the population is

76 84kg (SD = 10 5) (fig2). There is no significant
difference according to age.

Figure 3 shows the distribution of body mass index
(Wt (kg)/ht2(m)) by age and according to Bray's
classification for the assessment of relative overweight
in terms of clinical criteria.22 Thus 720 subjects
(516%) are in the "acceptable" category, 596
(42-8%) are overweight, and 78 are obese (5 6%).
Differences in body mass indices by age group are

significant (p = 0-002).
Body fat, derived from skinfold measures and

expressed as a percentage together with age, is shown
in fig 4. Whereas there is no age related difference, in
sum of skinfolds, Durnin and Womersley's con-
version to percentage body fat takes account of their
findings of higher percentage of fat for a given skin-
fold sum with increasing age. Thus percentage body
fat increases significantly and progressively with age.
Lean body mass as a percentage would be the residual

180
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Fig 1
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Mean height analysed by age.
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Fig 2 Mean weight analysed by age.
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Fig 3 Body mass index distribution ofcategories (after
Bray22) by age.

of percentage body fat. With lean body mass

expressed as an absolute value (kg), however, body
fat as a percentage increases in relation to lean body
mass. Thus subjects with greater lean body mass tend
to have relatively more body fat (r = 0 29 after age
correction).
The distribution of percentage of body fat over all

ages shows 3-1% to have below 15% body fat, 20-1%
to have 15-20%, 41% to have 20-25%, 29-6% to
have 25-30%, and 6-2% to have over 30%.
Although total skinfold thickness does not differ

significantly with age, there is some age difference for
individual skinfold measures. Skinfolds 1 and 2
(biceps and triceps) do not differ significantly with
age, whereas skinfold 3 (subscapular) increases and
skinfold 4 (suprailiac) decreases (p = 0'007 for both).
Skinfold values for the different sites and wrist girth,
both in relation to age, are shown in table IA.

35-39 40-49 50-60
Age group

Fig 4 Distribution ofbodyfat categories by age.

MEDICAL STATUS
The pretest medical interview showed histories of pre-

vious illness, case incidence being age related. Thus
102 were hypertensive (7'3%); 20 had suffered myo-
cardial infarction (1 '4%); 25 had a history of angina
pectoris (18%); two had had a stroke, and 17 were
diabetics (12%).
The incidence of previously diagnosed angina pec-

toris contrasts with the observation by 85 subjects at
the medical that they experienced pain or discomfort
when walking uphill or hurrying. Sixty four of these
subjects reported having suffered severe pain lasting
over one hour.
Over 20% of the sample indicated that they were

either taking regular medication or following dietary
constraints advised by a physician.
The electrocardiogram results were not included in

the data analysis but used principally to assist in iden-
tifying subjects who would need direct supervision by

Table IA Skinfold values and wrist girth in relation to age

Skinfold (mm) 35-39 40-44 45-49 50O54 55-59 All

Biceps 4-69 5-00 5-00 5-27 5-2 5-07
Triceps 9 09 8-99 8-64 9-07 9-04 8-96
Subscapular 15-00 14-85 15-94 16-16 16-17 15-71
Suprailiac 17-21 16-47 16-67 15-81 15-36 16-17

Wrist girth (cm) 18-27 18-16 18-19 18-45 18-35 18-29
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Fig 5 Mean bloodpressure ofdifferent age groups.

58

a physician during the exercise test. Forty four were
thus identified (3 18% of the total sample).

Blood pressures recorded at the medical interview
(fig 5) show an age related trend, greater for systolic
than for diastolic pressure.

PHYSICAL ACTIVITY LEVELS AT WORK AND
LEISURE

Physical activity at work
Ninety per cent of non-manual workers reported that
they spent almost half of their working time sitting
down compared with 10% of the manual workers.
Self reported "walking about" during the working
day followed the same pattern. Over 95% of the non-
manual workers compared with 55% of the manual
workers did not exert themselves physically during
the working day. Approximately 30% of the manual

Light activity inMaly sederly\
45.0%/ \

Heavy manual
3.7,'

Tuxworth, Nevill, White, Jenkins

workers claimed to lift objects of more than 20lbs
(10kg), or the eqivalent in terms of exertion, more
than 20 times a day.

In response to being asked to describe their job in
terms of its physical demands, 4% considered it
exhausting with 32% judging their work to be strenu-
ous. The remainder, 64%, considered their job to be
"light" or sedentary.

In an attempt to consolidate the picture of activity
at work respondents were asked to identify with a
general description of their job using four categories
ranging from mainly sedentary to heavy manual. The
responses are shown in fig 6.

WALKING, INCLUDING TRAVEL TO WORK
Just over a third of the respondents claimed to walk
on average for more than five hours a week whereas
25% walked for less than two hours a week.

PHYSICAL ACTIVITY DURING LEISURE TIME
Three generalised levels of exertion were identified.
The first comprised activities requiring "fairly light"
physical exertion such as bowling, fishing, and gar-
dening (assuming little heavy digging and the use of,
for instance, a powered mower). The second,
identified as "fairly strenuous," included jogging,
swimming, and badminton. The third level described
as "relatively exhausting or played competitively or
both," included squash, football, cycling as a sport,
and running.

Figure 7 shows the participation in the fairly light
category, nearly half the subjects spending at least five
hours a week in this way.
Twenty eight per cent of the respondents claimed to

take part in more strenuous activities such as jogging
and badminton (fig 8).
Only a small minority of the respondents, 6%,

Between 2-3hours

Between
4- 5hoLrs
10 6%

Fig 7 Hours spent each week on 'fairly light" activities.Fig 6 Seffrated estimate ofphysical demands ofwork.
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Health, fitness, physical activity, and morbidity ofmiddle aged male factory workers I

engaged in relatively exhausting physical activities To reinforce the replies to questions on physical
and participation decreased with age (fig9). activity respondents were asked to give a self rated

assessment of their perceived activity level at leisure
(fig10). Almost two thirds perceived themselves as
"fairly active."

~~~~~~~GENERAL LIFESTYLE ACTIVITY

In addition to questions designed to obtain informa-
tion on quantifiable activity levels at work and in lei-

None 71-7°l \ sure time, an attempt was made to elicit some indi-

cation of predisposition to exertion via two questions
which approached this attribute indirectly. The first

46*/l of these asked respondents, "If the occasion were to
arise, would you run in order to catch a bus or if late

1-4hoL/s for an appointment?" One third of the respondents
-4 replied that they would rarely or never run for a bus,

9.90/0 37% replied sometimes, and 30% stated that they
would run for a bus. The second question asked "Do

you run up stairs?" Just under one third of the sample
<1 hour 138°/o claimed that they often ran up stairs, 31% sometimes,

Fig 8 Hours spent each week on relatively strenuous and 41 % rarely or never.
physical activities.

ATTITUDES TO EXERCISE AND DIET
Over 95% of the respondents thought that exercise
was certainly "good for health," just under 4% were

uncertain, and only 1% (15 respondents) considered
that exercise was either "unlikely to be good for
health" (10) or definitely "not good for health" (5).

None940/\ Over 80% considered that exercise was of some

value in weight control. Forty six per cent tried to
>3hours 200/o limit their intake of food, 27% "regularly" and 19%
1-3hours 2"07'sometimes." Sixty four per cent made conscious
hour 2 0% attempts to cut out completely or to eat less of partic-

ular foods. Thus 34% of the respondents deliberately
limited their use of sugar, with 43% controlling their
intake of fats and 23% their intake of starches. Over
50% reported that they tried to limit their con-

Fig 9 Hours spent each week on relatively exhausting sumption of animal fats and 7% cut out animal fats
physical activities. entirely.

SMOKING HABITS

Respondents were questioned in some detail about
their present and past smoking habits. The results
were analysed by age group to allow comparisons to

ainlysedentary ~be made with data on cigarette smoking produced by

MaXl33y0'l the General Household Survey (GHS) published in
198323 (table 1).

Very actve Table 1 Respondents'smoking habits analysed by age (%).
1-00/0

° (% in parenthesesfrom General Household Survey)23Active
6 0%

Fig 10 Perceived activity levels.

Current non-smokers

Current Ex-regular Never or
Age smokers smokers occasionally
group No % ( % (%) % (%)

35-49 727 33-8 (40) 28-3 (32) 37-8 (28)
50-59 633 34-9 (42) 45-7 (38) 19-4 (20)
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About one third of the respondents in each of the
age groups 35-49 and 50-59 were current smokers
(40% and 42% respectively in the GHS sample).
Of those in the 35-49 age group, 28% were ex-

regular cigarette smokers, having now given up the
habit (32% in the GHS sample). In the 50-59 age
group 46% of the factory respondents had stopped
smoking compared with 38% of the GHS sample.

Thirty eight per cent of the factory respondents had
never smoked compared with 28% of the GHS sam-
ple who had never or only occasionally smoked.
These data closely reflect the general pattern of the

results of the GHS except that the factory data show
a somewhat smaller percentage of workers to be
smoking than is the average nationally, with a larger
percentage of the workers having given up smoking
than has occurred nationally.
Mean body weight analysed by smoking habits and

age shows the smokers to be generally lighter (mean
weight 75-0 kg) than those who have never smoked
(77-41 kg). Ex-smokers are the heaviest group
(78-11 kg). These differences are significant (p <
0 0001) and occur at all ages except in the age group
40-44 when those who have never smoked are the
heaviest group.

FITNESS DATA
Fitness, expressed as gross

281

2-6

2'4-

E

220

2-0O

q1f L-

and weight related esti-

11

.4.
Age group

Fig 1 Grossfitness scores, '02 max, by age.

Tuxworth, Nevill, White, Jenkins
mated Vo2 max, shows a clear age related trend, the
observed gross values being 0 58 I/min less
(-22-57%) for the oldest group than for the youn-
gest. These data are shown in fig 11. The mean value
for gross Vo2 max is 2-2 1/min.
The effect of body weight in producing these

differences in fitness according to age is of little con-
sequence, the equivalent weight related values (fig 12)
being 7 47 ml/kg/min less (or - 22 15%). The effect of

361

34-

32-
C
E

tp 30-
I-

'E
LO

26

24 * _ .

Age group
Fig 12 Weight relatedfitness scores, Vo2 max/kg, by age.

40 Non-cycists
L Cyclists

35

C

E ,30"i
Fig 13 Fitness scores,
with non-cyclists.
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Health, fitness, physical activity, and morbidity ofmiddle aged male factory workers I

age appears to increase after 45. Mean weight related
Vo2 max is 29-88 ml/kg/min. Age differences for both
measures of fitness are significant (p = 0.001)

CYCLING AND FITNESS
A total of 189 respondents claimed to ride a bicycle.
The mean weight related Vo2 max for this group is
336 ml/kg/min compared with 29-32 for the remain-
der (1 169) of the sample. This fitness advantage
(about 12%) for the cyclists compared with those who
do not cycle is found in each of the age groups (fig 13).

PARTICIPATION IN RELATIVELY STRENUOUS
ACTIVITIES
Fitness measures of the sample were analysed by the
number of hours of participation each week in rela-
tively strenuous physical activities. The results are
shown in fig 14.

PARTICIPATION IN RELATIVELY EXHAUSTING
ACTIVITIES
Fitness measures of the sample were analysed by the
number of hours of participation each week in rela-
tively exhausting physical activities. The results are
shown in fig 15.

GENERAL LIFESTYLE ACTIVITY AND FITNESS
Fitness measures of the sample were analysed by the
response to the questions "would you run up stairs?"
and "would you run for a bus?" for each of the age
groups. The results are shown in fig 16 and 17
respectively.

40

35

E 30

n=26 n=26 n=28 n=28
25

Cross tabulation of the responses to these two
questions showed a significant relation (p < 0-001).
Despite this strong tendency for those people who
were inclined to run up stairs to also run for a bus,
however, the same consistency of behaviour was not
shown in all subjects. Thus 188 respondents either
never ran up stairs while always running to catch a
bus or vice versa.

40

35.

-30
E 30

25'-

Fig 15 Fitness scores, Vo2 max/kg, analysed by relatively
exhausting physical activity per week.

36

341

30*

281

26'-

Fig 14 Fitness scores, V02 max/kg, analysed by relatively
strenuous physical activity per week.

04-
<q,Cods"So S

Fig 16 Fitness scores, V02 max/kg, analysed by "run up
stairs. "
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Tuxworth, Nevill, White, Jenkins
MULTIPLE REGRESSION ANALYSIS
Multiple regression techniques were used to select and
combine those independent variables which in this
population have the greatest predictive power in
relation to the dependent variable, fitness.

Table 2 shows the results produced by this analysis.
Hence, given an individual's scores on the ten vari-

ables, using the above model, it is possible to predict
their fitness score with a standard error equal to
6 1 ml/kg/min.

Discussion

PHYSIQUE AND BODY COMPOSITION
The differences in height between the age groups may

40i .

Fig 17 Fitness scores, Vo2 max/kg, analysed by "runfor a
bus."

SELF REPORTED ACTIVITY LEVEL
Weight related Vo2 max values according to self
reported activity levels (fig 18) differ significantly.

SELF RATED ESTIMATES OF FITNESS
Weight related Vo2 max values differ significantly
(p = < 0 001) according to self rated estimates of
fitness. This difference persists in all age groups

(fig 19).

SMOKING HABITS AND FITNESS
Figures 20 and 21 show the relation between fitness
and smoking habits. Differences are not significant (p
= 0 202 and 0 16 for gross and weight related fitness).

Age group

Fig 19 Fitness scores, V02 max/kg, analysed by s.lfrated
estimate offitness and age group.

2351

2-05 / g

n=464 n=495 n=400

Fitness scores, VO2 max analysed by smoking habits.
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Fig 18 Fitness scores, V02 max/kg, analysed by self
reported activity levels.
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32.

30'

28

c

_- 26

E 24'

22a

20L1

Fig 21
habits.

Fitness scores, V02 max/kg, analysed by smoking

represent an age related decline or merely reflect the
increase in male adult height that has occurred over
the past two decades or, indeed, both.

Table 2 Variables associated with fitness selected by the
multiple regression analysis

Beta
Variables B. coefficients

I Age -0-26 -0-24
2 Percentage body fat -0-31 -0-18
3 Systolic blood pressure -0-07 -0-12
4 Cycling +112 +015
5 Participation in relatively

exhausting sports + 156 +0 11
6 Body mass index -0-41 -0-16
7 Would you run for a bus? +0 57 +0 06
8 Diastolic blood pressure -0 05 -0 07
9 Participation in relatively

strenuous activity +0 65 +0 07
10 Wrist girth +1 14 +007
11 Constant (A) 60-1

Multiple R = 0-59.

The lack of significant age related trend in body
weight and body mass index was not expected, in that
population surveys commonly show increases in these
closely related parameters with age. The Canadian
Employee Fitness Survey24 data are comparable with
our results for the age range surveyed (table 2A) in
that weight appears to change little during middle
age, the increase occurring principally during early
manhood. It will be noticed that whereas both height
and weight are similar to that of the factory popu-
lation, body fat is somewhat greater for the Canadi-
ans of equivalent age.
Body mass index is widely used as an indicator of

overweight and obesity. Using Bray's nomogram,22
values below 24-5 (wt/ht2) are "acceptable," between
24-5 and 29-5 are "overweight," and above 29-5 are
"obese." By this classification the distribution of the
factory workers is shown in fig 3.
Body mass index is an incomplete and sometimes

incorrect indicator of relative fatness because it fails
to discriminate between skeletal and muscle bulk and
fat. Body density is a useful measure to achieve this
discrimination but was not available to this study.
Percentage body fat, however, was assessed, and it is
interesting to see how the distribution of the popu-

lation by body fat criteria-that is, skinfold
measures-compares with distribution by body mass

index.
Taking 50mm total skinfold as an arbitrary thresh-

old, above which men might be considered to be over-
weight or obese (representing 215%, 24-6%, and
26-4% fat for the three age groups by decade), 491
men have over 50mm total skinfold, 94 of whom are

in the acceptable category by body mass index. By
contrast, 12 of those classified as obese have less than
50mm total skinfold. The wrist girth of these 12 sub-
jects (19-37 cm) shows them to be individuals of well
above average skeletal bulk (mean wrist girth =

1829cm) almost certainly accompanied by a ten-
dency to mesomorphy. Wrist girth of the 94 subjects
classified as acceptable despite more than 50mm total
skinfold, however, is less than average (17 8cm),
showing them to be small boned individuals of endo-
morphic tendency. All these subjects are miscast in
terms of relative adiposity by the criterion of body
mass index.

Table 2A Mean height, weight, and percentage bodyfat ofCanadian employees

Ages (years)

17-19 20-29 30-39 40-49 5S0-59

Ht (cm) 176-8 176-3 176-3 175-5 174-1
Wt (kq) 71 2 740 77-1 77-6 76-5
Wt/ht (kg.m 2) 22 78 23-91 24 81 25-19 25 23
Body fat (%) 177 202 219 228 235

743

copyright.
 on M

ay 23, 2023 by guest. P
rotected by

http://oem
.bm

j.com
/

B
r J Ind M

ed: first published as 10.1136/oem
.43.11.733 on 1 N

ovem
ber 1986. D

ow
nloaded from

 

http://oem.bmj.com/


744

Among the overweight, with an excess body fat
representing several per cent of body weight, weight
related fitness would be substantially improved by
weight reduction alone. The loss of body fat would
also bring considerable health benefits besides those
associated with improved fitness, relative obesity
being a contributory or associated condition in a
large range of serious disease syndromes.25

In addition to body fat as a percentage being
significantly greater for older men, the distribution as
indicated by individual skinfold thickness shows an
interesting trend. Whereas biceps and triceps skin-
folds are the same at all ages, the subscapular skinfold
increases with age by the order of 8%, while supra-
iliac skinfold decreases by a somewhat greater
amount, 10-74% (p = 0-01 in both cases).
As with all other parameters, the levels and distri-

bution among the subjects described, recruited as they
were on a voluntary basis, may not comprehensively
represent the population as a whole, particularly in
certain respects. Thus the apparent homogeneity of
body weight according to age may to some extent
reflect a tendency for the overweight and obese to
decline to participate in the study.

FITNESS
Interpretation of recorded levels
The measure of fitness is somewhat difficult to inter-
pret unless some reference is made to population
norms, to the levels of fitness considered necessary for
health, or to the practical implications of the measure
in terms of the requirements of familiar everyday
tasks or sporting activity.

ENERGY COST OF NORMAL ACTIVITY

Perhaps it will be most useful to start by quantifying
the energy expenditure requirements of normal activ-
ity. If such activity is to be performed continuously-
that is, without rapid exhaustion-then aerobic
resources must be adequate to enable the task to be
achieved in "steady state." Maximum steady state
work is of the order of 60% of the Vo2 max for
untrained middle aged individuals, in comparison

Tuxworth, Nevill, White, Jenkins

with more than 80% for an elite marathon runner. So
not only is Vo2 max itself lower in untrained and
older people but the percentage of that Vo2 max
available for continuous work is also lower.
The biological principle that underlies the rationale

for training is that the body adapts to maintain a
functional reserve capacity above the habitual
demand. Thus training both increases maximum
capacity and makes a given level of submaximal work
progressively easier. Detraining, or progressive reduc-
tion of the habit level of exertion, has the reverse
effect, maximal capacity decreasing to preserve only
the required functional capacity above the reduced
activity level. It is not difficult to understand how
individuals whose most energetic regular activity for
several years has been occasional walking may in the-
ory reduce their maximum capacity to little above
that which walking demands.
The energy needs of walking and running are pro-

portional to body weight and speed. Different studies
have reported different values but, as the efficiency of
muscular activity varies little with a familiar and sim-
ple action, these differences are small. Thus walking
on the level at a normal pace of say 5 km an hour, will
require about 15 ml of oxygen to be used per kilogram

Table 3 Energy cost of walking and running at various
speedsfor an individual weighing 76 kg (based on Van
der Walt and Wyndham26)

Vo2 max for steady
(km/h) V'02 (ml/kg/min) state performance*

Walking:
5 15-14 25 23
6 19-17 31 95
7 23-92 39-87

Running:
8 34-54 57-56 (43-18)
9 3653 6088 (4566)
10 39-61 NA (49.51)
11 4121 NA(51-51)

*Assuming. maximum steady state capacity to be 60% of Vo2 max.
Figures in parentheses assume 80%-that is, trained individual
Vo2 max values above 60 88 ml/kg/min are not given at the 60% level
as they are unlikely to occur in untrained individuals.

Table 4 Numbers (percentages) ofsubjects with different levels offitness: distribution by age

Age (years)

35-39 40-44 45-49 50-54 55-59 All
No (%) No (%) No (%) No (%) No (%) No (%)

Vo2 max (ml/kg/min):
>40-0 25 (15-6) 54 (18-8) 29 (10-6) 10 (3.5) 5 (1-4) 123 (9-0)
35-39 45 (28-1) 58 (20-2) 39 (14-2) 30 (10-4) 17 (4-9) 189 (13-9)30-34 42 (26-3) 77 (26-8) 73 (26-8) 62 (21-5) 65 (18-6) 319 (23-5)
25-29 35 (21-9) 56 (19-5) 72 (26-2) 90 (31-3) 117 (33-4) 370 (27-2)
20-24 11 (6-9) 30 (10-5) 47 (17-1) 63 (21-9) 95 (27-1) 246(18-1)
<20-0 2 (1-3) 12 (4-2) 15 (5-5) 33 (11-5) 51 (14-6) 113 (8-3)

160 287 275 288 350 1360
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Health, fitness, physical activity, and morbidity ofmiddle aged male factory workers I

of body weight per minute (1-141 a minute for the
76 kg mean weight of the population described).

Table 3 gives equivalent Vo2 values for different
speeds of running and walking according to Van der
Walt and Wyndham26 whose prediction equations
for energy cost of locomotion in the experience of
these authors consistently produce values close to
those achieved by laboratory measurement.
An examination of the distribution of fitness levels

(table 4), together with reference to the values for
walking and running, will clarify the capacity of the
population to carry out these basic physical tasks.
Any level of exertion above maximum "steady

state" capacity will bring rapid exhaustion if per-
formed continuously because of its dependence on a
component of anaerobic energy resources. Thus only
15 6% of 35-39 year olds are capable of sustained
continuous running even at minimal jogging speed
and only 14% of those aged 55-59. Capacities are
clearly related to normal maximal habitual levels of
exertion, in most cases walking, and in many cases
walking slowly.
The term "continuous" begs the question to some

extent regarding the practical ability of people to
exert themselves above steady state levels. All short
term high energy output activities are performed
anaerobically-that is, actions such as jumping and
sprinting. But such anaerobic resouces are limited and
can only sustain activity for a few seconds at most.
Used in conjunction with aerobic resources they can
allow the performance of above steady state activity
for a duration in inverse proportion to their con-
tribution.

But anaerobic resources also tend to be much lower
in people unused to vigorous exercise. Thus for some-
one whose maximum steady state capacity is, say,
walking at 6 km an hour, to increase that speed to a
brisk walk or jog, or to walk at the same speed up a
gentle slope or against a stiff breeze, will bring about
the need for an anaerobic contribution to the energy
cost of exertion. Very soon he will be forced to slow
down or rest as the lactate penalty for anaerobic
activity accumulates. Such an individual is quite typi-
cal of this population-near the mean fitness value
for the entire age range, with 75% of the men aged 55
or more being below this level. For all these people,
running at any pace, stair climbing, and all similar
exertion is short term exhausting work.
A further dimension to this situation is the subjec-

tive response to exertion of this nature. It is a frequent
observation that those least used to strenuous exercise
find it most uncomnfortable. Among such individuals,
particularly if they are overweight, body temperature
will rise to a higher level and more quickly for a given
rate of exertion, heat loss mechanisms being
untrained and frustrated by relatively small surface

area to volume and a tendency for the sedentary per-
son to wear rather more clothing than the habitually
active person. The respiratory response to exercise as
well as heart rate will be accelerated by the thermo-
regulatory distress, all of which the individual will
find disagreeable and, because it is unfamiliar, alarm-
ing. This subjective response will reinforce the
avoidance of exertion.

THRESHOLDS OF PROTECTION FROM
CARDIOVASCULAR DISEASE
Whereas many studies have shown that a lower inci-
dence of coronary heart disease occurs among phys-
ically active individuals, few studies have identified or
quantified the nature and amount of exercise needed
for such protection. A study to show a relation of
morbidity to lifestyle needs to involve such large num-
bers that fitness evaluation of individuals and detailed
monitoring of lifestyle is usually impossible. Never-
theless, two major contributions have been made in
this respect, notably by Paffenbarger" and Morris.28
The former, in the well known study of Californian
longshoremen, a 22 year monitoring of nearly 4000
men, shows that protection seems to be afforded by
occupational activity exceeding 8500kcal a week.27
For this to be achieved in a 37 hour working week, a
mean rate of just under 4 kcal a minute would be
necessary-about 1Oml oxygen/kg/min. This appears
reassuring, being well within the steady state capabil-
ity of most of the population described. When looked
at realistically, however, this would represent con-
tinuous very slow walking, an unlikely pattern of
dockland activity. Much more probable is that the
overall exertion is made up of substantial periods of
low activity, sitting, and resting; periods of moderate
exertion; and frequent bouts of strenuous effort.
Paffenbarger draws attention to this latter point.

This leads to the consideration that the intensity
and frequency of moderate or strenuous work may be
of greater consequence than total energy expenditure.
Morris's study strongly supports this, with the finding
that, in an 8-5 year morbidity monitoring of nearly
18 000 civil servants, those reporting vigorous leisure
time activity had an incidence of coronary heart dis-
ease less than half that suffered by those not reporting
such activity.28 Moreover, Morris succeeded, albeit
approximately, in identifying a threshold of protec-
tion, quantifying vigorous exercise as that requiring
more than 7-5 kcal/min. This figure, taken from the
classification of energy expenditure of Passmore and
Durnin21 is equivalent to a gross Vo2 of about
1.5 I/min or, for the mean body weight of the factory
population, about 20mI/kg/min.

It will be seen that this level of activity is beyond
the steady state capability of most of the population
described, assuming that this would imply a Vo2 max
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of at least 33 ml/kg/min. It might be argued that activ-
ity of the required threshold level does not necessarily
have to be performed in a steady state. Nevertheless,
habitual involvement in such exertion could be
expected to have brought about a functional reserve
capacity well beyond the needs of that exertion. In
other words the low capacities of the population are
strongly indicative of a correspondingly low habitual
intensity of exercise.
A further study by Paffenbarger of deaths from

coronary heart disease and other causes among col-
lege allumni showed that those with a total leisure
time energy expenditure during exercise and habitual
general exertion exceeding 2000 kcal a week were at
39% less risk of coronary heart disease than men
expending less than 2000 kcals.30 A small difference,
again in favour of the more energetic group, was
observed in death rates from other causes. An inter-
esting feature of this study was that exercise habits as
a young man afforded no protection in later life. The
only effective exercise pattern was one sustained
through the later years.

Finally, the study by Peters etal of myocardial
infarction (MI) in relation to measured fitness in a five
year follow up study of 2779 firemen and policemen
reports over twice the incidence of MI among those
subjects-with less than the mean level of fitness for the
population.*

COMPARISON WITH POPULATION FITNESS

NORMS
National fitness normative data do not exist, nor have
studies of fitness been performed in recent years on
similar populations in Britain. Such data do exist,
however, for comparable populations in Scandinavia
and Canada as well as for factory workers in other
countries.

Tuxworth, Nevill, White, Jenkins
One consideration must be kept at the forefront of

all such references to "normal" values-namely, that
normality does not necessary indicate a satisfactory
condition but is merely an expression of the status
quo-which may be far from ideal. For example, in
some tabulated values for fitness classification, cate-
gories may typically be labelled as "low, fair, average,
good, and high." The two lower and upper categories
are described qualitatively whereas the middle cate-
gory is not. Nevertheless, the implication is that aver-

age means "satisfactory." By the criteria so far dis-
cussed, the average fitness of the factory population
cannot be described as satisfactory.
Two examples are given of fitness classification,

one from Scandinavia31 (table 3A) and the other
from the Canadian fitness survey of employees24 car-

ried out in 1977 as a pilot for the recent Canada
fitness survey (table 4A).

It will be seen that the levels of fitness differ quite
substantially, the Scandinavian values, published in
1960 having been generated from many studies over

several years, being higher than the Canadian ones.

The Canadian tables in their original form, as pub-
lished in 1978, are derived from a numerically large
study of employees drawn from 52 different compa-

nies on a voluntary basis, not therefore representing
norms for the population as a whole. They do, how-
ever, according to the report of the study "depict a

fair cross section of a working population which rep-

resents various occupational groups of white and blue
collar workers."
As reproduced here the tables are in a modified

*The mean level of fitness appears to be extremely low for such a

population, being reported as 140 1 W at a heart rate of
160beats/min. With a mean age of 41-3 years and body weight of
83-6kg this converts, using Astrand's nomogram with age con-

version, to a V02 max of about 25 5 ml/kg/min.

Table 3A Scandinavian fitness standards V02 max (ml/kg/min)

Age (years)

20-29 30-39 40-49 5S059 60-69

Low <38 <34 <30 <25 <21
Fair 39-43 35-39 31-35 26-31 22-26
Average 44-51 40-47 36-43 32-39 27-35
Good 52-56 48-51 44-47 40-43 36-39
High > 57 > 52 > 48 > 44 > 40

Table 4A Canadian employeesfitness standards (revised) V02 max (ml/kg/min)

Age (years)

20-29 30-39 40-49 5S0-59 60-65

Poor <30 <27 <24 <21 <18
Below minimum 31-35 28-31 25-27 22-24 19-21
Minimum 36-39 32-35 28-30 25-27 22-24
Good 40-44 36-38 31-33 28-31 25-28
Excellent >45 > 39 > 34 >32 > 29
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Health, fitness, physical activity, and morbidity of middle aged male factory workers I

form which, according to Bailey et al32 are suggested
by Jette,3" with all values reduced by 21% from the
original ones to conform with predictions from a
standard bicycle protocol. Originally the values were
much closer to those in the Scandinavian tables. The
higher values are reproduced in the operation manual
for the Standardised Test of Fitness published in
1981.
Comparison with Canadian values is further com-

plicated by the high "screening out" rate for the
Canadian procedure, from 15% to 35% over the age
range 35-59. This inevitably means that many sub-
jects from the lower echelons of fitness are excluded
from the population studied.
Mean fitness for 40-49 year olds and 50-59 year

olds among the factory workers is, at 32 ml/kg/min
and 27 ml/kg/min respectively, equivalent to the
"good" value and "minimal" value in Jette's revised
table. According to the Scandinavian table, however,
they are only "fair."

COMPARISON WITH OTHER STUDIES
When values reported in other recent studies are
examined (table 5) a fairly homogenous picture
emerges for middle aged men, with fitness levels
around 30 ml/kg/min being an approximate mode for
40-49 year olds and slightly less for 50-59 year olds.
Data reported by Astrand3l and by Cuming35 give
rather higher fitness values for men in the sixth decade
("average" by the Scandinavian table) but, against
this, other Scandinavian studies (Jonsson and
Astrand,36 Gyntelberg,3 and Wilhemson et al10)

report values lower than or consistent with the gen-

eral consensus. The Belgian epidemiological study
reports a PWC 150 median value of 125W (equiv-
alent to a V02 max of about 25 0 ml/kg/min).'3

It is possible to select therefore either reassuring or

disturbing comparisons for the fitness levels of the
population of the present study. The probability is
that these levels are not atypical of Western industrial
society in general, and that fitness of middle aged men
is low by the criteria of functional capacity and health
protection in most affluent populations.

Physically active groups, whether by involvement
in heavy manual work, now rare in Western society,
or by participation in active leisure pursuits, show
much higher values. The most impressive are those
reported by Saltin for former athletes, both active and
no longer active,39 while the American aircrew also
show fitness to be activity related.40

Consideration of fitness of manual workers brings
us back to an aspect of the first criterion discussed-
that is, the adequacy of fitness for normal activity.
Whereas exacting fitness demands are rarely made
even on the manual workers at the factory studied, in
industrial situations where heavy manual labour still
exists the reported data show a surprising similarity
from several different sources. Thus mean Vo2 max

for steelworkers from studies in Iran,41 Italy,42 and
India43 are similar, about 40ml/kg/min. Wyndham,
reporting the fitness demands of mineworking in
South Africa, states that 45ml/kg/min is "the min-
imum required for the performance of hard work."44
Although perhaps it is entirely desirable that such a

Table 5 Fitness (Vo2 max) ofmiddle aged menfrom various studies

Source (ref) Age (range or x) years x Vo2 max (ml/kg/min)

General population (or no specified special characteristics)
Sweden31 50-59 33-1
Sweden36 36-45 30-0

46-55 27-0
56-65 24-0

Sweden'0 50 30-6
Denmark37 50-59 30-8
Canada35 50-59 34-2
Canada32 40-49 26-9 (1973) 30-6 (1980)
Israel38 40-50 28-1

Special groups
Steelworkers Italy42 41 40
Steelworkers Iran"4 35 41

50 39
Steelworkers India'3 41
Former athletes Sweden39 Age x Vo2 max x Vo2 max

40-50 Still active 57 No longer active 44
51-60 Still active 53 No longer active 38
61-70 Still active 43 No longer active 37

Israel38 40-50 Physically active 34-2
51-60 Physically active 32-3
61-70 Physically active 29-6

Firemen and police America" 35-55 24-7*
Aircrew, America40 40 Active 43-8 Moderately active 39 Sedentary 36-4

50 Active 42-1 Moderately active 37-3 Sedentary 34-7

*140-1 Watts @ 160 beats/min heart rate, converted-to-estimated Vo2 max using Astrand's formula and age conversion factor.
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work capacity is no longer required for daily labour in
civilised Western societies, the requirement for good
health may still be of a similar order. Also, in a
detailed consideration of the relation of physical
work capacity to work rate and consequent relative
fatigue, Astrand and Rodahl make the general obser-
vation that less fatigue will result at the end of an
eight hour shift the greater the individual's work
capacity is above the work requirement.45 They point
out that objective fatigue will result from continuous
work at 50% of Vo2 max and recommends that
30-40% should not be exceeded as an average load-
ing. In a society where it is no longer acceptable to
think of leisure time as recovery from physical
exhaustion at work these observations are of particu-
lar importance.
By all the criteria discussed, whether functional

capacity, threshold of health protection, or com-
parison with fitness levels for other groups, particu-
larly those of mixed activity, it appears that there are
grounds for considering the fitness of the factory
population as inadequate. This is despite a strong
tradition of sporting provision and encouragement
to participate, coupled with a vigorous health pro-
motion programme at the factory, all of which cir-
cumstances are commonly less favourable in similar
populations in Britain. The probability therefore is
that the fitness of these workers is better rather than
worse than average for middle aged British men.

FITNESS-RELATION WITH OTHER VARIABLES
Health risk factors
The study of Peters et al of myocardial infarction in
relation to fitness and established risk factors shows a
strong dependency on the existence of other risk fac-
tors for a protective effect from relative fitness."1 The
relation between exercise and other aspects of health
enhancement is therefore of interest.
Among modifiable risk factors for cardiovascular

disease, the most important appear to be hyper-
tension, cigarette smoking, and hyper-
cholesterolaemia. Blood lipids were not measured in
the factory subjects, but relative obesity is strongly
associated with adverse blood lipid profiles-that is,
high serum cholesterol and low HDL-LDL ratios.
Thus the measures of relative body weight and per-
centage body fat are of relevance to health risk.

Hypertension and relative overweight
High blood pressure is associated with relative over-
weight. In this study there is a low positive correlation
between percentage body fat and both diastolic and
systolic blood pressure (r = 0-18 and 0-19 respect-
ively). There is also an inverse relation of blood pres-
sure to fitness (r = -0-246 for systolic pressure after
controlling for age).

Tuxworth, Nevill, White, Jenkins

The usefulness of exercise in reducing body fat has
been well established in recent years as the
importance of regular vigorous exertion to lipid
metabolism and the regulation of appetite have been
more fully understood.4648
Most recently attention has been focused on the

possibility that either indirectly through loss of body
weight, or directly, increased regular exercise may be
effective in the control of borderline or mild hyper-
tension. Encouraging results have been obtained from
several trials49 50 and others are in progress.
The definition of mild hypertension used in a recent

Medical Research Council (MRC) trial5' is phase V
diastolic pressure of 90-109mm Hg. Elsewhere values
are referred to between 90 and 105mm Hg.52

Rose has pointed out that whereas the individual
risk from severe hypertension is much higher than
that from mild hypertension, the attributable deaths
from the latter are numerically much larger because
of the number of cases.53 It is estimated that some
25% of 35-64 year olds in Britain have diastolic pres-
sures between 90 and 109mmHg whereas only 5%
exceed I 0mm Hg. The management of mild hyper-
tension is therefore of great importance.
Of the factory population tested, 329 subjects

(23.82%) had diastolic pressures in the range of
90-109 mm, only a further 18 (I-3%) recording above
I 10mm Hg, perhaps partly due to the prior screening
out of known extreme hypertensive subjects (not only
because of risk involved in exercise testing but
because of the likely effect of medication on the test
performance).
Of the 329 mild hypertensive subjects, the great

majority were in the range 90-105mmHg, with 214
having diastolic pressures of 90-94mm Hg.

In view of the conclusions from the recent MRC
trial of drug treatment for mild hypertension, where
death rates were the same in the treated groups as
among those given a placebo, and the reduction in
rates of stroke only prevented one event for 850 peo-
ple treated a year (most of those treated suffering
chronic side effects "mostly but not all minor"),5' it
would seem that most subjects with mild hypertension
would have little to lose, and might benefit greatly,
from increased physical activity rather than drug
treatment. This would especially apply to the 214 men
last referred to, and probably to many of the men in
the sub-mild hypertension group approaching
90mm Hg. In one of the trials referred to resting
diastolic blood pressure was reduced from 99mm Hg
to 88mm Hg over a four months period of physical
training.50 Of even greater importance perhaps was
the substantial reduction in both systolic and diastolic
pressure during exercise, thereby reducing the risk
normally encountered by hypertensive subjects dur-
ing unaccustomed exertion. The apparent paradox of
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Health, fitness, physical activity, and morbidity ofmiddle aged male factory workers I

taking exercise to reduce the risk of exertion is dis-
posed of by pointing out that the exercise should be
taken up gradually and progressively.

Smoking
The importance of tobacco smoking as a major risk
factor in cardiovascular disease, more lethal even

than as a risk factor in lung cancer, has established
smoking as the single most devastating influence on
health in Western society, being responsible for about
325 000 premature deaths a year in the United
States.54 Nevertheless, it is an entirely modifiable
risk, and with regard to cardiovascular disease,
reversible, in that ex-smokers gradually reduce their
susceptibility to disease, though not to the levels of
life long non-smokers.55
A less publicised effect of smoking behaviour is that

of "passive" smoking-that is, the subjection to con-

centrations of tobacco smoke of occupants of the
same air space as the smoker. This has been shown to
increase significantly the predisposition to angina
pectoris in sufferers.56
The prevalence of smoking in the factory popu-

lation is somewhat below that reported in GHS,23 the
high percentage of ex-smokers apparently reflecting
the success of positive health intervention in previous
years by the factory medical department.

In comparison with Wilhelmson's study10 in which
subjects who engaged in more physical activity at
work were more likely to be smokers than non-

smokers, our data show the overall predominance of
non-smokers to persist in all physically active groups,

whether occupational or leisure time. Nevertheless,

relatively more smokers are found among the
occupationally active than among the leisure time
active groups, and slightly more relatively than
among the occupationally inactive (tables 6 and 7).
Only 34% of the factory population were current

smokers, compared with 54% of the Swedish 50 year
olds, but the two studies are separated by a period of
several years during which attitudes to smoking and
consequent participation have changed. Thus the
largest group of all at the factory comprises ex-

smokers.
Despite the tendency of the physically active

groups to include more non-smokers, and the associ-
ation of physical activity with fitness, there is no
significant relation between smoking and fitness over

the entire population. In part this could be explained
by the greater body weight of non-smokers, especially
ex-smokers, the latter appearing to have encountered
some difficulty in readjusting food intake to changing
metabolic needs.57 Indeed, if the body mass index cri-
teria for overweight and obesity are applied, then
53 6% of ex-smokers and 49-2% of non-smokers are
overweight or obese compared with 42% of smokers.
The lack of significant relation between smoking and
fitness, however, persists even when a non-weight
related criterion (gross V02 max) is used.

Within the groups taking regular physical exercise
the disinclination to smoke is clear. For example,
cyclists are less likely to smoke than non-cyclists
(21% as opposed to 36%) and those who cycle several
hours a week even less likely to smoke (as little as
12 5%). These differences are highly significant (p =

0-0001 and 0-0039 respectively). The same pattern

Table 6 Respondents' smoking habits analysed by occupational activity levels

Current non-smokers

Occupational Current smokers Ex-regular Never or occasionally
activity levels No (%) No (%) No (%)

Sedentary 92 (19 2 110 (21-7) 137 (33-7)
Light work 5 (1-0) 10 (2-0) 8 (2-0)
Moderately heavy work 224 (46-9) 241 (47-6) 160 (39-4)
Heavy work 157 (31-8) 145 (28 7) 101 (24-9)

All 478 (100-0) 506 (100-0) 406 (100-0)

Table 7 Respondents' smoking habits analysed by leisure time activity levels

Current non-smokers

Leisure time Current smokers Ex-regular Never or occasionally
activity levels No (%) No (%) No (%)

Sedentary 141 (29 7) 102 (20 2) 77 (19-1)
Not very active 60 (12 6) 43 (8 5) 33 (8-2)
Moderately active 244 (51 4) 312 (61-9) 235 (58-2)
Active 30 (6-3) 47 (9-3) 59 (14-6)

All 475 (100) 504 (100) 404 (100)
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emerges for "relatively strenuous activity" (p =
0 0001 for differences according to increasing
amounts of reported activity).
The effect of smoking on cardiorespiratory fitness

is difficult to assess partly because smoking is rare
among trained, highly motivated subjects in whom
the relevant parameters would be most reliably mea-
sured, and because such subjects are disinclined to
smoke even for experimental purposes. Theoretically,
the reduced oxygen transport due to the preferential
affinity of haemoglobin for carbon monoxide should
increase the cardiac output required for a given level
Of Vo2 thus increasing heart rate, an effect demon-
strated 40 years ago.58
Airway resistance has also been found to increase

two to three fold within seconds of inhalation of ciga-
rette smoke59 (a situation not confined to the smoker
himself). These are principally acute effects, although
a chronic effect was found also for airway resistance
due to swelling of the mucous membranes. These
acute effects would not be present in smokers who
had desisted voluntarily in anticipation of the test
occasion and of necessity during the preceding medi-
cal examination, and would therefore not have
affected their performance of the fitness test.

In conclusion, the tendency for non-smoking to be
associated with sports participation and other leisure
time physical activity, but not with occupational
physical activity, might suggest that where exertion is
voluntary rather than imposed it selects individuals
who are not disposed to smoke, or even acts as a
direct disincentive. Alternatively, the whole difference
may be explained by a combination of the effects of
social class on participation in leisure activities and
on awareness of health risks. It is to be hoped that
tobacco company sponsorship of sport will not be
allowed to continue to undermine the negative associ-
ation between sports participation and smoking.
The association of low coronary risk factors in gen-

eral with leisure activity as shown in the Oslo study of
15000 men60 and the Irish study of a similar num-
ber,61 is supported by the findings of this study.

FITNESS AND PHYSICAL ACTIVITY DURING
WORK AND LEISURE
The results show that at all ages participation in rela-
tively strenuous physical activities during leisure is
strongly related to fitness as measured by the exercise
test. By contrast, activity levels at work bear no
relation to fitness.

This pattern of relation of fitness to physical activ-
ity of leisure but not that of work is consistent with
that found by Hickey etal,6' where only leisure activ-
ity appeared to affect coronary risk factors. The lack
of reduction in risk for heavy occupational physical
activity is interpreted as suggesting that the effect of

Tuxworth, Nevill, White, Jenkins
exercise per se may be in doubt. Rather, Hickey et al
propose that men who are physically active during
leisure time may smoke less and eat more prudently
for personality, psychological, or cultural reasons.
While acknowledging the probability of such an
influence, it is thought that a more likely explanation
in the case of the factory population is the low level of
occupational exertion even among manual workers,
which resulted in no fitness differential between active
and inactive groups at work.
The Oslo study, a four year mortality follow up of

15000 men aged 40-49, found a lower incidence of
fatal heart disease to be associated with both physical
activity during leisure and at work.60 Other risk fac-
tors, however, such as high serum cholesterol, raised
systolic blood pressure, and cigarette smoking were
associated negatively with leisure activity but posi-
tively with activity at work. The physical activity of
leisure score proved to be almost as good a predictor
as the coronary risk score of mortality over the period
of observation. In the Belgian study fitness is related
to, but only weakly affected by, physical activity of
leisure and occupation.'3
The lightest categories of leisure exertion-namely,

estimates of time spent walking and participating in
fairly light physical activity-did not appear to affect
fitness in the factory population, but it must be borne
in mind that such estimates are notoriously inaccu-
rate and that the sensitivity of the fitness test may
have been inadequate for the task of discriminating
finely at low levels of fitness. There is some debate as
to the positive health value of low levels of activity.
Thus Morris established the threshold above which
protection might be afforded as "vigorous exer-
cise,"28 whereas Rose discerned a lower risk of car-
diovascular disease the greater the distance walked to
work,62 activity of an intensity not meeting Morris's
criterion.
On the basis of self reported participation in more

vigorous categories of physical exertion in leisure,
active participants were fitter than less active or sed-
entary, and the small number of respondents in the
age range 35-44 who claimed to take part in relatively
exhausting sports were considerably fitter. Duration
of such participation was also significantly related to
fitness.

Cycling is positively related to fitness and the few
men who cycled regularly were among the fittest
subjects of all. It might appear logical to expect
habitual cyclists to perform better than non-cyclists in
a fitness test using a bicycle ergometer because of
better technique resulting in greater efficiency. This,
however, has been shown not to be the case in normal
populations, energy expenditure at a given level of
external work on a bicycle ergometer being relatively
unaffected by familiarity with that mode of exercise.
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It must be recognised, however, that fhe cyclists may
have felt reassured by being asked to perform a famil-
iar exercise and that their heart rate response there-
fore contained little or no component due to appre-

hension. Nevertheless, differences in fitness in favour
of cycling are large enough to survive the possible
effect of such a caveat.
The contribution of cycling to fitness has been fre-

quently promoted and has been shown in recent stud-
ies on school children and adults.63 64 In the present
study it has greatest effect on fitness of any of the
lifestyle variables. The order of the difference in
fitness in favour of cyclists is equivalent to that
enjoyed by being five years younger (cyclists in gen-

eral) or up to 10 years younger (for regular cyclists).
The relatively small number of cyclists almost cer-

tainly reflects the hazardous conditions for cycling in
the urban environment, especially inhibiting the use

of the bicycle as a means of travel to work. During the
interview questionnaire the negative response to the
cycling question was frequently accompanied by the
observation that "it would be very nice to cycle if it
were less dangerous."

In identifying the importance of non-occupa-

tionally determined exertion it must be recognised
that over 70% of the population did not participate in
any relatively strenuous activity whatsoever, one

third describing themselves as leading sedentary lei-
sure lives. In addition, such participation as there was
in leisure time physical activity was unevenly distrib-
uted. Thus significantly more such activity was

reported by non-manual and skilled workers than by
semiskilled and unskilled, as in the Oslo study.60
Cycling, however, showed the opposite trend with a

significant bias in participation towards manual
workers.
A further aspect of voluntary exertion, the disposi-

tion to run while stair-climbing if late for an

appointment or to catch a bus, emerged as being
significantly related to fitness. For an essentially low
activity population this may be an important deter-
minant of fitness, representing for many individuals
peak physical activity. The tendency for people to be
"exertion seeking" or "exertion avoiding" needs
much closer examination as do the links between such
behaviour and attitude to exercise.

Attitudes to exercise
Time constraints limited the amount of information
obtained from each subject so that attitudes to exer-

cise could not be ascertained with any great detail or

sensitivity. Some points of interest, however, did
emerge.

Opinions regarding the value of exercise to health
and to the control of body weight, when compared
with actual participation and status regarding fitness
and percentage body fat, show some puzzling discrep-

ancies between behaviour and attitude. Hence despite
95% of respondents believing that exercise is certainly
or probably good for health only 28% took part in
significant physical activity. Health education is
fraught with the problem of disparity between know-
ledge or beliefs and behaviour. In this case the highly
positive response suggests that the great majority of
the factory workers either already believed or had
been persuaded that exercise is of value to health, but
the depth of their conviction was not yet sufficient to
bring about a behavioural change. The task for the
health professional in addition to consolidating the
informed beliefs already instilled is to identify the
obstacles that stand in the way of translating those
beliefs into action. Further specific investigation is
needed but some help may be obtained from pub-
lished surveys6465 and from the Sports Council and
Health Education Council.

Belief in the value of exercise for controlling body
weight was somewhat less secure, 80% nevertheless
responding positively. The distribution of body fat, in
relation to belief in the value of exercise to reduce it,
shows that there is a tendency for those who believe it
to be of value to be the least fat but not significantly
so.

Eating habits, in terms of limiting food intake gen-
erally, show that those who did not limit food intake
had the least fat, the lightest body weight, and the
lowest body mass index (p < 0 005 for all age
groups). The greatest values for these variables, how-
ever, occurred among those who limited food intake
occasionally rather than the habitually restrained.
The specific selection for limitation of foods popu-
larly regarded as fattening was associated with greater
body weight, body fat, and body mass index. Whether
this reflects these individuals' restricting their diet
because of being overweight is uncertain.

RECOMMENDATIONS
This study shows low fitness levels by the criteria
discussed-that is, functional capability, health pro-
tection, and comparison with other studies among
middle aged male factory workers at an establishment
where health promotion and provision of recreational
facilities are well above average for Britain. Vigorous
physical exertion forms a part of the lifestyle of only
a majority of the population but where it does it is
associated with improved fitness. Relative fitness is
associated with improved health status through lower
blood pressures and less body fat. Participation in
strenuous physical activity in leisure appears to be the
principal modifiable determinant of fitness together
with the adoption of a positive exertion seeking atti-
tude. Cycling is particularly beneficial and already
appears to be an activity embraced by social classes
less amenable to health education.

It would seem desirable to study means whereby
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participation in regular relatively strenuous exertion
may be fostered and facilitated in such populations,
particularly as there appears to be already a major
consensus of acceptance of the value of exercise.

Provision of exercise facilities at work should take
cognizance of contemporary social trends in par-
ticipation in physical activity. Particular attention
should be paid to selecting activities that make car-
diorespiratory demand but, especially in the case of
older, less fit individuals and groups, where the
demand is easily adjusted to appropriate levels.
The role of the company medical adviser is crucial

in expanding health knowledge into the practice of a
healthy lifestyle. Not only will he or she need to be
able to answer employees' questions about the value
or possible hazards of exercise, but there may also be
some individuals who request an appraisal of their
fitness followed by advice on appropriate types, lev-
els, and intensities of exercise. It is unfortunately not
too evident that the training of doctors prepares them
for this role.66 An understanding of the nature and
degree of exercise required to achieve a beneficial
effect will enable the medical adviser to ensure the
optimum effectiveness of any "in house" exercise
facilities or schemes, and their integration within a
positive health promotion programme. Detailed
guidelines are available from numerous publica-

67 70tions.
Not only do the provision of facilities and oppor-

tunities for exercise need careful consideration but
also conditions and amenities of normal factory life.
For example, cycling or even jogging to and from
work would probably be a much more attractive and
comfortable proposition if showers and changing
rooms were available at the workplace.7 1 The conser-
vation of effort that has so long been the quest of
industrial ergonomists may not always be in the best
interests of the health of the workforce, and work
tasks and individual mobility during the working shift
may benefit from a new appraisal without necessarily
prejudicing efficiency. For example the value of stair
climbing as imposed regular exertion has been
shown,72 and the status conscious may be protected
from it at their peril.
Low levels of fitness can be improved. The lower

they are the more rapidly improvement will occur.
Studies of training response in sedentary middle aged
men show improvements generally of the order of
more than 15% in 10 weeks with exercise sessions of
the order of 20-30 minutes three times a week of a
suitable type and intensity. The improvements in the
fitness scores for middle aged Canadians (table 5)
between 1973 and 1980 are attributed32 to the
national increase in participation in physical activity
during that period.

Improvements will occur not only in heart rate

Tuxworth, Nevill, White, Jenkins
response to a given level of work and in Vo2 max but
also in the ability to sustain work at a given sub-
maximal level of Vo2 because of the important bio-
chemical changes occurring in skeletal muscle. Heart
muscle volume has also been shown to increase over a
relatively short period of training in previously seden-
tary adults.73

Additional benefits may include a reduction of
body fat in overweight subjects often accompanied by
reduced blood pressure and enhanced blood lipid
profile. Improved subjective well being may provoke
increased health consciousness and a positive attitude
towards reducing other risk factors. Studies in pur-
suance of the effects of the Canadian Fitness project
have identified positive behaviour towards the reduc-
tion of health risks,74 improved psychological and
attitudinal changes,75 reduced medical care costs,
reduced absenteeism,76 and improved work per-
formance among those participating in employee
fitness programmes.77
The second part of this study, to be completed in

1987-8, will be directed to showing associations
between morbidity and the physical fitness and
activity of the population here described.

Many people have generously contributed their time
and expertise to this study. We express our particular
gratitude to the personnel of Cadbury-Schweppes,
especially to the participants in the study, the medical
staff which temporarily included doctors from the
general practitioners' training scheme at Selly Oak
Hospital, and to Mrs Norma Perrins for her adminis-
trative contribution and continuing work with regard
to the monitoring of morbidity. We also thank Miss
Susan Brailsford and Mr Tim Allen for their
unstinting technical and other help during the
arduous measurement stage, as well as those who car-
ried out the interviews, always with patience and
good humour.
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