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Evolution of osteoarticular disorders as a function of
past heavy physical work factors: longitudinal
analysis of 627 retired subjects living in the Paris area

Francis Derriennic, Yuriko Iwatsubo, Christine Monfort, Bernard Cassou

Abstract
The relations between osteoarticular disorders
and occupational exposure to heavy physical
work factors were studied in a random sample
of retired subjects living in the Paris area, all
of whom had contributed to the same
retirement pension fund. 627 subjects were
originally seen in 1982-3 and 464 of them were
seen again five years later. On both occasions,
the same questionnaire was completed during
a home interview. Osteoarticular disorders
were evaluated by the presence of pain, with
or without restricted joint movement, for at
least six months before interview. The heavy
physical work factors were those reported by
the subject at the first interview, and only
subjects who stated that they had been
exposed to these factors for more than 10
years were considered as exposed persons.
For those who were seen twice, the frequency
of osteoarticular pain increased during the
five years between the two interviews, from
52% to 65% in the men and 72% to 82% in the
women. Among both sexes, these frequencies
were significantly higher in those who stated
that in the past they had to carry heavy
weights and work in tiring positions. The
increases in frequency of pain during the five
year study period were also related to these
occupational factors. In general, the frequen-
cies for subjects not exposed to occupational
factors caught up with those found for the
exposed group. This interaction of age with
the relation between exposure to heavy physi-
cal work factors and osteoarticular disorders
does not seem to be explained by confounding
factors, including age at the first interview,
the fact of living alone, of being a former
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manual worker, of having a cardiorespiratory
disorder, and smoking habits. The results of
the survey suggest that working conditions are
an important cause of osteoarticular disorders
that last well beyond the end ofworking life.

(British J'ournal ofIndustrial Medicine 1993;S0:851-860)

Osteoarticular disorders constitute one of the main
forms of health impairment in elderly people.'2
They are due to various causes that are rheumatic
in most cases, but sometimes traumatic and they
may be in any of the joints.3 The chief expressions
of these disorders are pain, which is often chronic,
and restricted joint movement in severe cases.4

These organic manifestations affect the daily
lives of those concerned by limiting their ability to
walk, dress and feed themselves, and perform the
movements required by other basic functions.5
Moreover it is these effects, classified in terms of
disability,6 which have been most often studied,
because of their high prevalence and the require-
ment to evaluate the needs of the elderly within the
framework of public health policies.7
On the other hand, much less research has been

devoted to osteoarticular risk factors, particularly
occupational factors. This is partly attributable to
the methodological difficulties involved in relations
with, on the one hand, exposure to occupational or
other factors and on the other, health disorders that
only become evident long after the initial
exposure,8 at least in a way that can be quantita-
tively measured in population samples. Also, the
various forms of osteoarticular deterioration consti-
tute one of the manifestations of physiological age-
ing processes and are difficult to study on the basis
of cross sectional epidemiological studies.9
Among the risk factors concerned, occupational

exposure, particularly heavy physical work factors,
which often affect all or much of a person's
working life,'0 are often overlooked when the aetio-
logy of health impairments in elderly people is
considered.

For all these reasons, a prospective longitudinal
survey was conducted in France among retired
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subjects in the Paris area, with the dual purpose of
evaluating the evolution of the major organic dis-
orders, especially osteoarticular problems, and of
exploring the possible effect of past occupational
exposure on this evolution. An earlier cross section-
al study conducted at the end of our initial survey"

showed that in men, carrying heavy weights in the
past was related to an increase in the frequency of
osteoarticular disorders. The present study deals
with the evolution of these disorders after a follow
up of five years.

Population and methods
The first survey in 1982 and 1983 concerned 320
men and 307 women of the 993 subjects randomly
selected from the list of members of a supplemen-
tary interprofessional retirement pension fund.
The men and women in the sample had all been

employed in, and had settled in, the Paris area after
retirement. The survey was conducted with closed
ended questionnaires completed during home
interviews by specially trained investigators.

In 1987-8, a second survey was conducted with
the same questionnaire under the same conditions
among the subjects who had taken part in the first
survey. The major trends recorded among this
population at the end of the two surveys (table 1)
show that about 63% of the subjects originally
selected took part in the first. Of the 84-7% who
were followed up, 74% were seen and 10-7% had
died. The 15-3% who were only seen at the first
interview were lost to follow up for the prospective
study.

All measurements were based on statements by
subjects at each interview. The questionnaire was

long and comprised 150 main questions. It was

drafted so that each question could be easily under-
stood by the subjects without being explained by
investigators. On average, the interviews lasted one

hour.
The survey method and questionnaire were well

accepted by all the subjects. The investigators were

not aware of the nature of the relations being
explored and believed the purpose of the survey
was to describe the general state of health of a

group of elderly people as a function of their demo-
graphic and social characteristics.

OSTEOARTICULAR DISORDERS
The two criteria used were based on recommenda-
tions by the World Health Organisation (WHO)12:
one was the persistence of pain for at least six
months before the interview, and the other, the
combined presence of pain and restriction of joint
movement. The second criterion was designed to
test the strength of possible relations between past
occupational characteristics and osteoarticular
injuries.
The possible presence of pain and restricted joint

movement was explored in the questionnaire joint
by joint, excluding the temperomandibular joint. A
few months after the first interview, 70 voluntary
subjects were asked to come for a standardised
medical examination at the geriatric consultation
centre of the Sainte Perine Hospital in Paris, so that
the agreement between subjects' statements at the
home interview and clinical investigations could be
evaluated. The agreement was good, with Kappa
agreement coefficients of 0-64 for pain and 0 59 for
restricted joint movement.

OCCUPATIONAL EXPOSURES
The exposures were identified at the first interview
from subjects' answers to a series of closed ended
questions included in the home interview. Two
types of exposures were considered: environmental
factors (noise, heat, dust, bad weather, and toxic
substances) and heavy physical work (carrying of
heavy weights, work in tiring positions, and
vibrations).

For each factor the subjects were considered to
have been exposed if they stated that they had been
exposed for at least 10 years of their working life.
To appreciate the relevance of the subjects'

statements, a group of experts who included
specialists in industrial medicine and ergonomics
was asked to ascertain the last occupation practised
and the one practised for the longest period during
their working life for all the male subjects. This was

to estimate the possibility of exposure to the men-

tioned heavy physical work factors. The experts,
who were not aware of the statements made by the
subjects about their occupational exposure, were

asked to say whether they considered such exposure
certain, unlikely, or impossible to define.

Table 1 Major study population trends during the five years between interview 1 and interview 2

Follow up
Initial sample Subjects present at interview I Seen again at intriew 2 Deceased Lost to follow up
No No No (%) No (ho) No (%)

Men 484 320 219 (64 4) 55 (17 2) 46 (14-4)
Women 509 307 245 (79 8) 12 (3 9) 50 (16-3)

Interview 1, 1982-3; Interview 2, 1987-8.
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CONFOUNDING FACTORS
Several factors were liable to act as confounders. As
subjects' statements about symptoms were earlier
found to depend on sex,213 all the analyses were
done separately for men and women. Age was
taken into account by separating the subjects aged
69 years or less at the first interview (the average
age on that occasion) from those who were older.
The social factors liable to affect statements of

symptoms were expressed as a single dichotomous
variable, defined as the socio-occupational category
to which the subjects belonged for the longest peri-
od of their working lives-that is, a white collar or
blue collar category. The first mainly comprised
high and medium ranking managerial staff, owners
of factories and businesses, and office employees,
and the second, foremen, skilled and unskilled
workers, and salesmen.
The fact of living alone was also taken into

account as an indicator of the social support that
Davies considered as a possible risk factor for the
health of very elderly subjects,'4 as were smoking
habits,'5 physical activities,'6 and obesity,'7 which
have a controversial role in the aetiology of osteo-
articular diseases. In this study each confounding
factor was defined as a dichotomous variable.
Smoking habits discriminated those who had never
smoked from the others, physical activities con-
cerned the subjects who stated that they performed
non-domestic physical activities alone or in groups,
and the subjects were classified as obese if their
body mass index (kg/M2) was greater than the mean
plus standard deviation of the body mass index in
the sample for each sex.
The subjects' general state of health can also

affect their statements, and osteoarticular disorder
is of course one of the components of their health.

Therefore, to avoid creating overadjustment in this
respect, only the cardiorespiratory symptoms men-
tioned in the questionnaire and grouped into a sin-
gle variable called "cardiorespiratory impairment""l
were considered as an adjustment variable for
health. As previous analyses had shown that this
variable was strongly linked to the mortality record-
ed during the study period, it allowed the subjects
in the poorest health to be distinguished from the
others.
The fact that 15% of the subjects could not be

interviewed twice was a source of potential bias.
Comparisons between the subjects followed up and
those lost were therefore systematically founded on
the basic indices evaluated at the first interview.

STATISTICAL METHODS
Statistical calculations were done with SAS soft-
ware. Qualitative adjustment methods were derived
from the Mantel-Haenzel procedures. Bilateral tests
with a threshold of 5% or less were considered
significant.

Results
NATURE OF THE SAMPLE AND OCCUPATION IN THE
LONGITUDINAL FOLLOW UP
Table 2 shows that the 219 male subjects seen at
both interviews had an average age of 68-4 (SD
3-3) years at the first interview and the 245 female
subjects an average age of 68-5 (SD 3A4) years. The
average age at retirement was 63-0 years for the
men and 63A4 years for the women. The survey
began when an average of six years had elapsed
since retirement. For both men and women, there
were only small differences for average age at the
first interview and average age at retirement

Table 2 Main sociodemographic characteristics of the study population according tofollow up

Subjects Subjects Subjects lost Subjects followed upfrom
present deceased tofolow up Interview I to Inteniew 2
at Inteview I before Inteniew 2 by Inteview 2

Charactenistics Interview I Interiew 1 Interiew 1 Interview 1 Interiew 2

Men
Number of subjects 320 55 46 219 219
Mean age (y) at interview (SD) 68-9 (4 0) 69-0 (5 5) 68-2 (2 7) 68-4 (3-3) 73-7 (3 5)
Mean age (y) at retirement (SD) 62-8 (4-0) 61-9 (3-5) 62-7 (3-5) 63-0 (4-1)

Occupational state (%):
Executives 36-9 40-0 28-3 37-9
Clerks 9-7 9.1 6-5 10-5
Blue collar workers 40 9 40 0 39-1 41-6
Others 12-5 10-9 26-1 10-0

Women
Number of subjects 307 12 50 245 245
Mean age (y) at interview (SD) 69-1 (4-0) 69-8 (5-3) 68-2 (3 9) 68-5 (3-4) 73-8 (3 0)
Mean age (y) at retirement (SD) 63-2 (4-8) 64-5 (2 6) 61-6 (4-4) 63-4 (4-9)

Occupational state (%):
Executives 16-3 8-3 10-0 18-0
Clerks 36-8 58-3 32-0 36-7
Blue collar workers 30 3 33-3 42-0 27-8
Others 16-6 - 16-0 17-5
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Table 3 Frequencies of osteoarticular disorders in the study population according to state between interviews 1 and 2

Subjects followed upfrom
Subjects present Subjects deceased Subjects lost to follow up Interiew I to Interiew 2
at Interview I by Interiew 2 by Intemiew 2

Characteristics Interview 1 Interview 2 Intrview 1 Inteview 1 Interview 2

Men
Osteoarticular disorders (%)

Pain 51-6 52-7 50 0 51-6 * 63-0
Pain and restricted 27-5 29-1 34-8 25-6 * 38-4
Movement

Women
Osteoarticular disorders (%)

Pain 71-3 33-3 76-0 72-3 * 81-6
Pain and restricted 46-2 16-7 54 0 46-1 * 57-6
Movement

*p < 005.

between those who were followed up and those
who were lost to follow up.
The results for the longest period in a particular

occupation show the mixed occupational nature of
members of the pensions fund chosen. In this
respect, the 17-2% of the men who died were not
different from those who survived. On the other
hand, those who were lost to follow up (about 15%
each of men and women) included slightly fewer
executives and a few more "other types" of workers
and the difference between the socioprofessional
distribution of those followed up and those lost was

significant for the men. For the women, this group
comprised proportionally more blue collar workers
and fewer managerial staff than the group of
women followed up, but for both groups combined,
the difference in socio-occupational distribution
was not significant.

FREQUENCY OF OSTEOARTICULAR DISORDERS
The frequency of osteoarticular disorders was high:
among the men, 51-6% had pain and 27-5% had
restricted joint movement at the first interview. For
the women 71-3% had pain and 46-2% restricted

Table 4 JYoint byjointfrequencies (o) ofpain and ofpain with restricted movements for men and women, according to state
between interviews 1 and 2

Men Women
Interview 1 Interview 2 Interview 1 Interview 2

_Joint (n = 219) (n = 245)

Upper limbs:
Any localisations:

Pain 28-8 35-6 42-0 55-5
Restricted movement 11 4 20-5 22-0 32-2

Shoulders:
Pain 21-9 25-6 26-1 35-5
Restricted movement 6-8 15-5 11-8 21-2

Elbows:
Pain 5 0 8-2 8-2 12-2
Restricted movement 1-8 4-6 3-3 5-7

Wrists:
Pain 7-3 7-3 15-5 24-5
Restricted movement 4-6 4-1 8-2 13-5

Fingers:
Pain 7-8 14-6 19-2 26-5
Restricted movement 3-7 9.1 9-4 13-9

Spine:
Pain 21-5 36-5 37-6 54-7
Restricted movement 8-7 19-6 20-8 34-7

Lower limbs:
Any localisations

Pain 32-0 36-5 51-8 52-6
Restricted movement 17-4 21-5 31-8 39 9

Hips:
Pain 14-2 20-1 23-3 26-5
Restricted movement 7-8 13-2 14-3 18-0

Knees:
Pain 21-0 23-3 38-0 40 4
Restricted movement 8-7 14-2 22-4 23-7

Ankles:
Pain 11-4 119 13-1 20-0
Restricted movement 5.9 7-3 6-2 10-6

Mean number of joints affected (SD) 2-1 (1-4) 2-1 (2 0) 2-5 (1-6) 2-8 (2 2)
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movement (table 3).
During the five years between the two interviews,

both frequencies rose significantly (paired x2 test).
The frequency of pain was increased times 1-2 in
the men and 1 1 in the women, and that of joint
restriction by 1X5 in the men and 1 -2 in the women.

Overall among those who had declared osteoar-
ticular disorders at the first interview, almost 50%
of the men and 60% of the women had some artic-
ular restriction, and at the second, these percent-
ages rose to 60% and 70% respectively.

Analysis of data from the first interview showed
no significant differences between the subjects seen

twice and the others, whether they died or were lost
to follow up. The frequencies of pain and restricted
movement were greater, however, among the sub-
jects lost to follow up by the second interview.
The results for joints of the upper and lower

limbs and spine (table 4) show that among both
sexes, in all these regions, both pain and restriction
of movement increased in frequency. The joints of
the shoulders, knees and spine emerged as the most
frequently affected. It were not possible to classify
the cervical, dorsal, and lumbar part of the spine
separately. When the corresponding joints of the
upper and lower limbs were grouped together, the
lower limbs were found, at the first interview, to be
the most affected. Next came the upper limbs, and
then the spine. At the end of follow up, these three
main anatomical regions were affected to about the
same extent: in about 36% of the men and 55% of
the women (table 4).

Therefore, during the five year period consid-
ered, pain and restriction of movement increased
the most for the spine, by 14% in the men and 17%
in the women for pain, and by 17 and 16% respec-

tively for restriction of movement. The mean num-
ber of joints simultaneously affected and specified
in table 4 did not increase significantly between the
two interviews.

Those lost to follow up during that time, as well
as those of the men who died, did not greatly differ
from those followed up. Among the women lost to
follow up, the frequencies of pain in the upper
limbs and spine were a little higher than in the
women interviewed twice.

In view of the absence of disagreement between
the respective evolutions of the articulations
studied, the relations between the osteoarticular
disorders and past occupational exposures were
mainly analysed from an overall point of view
rather than for each joint, to strengthen the statisti-
cal power of the study. An analysis joint by joint
did not contradict the relation between past expo-
sure to heavy physical work factors and pain or
restriction of movement.

RELATIONS BETWEEN OSTEOARTICULAR DISORDERS
AND PAST OCCUPATIONAL EXPOSURES
The results in table 5 for osteoarticular pain for
men and women do not include values for the
environmental factors (noise, heat, bad weather,
and toxic agents) because no statistically significant
figures were found.
The frequency of an osteoarticular pain was

always greater in the subjects who reported more
than 10 years of a particular form of exposure.

For the men, the pain and exposure relation was
significant in cross section at both interviews for
carrying heavy weights and at the second interview
for tring positions.

Longitudinally, there was a significant increase in
the frequency of osteoarticular pain (paired x2 test)
for subjects who had stated that they were exposed
to tiring positions, but also for those who said they
were not exposed. The increase in frequency of
osteoarticular pain was significant for those who
had not been subject to carrying heavy weights and
not for the others. Overall there was a significant
increase in the frequency of osteoarticular pains for

Table S Frequency (%) of osteoarticular pain in men and women according to past exposure to heavy physical work factors
exposure and state between inteviews 1 and 2

State between interview 1 and interview 2
Followed up

Deceased Lost to follow up
Interview 1 Interview 1 Interview 1 Interview 2 Paired x2 test

Exposure (E) E-E+ p Value E-E+ p Value E- E+ p Value E- E+ p Value E- E+

Men
Heavy physical work factors 51 58 NS 43 73 NS 49 58 NS 57 75 * NS *
Awkward postures 52 57 NS 43 78 NS 50 56 NS 59 76 * * *
Carrying heavy weights 51 63 NS 42 80 * 47 68 * 59 77 * * NS
Vibrations 53 50 NS 49 67 NS 50 65 NS 62 75 NS * NS

Women
Heavy physical work factors - - - 77 70 NS 68 87 * 79 91 * * NS
Awkward postures - - - 78 67 NS 69 86 * 79 94 * * NS
Carrying heavy weights - - - - - - 71 84 NS 80 96 * * NS
Vibrations - - - 76 100 NS 71 92 NS 81 92 NS * NS

*p < 0 05; - = insufficient numbers; E+ = exposed; E- = non-exposed.

855

copyright.
 on M

ay 26, 2023 by guest. P
rotected by

http://oem
.bm

j.com
/

B
r J Ind M

ed: first published as 10.1136/oem
.50.9.851 on 1 S

eptem
ber 1993. D

ow
nloaded from

 

http://oem.bmj.com/


Derriennic, Iwatsubo, Monfort, Cassou

Table 6 Frequency (%) ofosteoarticular pain with restricted movementfor men and women according to past heavy physical
work factors and state between interviews 1 and 2

State between interview 1 and intemiew 2
Followed up

Deceased Lost tofoUlow up
Interview 1 Interview 1 Interview 1 Interiew 2 Paired x2 test

Exposure (E) E-E+ p Value E-E+ p Value E- E+ p Value E-E + p Value E- E+

Men
Heavy physical work factors 28 33 NS 29 55 NS 22 33 NS 35 45 NS * NS
Awkward postures 29 29 NS 30 57 NS 23 35 NS 39 37 NS * NS
Carrying heavy weights 30 25 NS 28 60 * 22 41 * 34 55 * * NS
Vibrations 29 25 NS 33 67 NS 23 50 * 37 50 NS * NS

Women
Heavy physical work factors - - - 52 60 NS 42 60 * 66 62 NS * NS
Awkward postures - - - 54 56 NS 42 61 * 56 65 NS * NS
Carrying heavy weights - - - - - - 45 52 NS 56 68 NS * NS
Vibrations - - - 53 100 NS 44 83 * 57 75 NS * NS

*p < 0-05; E+ = exposed; E-= non-exposed.

subjects who were exposed to at least one heavy
physical work factor and not for the non-exposed
subjects.

For the women, the cross sectional results were
much the same for the frequencies at the two inter-
views. On the other hand, in terms of evolution,
none of the paired x2 tests was significant in the
group of occupationally exposed women, but all
these tests were significant for the group of women
who said they had not been exposed.
As regards the results in table 5 concerning the

frequency of pain at the first interview among the
men and women lost to follow up and among those
deceased, there were no strong indications of a pos-
sible bias in the exposure and osteoarticular pain
relation. The frequency of osteoarticular pain was
greater in those who had stated that they were
exposed than in those who said that they were not
exposed.
The results in table 6 show the relation between

past occupational exposures and the restrictions of
movement reported by the subjects. The frequency
of lesions in both men and women was always high-
er among those who reported exposure for 10 years
or more. The cross sectional results for lesions,
especially those for the second interview, were not
quite the same as the results for pain. Thus at inter-
view 2, a statistically significant relation between
pain and exposure to carrying heavy weights was
only found for the men. A reduction in statistical
power could explain this result, as fewer subjects
reported restriction of movement than articular
pain.
We noted that longitudinally the paired X2 tests

were all significant for the men and women who
had not reported any past occupational exposure.

ADJUSTMENTS
For the accurate assessment of the evolution of
osteoarticular disorders between the two interviews,

and to take account of the fact that disorder can
occur or can disappear we analysed the relation
between occupational exposure and the state of
subjects at interviews 1 and 2 in relation to these
lesions. Taking P - and P+ as the absence and
presence of disorders respectively at interview 1 and
interview 2 (P = pain), subjects were classified as
P-P-,P + P-,P-P + orP + P +.
Among both men and women, nearly all the

percentages of exposure reported were highest in
the P+ P+ category and lowest in the P- P-
category. Overall exposure percentages, both for
pain and restriction of movement, increased simi-
larly in a manner corresponding to the specified
grading.
When the crude x2 test or the x2 trend was sig-

nificant, a separate adjustment was made for each
variable liable to act as a confounding factor-
namely, age, living alone, manual worker or not,
cardiorespiratory impairment, obesity, and smoking
habits.

In taking account of these variables, carrying
heavy weights in the past was significantly related,
for the men, to the level and to the evolution of the
frequency of osteoarticular disorders, evaluated
from pain or from restricted joint movement. For
tiring positions in the past for the men there was a
significant relation with the evolution of osteoartic-
ular pain but not with the evolution of restricted
joint movement. Overall, exposure to at least one
heavy physical work factor was only significantly
related to osteoarticular pain. On the other hand,
environmental factors comprising physical or chem-
ical exposure seemed completely unrelated to
osteoarticular disorders in the men. For the
women, a significant relation was found after
adjustment, between each heavy physical work fac-
tor and osteoarticular pain. For osteoarticular pain
with restricted movement, only one relation was
found, with tiring positions in the past and after
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adjustment no significant relationship was found.
For women, there was a significant relation only
between osteoarticular pain with restricted move-
ment and environmental work factors as a whole.

FREQUENCIES OF OSTEOARTICULAR DISORDERS AT
INTERVIEwS 1 AND 2 AS JUDGED BY THE EXPERTS
Among the 219 male subjects who were inter-
viewed twice, the experts gave an opinion in 86% of
the cases concerning the carrying of heavy weights,
and 75% of those concerning work in tiring
positions. For the relation between the experts'
classifications and subjects' statement, the x2 test
remained significant, with positive Kappa co-
efficients for each subgroup of subjects with or
without osteoarticular disorders at interview 1 or
interview 2.
Few subjects in the group considered by the

experts as non-exposed stated that they had under-
gone exposure (less than 3%, whatever the type of
exposure). On the other hand, the proportion of
subjects who said they had experienced no expo-
sure but whom the experts considered to have been
exposed was around 20%, depending on the type of
exposure, indicating possible underestimation of
exposure by the subjects.

Table 7 gives the frequencies of osteoarticular
disorders at the first and second interviews, as
derived from the intersection between subjects'
statements and the experts' opinions with regard to
the carrying of heavy weights and work in tiring
positions.

With 0 as non-exposure and 1 as exposure, the
sub-group 0 for the subjects and 1 for the experts
always exhibited an osteoarticular disorder frequen-
cy that was intermediate between the 0,0 and 1,1
groups, but nevertheless nearer to that of the 0,0
than the 1,1 group. When group 0,1 was fused with
group 0,0 or 1,1, the frequency of disorders was
always higher for exposed than non-exposed
subjects.

It is worth noting that the results were clearer for
the second than the first interview-that is, when
there was no reason to suspect any bias in subjects'

Table 7 Frequencies of osteoarticular disorders at interview 1
and interview 2 according to the cross classification between
subjects' statements and the experts' opinions regarding
occupational exposure

Statement of exposure
Subject: no Subject: no Subject: yes
Expert: no Expert: yes Expert : yes

Osteoarticular disorders (% pain) at interview 1:
Carrying heavy weights 50 34 71
Awkward postures 55 55 61

Osteoarticular disorders (% pain) at interview 2:
Carrying heavy weights 58 63 81
Awkward postures 54 63 71

statements, as the second interview only included
questions concerning health.

Discussion
This study shows the existence of a relation
between the occupational exposure reported by
subjects at home interviews on the one hand, and
on the other, firstly the frequency of osteoarticular
disorders after retirement and secondly the evolu-
tion of these disorders during a five year longitudi-
nal follow up.
More precisely, exposure to carrying heavy

weights for more than 10 years of worling life
seemed to play a predominant part among the men
in causing osteoarticular disorders as evaluated
from the pain or from the restriction of joint move-
ment reported by the subjects.
Among the women, past occupational exposure

seemed rather to be related to the frequency of
osteoarticular pains and seemed less specific, as it
involved the combination of carrying heavy weights
and work in awkward postures. Nevertheless, these
results seem to favour stronger involvement of work
in tiring positions, if the postretirement frequency
of osteoarticular disorders is considered alone, and
not its evolution during follow up.

For vibrations, no significant results were shown,
partly because of insufficient power (only 20 sub-
jects said they had been exposed to vibrations for
more than 10 years).

These results are strengthened by the emergence
of a type of dose-effect relation in which the pro-
portions of exposed subjects were higher among
those with an osteoarticular disorder when the dis-
order was defined as the simultaneous presence of
pain and restricted joint movement rather than by
the presence of pain alone.

Also, comparison of this relation with the results
for past exposure to environmental factors suggests
that heavy physical work factors affect osteoarticu-
lar disorders in a specific way. Thus among the
men, no trend emerged to show that exposure to
environmental factors was connected with either
pain or pain combined with restriction of joint
movement. Among the women, a possible relation
between osteoarticular disorders and environmental
factors could not be ruled out, but the results
differed, depending on whether pain alone was
considered, or pain combined with restriction of
joint movement. This might be partly explained by
the few women exposed, and by the fact that more
exposed women than men were subjected to a com-
bination of heavy physical work and environmental
factors.

Note, however, that these results concern a
random sample of retired persons living in the Paris
area whose mean age at the first interview was 69
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years, conditions that raise several questions
regarding the validity and interpretation of our
findings.

Although the subjects interviewed were chosen
from lists of members of an interprofessional retire-
ment pensions fund, all the professions were not
represented-for instance, there were no former
civil servants. The firms for which the subjects had
worked mainly belonged to the sectors concerned
with metal transformation, transport, business, and
the liberal professions. None of them was living in
an institution. Concomitant studies of mortality
showed no significant difference, however, between
mortality-among the general French population and
that in our original random sample and among the
participants in the study. Therefore health factors
related to mortality do not seem to have entailed
any special form of selection. Nevertheless, about
one third of the 37% of the sample population that
did not participate in the study gave, by means of a
telephone interview, various severe illnesses as the
cause of refusal. This means that possible
participant selection according to health cannot be
entirely ruled out on the basis of the variables used
in this study. If this were the case, there is reason to
believe it would tend to minimise rather than
maximise the prevalences and weaken the relations
found.

Further, participation in the study was indepen-
dent of age, sex, and place of residence in the Paris
suburbs, three variables known before the study
from the pension fund files. Similarly, it was possi-
ble to check a few quantitative indices summing up
the careers of the subjects, according to whether or
not they had taken part in the study.'8 Thus the
mean numbers of firms for which subjects had
worked were, for the men, 5-7 among participants
and 6-1 among non-participants. For the women,
the corresponding numbers were 6-5 and 5-7. The
same checking procedure showed that the mean
number of branches of economic activity engaged
in by men was 2-8 among participants and 3 1
among non-participants, these figures being respec-
tively 3-4 and 3-4 for the women. Hence, no statis-
tically significant difference was detected between
participants for job mobility. The absence of the
necessary information from the pension fund files
made it impossible to check for possible differences
between the two groups, however, for the longest
lasting socioprofessional occupational category in
the subject's working life.

Those lost to follow up between the two inter-
views may have introduced a selection bias in the
longitudinal study. The characteristics at interview
1 of those lost to follow up but who were alive at
the time of interview 2 were always compared with
those of the subjects seen at both interviews. No
significant difference in this respect was found for

the men or women, especially for the frequency of
osteoarticular disorders, whatever their localisation.
Among those who died, the frequencies of osteo-
articular lesions for both men and women at the
first interview was no higher than among the
survivors, whether or not they were lost to follow
up. It therefore seems reasonable to conclude that
the selections occasioned by participation in one or
other interview or both did not bias the results.
On the other hand, the introduction of differen-

tial biases is not impossible in connection with the
assessment of statements made at the interviews
concerning pain or restricted join movement
according to the existence or absence of past occu-
pational exposures, also reported at the interviews.
Thus it is conceivable that those who reported an
osteoarticurar symptom at interview 1 remembered
past exposures better than those who did not, a
point that could have introduced a bias into the
relations between exposures and osteoarticular dis-
orders. Nevertheless, in the light of our verifications
of the exposures reported by the subjects by com-
parison with those considered certain by the experts
according to the subject's longest lasting occupa-
tion, it seems fairly certain that in the worst case,
the relation between exposure to heavy physical
work factors and osteoarticular disorders was not
significant for interview 1 but remained so for inter-
view 2. This is of interest, because at the second
interview, subjects were not asked about their past
occupations and their answers at the second inter-
view are therefore unlikely to have been condi-
tioned by their answers at the first.
We also found in an earlier study" that there was

good coherence between on the one hand, the signs
and symptoms reported by subjects, including pain
and restriction of movement, and on the other, the
pathological state at the time of the interview.

Lastly, to strengthen the notion of exposure in
this study, subjects were only counted as exposed if
as pointed out in the methods section, they stated
that an occupational exposure had lasted for more
than 10 years.
The statistical relations shown here do not seem

to have been significantly affected by the possible
confounding factors analysed, past or present
smoking, living alone, and exposure to physico-
chemical factors (noise, heat, bad weather, dust,
and toxic agents). Certain factors recognised as
possible risks4 1719 20 could not be taken into
account, however: they comprised muscular
strength, general physical aptitude, complaints of
past back pain, and more especially, psychosocial
factors. Also, as the study population consisted of
retired people, the survey did not include questions
about individual appreciations of job content, the
degree of job satisfaction, or fatigue after work, sug-
gested in several studies of working populations to
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be especially involved in back pain.2122
Consequently, our results cannot be interpreted

causally, the more so as there are, as far as we
know, no similar studies carried out long after the
end of occupational exposure. This raises some
problems-for instance, it is hard to understand
why, if carrying heavy loads and working in tiring
positions are considered as risk factors for osteoar-
ticular disorders,2324 their effects are still felt long
after retirement, and perhaps evolve differently,
depending on whether or not the subject has been
exposed. The simplest explanation is to assume
that the possible effects during working life are
reflected in chronic osteoarticular lesions that, in
the absence of population selection, for instance by
mortality, will be more frequent among pensioners
with past occupational exposure. The interaction of
chronic lesions with advancing age between the first
and second interviews can be explained in two
ways: our results suggest that the more likely expla-
nation is that the frequency of lesions among those
not exposed in the past eventually catches up with
the frequency found among those exposed. This
catching up process would itself seem to result from
lesions that might have appeared earlier in subjects
exposed to heavy physical work factors during their
working life.
From this point of view, an interaction at the

first interview between age and past heavy physical
work and osteoarticular disorders would be expect-
ed. But this interaction was only suggestive because
of the small range of ages in our sample (mean age
at interview 1: 69 (SD 4) years and because there
were few subjects aged over 69 years who declared
that they had been exposed to heavy physical work
in the past. Despite the general agreement between
the expert opinions regarding occupational expo-
sures and subjects' statements we cannot exclude
totally an effect due to an over-reporting of symp-
toms by those who had stated that they were
exposed to heavy physical work factors in the past.
A second explanation cannot be entirely ruled

out: there may have been some acceleration of the
particular processes involved in osteoarticular age-
ing, possibly triggered or promoted by occupational
exposure factors, and this acceleration would only
be statistically detectable long after the periods of
occupational exposure.
Our study did not include enough exposed sub-

jects to enable us to be more precise. A third phase
now being envisaged should allow us to test the
theory that the exposed group eventually catches up
with the non-exposed group. On the other hand, to
examine the second notion of an acceleration of the
osteoarticular aging process, it would be necessary
to undertake a study, the starting point of which
would be during working life.

In any case, the results of our study seem com-

patible with the possibility that occupational
osteoarticular disorders interact with osteoarticular
ageing processes. The present observation of simi-
lar evolutionary patterns in retired men and women
for the frequencies of osteoarticular disorders
argues in favour of such interaction. Also, even
though the most profoundly differentiated increase
in the frequency of pain was in the spine, all the
articular localisations of pain considered were sub-
ject to aggravation of lesions either in terms of pain
or of restriction of movement, in both men and
women.

These results should encourage the organisation
of more ambitious studies with a longer follow up
and more precise measurements of occupational
exposures and tasks, to establish how health and its
evolution after retirement remain dependent on
previous working conditions. Osteoarticular disor-
ders constitute one of the main causes of physical
disability that condition life expectancy without dis-
abilities.6 Future improvements must be attempted
by improving health safeguards at younger ages,
particularly by better occupational hazard preven-
tion,25 which is still one of the best procedures for
rectifying several of the modifiable factors involved
in the incidence or aggravation of osteoarticular
disorders.17
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