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Objective In a German multicenter case—control study of lumbar disc diseases, we calculated risk and rate
advancement periods (RAP) for physical workload.

Methods Patients aged 25-70 years with clinically and radiologically verified lumbar disc herniation (286
males, 278 females) or symptomatic lumbar disc narrowing (145 males, 206 females) were compared with
population control subjects (453 males and 448 females). For this analysis, all manual handling of objects of
about >5 kg and postures with trunk inclination of 220°, as assessed by technical experts, were included in the
calculation of cumulative lumbar load, determined by biomechanical model calculations. Logistic regression
analysis was applied to calculate RAP, adjusted for region.

Results We found a steep positive dose-response relationship between age and lumbar disc narrowing among
men as well as women; however, we did not find a monotonic increase in lumbar disc herniation risk with age. As
a monotonic increase in disease risk with age constitutes a fundamental assumption underlying the RAP concept,
we restricted our RAP analysis to cases with symptomatic lumbar disc narrowing. Among men, there was a posi-
tive dose—response relationship between the cumulative lumbar load and the acceleration of lumbar disc narrow-
ing. In the highest exposure category, a RAP of 28.0 years [95% confidence interval (95% CI) 9.7-46.3 years]
was found. Among women, the RAP was 8.8 years (95% CI 2.4-15.2 years) in the highest exposure category.

Conclusion This study emphasizes the conceptual importance of risk acceleration — causation not only com-
prises the occurrence of a disease (that without a specific exposure would not have occurred at all) but also the
accelerated occurrence of a disease (that without exposure would have occurred later in life).

Key terms: EPILIFT; lumbar disc disease; RAP; risk acceleration.

For the recognition of occupational diseases, compensation
boards and courts often have to clarify if the causation of
a disease through a specific occupational exposure is more
likely than not. This requirement is mostly “translated” in
epidemiologic terms to the question of whether the prob-
ability of causation for exposed individuals exceeds 50%
[the “more-likely-than-not” rule, see (1)]. If the attributable
risk estimated from epidemiologic data is equated to the
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probability of causation, the so-called “doubling dose”
(meaning the exposure level at which the relative risk
equals two) has to be exceeded to assume an occupa-
tional causation of disease. Greenland (1) has pointed to
a “key fallacy” in the equation of probability of causa-
tion and attributable risk — causation not only comprises
the occurrence of a disease (that without exposure
would not have occurred at all) but also the accelerated
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occurrence of a disease (that without exposure would
have occurred later in life). As the attributable risk cal-
culation is predominantly based on the excess risk, the
established relative risk estimators tend to underestimate
the probability of causation. The resulting error might
be particularly pronounced in frequent chronic diseases
with clear age dependency.

In 1993, Brenner et al (2) proposed an effect estimator
that accounts for the acceleration of disease occurrence,
the so-called “risk and rate advancement periods” (RAP).
The basic principle of RAP is to estimate the increase of
risk with age: RAP are the time periods by which the risk
or rate of disease is accelerated among exposed subjects
conditional on disease-free survival to some baseline age
(2). Since its first publication, RAP estimation has been
applied, for example, to assess premature myocardial
infarction risks through smoking, hypertension, and dys-
lipidemia (3) and to estimate the acceleration of mortality
through traffic air pollution (4) and the impact of manual
material handling on low-back pain (5).

We calculated RAP from a case—control study of
lumbar disc diseases [EPILIFT (6)]. The aim of this
analysis was firstly to describe the potential impact of
physical workload on lumbar disc diseases in terms
of risk acceleration and, secondly, to further elucidate
the suitability of RAP to express causality for social
insurance (recognition of occupational diseases) and
preventive purposes.

Methods

Study participants

The design of the German EPILIFT study has been
described in detail in a previous publication (6). Briefly,
in four study regions (Frankfurt am Main, Freiburg,
Halle/Saale, Regensburg) all hospitals or practices treat-
ing >5 patients with lumbar disc herniation per year
(N=29) as well as a random sample of orthopedic prac-
tices (N=14) were included. The corresponding physi-
cians were asked to identify all patients between 25-70
years of age that belonged to one of the following case
groups: males (case group 1, N=286) or females (case
group 2, N=278) treated due to lumbar disc herniation
with radiculopathy with sensory and/or motor deficits;
males (case group 3, N=145) or females (case group
4, N=206) treated due to severe disc narrowing with
radiculopathy with sensory and/or motor deficits or with
local lumbar syndrome with a finger floor distance of
>25 cm. Recruiting physicians had to state the date of
initial radiographic diagnosis of lumbar disc disease;
patients were not eligible for the study if the initial diag-
nosis of lumbar disc disease had been made >10 years
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earlier. The diagnosis of lumbar disc herniation had to
have been confirmed by a reference radiologist by either
computerized tomography or by magnetic resonance
imaging (MRI); the diagnosis of lumbar disc narrow-
ing was primarily based on X-ray. Disc herniation and
narrowing were defined as proposed by a German con-
sensus group (7). The clinical diagnosis had to be veri-
fied by one experienced reference orthopedist based on
standardized findings sheets. The participation rate was
66.4% among the cases. The response rate of cases was
58.8% in Frankfurt am Main, 61.8% in Freiburg, 77.2%
in Halle and 70.4% in Regensburg. The response rate did
not differ between male and female cases.

Control subjects were randomly selected from a 1%
random sample of residents aged 25—70 years drawn by
the local population registration offices of the respec-
tive region. The participation rate was 53.4% among the
control subjects. The response rate of control subjects
was 50.8% in Frankfurt am Main, 46.1% in Freiburg,
61.6% in Halle and 58.4% in Regensburg. As in cases,
the response rate did not differ between male and female
control subjects. Due to lack of radiographic examina-
tion, the frequency of lumbar disc disease is unknown
among the population controls. A suspected prevalence
of lumbar disc disease of up to 10% among population
controls would result in a slight tendency to underesti-
mate potential risk factors.

As the low participation rate might have introduced
a selection bias, we asked non-participants by telephone
about their current job: 57% of non-participating cases
and 47% of non-participating control subjects gave their
current occupation. According to this information, the
proportion of blue-collar workers was higher among
non-participating cases (62% among non-participants,
50% among participants) and control subjects (50%
among non-participants, 37% among participants). Tak-
ing into account the higher response rate among cases,
the responder analysis does not point to a substantial
differential selection bias.

Ethics

This study was performed in compliance with the ethical
principles of the Helsinki Declaration. All subjects gave
their informed consent. The Hesse State Chamber of
Physicians controlled the study protocol of EPILIFT. The
ethics commission formulated no ethical or legal concerns
against the conduction of the EPILIFT study given that
the Hesse Federal Commissioner for Data Protection
and Freedom of Information Decline had no concerns.
In a second step, the Hesse Federal Commissioner for
Data Protection and Freedom of Information Decline
conducted another personal hearing and gave some com-
ments, which we considered in our informed consent.
After these requirements were fulfilled, the Hesse Data
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protection officer had no further concerns. The authors
declare they have no competing interests.

Exposure assessment

Cumulative physical workload (expressed by cumulative
lumbar load) was assessed in a two-step procedure. First,
a standardized computer-assisted interview was applied
to identify subjects that exceeded certain minimum
workloads through lifting and carrying of objects, push-
ing and pulling, working in trunk-flexed postures, and
whole-body vibration. Second, a comprehensive semi-
standardized personal expert interview was performed
with those subjects who (on the basis of the standard-
ized personal interview) exceeded those relatively low
“exposure thresholds” (63.3% of study participants).
These interviews were conducted by branch-orientated
ergonomic experts of the institutions for statutory acci-
dent insurance and prevention. On the basis of job-task
specific supplementary surveys, these experts docu-
mented (blind for the case-control status) the intensity,
frequency, and duration of all spine-related exposures
induced by manual materials handling (eg, lifting, carry-
ing, pushing, pulling, throwing, catching, or shoveling of
all objects weighing >5 kg), trunk inclination and twist-
ing, and whole-body vibration for the entire working
life of each subject (8). A biomechanical analysis based
on this expert assessment was conducted to determine
the compressive force on the lumbosacral disc for each
documented loading activity (range 0—8.4 kN). Quanti-
fication was based on biomechanical-model calculations
applying the three-dimensional dynamic simulation tool
“The Dortmunder” (9).

Several cumulative dose models (10) — each of
them based on disc-compressive force, duration, and
frequency of occurrence, but varying in thresholds at
calculating the lifetime lumbar dose — were considered
(and further dose models are currently considered in an
in-depth analysis) to describe the best dose—response
relationship between lifetime lumbar load and lumbar
disc diseases. However, the question of the “best” dose
model is of minor importance to the question of the
suitability of the RAP as effect measures. Therefore, just
as in the cited previous publication (6), in this analysis
all biomechanically relevant loading actions that are
assumed to potentially contribute to the development
of lumbar disc disease are included in the calculation of
cumulative lumbar load (ie, for the calculation of cumu-
lative lumbar load manual handling of objects of about
>5 kg and postures with trunk inclination of >20° are
considered). Lumbar disc compressive force is weighted
overproportionally (squared) in relation to the respective
duration of materials handling or intensive-load posture.
Generally, among cases only exposures up to the date of
first diagnosis were considered for analysis.
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Statistical analysis

Logistic regression analysis was applied to calculate
RAP, which describe how much sooner a given risk of
lumbar spine disease occurs among exposed than unex-
posed subjects. In the calculation of RAP, we applied the
same categorization procedure of variables as reported
by Seidler et al (6). For computation of a RAP, age has
to be included as a continuous variable in the regression
model. Region (place of residence) was considered to be
a potential confounder because occupational exposures
were suspected to differ between regions. Applying an
a-priori-defined procedure for the selection of potential
confounders as explained by Seidler et al (6), we found
that lifestyle factors did not confound the risk estima-
tors for physical workload. Therefore, lifestyle was
not included as a confounder in the regression models.
Notwithstanding our final model for case group 1 (males
with lumbar disc herniation) reported by Seidler et al
(6), we did not adjust for distress by unemployment,
as we cannot exclude that this factor might be influ-
enced by physical workload (potentially introducing
“cause and effect” bias). Socioeconomic status is itself
likely to influence the choice of occupation towards
physically demanding jobs. Additional adjustment for
socioeconomic status might consequently lead to an
underestimation of the relation between physical work-
load and lumbar spine disease. We therefore decided not
to control for socioeconomic status. Consequently, in
the calculation of RAP, only region (males) and region
and psychosocial workload (females) are included as
confounders in the logistic regression models.

A fundamental assumption underlying the RAP
concept is a monotonic increase in disease risk with age.
To verify this assumption, we analyzed the relationship
between age and lumbar spine disease risk. First we
calculated odds ratios (OR) for age in 10-year catego-
ries (<35 years as reference; 35— <45 years; 45— <55
years; 55— <65 years; 265 years). If the results of this
categorized analysis pointed to a monotonic increase
in disease risk with age, we further analyzed the rela-
tionship between age as a continuous variable and the
diagnosis of lumbar disc disease. We included age as a
linear variable, additionally as a quadratic term (age?)
and as a cubic term (age?). To decide about the adequate
form in which age should enter the model, we used the
Akaike information criterion (AIC).

Assuming a linear age term to reflect adequately
the relationship between age and lumbar spine disease,
we useD the lumbar spine disease risk for subjects with
a specific (categorized) physical workload compared
with non-exposed subjects (regression coefficient b;)
and the lumbar spine disease risk for each year of age
(regression coefficients b,) to estimate the RAP. A point
estimate of the RAP is given by the ratio of the regres-



sion coefficients b, and b, (RAP=b,/b,). We calculated
95% confidence intervals (95% CI) applying the delta
method as described by Brenner et al (2). In case of a
more complex dose—response relationship between age
and lumbar spine disease risk, the RAP would vary with
age: if, for example, the dose-response relationship
between age and lumbar spine disease risk would be best
expressed by a positive quadratic age term, then the RAP
would decrease with increase in age.

Considering the interaction term between age and
physical workload (results not shown), in our study,
there was no indication for a relevant aberration from
a multiplicative interaction mode. We therefore did not
perform any further interaction analyses.

Results

The relationship between age and lumbar spine disease
risk is shown in table 1. As a result of this analysis,
we did not find a monotonic increase in lumbar disc
herniation risk with age, but we found a steep positive
dose—response relationship between age and lumbar disc
narrowing among men as well as women. Compared to
individuals <35 years of age, men aged >65 years had an
OR for lumbar disc narrowing of 4.1 (95% CI 1.7-9.6);
women had an OR 0f 28.2 (95% 9.0-87.8). However, the
point estimators have to be interpreted cautiously because
of the small case numbers in the reference groups (ie,
<35 years old subjects). As the mentioned fundamental
assumption is fulfilled only for lumbar disc narrowing,
the following analyses are restricted to this disease.

To investigate the dose—response-relationship between
age and lumbar disc narrowing, we first included age as a
linear variable in the logistic regression model, revealing
a highly significant association between age and diagnosis
of lumbar disc narrowing (P<0.0005). If we additionally

Table 1. Age (10-year categories) and lumbar disc disease risk
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included age as a quadratic or even cubic term, these
additional terms were not significantly associated with
the diagnosis of lumbar disc narrowing. Furthermore, the
inclusion of a quadratic or cubic age term did not improve
the goodness-of-fit of the regression model as indicated
by AIC. Therefore, we included age as a linear variable
in the logistic regression model.

RAP are given in table 2. Among men, there was a
positive dose—response relationship between the cumu-
lative lumbar load (through manual materials handling
and/or intensive-load postures) and the acceleration of
lumbar disc narrowing. In the middle exposure group,
the RAP of the final model was non-significantly ele-
vated to 10.2 years (95% CI -4.0-24.4 years), in the
highest exposure category, it was significantly elevated
to 28.0 years (95% CI 9.7—-46.3 years). This means that,
for example, a 40-year-old man with a high cumulative
physical workload has a certain risk of symptomatic
lumbar disc narrowing that he would be expected to
have had at age 68 (28 years later) in case he had not had
any physical workplace exposure of the assumed inten-
sity. Among women, the RAP were less pronounced: the
RAP of the final model was 10.8 years (95% CI14.2-17.4
years) in the second-highest exposure category; in the
highest exposure category, the RAP did not further
increase (RAP=8.8, 95% CI 2.4—15.2 years).

Discussion

In this study, we found a monotonic increase with age in
lumbar disc narrowing, but not in lumbar disc herniation.
This finding is in accordance with the literature. Applying
computerized tomography, Kalichman et al (11) revealed
a clear age-dependency of disc narrowing. While in their
study, 25% of subjects aged <40 years showed disc space
narrowing, the prevalence rose to 55.3% among 40—49-

Age at diagnosis/interview Control subjects

Lumbar disc herniation

Lumbar disc narrowing

Mean SD N % Mean SD N % OR? 95%Cl Mean SD N % OR® 95%Cl
Men 473 126 48.7 1141 55.0 107
<35 years 84 185 27 94 1.0 - 9 6.2 1.0 -
35— <45 years 19 263 91 318 21 1337 20 1338 1.2 0.5-2.9
45— <55 years 97 214 73 255 19 1.1-34 31 214 2.1 0.9-4.9
55— <65 years 104 23.0 61 213 13 0824 51 352 2.9 1.3-6.6
>65 years 49 10.8 34 119 14 07-27 34 234 41 1.7-9.6
Women 464 118 471 1.8 560 9.8
<35 years 77 172 51 183 1.0 - 4 19 1.0 -
35— <45 years 137 30.6 71 255 07 0.4-1.1 27 131 3.2 1.1-9.6
45— <55 years 109 24.3 72 259 09 06-15 54 262 80 27-237
55— <65 years 94 210 58 209 09 05-15 78 379 146 5.0-428
>65 years 31 69 26 94 14 07-2.6 43 209 282 9.0-878
2 Adjusted for region.
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Table 2. Odds ratios (OR) and risk and rate advancement periods (RAP) of symptomatic lumbar disc narrowing with cumulative lumbar
load through manual materials handling and/or intensive-load postures. [95% Cl=95% confidence interval.]

Cases Control OR? 95% Gl Regression ~ RAP 95% Cl
subjects coefficient  (years)
N % N %
Men
Age 1.043 1.024-1.062 0.042
Cumulative lumbar load through manual materials handling
and/or intensive-load postures
0—-<5.0x106Nh 27 186 159 3541 1.0 - - 0 -
5.0-<21.51x10°Nh 31 214 147 325 15 0.9-2.8 0.429 102 -4.0-24.4
>21.51x106Nh 87 60.0 147 325 31 1.8-5.2 1.121 28.0 9.7-46.3
Women
Age 1.083 1.064-1.104 0.080
Cumulative lumbar load through manual materials handling
and/or intensive-load postures
0 Nh 55 26.7 195 435 1.0 - . 0 -
>0-<4.04x106Nh 28 136 84 1838 1.2 0.7-2.2 0.212 2.7 -10.7-16.1
4.04-<14.47x105Nh 50 243 85 19.0 24 1.4-41 0.867 10.8 42-17.4
>14.47x105Nh 73 354 84 1838 2.0 1.2-3.3 0.701 8.8 2.4-15.2

2 Adjusted for region (males) or region and psychosocial workload (females).

year old subjects, to 70.3% among 50—59-year olds, and
to 83.3% among those >60 years. However, we cannot
exclude differences in clinical practice according to the
age of patients. If, for example, patients with lumbar spine
diseases were more likely to be investigated radiographi-
cally at older ages, this might spuriously exaggerate the
age-dependency of symptomatic lumbar disc narrowing.

Several studies support our finding of an inversely
U-shaped age dependency of lumbar disc herniation.
Briiske-Hohlfeld et al (12) found the highest age-spe-
cific incidence of first lumbar disc operation for sus-
pected prolapsed in middle-aged persons (mean age 42
years). Dammers & Koehler (13) also found an age peak
among middle-aged patients suffering from lumbar disc
herniation (mean age 44.1 years) at the lowest spinal
segment (L5-S1), however, with increasing herniation
levels, the mean age increased. As the non-monotonic
age-dependency of lumbar disc herniation risk makes
the calculation of RAP impossible, the following discus-
sion is restricted to lumbar disc narrowing.

Among our patients with symptomatic lumbar disc
narrowing, radiographic findings (lumbar disc narrowing)
might partly be incidentally associated with low-back
pain. This would mean that, among these patients, low-
back pain would not be attributable to the narrowing.
However, our case definition “symptomatic lumbar disc
narrowing” does not rely just on the existence of low
back pain. Of male cases with symptomatic lumbar disc
narrowing, 31% had a radiculopathy with motor or senso-
motor deficits corresponding with the localization of the
narrowed discs, 23% had a corresponding radiculopathy
with sensory deficits, and 46% solely had a local lumbar
syndrome with a finger floor distance of >25 cm. Of
female cases with symptomatic lumbar disc narrowing,
25% had a radiculopathy with motor or sensomotor defi-
cits corresponding with the localization of the narrowed
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discs, 19% had a radiculopathy with sensory deficits, and
54% solely had a local lumbar syndrome with a finger
floor distance of >25 cm. Altogether, in about half of our
cases with symptomatic lumbar disc narrowing, the radio-
graphic signs correspond to the neurological finding of a
radiculopathy with motor or sensory deficits. Moreover,
with low-back-pain-free control subjects as reference, OR
for physically exposed cases with symptomatic lumbar
disc narrowing were considerably higher than those of
physically exposed control subjects with low-back pain
(14). Therefore, our cases with symptomatic lumbar disc
narrowing do not just reflect cases with low-back pain.
We found an adjusted RAP for symptomatic lumbar
disc narrowing of 28 years for men and close to 9 years
for women in the highest cumulative physical workload
category. As the point estimators of the relative risk (as
indicated by OR) do not substantially differ between
men and women in our study, the gender-specific RAP
differences cannot be explained by differences in rela-
tive risks for physical workload. In fact the relatively
weak age effect among men is responsible for the rela-
tively high RAP: the magnitude of the RAP is by defini-
tion inversely related to the strength of the age effect.
To our knowledge, no conclusive data are available
in the literature that allow an in-depth comparison of
the age-dependent prevalence of lumbar disc narrowing
between men and women. Among a representative sample
of 40-year-old Danish subjects (N=412), 59% of men but
only 48% of women had a reduced lumbar disc height as
diagnosed by MRI (15). The finding of a lower disc nar-
rowing prevalence of middle-aged women in comparison
with middle-aged men is in accordance with Kauppila et
al (16) who found, in a subsample of the Framingham
cohort, 19% of the 54-year-old (on average) men but
only 12% of the women showed disc space narrowing in
the conventional lumbar radiograph. In contrast, at the



follow-up examination about 25 years later, 60% of both
participating men and women showed disc space narrow-
ing. This result would be compatible with our finding of
a stronger age effect (concerning disc space narrowing)
among women than men. However, it has to be pointed
out that the sparse data allowing gender-specific compari-
sons are inconsistent. While, for example, the mentioned
studies of Kjaer et al (15) and Kauppila et al (16) found a
lower prevalence of disc space narrowing among middle-
aged women, Kalichman et al (17) found a comparable
prevalence of disc space narrowing among 53-years-old
(on average) men and women (64.1% of men, 63.8% of
women) applying computerized tomography.

Apart from possible (to date unknown) biologic rea-
sons for gender-specific differences in the age effect of
lumbar disc narrowing, methodological issues have to be
taken into account as a potential explanation for the differ-
ences in the age effect between men and women. In case—
control studies, age-specific risk estimators and therefore
also RAP point estimators are sensitive to age-specific
differences in participation between cases and control
subjects. While, among control subjects, we observed the
highest response rate among 55-65 year-old men (66%)
and women (68%), the response rate was, for example,
notably lower among women aged >65 years (39%) than
men >65 years (60%). Among women, the “crude” risk
increase per year of age (7.5%, solely adjusted for region)
remained nearly unchanged when non-responding control
subjects were included in the control group (7.3%). How-
ever, among men the “crude” risk increase per year of age
slightly rose from 5.3% to 6.0% when non-responding
control subjects were included in the control group. There-
fore, age-specific differences in the response rate between
men and women might partly explain the different RAP.
The weaker the strength of the age effect, the higher the
RAP point estimators, which limits their informative
value. Against the background of the hitherto sparse expe-
rience with RAP, RAP point estimators should be inter-
preted with particular caution in case of a weak age effect.

Several authors highlight the improved risk com-
munication provoked by estimators of the acceleration
of disease occurrence in comparison with estimators of
relative risk (3, 5). In this respect, a better understand-
ing of potential risks in the occupational health field
might more effectively motivate decision-makers to
enhance preventive measures. In clinical epidemiol-
ogy, several studies have dealt with the dependency of
data interpretation on the format of effect estimation,
particularly questioning the appropriateness of relative
risk estimators for risk communication (18). We cannot
be sure at all that RAP estimators really lead to a better
understanding of potential risks — for example, a RAP
of 28 years (as found in our study) could just as well
lead to a substantial overestimation of the benefits to be
expected by reductions of exposure. One has to keep in
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mind that the RAP concept does not totally differ from
that of relative risk; in fact, the RAP point estimator is
just the quotient of two (logarithmized) relative risk esti-
mators. Therefore, the better appropriateness of RAP (as
an example for an estimator of the acceleration of dis-
ease occurrence) still has to be empirically substantiated.

Another aspect requires a careful interpretation of
estimators of the acceleration of disease occurrence.
When RAP are used to allow for the acceleration of
disease occurrence as a causal effect, this suggests a spe-
cific etiologic mechanism: without the exposure under
consideration, the disease would also have occurred, but
at a later time. If an occupational exposure (for instance,
a toxic substance) led, among all exposed individuals, to
a generally age-dependent disease (for instance, acute
renal failure), predominantly individuals who, without the
exposure would not have developed this disease, would be
expected to develop acute renal failure; Greenland calls
this mechanism “unaffected occurrence” (1). In this case,
the calculation of a RAP would be feasible, but would
not make sense. Therefore, the RAP should only be cal-
culated when exposed persons are expected to develop a
disease that would have occurred, without the exposure,
at a later time, what Greenland refers to as “accelerated
occurrence” (1). Lumbar disc narrowing is a chronic
“progressive” process that sooner or later is believed to
affect all or at least most persons. Therefore, it appears
biologically plausible, that a high proportion of lumbar
spine narrowing caused by physical workload is due to
accelerated occurrence. Nevertheless epidemiologic data
cannot distinguish accelerated occurrences from unaf-
fected occurrences (1). Greenland states that “the only
way one can estimate the relative proportion of acceler-
ated and unaffected occurrences — and hence estimate the
probability of causation — is by positing a specific biologic
model for the disease process” (1). Therefore, even when
epidemiologic estimators of the acceleration of disease
occurrence (for example, RAP) can be useful to illustrate
the exposure-dependence of timing of disease occurrence,
statistical methods alone cannot decide about the reason-
ability of the acceleration concept. In-depth pathophysio-
logic knowledge is needed next to in-depth epidemiologic
knowledge to adequately describe the causal relationship
between exposure and disease occurrence.

Concluding remarks

In this population-based case—control study, RAP are
calculated to describe how much sooner a given risk of
symptomatic lumbar spine narrowing occurs among sub-
jects with heavy physical workload. We find RAP of <28
years (among men) which might partly be explained by
age-specific differences in participation between cases
and control subjects. Independent from methodological
considerations, the authors would like to emphasize the
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conceptual importance of risk acceleration — causation
not only comprises the occurrence of a disease (that
without exposure would not have occurred at all) but
also the accelerated occurrence of a disease (that without
exposure would have occurred later in life).
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