
Print ISSN: 0355-3140 Electronic ISSN: 1795-990X Copyright (c) Scandinavian Journal of Work, Environment & Health

Downloaded from www.sjweh.fi on April 05, 2014

Original article
Scand J Work Environ Health 2013;39(5):486-494 
doi:10.5271/sjweh.3365

Risk and rate advancement periods of total hip replacement
due to primary osteoarthritis in relation to cumulative
physical workload
by Rubak TS, Svendsen SW, Søballe K, Frost P

This is the first longitudinal study examining the risk and timing of
total hip replacement (THR) due to primary osteoarthritis in relation
to independently assessed lifelong cumulative physical workload at a
population level. Among men, the most highly exposed group had an
odds ratio of 1.3, and in this group, THR was performed 3.4 years
earlier in life.
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Objectives   This study aims to (i) evaluate relative risks, excess fraction of cases, and rate advancement periods 
for total hip replacement (THR) due to primary osteoarthritis in relation to lifelong cumulative physical workload 
and (ii) describe temporal trends in the proportion employed in the most highly exposed industries from 1986–2006. 
Methods   In a cohort study of the Danish working population, we assessed cumulative physical workload by 
combining year-by-year register information on employment industry with an industry exposure matrix that 
provided point scores (0–2) of physical workload. Cumulative physical workload was expressed as point-years 
corresponding to the pack-year concept of smoking. We retrieved register information on first-time THR during 
1996–2006 and used a logistic regression technique to fit discrete time hazards models adjusting for age and 
other factors. We calculated excess fraction of cases and rate advancement periods.
Results   Total numbers of point-years ranged from 0–86. For men, an exposure–response relation was observed 
reaching an odds ratio of 1.33 [95% confidence interval (95% CI) 1.17–1.53] for the highest exposure category 
(35–86 point-years) compared to 0 point-years. The excess fraction of cases was 18%, and THR took place up to 
3.4 years earlier with increasing exposure. For women, no exposure–response relation was found. 
Conclusions   At the population level, cumulative physical workload increased the risk of THR among men, with 
surgery being performed slightly earlier in life. The proportion employed in the most highly exposed industries 
remained constant.

Key terms   cohort study; epidemiology; excess fraction; exposure assessment; industry exposure matrix;  
register study; risk estimation.
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Primary osteoarthritis (OA) is the most common joint 
disorder in the world and often affects the knee and hip 
joints (1). In the US, the combined number of knee and 
hip joint replacements exceeds 350 000 annually (1). In 
Denmark, 78% of all total hip replacements (THR) per-
formed in 2010 were due to primary hip OA, 58% were 
performed among women, and 51% took place before 
the age of 70, ie, in the working age population (2).

For patients with primary hip OA, pain and disability 
are the most important indications for THR (3), which 
may be seen as an indicator of end-stage disease (4). 
End-stage OA is of public health concern in Western 
societies, among other things because of the influence on 

physical capacity also among working age people. Risk 
factors for primary hip OA include aging, hip injuries, 
constitutional predispositions (5), and a high body mass 
index (5–7).  

It is a longstanding theory that mechanical wear and 
tear throughout life may be a contributing cause of pri-
mary hip OA (8). Several reviews have concluded that 
there is evidence of a causal relationship with physical 
workload (9–13). The reviews have also agreed that there 
is sparse knowledge of relations with cumulative expo-
sures. Focusing on studies that included THR in their case 
definitions and applied some sort of cumulative exposure 
estimates, the body of literature is manageable. One cross-
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sectional study (14) and two case–control studies (15, 16) 
examined the risk of radio-graphically diagnosed OA or 
a previous THR among men in relation to duration of 
employment in jobs with a high physical workload. The 
studies reported an increased risk especially for those 
with ≥10 years of employment as farmers or agricultural 
laborers (14, 15) or >15 years of employment in jobs with 
heavy lifting (16) when compared to men who had under-
gone intravenous urography (15) or pyelography (16) or 
men with sedentary work (14). The risk of THR or being 
on a waiting list for THR has been examined in four case–
control (17–20) and one cohort study (21). Duration of 
employment in farm work was related to an increased risk 
in one of the case–control studies, which only included 
men (18). The remaining three studies relied on self-
reported retrospective exposure information (17, 19, 20). 
One of these studies included only men (19), one both 
men and women (17), and one only women (20). Signifi-
cant associations with climbing stairs were observed for 
both men and women, while associations with cumulative 
lifting were observed for men only and with jumps for 
women only. For both men and women, the follow-up 
study reported an increased risk of THR with increasing 
number of years of employment as construction workers, 
farmers, and healthcare assistants as compared to office 
workers (21). Other case–control (6, 22, 23) and cohort 
studies (24, 25) included THR in their case definitions, 
but did not use cumulative exposure estimates. 

None of the aforementioned studies focused on the 
question whether THR is performed earlier in life with 
increasing cumulative physical workload (26, 27). Accel-
erated occurrence is not reflected in estimates of relative 
risk or excess fraction of cases (28). If a high cumulative 
physical workload is associated with advanced timing of 
THR, this will be of great public health concern. We are 
not aware of longitudinal studies examining the impact of 
lifelong cumulative exposures to physical workloads on 
risk and timing of THR at a population level. 

The aim of this study was to evaluate the risk of THR 
due to primary OA in Denmark in relation to lifelong 
cumulative physical workload and assess the corre-
sponding excess fraction of cases and rate advancement 
periods using information from nationwide registers. A 
further aim was to describe temporal trends in the pro-
portion of the working population employed in the most 
highly exposed industries during 1986–2006. 

Methods

Design and population

We conducted a register-based cohort study. Using data 
from the Danish Civil Registration System (CRS) (29) 

obtained in 2007, we identified all persons born in Den-
mark between 1 January 1925 and 31 December 1964. 
Persons were excluded if they had claimed protection 
against inquiries in connection with scientific studies. 
Through linkage with the Supplementary Pension Fund 
Register (30), we excluded those who had not reached 
ten years of full-time employment between 1964–2006; 
of note, periods of self-employment are not registered. 
We also excluded individuals living in Greenland, those 
who had emigrated or died before 1 January 1996 or 
before reaching ten years of full-time employment, and 
those who had a hospital diagnosis of primary hip OA 
between 1977–1995 (both years included) according to 
the National Patient Register (NPR) (31) as this could 
reflect prior joint surgery. Furthermore, we excluded 
those who had missing information on socioeconomic 
status (SES), see below. 

Outcome and follow-up

Outcome was defined as first-time THR due to primary 
OA. Information on type and date of surgery was col-
lected from the NPR. Until 1 January 1994, diagno-
sis was based on ICD-8 codes (osteoarthrosis coxae: 
713.00) and thereafter on ICD-10 codes (arthrosis coxae 
primaria: M16.0, M16.1, M16.9). From 1 January 1996, 
and onwards, operations were registered in accordance 
with the NOMESCO Classification of Surgical Proce-
dures (hip replacement surgery: KNFB20, KNFB30, 
KNFB40, KNFB99). 

Follow-up time was calculated from 1 January 1996, 
or the beginning of the first year after obtaining ≥10 
years of fulltime employment, whichever came last, 
until the year of THR due to primary OA or censoring 
due to (i) THR for other reasons than primary OA, (ii) 
emigration, (iii) death, or (iv) end of follow-up by 31 
December 2006, whichever came first. 

Exposure assessment

For each individual and year of employment since 
1964, we obtained information on industry and degree 
of employment (part-, full-, or over-time), from the 
Supplementary Pension Fund Register. The register 
applied 111 industries of employment according to the 
Danish Industrial Classification of All Economic Activi-
ties 2003 (32).

Information on industry of employment was linked 
to an industry exposure matrix (IEM) developed for 
the purpose of this study. Three of the authors indepen-
dently rated the overall physical workload to the hip 
in each industry on a 3-point scale: 0=minimal load, 
1=moderate load, and 2=high load. Exposures taken 
into consideration were primarily total load lifted per 
day but also – in order of priority – frequency of lifting 
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burdens weighing ≥20 kg, whole-body vibration, and 
standing/walking the majority of the working day. A 
similar approach for tripartition of professions according 
to overall manual exposures has been described previ-
ously (33). Two of the authors were senior consultants 
in occupational medicine and the third was a junior 
doctor in specialty training within occupational medi-
cine. Ratings agreed for 103 of the 111 groups (93%), 
and the difference between ratings never exceeded one 
point, meaning that at least two authors agreed for all 
groups. Final ratings were reached by majority decision 
with consent from the author whose rating stood alone. 
Examples of industries with minimal physical workload 
were “secondary education” and “financial institutions”. 
Industries with moderate load included “restaurants” and 
“hospital activities”. Highly exposed industries were, for 
instance, “bricklaying”, “agriculture“, and “production 
etc. of meat and meat products”. 

For each individual, we calculated point-years, a 
cumulative estimate of physical workload, as number of 
employment years (adjusted to full-time employment) 
in a specific industry times the corresponding score of 
physical workload from the IEM and summarized across 
all registered employments (34). This calculation corre-
sponds to the pack-year concept used for tobacco con-
sumption. It was possible for participants to accumulate 
exposure points during the follow-up period.

Socioeconomic status

Information on SES was gathered from Statistics Den-
mark. SES from 1980 was used for those born 1925–
1935, while SES from 1986, 1996, and 2006 was used 
for those born 1936–1945, 1946–1955 and 1956–1964, 
respectively. If SES for the relevant year was missing, 
the nearest informative SES was used. Based on the 
coding schemes of Statistics Denmark, we created a 
common classification of SES with five groups: (i) self-
employed and their spouses, (ii) upper level top manag-
ers and employees, (iii) intermediate level employees, 
(iv) basic level employees or those with missing infor-
mation on skill level, and (v) persons outside the labor 
market or unemployed. 

Ethics

The Danish Data Protection Agency approved the 
study. In Denmark, register studies do not need to be 
approved by the Committee System on Biomedical 
Research Ethics. 

Statistical analysis

We calculated correlation coefficients and 95% confi-
dence intervals (95% CI) between cumulative physi-

cal workload and age at start of individual follow-up, 
and between cumulative physical workload at start of 
individual follow-up and SES at age 40–55 years. The 
risk analysis of THR was stratified by sex. We used a 
multiple logistic regression technique including num-
ber of follow-up intervals (years) to fit discrete time 
hazard models including cumulative physical workload 
and age as time varying variables (35). Main analyses 
were performed with an exposure time lag of one year. 
We categorized the total number of point-years into six 
groups. The following upper cut-off levels were chosen: 
0 (reference group), 5, 15, 25, 35, and 86 point-years. 
We selected cut-off levels based on the total distribution 
of point-years to obtain exposure groups of approxi-
mately equal size, while ensuring exposure contrast and 
comparability between men and women. Each person 
could contribute to more than one exposure category 
during follow-up. Furthermore, we analyzed point-years 
as a continuous exposure variable. 

A priori, we decided to include age (time varying), 
SES (group 1 as reference), county of residence, and 
calendar year in the full model. Analyses were repeated 
using age 70 years as an additional censoring criterion. 
SES was included to serve as a proxy for individual 
confounders, eg, obesity and physical activity.

In case of increased risks [odds ratio (OR)], we 
estimated the potential for prevention by calculating 
the excess fraction of THR that could be attributed to 
cumulative physical workload by multiplying the aetio-
logic fraction, (ORadjusted-1)/ORadjusted for each exposure 
category with the number of cases within the exposure 
category, then summing up the excess numbers (integer 
parts) of THR across all exposure categories, and finally 
dividing the sum by the total number of THR (36). The 
risk of THR increased monotonically with age and, to 
calculate rate advancement periods (years), we included 
age as a continuous variable in the regression model. We 
used adjusted coefficients and variance estimates from 
the logistic regression analysis to calculate rate advance-
ment periods with 95% CI (26). 

Chronic pain and disability due to hip OA may lead 
to change of employment into less-exposed industries, 
which may lead to postponement or avoidance of THR. 
To evaluate potential health-related selection into less 
exposed industries, we analyzed whether a fall in IEM 
score – as compared to the persons’ score three years 
previously – was associated with an increased risk of 
THR. Persons were only eligible for these analyses 
if they had been employed for at least one year since 
1996 in industries with an IEM score >0 because other-
wise they could not experience a fall in IEM score. We 
excluded persons who were not at risk of THR and those 
who were >65 years of age by 1 January 1999. 

We evaluated the effect of applying a lag time of 
three instead one year in analyses including all who 
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were still at risk of THR and <66 years of age by 1 
January 1999.  

Main analyses were performed on Statistics Den-
mark’s research platform using Stata 11.2 SE (Stata-
Corp, College Station, TX, US). 

Results

A total of 899 549 women and 1  010 944 men were 
included in the study. Figure 1 shows how the study 
cohorts were established. Tables 1 and 2 depict the dis-
tribution of follow-up time, number of cases, age, and 
SES, according to categories of cumulative physical 
workload for women and men. At start of individual fol-
low-up, the women and men were on average 48.2 and 
49.1 years old, respectively, and the men had a higher 
mean cumulative physical workload (17.7 point-years) 
than the women (10.6 point-years). The correlation coef-
ficient between cumulative physical workload and age 
was 0.173 (95% CI 0.171–0.175) for women and 0.287 
(95% CI 0.275–0.289) for men, and the correlation coef-
ficient between cumulative physical workload and SES 
was -0.015 (95% CI -0.017– -0.013) for women and 
0.043 (95% CI 0.041–0.045) for men.

The percentages of those aged 18–64 employed in 
IEM groups 0 and 1 changed over time, while the percent-
ages working in IEM group 2 (the most highly exposed 
group) stayed constant both among women and men. In 
1986, 1996, and 2006, respectively, 43%, 53%, and 53% 
of the women were employed in industries belonging to 
IEM group 0. For IEM group 1, the corresponding per-
centages were 47%, 38%, and 36%, while for IEM group 
2, the percentages were 10%, 9%, and 11%. Among men, 
the percentages employed in IEM group 0 increased from 
30% to 37% and 41% in 1986, 1996, and 2006, respec-
tively. The corresponding percentages employed in IEM 
group 1 were 45%, 42%, and 36%, while the percentages 
employed in IEM group 2 were 25%, 21%, and 23%. 

During 9 126 600 person years of follow-up, 8784 
new cases of THR appeared among women. Among 
men, 9900 new cases were recorded during 10 297 402 
person years of follow-up. Table 3 shows risk estimates 
for women. No increase in risk of THR was observed 
in relation to increasing cumulative physical workload. 
Age was the most important risk factor with an increased 
risk of 11% per year. Table 4 shows risk estimates for 
men. Both in the age- and the fully adjusted model, an 
exposure–response relation was seen for cumulative 
physical workload. Again, age was a strong risk factor 
with an increased risk of 9% per year. For both women 

Figure 1. Flow chart from birth cohorts to study population.
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and men, analyses with censoring at age 70 showed 
similar estimates (results not shown).

Table 5 shows the excess fraction of cases and rate 
advancement periods among exposed men. A total of 
1733 excess cases were seen, corresponding to a fraction 
close to 18% of all cases of THR (N=9900). THR was 
performed between 1.5–3.4 years earlier with increas-
ing cumulative physical workload as compared to the 
reference group.

A decline in IEM score over three-year intervals 
(from 1996–2006) characterized 9% and 12% of the 
total risk time among women and men, respectively. 
Among both women and men, who had been employed 
for at least one year since 1996 in industries with an IEM 
score >0, a decline in IEM score across the preceding 
three-year interval predicted THR. The OR adjusted 
for age and calendar year were 1.5 (95% CI 1.29–1.63) 

and 1.7 (95% CI 1.61–1.89) among women and men, 
respectively. OR based on point-years with a time lag 
of three years were similar to OR based on point-years 
with a time lag of one year for both women (total risk 
time=5 340 609 person-years, number of cases=3052) 
and men (total risk time=5 496 513 person-years, num-
ber of cases=3915). 

Discussion

We evaluated the impact of cumulative physical work-
load to the hips (expressed in point-years) on risk of 
THR in the Danish working population. We showed 
a slight increase in risk in relation to the number of 
point-years, reaching a maximum OR of 1.3 for men. No 

Table 1. Number of cases, follow-up time, and age at start of follow-up, according to categories of cumulative physical workload for 
women and men. [SD=standard deviation]

Cumulative  
physical workload 
(point-years) a

Women Men

Cases Follow-up time 
(years)

Age Cases Follow-up time 
(years)

Age

N N Mean SD N N Mean SD

0 515 323 223 51.5 11.4 242 186 236 55.6 11.5
>0–<5 1720 2 110 311 46.4 9.4 755 1 146 384 46.0 9.1
5–<15 3159 3 396 281 47.3 10.0 2075 2 617 028 46.3 10.5
15–<25 2109 2 162 062 50.2 9.3 2447 2 748 192 48.6 10.5
25–<35 917 829 540 52.8 8.4 2335 2 090 511 53.5 9.0
35–86 364 305 183 53.6 7.9 2046 1 509 051 55.7 7.6
Total 8784 9 126 600 48.2 9.9 9900 10 297 402 49.1 10.5
a Point-years: years of full-time employment weighted by score of physical workload in employment industry.

Table 2. Distribution of socioeconomic status at age 40–55 years, according to categories of cumulative physical workload for women 
and men.

Cumulative physical workload (point-years) a

0 >0–<5 5–<15 15–<25 25–<35 35–86 Total

N % N % N % N % N % N % N %

Women
Self-employed and their spouses 956 2.7 10 549 4.3 23 773 6.3 5 361 3.0 750 1.6 113 0.8 41 502 4.6
Top managers and employees at 
upper level

1571 4.3 7867 3.2 8445 2.2 4841 2.7 2056 4.4 486 3.5 25 266 2.8

Employees at intermediate level 18 513 52.0 114 437 46.4 149 997 39.8 82 616 46.0 24 780 53.1 6691 48.3 397 034 44.1
Employees at basic level or with 
missing information on skill level

12 778 35.9 86 238 35.0 160 224 42.5 80 530 44.8 18 330 39.3 6373 46.0 364 482 40.5

Persons outside the labor market  
or unemployed

1817 5.1 27 446 11.1 34 711 9.2 6355 3.5 758 1.6 187 1.4 71 274 7.9

Men
Self-employed and their spouses 1121 5.2 11 187 8.2 48 239 15.2 26 885 9.8 7951 4.6 2694 3.1 98 077 9.7
Top managers and employees at 
upper level

4843 22.6 16 928 12.4 29 149 9.2 27 229 9.9 22 738 13.2 11 697 13.3 112 584 11.1

Employees at intermediate level 12 052 56.3 69 699 51.2 107 004 33.7 89 793 32.6 74 701 43.5 39 240 44.5 392 489 38.8
Employees at basic level or with 
missing information on skill level

2794 13.1 26 725 19.6 104 250 32.8 121 719 44.1 64 184 37.4 33 978 38.6 353 650 35.0

Persons outside the labor market  
or unemployed

597 2.8 11 738 8.6 28 846 9.1 10 220 3.7 2221 1.3 522 0.6 54 144 5.4

a Point-years: years of full-time employment weighted by score of physical workload in employment industry.
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exposure–response relation was observed for women. 
For men, the excess fraction of cases amounted to 18% 
of all cases and THR occurred up to 3.4 years earlier 
with increasing cumulative physical workload.   

We took advantage of national longitudinal registers 
to obtain individual information about THR, employment 
industry (year-by-year since 1964), duration of employ-
ment, SES, and county of residence. Using an IEM based 
on expert judgment, we obtained independent exposure 
estimates, thus avoiding recall bias, which may have 
inflated risk estimates in previous studies of THR (or 
being on a waiting list for THR) relying on self-reported 
exposures (6, 17, 19, 20, 23). For the oldest age groups, 
we may have underestimated the number of point-years 
because the Supplementary Pension Fund Register was 
not created until 1964. This may have inflated the OR for 
lower exposure categories and thus have led to underesti-
mation of exposure–response relations. However, analy-
ses with censoring at age 70 showed similar estimates. 
We had calendar year specific information on employ-
ment industry and were able to account for transitions 
between industries, thereby minimizing the risk of healthy 
worker bias. Indeed, a decline in IEM score was related 
to an increased risk of THR, indicating the importance of 
applying cumulative exposure assessment. 

Although the IEM scores corresponded well with the 
Canadian tripartition of professions into manual, mixed, 
and non-manual (33), we are aware of the weakness of 
the crude exposure assessment that we applied, which 

may have resulted in an underestimation of true risks. For 
instance, some employees in industries classified as hav-
ing moderate or high loads may in fact have performed 
administrative tasks and thus should have received mini-
mal workload estimates. Furthermore, we did not attempt 
to disentangle the effects of specific physical exposures. 
Results from a case–control study nested within this 
cohort study will provide further information on risk 
in relation to specific exposure measures based on self-
reported job titles combined with a job exposure matrix 
that we have developed for this purpose and accounting 
for individual risk factors such as obesity. 

The contrasts in cumulative exposures were, to a 
large extent, driven by the exposure duration component, 
yielding a risk of residual confounding by age. Reassur-
ingly, correlation coefficients between age and cumulative 
physical workload were low for both men and women. 
Due to the register set-up of the study, we were not 
able to control for body mass index and constitutional 
predispositions, but we do not expect these factors to be 
heavily skewed between industries. Among men and, to 
a lesser extent, also among women, we observed lower 
risks of THR in the lower compared to the highest SES 
group “self-employed and their spouses” (the reference 
group). The lowest risk was seen in the SES group “top 
managers and employees at upper level”. The explanation 
of this finding may be that the reference group included 
self-employed with high physical workloads, eg, farmers 
and craftsmen owning small enterprises. 

Table 3. Risk estimates of total hip replacement due to pri-
mary osteoarthritis for women. [ORadj=adjusted odds ratio; 95% 
CI=95% confidence interval; SES=socioeconomic status]

Exposure ORadj
a ORadj

b ORadj c 95% CI

Cumulative physical workload  
(point-years) d
Reference e 1.00 1.00 1.00 ..
>0–<5 0.97 0.96 0.96 0.8–1.06
5–<15 0.97 0.96 0.96 0.87–1.05
15–<25 0.94 0.94 0.94 0.85–1.04
25–<35 0.98 0.98 0.99 0.88–1.10
35–86 1.00 1.00 1.01 0.88–1.16

Continuous with 5-point-year increments 1.00 1.00 1.00 0.99–1.01
Age, continuous with 1-year increments . 1.11 1.11 1.11–1.11
SES at age 40–55 years
Self-employed and their spouses 1.00 . 1.00 ..
Top managers/employees (upper level) 0.81 . 0.85 0.72–0.99
Employees (intermediate level) 0.88 . 0.91 0.82–1.02
Employees (basic level or missing  
information on skill level)

0.82 . 0.85 0.76–0.95

Persons outside the labor market or 
unemployed

1.09 . 1.10 0.96–1.26

a Adjusted for age.
b ORadj

a + cumulative physical workload, calendar year, and county of 
residence.

c ORadj
b + SES and county of residence.

d Years of full-time employment weighted by score of physical work-
load in employment industry. 

e Never worked in industry with intermediate or high physical workload.

Table 4. Risk estimates of total hip replacement due to primary 
osteoarthritis for men. [ORadj=adjusted odds ratio; 95% CI=95% 
confidence interval; SES=socioeconomic status]

Exposure ORadj
a ORadj

b ORadj c 95% CI

Cumulative physical workload  
(point-years) d
Reference e 1.00 1.00 1.00 ..
>0–<5 1.25 1.16 1.13 0.98–1.31
5–<15 1.33 1.24 1.14 1.00–1.31
15–<25 1.38 1.27 1.19 1.04–1.36
25–<35 1.44 1.32 1.27 1.11–1.48
35–86 1.60 1.39 1.33 1.17–1.53

Continuous with 5-point-year increments 1.03 1.02 1.02 1.02–1.03
Age, continuous with 1-year increments ∙ 1.09 1.09 1.09–1.09
SES at age 40–55 years
Self-employed and their spouses 1.00 . 1.00 ..
Top managers/employees (upper level) 0.58 . 0.63 0.58–0.68
Employees (intermediate level) 0.72 . 0.73 0.69–0.79
Employees (basic level or missing  
information on skill level)

0.90 . 0.87 0.81–0.93

Persons outside the labor market or 
unemployed

0.85 . 0.87 0.77–0.99

a Adjusted for age.
b ORadj

a + cumulative physical workload, calendar year, and county of 
residence.

c ORadj
b + SES and county of residence.

d Years of full-time employment weighted by score of physical work-
load in employment industry. 

e Never worked in industry with intermediate or high physical workload.
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In accordance with recent recommendations, we 
performed analyses stratified by sex (37). The exposure 
distribution for women was skewed towards lower 
cumulative physical workload than for men. Thus, 
effects of high exposures were less well explored among 
women, meaning that we may have overlooked effects 
of high exposures. Furthermore, our results probably 
underestimated risks especially among women because 
women in industries with high exposures would be more 
likely to hold jobs with minimal physical workload, eg, 
office jobs. A greater tendency towards exposure mis-
classification for women than men may be part of the 
explanation why we only found an exposure–response 
relation for men. Maybe more valid exposure estimates 
could have been obtained if our IEM had been made for 
women and men separately. However, the Danish labor 
market is, to a large extent, gender segregated, so the 
practical significance of such an effort may be limited. 

Health service is free of charge in Denmark. Valid 
information on THR can be obtained from the NPR, 
where, in general, there is a very good agreement 
between medical records and registered information on 
surgical interventions (38). We had no information on 
hospital diagnoses of hip OA prior to the establishment 
of the NPR in 1977, but THR was uncommon until the 
late 1970s. Thus, we do not suspect any significant mis-
classification of the outcome. 

To our knowledge, the present study is the first 
longitudinal study examining the risk and timing of 
THR due to OA at the population level in relation to 
independently assessed lifelong cumulative physical 
workload. Our findings were in accordance with earlier 
findings of an increased risk of THR among men in rela-
tion to duration of employment in selected physically 
demanding jobs (18, 19, 21). Andersen et al (21) classi-
fied the vast majority of the Danish work force into five 

occupational groups. In our study, these jobs would be 
assigned an IEM score of 2 (construction workers, floor- 
and bricklayers, farmers), an IEM score of 1 (healthcare 
assistants), or an IEM score of 0 (office workers). The 
excess fraction of all cases in the study by Andersen et 
al (21) amounted to 27.5% (2301 out of 8353 cases) 
among men and 5.5% (443 out of 8056 cases) among 
women (our calculations). For women, employment 
in industries covered by our IEM group 2 contributed 
with only 8% of the total risk time (21). In the study by 
Andersen et al (21) the reference group of office workers 
may have differed from the group of healthcare assis-
tants, where the majority of the exposed females were 
employed, with respect to possible confounders such 
as a high body mass index, and this may have inflated 
the risk estimates. We have identified one other study 
regarding the risk of THR among women in relation to 
cumulative physical workload (20); the study was based 
on self-reported generic exposures that were collected 
retrospectively, and therefore, it is likely that recall bias 
may have contributed to the positive association, which 
was observed. Thus, the two positive studies may have 
overestimated risks, whereas our negative study may 
have underestimated them especially among women. We 
plan to look deeper into the impact of cumulative physi-
cal workload on risk of THR among men and women 
in the aforementioned case–control study nested within 
the present cohort study.  

 The present study comprised the Danish working 
population with at least ten years of full-time employ-
ment. We think that the results can be generalized to 
working populations in countries with similar working 
conditions and easy access to THR. 

In spite of the fact that all identified sources of bias 
in the present study would lead to underestimated risks, 
we did find an exposure–response relation between 

Table 5. Odds ratios (OR) of total hip replacement due to primary osteoarthritis, excess fractions of cases, and rate advancement pe-
riods in a cohort of 1 010 944 men followed from 1 January 1996 to 31 December 2006. [95% CI=95% confidence interval; RAP=rate 
advancement period].

Cases ORadj
a Cases (excess fraction) b Coefficientadj

a RAP (years) 95% CI

N N %

Age (years) ∙ 1.09 ∙ . 0.0857 ∙ ∙ ∙
Cumulative physical workload (point-years) c
Reference d 242 1.00 0 0.0 0.00 0.0 ∙ ∙
>0–<5 755 1.13 86 11.4 0.1262 1.5 -0.2–3.2
5–<15 2075 1.14 254 12.2 0.1354 1.6 0.0–3.2
15–<25 2447 1.19 390 15.9 0.1718 2.0 0.4–3.6
25–<35 2335 1.27 496 21.2 0.2366 2.8 1.2–4.3
35–86 2046 1.33 507 24.8 0.2886 3.4 1.8–4.9
Total 9900 ∙ 1733 17.5 ∙ ∙ ∙ ∙

a Mutually adjusted for cumulative physical workload, age, calendar year, SES, and county of residence.
b The excess fraction of cases is obtained by multiplying the aetiologic fraction, (ORadj -1)/ORadj for each exposure category with the number of cases 

within the exposure category, then summing up the excess numbers of cases across all exposure categories, and finally dividing the sum by the total 
number of cases and converting to percent. 

c Years of full-time employment weighted by score of physical workload in employment industry.
d Never worked in an industry with intermediate or high physical workload.
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lifelong cumulative physical workload to the hips and 
risk of primary hip OA leading to THR among men. The 
excess fraction of cases among men was 18%, and THR 
was performed up to 3.4 years earlier with increasing 
exposure, which we find impressive considering the fact 
that we most likely underestimated associations. Among 
women, we found no exposure–response relation, which 
may well be explained by lower exposure levels and a 
larger degree of exposure misclassification. The propor-
tion of the working population that was employed in the 
most highly exposed industries stayed constant over a 
20-year period. Thus, from a public health perspective, 
our results suggested that, at least among men, there is 
an unutilized potential for prevention.   
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