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Associations of Occupational Tasks with Knee and Hip
Osteoarthritis: The Johnston County Osteoarthritis
Project
KELLI D. ALLEN, JIU-CHIUAN CHEN, LEIGH F. CALLAHAN, YVONNE M. GOLIGHTLY,
CHARLES G. HELMICK, JORDAN B. RENNER, and JOANNE M. JORDAN

ABSTRACT. Objective. This cross-sectional study examined associations of occupational tasks with radiographic
and symptomatic osteoarthritis (OA) in a community-based sample.
Methods. Participants from the Johnston County Osteoarthritis Project (n = 2729) self-reported the
frequency of performing 10 specific occupational tasks at the longest job ever held (never/sel-
dom/sometimes vs often/always) and lifetime exposure to jobs that required spending > 50% of their
time doing 5 specific tasks or lifting 22, 44, or 110 pounds 10 times weekly. Multivariable logistic
regression models examined associations of each occupational task separately with radiographic and
symptomatic knee and hip OA, controlling for age, race, gender, body mass index, prior knee or hip
injury, and smoking.
Results. Radiographic hip and knee OA were not significantly associated with any occupational
tasks, but several occupational tasks were associated with increased odds of both symptomatic knee
and hip OA: lifting > 10 pounds, crawling, and doing heavy work while standing (OR 1.4–2.1).
More occupational walking and standing and less sitting were also associated with symptomatic
knee OA, and more bending/twisting/reaching was associated with symptomatic hip OA. Exposure
to a greater number of physically demanding occupational tasks at the longest job was associated
with greater odds of both symptomatic knee and hip OA.
Conclusion. Our results confirm an association of physically demanding occupational tasks with
both symptomatic knee and hip OA, including several specific activities that increased the odds of
OA in both joint groups. These tasks represent possibilities for identifying and targeting at-risk indi-
viduals with preventive interventions. (First Release Feb 15 2010; J Rheumatol 2010;37:842–50;
doi:10.3899/jrheum.090302)
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There are a few known modifiable risk factors for
osteoarthritis (OA). Understanding these factors is critical
for preventive efforts. In addition to overweight and joint
injury, which are both associated with increased risk for
lower extremity OA1, another potentially important factor is
exposure to physically demanding occupational tasks2. In

research, evidence for an association between occupational
activities and OA has been strongest for the knee3.
Specifically, studies have shown greater odds of both radio-
graphic and symptomatic knee OA among individuals with
overall physically demanding jobs, as well as with some
specific occupational tasks, particularly knee-bending3-7. A

 www.jrheum.orgDownloaded on May 24, 2023 from 

http://www.jrheum.org/


843Allen, et al: Occupational tasks and OA

number of studies have shown moderate associations with
radiographic and symptomatic hip OA with specific occupa-
tions, especially farming, as well as with greater overall
physical demands of work8-13. There has been less research
examining associations of specific occupational tasks with
hip OA, but some studies indicate stair-climbing and heavy
lifting are associated with hip OA12-16.

Our purpose was to examine associations of occupation-
al physical demands with lower extremity OA in the
Johnston County Osteoarthritis Project (JoCo OA). These
analyses are intended to augment prior knowledge regarding
associations between occupation and OA in 3 key ways.
First, we included several different types of occupational
variables, including broad occupational categories, specific
tasks performed at participants’ longest job, and lifetime
exposure to specific occupational tasks. This can provide
more detail about the types of occupational variables most
strongly associated with lower extremity OA, data that may
direct future epidemiological work, methods, and interven-
tions. Second, we separately examined associations of occu-
pational variables with knee and hip OA, to add to the rela-
tively small body of literature for hip OA. Third, we sepa-
rately examined associations of occupational variables with
radiographic and symptomatic OA. This is important
because factors associated with radiographic versus sympto-
matic OA may differ, and symptomatic OA is of primary rel-
evance from the perspectives of public health and clini-
cal/health services. In addition, we included information on
household tasks as covariates; these have typically not been
examined in this context.

MATERIALS AND METHODS
Subjects. This cross-sectional sample was composed of individuals enrolled
in JoCo OA, an ongoing community-based study of the occurrence of knee
and hip OA in a rural region of the state of North Carolina, USA. Details of
this study, including sampling strategies and recruitment methods, have
been reported17. JoCo OA involved civilian, noninstitutionalized Caucasian
and African American adults aged 45 years and older who resided in 6
townships in Johnston County, North Carolina. Households in these town-
ships were visited to gather information about the demographic character-
istics of the residents and invite participation of those who were eligible. At
baseline (1991-1997), participants were recruited with oversampling of
African Americans and undersampling of women age 65 years and older to
provide adequate sample sizes for domains of interest (i.e., racial and eth-
nic differences). Our analysis used data collected from individuals who had
participated in either the first followup of the study (n = 1733) in
1999-2004, or the new enrollment (n = 1015) in 2003-2004 (total 2748; see
Figure 1). The new enrollment aimed to enrich the sample for African
Americans and younger individuals. Therefore the newly enrolled partici-
pants were younger (mean age 59.3 vs 65.8 years) and more likely to be
African American (40% vs 28%) than the participants of the first followup
study; the 2 groups did not differ according to gender. Compared with the
sample who participated in baseline assessments (1991-1997), the followup
sample (1999-2004) comprised a higher proportion of females (65% vs
61%) and Caucasians (71% vs 68%).

Figure 1 shows participants who were included in analyses involving
specific outcomes of radiographic and symptomatic knee and hip OA.
Among participants who did not have hip radiographs, most were women
under age 50 who did not receive hip radiographs in this study by protocol;

other reasons included exceeding the weight limit for the radiograph table
and bilateral hip arthroplasty. Among those who did not have knee radio-
graphs, reasons included knee arthroplasty and inability to stand on their
own for the radiograph. For both hip and knee radiographs, there were very
few participant refusals. Symptom data were missing due to participant
nonresponse on these items.
Outcomes. Participants underwent posterior-anterior radiography of both
knees with weight-bearing using a Synaflexer™ lower limb positioning
frame (Synarc, San Francisco, CA, USA). Supine anteroposterior pelvis
radiographs were obtained on all men and women 50 years of age and older
(because of potential reproductive issues among younger women). All
radiographs were read for Kellgren-Lawrence (K-L) score by a single bone
and joint radiologist without regard to the participant’s clinical status or
occupational activities. Interrater and intrarater reliability of the radiologist
were high (weighted κ = 0.9), as reported17. Radiographic knee and hip OA
were defined as a K-L grade of at least 2 in at least 1 knee or hip,
respectively.

We examined radiographic hip and knee OA as outcomes, irrespective
of symptoms. Our primary outcomes for these analyses were symptomatic
hip and knee OA (whether unilateral or bilateral), since symptomatic dis-
ease is of clinical and public health relevance. To assess joint symptoms,
participants were asked: “On most days, do you have pain, aching, or stiff-
ness in your...right/left knee/hip?”. We defined symptomatic knee and hip
OA as the presence of both radiographic OA and symptoms in the same
joint.
Occupational exposure variables. Using interviewer-administered ques-
tionnaires, we asked the participants to recall occupational exposure infor-
mation. The items included in these analyses were adapted from previous
population-based and clinic/community-based studies of occupational
demands and knee and hip OA12,18,19.

Participants were first asked, “Have you ever held a job outside the
home or farm for pay for more than 1 year?”. Participants who responded
“No,” or that they only did homemaking and/or farming (not outside the
home), were excluded from these analyses. This included 19 who farmed at
home, 60 who did homemaking, 22 who did both farming at home and
homemaking, and 39 who did neither. Participants who responded “Yes”
were asked to report general features of the main job they held longest dur-
ing their life, including the job title, age at employment inception and ter-
mination, and the length of tenure (in years). Based on the 1990 Census of
Population and Housing Alphabetical Index of Industries and
Occupations20, the occupational class of participants’ longest job was clas-
sified into 1 of 6 industrial groups: managerial and professional specialty;
technical, sales, and administrative support; service; farming, forestry, and
fishing; precision production, craft, and repair; and operators, fabricators,
and laborers.

Participants were also asked about performance of these tasks during
the longest job they held: walking; lifting/carrying/moving objects weigh-
ing > 10 pounds; sitting; standing; bending/twisting/reaching; squatting;
climbing stairs; crawling on knees; crouching or kneeling; and doing heavy
work while standing. The frequency of each of these 10 physical tasks was
rated on a 5-point scale, with 0 = never and 4 = always, and participants
were classified as exposed to the indicated physical task during the longest
job if they performed these tasks often or always and as nonexposed if they
reported otherwise (never/seldom/sometimes). To assess the potential
effect jointly contributed by concurrent multiple exposures, we also com-
puted the total number (ranging from 0 to 9) of physical tasks that involved
lower-extremity joint-loading (with sitting excluded).

Participants were asked whether they had ever held a job (including
farming and homemaking) that required spending more than 50% of their
time doing each of these activities: light work standing in one place; sitting;
heavy work standing in one place; crouching or kneeling; and walking.
Participants were also asked 3 questions about heavy lifting: whether they
had ever held a job (including farming and homemaking) that required lift-
ing at least 22 lbs (10 kg), at least 44 lbs (20 kg), and at least 110 lbs (50
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kg), 10 or more times a week. We compared those who did and did not
report doing each of these 8 tasks. The total number of physical tasks, rang-
ing from 0 to 7, was calculated for those involving lower-extremity joint-
loading (sitting excluded).
Other participant characteristics. These participant characteristics were
also included as covariates in multivariable models because research has
indicated they are associated with the development of hip and/or knee
OA21-25: age at time of interview, gender, race (Caucasian vs African
American), body mass index (BMI) at time of clinic examination (calculat-
ed from height measured without shoes and weight measured with a bal-
ance-beam scale), self-reported smoking (current, ever, or never), and
self-reported knee and hip injuries (for analyses of knee and hip OA,
respectively) including fractures or other injuries severe enough to require
use of a cane, cast, or crutch for 2 weeks or longer. In addition, we includ-
ed exposure to physically demanding household tasks as a covariate. Data
on the association between household activities and knee or hip OA are lim-
ited, but it is possible that household demands also increase risk.
Participants were asked to indicate whether they had done light or heavy
housework, yardwork, or home repairs around the house for more than 1
year. If participants answer positively, they were asked to indicate the fre-
quency with which they engaged in these tasks, with 0 = never and 4 =
always: walking, lifting, bending, kneeling, crawling, stair-climbing, and
doing heavy work while standing. We computed the total number of house-
hold tasks each participant indicated performing often or always; this vari-
able was included as a covariate.
Statistical analyses. We separately examined the associations of knee and
hip OA with 3 sets of occupational variables defined above, i.e., the 6 broad
industrial groups of the longest job ever held, the 10 specific occupational
tasks for the longest job, and lifetime exposure to 8 occupational tasks. The
putative associations were examined separately for radiographic and symp-
tomatic OA. We used chi-square tests to compare OA prevalence across
broad industrial groups of the longest job ever held, as well as according to
each of the specific occupational tasks. We then performed multivari-
able-adjusted logistic regression models to examine associations of OA
with job industrial groups (using the Managerial and Professional Specialty

occupations treated as the referent and all other groups included in the same
model) and specific occupational tasks. The potential confounders includ-
ed in these models were age, race, gender, BMI, prior knee or hip injury (as
appropriate), and smoking. We also examined interaction terms between
gender and occupational variables; these were not statistically significant
and therefore not included in final models.

Given the cross-sectional design of these data, study participants’ occu-
pation selection or physical task engagement in their longest job might have
been influenced by the presence of OA symptoms. To address this potential
bias, for the data pertinent to the longest job, we conducted secondary
analyses of symptomatic OA, restricting the sample to individuals who
reported that their longest job ended before age 50 years. Because there
were differences in demographic characteristics between participants who
were newly enrolled at this timepoint and those participating in their first
followup visit, we also performed sensitivity analyses to examine whether
associations between occupational tasks and OA differed between these 2
groups. We conducted analyses separately for each group. No substantial
differences were observed between the groups, so we present analyses for
the whole sample, for simplicity. We also included a group indicator in mul-
tivariable results. This also did not alter associations between occupational
tasks and OA, so this was not included in the models presented.

All analyses were performed using SAS PC, Version 9 (SAS Inc., Cary,
NC, USA). Statistical significance was evaluated at the p < 0.05 level.

RESULTS
Table 1 shows demographic characteristics of study partici-
pants (n = 2729).
Census industrial group of longest job ever held. A total of
2546 participants (93%) could be assigned a census indus-
trial group for the longest self-reported job. Of those, the
proportions in each industrial group were managerial and
professional specialty (22%); technical, sales, and adminis-
trative support (26%); service (16%); farming, forestry, and

Figure 1. Numbers of participants in study analyses of specific outcomes of radiographic and symptomatic knee and hip
osteoarthritis (OA).
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fishing (2%); precision production, craft, and repair (12%);
and operators, fabricators, and laborers (23%).

There was a significant overall difference in the preva-
lence of radiographic knee OA (p < 0.001), but not radio-
graphic hip OA (p = 0.705), according to the 6 broad indus-
trial groups (Table 2). In multivariable logistic regression
models, however, there were no significant associations of
any industrial groups with radiographic knee or hip OA
(data not shown).

There was a significant overall difference in the preva-
lence of symptomatic knee OA, but not symptomatic hip
OA, across 6 industrial groups (Table 2). In multivariable
logistic regression models, however, there were no signifi-
cant associations of any industrial groups with symptomatic
knee or hip OA.

In the secondary analyses, considering only individuals
whose longest job ended before age 50 years, there was also
a significant overall difference in the prevalence of sympto-
matic knee OA, but not symptomatic hip OA, according to
industrial groups. Patterns were similar to those shown in
Table 2 for the total sample. In multivariable logistic regres-
sion models, however, there were no significant associations

of any industrial groups with symptomatic knee or hip OA.
Ten specific tasks at longest job ever held. The mean dura-
tion of the longest job reported was 23.0 years (SD 11.3),
with mean beginning and ending ages 29.5 years (SD 10.0)
and 53.1 years (SD 10.5), respectively.

In bivariate analyses, only sitting and stair-climbing at
the longest job ever held were significantly associated with
radiographic knee OA (Table 3); no specific tasks at the
longest job ever held were associated with radiographic hip
OA (Table 4). In multivariable logistic regression models,
none of the 10 specific occupational tasks performed at the
longest job, nor the cumulative number of these tasks, was
significantly associated with radiographic knee or hip OA
(Tables 3 and 4).

In bivariate analyses, 6 specific tasks at the longest job
ever held were associated with symptomatic knee OA (Table
3) and 4 specific tasks were associated with symptomatic
hip OA (Table 4). These tasks were associated with greater
odds of symptomatic knee OA in multivariable logistic
regression models: walking, lifting > 10 lbs, standing,
crawling, and doing heavy work while standing, as was the
cumulative number of tasks; sitting was associated with

Table 1. Characteristics of study sample, including participants with hip and/or knee radiographs.

Total Sample, Men Women
(n = 2729) (n = 933) (n = 1796)

Mean age (SD), yrs 63.6 (10.5) 63.3 (9.6) 63.8 (10.8)
N (%) African American 885 (33.1) 269 (29.3) 616 (35.0)
Mean BMI (SD) 30.7 (3.7) 29.8 (5.6) 31.1 (7.2)
Smoking

N (%) current smokers 437 (17.0) 194 (22.6) 243 (14.3)
N (%) former smokers 706 (27.6) 326 (37.9) 380 (22.3)

N (%) with prior hip injury 85 (3.2) 36 (4.0) 49 (2.8)
N (%) with prior knee injury 278 (10.6) 109 (11.9) 169 (9.8)
N (%) with radiographic knee OA* 927 (34.5) 317 (34.2) 610 (34.7)
N (%) with symptomatic knee OA** 592 (22.5) 189 (20.6) 403 (23.4)
N (%) with radiographic hip OA† 847 (33.2) 303 (33.3) 544 (33.6)
N (%) with symptomatic hip OA†† 294 (11.7) 92 (10.2) 202 (12.6)

* From 2686 participants with knee radiographs. ** From 2637 participants with knee radiographs and data on
knee symptoms. † From 2530 participants with hip radiographs. †† From 2506 participants with hip radiographs
and data on hip symptoms. BMI: body mass index; OA: osteoarthritis.

Table 2. Prevalence of knee and hip OA, by census industrial group of longest job ever held.

N (%) with N (%) with N (%) with N (%) with
Radiographic Symptomatic Radiographic Symptomatic

Knee OA* Knee OA* Hip OA Hip OA

Managerial and professional specialty 155 (28.7) 85 (16.0) 170 (33.2) 51 (10.0)
Technical, sales, and administrative support 188 (28.9) 121 (18.9) 190 (31.6) 60 (10.0)
Service 164 (41.3) 118 (30.1) 118 (33.0) 43 (12.0)
Farming, forestry, and fishing 18 (47.4) 8 (22.9) 17 (44.7) 3 (8.3)
Precision production, craft, and repair 118 (37.2) 78 (24.8) 99 (32.1) 38 (12.3)
Operators, fabricators, and laborers 209 (37.1) 133 (24.0) 177 (32.7) 70 (13.1)

* Overall chi-square test significant (p < 0.001). OA: osteoarthritis.
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lesser odds of symptomatic knee OA (Table 3). These tasks
were associated with greater odds of symptomatic hip OA:
lifting > 10 lbs, bending/twisting/reaching, crawling, doing
heavy work while standing, as was the cumulative number
of tasks (Table 4).

In secondary analyses restricted to those whose longest
job ended before age 50 (n = 830), the general patterns of
association were similar to analyses of the total study sam-
ple. However, possibly because of the substantially reduced
sample size, the only statistically significant association was
between lifting > 10 lbs and symptomatic knee OA (OR
1.56, 95% CI 1.01–2.42).
Lifetime exposure to jobs involving specific occupational
tasks. In bivariate analyses, only lifetime exposure to sitting
was significantly associated with radiographic knee OA
(Table 3); there were no significant associations with radio-
graphic hip OA (Table 4). In multivariable logistic regres-
sion models, there were no statistically significant associa-
tions of lifetime exposures to 8 specific occupational tasks,
nor the cumulative number of these tasks, with radiograph-
ic knee or hip OA (Tables 3 and 4).

In bivariate analyses, lifetime exposure to 3 specific tasks
was significantly associated with symptomatic knee OA
(Table 3), and 1 task was associated with symptomatic hip
OA (Table 4). In multivariable models, doing heavy work
while standing (for more than 50% of a job) was associated

with increased odds of symptomatic knee OA, while sitting
for more than 50% of a job was associated with reduced
odds of symptomatic knee OA (Table 3). Doing heavy work
while standing (for more than 50% of a job) and lifting 10
kg, 20 kg, or 50 kg more than 10 times per week was asso-
ciated with increased odds of symptomatic hip OA; the
cumulative number of tasks was also associated with
increased odds of symptomatic hip OA (Table 4).

DISCUSSION
Our study examined associations of a variety of occupation-
al variables with radiographic and symptomatic knee and
hip OA in a large community-based cohort. Our analyses
showed significant associations of specific occupational
task variables with symptomatic knee and hip OA, control-
ling for demographic factors (age, gender, race), BMI,
household tasks, prior injury, and smoking. It is particularly
noteworthy that associations between occupational tasks
and symptomatic OA persisted when controlling for prior
joint injuries, which are known to place individuals at
increased risk for OA. These results suggest that mecha-
nisms other than acute joint injuries are involved in the asso-
ciation of physically demanding occupational tasks with
symptomatic OA. One possible mechanism is “repetitive
use” of joints, but causal pathways have not been found.

Individuals were 30%–60% more likely to have sympto-

Table 3. Associations of occupational tasks with radiographic and symptomatic knee OA: results of logistic regression models.

Radiographic Knee OA Symptomatic Knee OA
No OA OA Adjusted OR* No OA OA Adjusted OR*

Exposed, N (%) Exposed, N (%) (95% CI) Exposed, N (%) Exposed, N (%) (95% CI)

10 tasks performed at longest job and no. of exposures†

Walk 1245 (74.1) 616 (71.1) 1.01 (0.80–1.27) 1420 (72.7) 417 (75.4) 1.46 (1.12–1.90)
Lift > 10 lbs 767 (45.7) 390 (45.0) 1.06 (0.86–1.31) 867 (44.5) 277 (50.2)** 1.42 (1.13–1.80)
Sit 729 (43.4) 318 (36.7)** 0.86 (0.70–1.05) 843 (43.2) 183 (33.6)** 0.72 (0.57–0.90)
Stand 1108 (66.0) 575 (66.3) 1.00 (0.81–1.23) 1269 (65.0) 400 (72.3)** 1.38 (1.08–1.77)
Bend, twist, reach 1042 (62.0) 529 (60.9) 0.91 (0.74–1.12) 1182 (60.5) 364 (65.7)** 1.26 (0.99–1.60)
Squat 372 (22.2) 189 (21.8) 1.13 (0.88–1.45) 425 (21.8) 129 (23.3) 1.27 (0.97–1.68)
Climb stairs 397 (23.7) 163 (18.8)** 0.80 (0.63–1.03) 445 (22.8) 107 (19.4) 0.96 (0.73–1.26)
Crawl 111 (6.6) 65 (7.5) 1.15 (0.78–1.71) 126 (6.5) 49 (8.8)** 1.59 (1.05–2.41)
Crouch or kneel 222 (14.2) 90 (11.5) 0.81 (0.59–1.11) 249 (13.7) 63 (12.0) 0.95 (0.67–1.36)
Heavy work, standing 190 (12.1) 104 (13.3) 1.11 (0.81–1.51) 211 (11.6) 82 (15.7)** 1.44 (1.03–2.02)
No. of exposures†† mean = 3.3 mean = 3.2 1.00 (0.95–1.05) mean = 3.2 mean = 3.4 1.09 (1.03–1.15)

Lifetime exposure to 8 occupational tasks and no. of exposures
Light work while standing 458 (27.1) 226 (25.8) 0.97 (0.78–1.21) 521 (26.4) 159 (27.1) 1.06 (0.83–1.35)
> 50% of job
Heavy work while standing 320 (18.9) 188 (21.5) 1.13 (0.88–1.44) 363 (18.3) 142 (24.2)** 1.32 (1.02–1.72)
> 50% of job
Sitting > 50% of job 845 (49.9) 375 (43.0)** 0.86 (0.71–1.05) 983 (49.8) 233 (39.9)** 0.73 (0.59–0.92)
Kneeling > 50% of job 203 (12.0) 109 (12.5) 0.98 (0.73–1.33) 236 (12.0) 74 (12.7) 1.03 (0.74–1.44)
Walking > 50% of job 742 (43.9) 282 (43.9) 1.00 (0.82–1.23) 845 (42.9) 279 (47.8)** 1.24 (0.99–1.55)
Lifting 10 kg ≥ 10×/week 692 (40.8) 369 (42.2) 1.18 (0.95–1.46) 810 (41.0) 249 (42.5) 1.13 (0.89–1.44)
Lifting 20 kg ≥ 10×/week 412 (24.3) 208 (23.8) 0.94 (0.73–1.22) 473 (23.9) 145 (24.7) 1.05 (0.79–1.39)
Lifting 50 kg ≥ 10×/week 147 (8.7) 90 (10.3) 0.82 (0.58–1.15) 170 (8.6) 66 (11.2) 0.98 (0.67–1.43)
No. of exposures†† mean = 2.2 mean = 2.5 0.99 (0.93–1.06) mean = 2.2 mean = 2.3 1.03 (0.96–1.10)

* Multivariable logistic regression models adjusted for age, gender, race, body mass index, smoking (ever and current vs never), prior knee injury, and house-
hold tasks. ** Significant chi-square test (p < 0.05). † Tasks for longest job are 0 = never, seldom, sometimes; 1 = often or always. †† Excludes sitting.
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matic knee OA if they engaged in occupational walking, lift-
ing, standing, crawling, and doing heavy work while stand-
ing. Also, individuals were significantly less likely to have
symptomatic knee OA if they engaged in occupational sit-
ting. Studies have reported significant associations of radio-
graphic and symptomatic knee OA with “blue collar” jobs,
as well as with specific occupational tasks similar to those
observed in our study, including kneeling, squatting, walk-
ing, lifting, and climbing4-6,9,18,19,26. Specific tasks related
to radiographic and symptomatic knee OA have not been
entirely consistent across studies. The reported heterogene-
ity in these associations may be due to differences in the
characteristics of study populations, the prevalence of phys-
ical exposures, and the sensitivity and specificity of the
instruments used to assess occupational tasks. Knee-bend-
ing has been most consistently associated with knee OA in
studies3. While neither squatting nor crouching/kneeling
were significantly associated with symptomatic knee OA in
adjusted models in our study, the association of squatting
with symptomatic knee OA was nearly statistically
significant.

For symptomatic hip OA, we observed significant posi-
tive associations with lifting, bending/twisting/reaching,
crawling, and doing heavy work while standing, and magni-
tudes of these associations were also relatively similar.
Studies have reported associations of radiographic or symp-

tomatic hip OA with prolonged standing, lifting, and sitting
(negative for last association)8,11,12,15,27. Similar to knee
OA, associations of radiographic and symptomatic hip OA
with specific occupational tasks have not been entirely con-
sistent across studies. However, the strongest and most con-
sistent evidence has been for an overall heavy physical
workload and heavy lifting10,28. Results of our study pro-
vide additional evidence for the associations of these 2 types
of occupational exposures with symptomatic hip OA, as all
4 lifting variables and both heavy-work-related variables
were associated with greater odds of symptomatic hip OA.
Studies have also found a strong association between farm-
ing and symptomatic hip OA8-10,12,29. In contrast, we found
no relationship between symptomatic hip OA and the indus-
trial group of farming, fishing, and forestry. This may be
partly due to the very small proportion of study participants
who reported that their longest job was in this category.

Associations of occupational variables with radiographic
OA were much weaker than with symptomatic OA, with few
statistically significant associations. Most previous studies
have examined associations of occupational variables with
symptomatic OA5,9,11,15,18,19,27,29,30. However, some
research has shown significant associations with radio-
graphic OA, irrespective of symptoms. In the First National
Health and Nutrition Examination Survey (NHANES I),
greater levels of occupational knee-bending were associated

Table 4. Associations of occupational tasks with radiographic and symptomatic hip OA: results of logistic regression models.

Radiographic Hip OA Symptomatic Hip OA
No OA OA Adjusted OR* No OA OA Adjusted OR*

Exposed, N (%) Exposed, N (%) (95% CI) Exposed, N (%) Exposed, N (%) (95% CI)

10 tasks performed at longest job and no. of exposures†

Walk 1174 (72.8) 568 (72.4) 1.15 (0.92–1.43) 1525 (72.4) 203 (75.2) 1.38 (1.00–1.91)
Lift > 10 lbs 716 (44.6) 367 (46.7) 1.20 (0.98–1.46) 926 (44.0) 146 (53.9)** 1.67 (1.26–2.23)
Sit 669 (41.6) 314 (40.0) 0.94 (0.77–1.14) 875 (41.3) 103 (38.0) 0.81 (0.61–1.07)
Stand 1051 (65.2) 524 (66.8) 1.15 (0.94–1.42) 1379 (65.5) 187 (69.0) 1.30 (0.97–1.75)
Bend, twist, reach 980 (60.9) 480 (61.1) 1.21 (0.98–1.48) 1264 (60.0) 271 (67.9)** 1.60 (1.18–2.17)
Squat 350 (21.8) 164 (20.9) 1.03 (0.81–1.30) 452 (21.5) 48 (21.4) 1.11 (0.79–1.57)
Climb stairs 351 (21.8) 167 (21.3) 1.01 (0.80–1.28) 456 (21.7) 59 (21.8) 1.17 (0.84–1.62)
Crawl 107 (6.6) 60 (7.6) 1.35 (0.93–2.00) 137 (6.5) 30 (11.1)** 2.28 (1.43–3.65)
Crouch or kneel 193 (12.8) 88 (12.6) 1.15 (0.84–1.56) 243 (12.5) 37 (14.5) 1.45 (0.95–2.21)
Heavy work, standing 180 (12.0) 84 (12.1) 1.20 (0.88–1.63) 222 (11.4) 41 (16.1)** 1.75 (1.17–2.61)
No. of exposures†† mean = 3.2 mean = 3.3 1.04 (0.99–1.09) mean = 3.2 mean = 3.2 1.13 (1.06–1.22)

Lifetime exposure to 8 occupational tasks and no. of exposures
Light work while standing 422 (25.9) 202 (25.8) 1.05 (0.85–1.29) 560 (26.4) 63 (21.7) 0.74 (0.54–1.01)
> 50% of job
Heavy work while standing 328 (20.1) 1.44 (18.3) 1.04 (0.82–1.32) 405 (19.1) 65 (22.3) 1.39 (1.01–1.91)
> 50% of job
Sitting > 50% of job 776 (47.6) 356 (45.4) 0.96 (0.79–1.16) 1007 (47.6) 125 (43.0) 0.80 (0.61–1.04)
Kneeling > 50% of job 209 (12.9) 85 (10.9) 0.84 (0.62–1.14) 256 (12.1) 36 (12.4) 1.15 (0.76–1.73)
Walking > 50% of job 703 (43.2) 344 (44.1) 1.15 (0.95–1.40) 914 (43.3) 131 (45.0) 1.19 (0.90–1.56)
Lifting 10 kg ≥ 10×/week 670 (41.1) 315 (40.2) 1.10 (0.90–1.36) 851 (40.2) 132 (45.2) 1.71 (1.28–2.29)
Lifting 20 kg ≥ 10×/week 402 (24.6) 177 (22.6) 1.03 (0.80–1.32) 501 (23.6) 75 (25.7) 1.63 (1.15–2.30)
Lifting 50 kg ≥ 10×/week 148 (9.1) 75 (9.6) 1.02 (0.73–1.43) 183 (8.6) 38 (13.0)* 1.88 (1.20–2.92)
No. of exposures†† mean = 2.2 mean = 2.2 1.02 (0.96–1.09) mean = 2.2 mean = 2.3 1.10 (1.01–1.20)

* Multivariable logistic regression models adjusted for age, gender, race, body mass index, smoking (ever and current vs never), prior knee injury, and house-
hold tasks. ** Significant chi-square test (p < 0.05). † Tasks for longest job are 0 = never, seldom, sometimes; 1 = often or always. †† Excludes sitting.
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with increased odds of radiographic knee OA among partic-
ipants age 55–64 years (but not younger participants), and
greater overall strength demand of the occupation was asso-
ciated with increased odds among women age 55–64
years26. In the Framingham study, men whose current job
involved bending plus medium, heavy, or very heavy
demands had about twice the odds of radiographic knee OA
(adjusted for age and other factors) compared to those who
did no bending and sedentary or light-demand jobs; there
was no significant association for women4. While these pre-
vious studies show some evidence for associations of occu-
pational tasks with radiographic OA, significant associa-
tions have been primarily for specific groups (i.e., those age
55 yrs and older) and for more extensive occupational loads.
Results of our study support that occupational joint-loading
is a stronger predictor of symptomatic disease than of radio-
graphic findings alone.

Several different aspects of occupational exposure were
characterized in our study, and we observed some differ-
ences in associations of knee and hip OA with these occu-
pational characteristics. The 6 broad job industrial groups
pertaining to the longest job ever held were associated with
knee OA in expected patterns but were not significant in
adjusted models. In general, characterizing broad industrial
groups is a limited approach, as these groups can encompass
a relatively wide array of jobs with differing occupational
tasks. However, studies that have examined more specific
job titles, as well as those that have characterized specific
physical demands of job categories, have shown significant
associations with hip and/or knee OA4,9,26,29.

We assessed specific occupational tasks using 2 different
approaches: tasks performed at the longest job and lifetime
exposure to tasks performed for more than 50% of a job. We
observed generally similar patterns of association with
symptomatic knee and hip OA for tasks that were assessed
using both of these methods. These results provide evidence
for the utility of these 2 occupational task assessment
approaches in studies of OA risk. However, there are advan-
tages and disadvantages to each of these approaches that
should be considered. For instance, although tasks per-
formed at the longest job may be relatively easy for individ-
uals to recall, this approach may miss exposures to tasks
performed at other jobs that may have differed substantially
from the longest job. In this study, the mean length of the
longest job was 23 years. However, for other populations
with less stable occupations or more job-switching, this
approach may be more limited. Assessing lifetime exposure
to tasks performed for more than 50% of the time offers the
advantage of comprehensive life-course assessment,
although recall of earlier jobs may be difficult for some indi-
viduals.

There are several limitations to our study. First, the
cross-sectional design could introduce bias if participants’
occupation selection or physical task engagement in their

longest job was influenced by the presence of OA symp-
toms. However, when we restricted the sample to partici-
pants whose longest job ended before age 50, we observed
similar patterns of associations as for the full sample; there-
fore, we did not find evidence for this type of bias. Second,
there are potential limitations in the accuracy of self-report-
ed occupational data in general, and the lack of a “gold stan-
dard” limits the assessment of specific self-report items.
Some studies have compared concordance of self-reported
occupational data with objective reference measures, and
results vary according to type of occupational variable and
activity assessed31-40. Of particular relevance to this study,
prior research has shown good agreement between self-
report and objective data regarding occupational kneeling,
squatting, and standing34,41. In addition, self-reports of
time-consuming or primary work tasks, which are the tasks
most likely to affect OA risk, have shown good agreement
with objective sources42. Third, our study was conducted
among a community-based sample of Caucasian and
African American rural participants over age 45 years,
which may limit the generalizability of findings. The preva-
lence of symptomatic knee OA in this cohort (23%) was
higher than in some other cohorts, including NHANES III
(12%)43. There are several possible reasons for this differ-
ence, which have been described in detail17, including a
broader symptom definition and longer timeframe for
assessing pain in JoCo OA, geographic differences in dis-
ease rates, and high prevalence of heavy occupational and
everyday physical activity in a rural region. However, it is
noteworthy that our results regarding associations of occu-
pations with OA are largely in concordance with prior stud-
ies in other populations. Fourth, occupational questions for
the longest job ever held were asked only of participants
who ever held a job outside the home or farm for pay for
more than 1 year, thus excluding information on individuals
whose primary work was within the home or a home-based
farm. However, this resulted in exclusion of only about 5%
of the sample, and these individuals were still included in
analyses of occupational tasks that required > 50% of time
at a given job.

Our study confirms an important association of occupa-
tional tasks with symptomatic lower extremity OA. For both
symptomatic knee and hip OA, a variety of physically
demanding tasks were associated with increased odds, and
for hip OA, a particularly strong and consistent association
was observed for lifting tasks. While the specific tasks sig-
nificantly associated with symptomatic hip versus knee OA
were not entirely consistent, there were significant or ele-
vated/borderline significant associations of these tasks for
both joint groups: walking, lifting, standing, doing heavy
work while standing, squatting, crawling, and bending/
twisting/reaching. Further, the odds of both symptomatic hip
and knee OA significantly increased with the number of
physically demanding occupational tasks performed. In
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light of accumulating evidence that occupational joint-load-
ing substantially increases risk for both knee and hip OA,
efforts are needed to identify methods for reducing this risk
among vulnerable groups. While it may not be possible for
some individuals to reduce the physical demands of their
current occupational responsibilities, there may be other
means of reducing OA risk in this group. For example, other
studies have shown that individuals who are overweight and
also experience high occupational physical demands are at
particularly high risk for OA18, and weight loss interven-
tions would be valuable for this group. Other potential areas
for intervention include ameliorating muscle strength imbal-
ances and modifying occupational physical activities to pro-
tect joints and reduce joint loads. These strategies have not
been well tested in this context and are worthy of further
examination.
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